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Abstract: The human body is host to a number of microbes occurring in various forms of host-microbe associations, such as commensals, 
mutualists, pathogens and opportunistic symbionts. While this association with microbes in certain cases is beneficial to the host, in 
many other cases it seems to offer no evident benefit or motive. The emergence and re-emergence of newer varieties of infectious 
diseases with causative agents being strains that were once living in the human system makes it necessary to study the environment 
and the dynamics under which this host microbe relationship thrives. The present discussion examines this interaction while tracing the 
origins of this association, and attempts to hypothesize a possible framework of selective pressures that could have lead microbes to 
inhabit mammalian host systems.
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Introduction
The human body, along with bodies of most warm-
blooded mammals, plays host to a large number of 
microbial organisms. While the adult human body 
is estimated to be composed of approximately 1013 
eukaryotic cells, it also serves as a natural habitat 
for 10 times this number of microbial cells, whose 
collective genome, microbiome, is at least 100 times 
greater than human genome.1 We, therefore, are not 
alone. These microbes occupy different anatomical 
niches in the human body and are variedly associated 
with the human system and physiology. There are 
different types of associations between the host and 
the microbe. The host-microbe interaction has been 
defined and re-defined in light of a knowledge domain 
developed gradually since the introduction of Koch’s 
postulates. Most microbes inhabiting the human body, 
called commensals, are harmless, and association 
with them does not affect the host. However, the 
term “commensalism” is debatable, demonstrating 
indiscernible relationship between the host and 
microbes.2 In general, the host-microbe relationship is 
an ecological one, where one species receives benefits 
from such association with other species without 
harming the other. Commensalism appears to be an 
innocuous state of association of microbes where the 
host either receives benefits without being harmed, or 
supports their shelter without any visible effect. A large 
number of microbiota fall under such a definition and 
very often they are called “normal flora”, residential 
microbiota, indigenous microbiota, or autochthonous.3 
The human body harbors a large microbial population 
on skin and mucosal membranes of some organs 
where such microbiota come in constant contact and 
make an almost permanent home. However, in this 
review, we consider the term “commensalism” to 
mean a symbiotic relationship between 2 organisms 
of different species in which one derives some benefit 
while the other is unaffected, according to the American 
Heritage Dictionary.4 Henceforth, microbes showing 
commensalism will be termed as commensals. There 
are other forms of association such as mutualist 
and symbiotic. In these cases both the host and the 
microbe derive benefit from each other. Boucher 
et al5 differentiated the 2 terms; “the term mutualism 
is defined as an interaction between species that is 
beneficial to both of them” and “symbiosis is the 
living together of two organisms in close association”. 

Other associations are pathogenic, where the host is 
harmed by the microbe. In yet another association, 
certain microbes carry pathogenicity genes, but do not 
express them. Such a condition is termed asymptomatic 
(carrier stage). Certain commensal microbes can 
behave as opportunistic pathogens that they may 
cause infection, given the right conditions (ie, under 
immune-suppressed conditions). While some strains of 
microbes are not pathogenic in a host, the same strain 
may show moderate-to-severe virulence in another 
host. Again, within the same host species, different 
individuals show varied susceptibility to the strain 
causing infection. Several new strains are encountered 
regularly in humans. Until now, these either were not 
known to be pathogenic, or they are entirely new 
inhabitants of the human system. Such a scenario, 
coupled with a sudden explosion in the gamut of 
infectious diseases, necessitates the study of how the 
human body came to be colonized by microbes.

Our planet is very beautiful with diverse forms of 
life. It is also crowded, and larger forms of life like 
humanity cannot help coming into contact of other 
forms of life regularly throughout evolution. Microbes 
also find means of survival, developing certain or 
no relationships through interactions with other life 
forms. Microbes in a host system work in complex 
environments with multiple relations, though there 
is little understanding of the relative importance of 
cooperation and conflict in these associations. Studies 
are flooded with the information on sole, isolated 
microbes rather than real-time natural conditions 
with mixed populations. Little is also known about 
the prokaryotic-prokaryotic, prokaryotic-eukaryotic 
cell-cell interactions that form these multispecies 
consortia.6 However, it is critical to understand the 
potential for cooperation among microbes. It is also 
important to discern how and when natural selection 
can shape cooperation among microbes.  It appears 
that the evolutionary process gives possible means to 
survive and sustain both the partners of association. 
However, many more critical observations are 
necessary to address the evolution of commensalism 
and pathogenicity, which might assist in general 
understanding of how newer virulent strands emerge 
in the human body.7,8

There are several questions surrounding this issue 
that have no proper answer. Some of these questions 
are: (i) whether both commensals and human 
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development evolved together to sustain the survival 
ability of both life forms, (ii) whether the occurrence 
of commensals become essential for the needs of 
human development, (iii) whether the parasitism 
shown by both commensals and pathogens and/or 
asymptomatic pathogens illustrate similar behavioral 
response as womb to a mother, (iv) whether shape, 
size and physico-chemical architecture of microbes 
possess several characteristics to be habituated to a 
certain anatomical niches, and (v) whether the same 
microbe can be a commensal in one system but play 
the role of pathogen in another. This would indicate 
that the immune response is governed by a local 
system rather than a global system.

The Beginnings of Commensalism 
in Humans: Entry into Warm- 
Blooded Hosts
The association between hosts and microbes finds 
its origin in the evolution of eukaryotes. The idea 
that the eukaryotic cell evolved by symbiogenesis, 
as a symbiotic association between microbes was 
first suggested by Russian botanist Konstantin 
Mereschkowski  in 1905,9–11 while in the 1920’s 
the American biologist Ivan Wallin extended it12 
into a theory called the Endosymbiotic Theory of 
Evolution. In 1981, Margulis published the first 
edition of her book entitled “Symbiosis in Cell 
Evolution” in which she proposed that eukaryotic 
cells originated as communities of interacting entities 
that joined together in a specific order.13 With time, 
the members of this union became the organelles of 
a single host. The organelle progenitors could have 
gained entry into a host cell as undigested prey or 
as an internal parasite, after which the combination 
became mutually beneficial to both organisms. As the 
organisms became more interdependent, an obligatory 
symbiosis evolved.

Mammalian young are sterile in the uterus and 
become colonized as they are born.14 The fetus 
acquires microorganisms first passing through the 
birth canal, and then through the newborn’s immediate 
surroundings in the post-natal period. The question 
arises of how did the microbes evolve into adapting 
the human body as a habitat? This brings one to the 
next question of whether and how the human body 
assisted the microbes in this colonization. Can we 
assume a co-evolution of the host and the microbe? 

As an answer to this question, one could lead to the 
understanding of the mechanisms that play vital roles 
in selecting host microbe specificities, selecting a few 
and keeping the rest away from the host system.15,16

The changing environment, with a shift from 
anaerobic to aerobic atmospheres during the early 
times of earth’s history, could have possibly provided 
the selection pressure that made the primarily 
anaerobic microbes adopt to either an aerobic life 
(resulting from which we find free living facultative 
aerobes today) or enter newer habitats providing 
anaerobic growth conditions. The human body, with 
anaerobic anatomic niches, could have thus provided 
the microbes with an ideal growth environment for 
these microbes to settle in and counter the selection 
pressure (Fig.  1).17 Better food availability, feeding 
mobility, increased mobility, and protection from 
predators and disturbances are possibly the driving 
forces behind the establishment of commensal 
and symbiotic relationships in nature16,18 and the 
microbes could have followed a similar path into the 
human body.

In an environment where nutritional requirements 
are high and nutrients are short in supply, natural 
selection favored a host–microbe interaction where 
the microbes gained an ideal growth environment 
and the host gained nutrition, explaining why such 

Candidate hosts

Candidate microbes

Human, bird, snake, frog, fish, etc.

Selection pressure

Human — E. coli association
in Gut

E. coli, and other bacteria

E. coli

Figure 1. Sketch showing plausible selective pressure for making an 
association (commensalism) of E. coli selectively to humans’ gut in com-
petition/comparison to other microbes such as Leptospira spp., Shigella 
spp., and Staphylococcus spp. as examples.
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relationships evolved in the first place.14 Thus, 
today’s microflora today help the human host in 
breaking down a variety of dietary compounds, while 
the bacteria in the intestine are provided with a warm 
protected nutrient rich environment. Changing food 
habits, habitat, of early primates could have guided 
the type of microbes that gained entry into the gut 
and the other anatomical niches, and thus could 
have evolved into a commensal from its free-living 
counterparts (Fig.  2). The gut normal microflora 
association is based on nutritional needs as that is seen 
among ruminating animals harboring a wide variety 
of microbes in their rumens.19,20 In the rumen, special 
bacteria ferment the vegetable proteins, carbohydrates 
(cellulose) and convert them into those usable by the 
animals. The rumen microflora ecosystem adapts to 
the diet consumed by the animal.16,21

Upon entry into the human body, the microbe would 
elicit an immune response with its gamut of antigens. 
The fact that commensals are recognized as self-
molecules by the host immune system and are utilized 
for gaining nutrition indicates a process of co-evolution 
where the entry and subsequent colonization of the 
microbes in the human body involved changes in 
both the human and microbial genomes and thus 
tolerated each other immunologically. McKenna 
et al22 studied the diversity of microbiota in the gut of 
macaques using bar coding and pyrosequencing. They 
characterized 141,000 sequences of 16S rRNA genes 
obtained from 100 uncultured gastrointestinal (GI) 
bacterial samples from the macaque gut and revealed 
that the macaque microbiota was discrete from other 
previously studied vertebrates. The uniqueness in 
microbial composition was also observed among 

healthy, diseased, and treated macaque of either 
sex. The fact has been elucidated in several other 
research articles, demonstrating the immunological 
tolerance is the key to homing commensals among 
mammalians.16,23,24

Modifying the Host Immune System
Once inside the human host, the primary hurdle to 
survival for the microbe would have been to adjust and/or 
to evade the host immune system, since it may recognize 
the microbe as non-self. A mutually beneficial process 
of genetic exchanges is evident in this regard. Research 
demonstrates that functions of the human gut immune 
system are only partially encoded by the human 
genes, and require genes from microbial flora for full 
development.7,14,25 The remarkable strategies of these 
microorganisms have evolved to sustain their alliances 
and have contributed to the postnatal gut development 
and host physiology as revealed partly from a germ-
free mouse model26 and from a gnotobiotic zebra 
fish study.27 Interdisciplinary studies of the effects of 
the intestinal environment on genome structure and 
function are inevitable, which will provide important 
new insights about how microbes and humans have 
coevolved to have mutually beneficial relationships. 
This will spark new perspectives about the foundations 
of our health. To understand how microbes evade/
modulate the host immune system, it would be useful 
to go back to the evolution of the immune system in 
humans and other vertebrates. Could it be possible 
that the timing of microbial entry and development of 
immune system coincide, thus providing insights into 
possible exchanges of genes as both the microbes and 
humans adjusted to each other’s presence? In humans, 
the enteric nervous system (ENS) runs the entire 
length of the gastrointestinal tract and contains nearly 
500 million neurons, as many as are in the spinal cord. 
A part of the ENS innervates the villi, which interface 
the gut lumen and its trillions of bacteria. Changes in 
nervous system activity influence bacteria within the 
gut and lead to major shifts in bacterial flora. The role 
played by gastric hormones and secretions that greatly 
alter the gut environment has not been studied enough 
to reveal clues about modifications and modifying 
pressures that are exerted on microbes inside the host.

The human immune system counters microbes 
with innate and adaptive immune responses. The 
characteristic immune response of vertebrates involves 

Selective pressure:
increase in O2

content

Free living facultative
aerobes

Host–system entry
(anaerobic growth conditions,
secondary aerobes)

Deep soil, marine
water: abiotic
environment

Primary anaerobes
(obligate)

Figure 2. Possible selective pressures on primary anaerobes for sus-
tainable environments. Selective pressure-like increases in O2 content in 
anaerobic environment, in deep soil, marine water, and so on lead to the 
evolution of microaerophilic, facultative anerobes, as well as facultative 
aerobes and obligate aerobes. Some facultative anaerobes later on found 
optimum living systems in the human gut due to constant association.
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the production of immunoglobulin in light and heavy 
chains, the capacity to generate diverse variable 
region sequences, and mechanisms to rearrange gene 
segments during development.28,29 The central feature 
of the adaptive immune system is the evolution of 
diverse unique antigen receptors that lymphocytes 
bear in our vertebrate ancestors, leading to a greater 
survival advantage. Immunologists and evolutionary 
biologists long believed that this adaptive immune 
system was exclusive to the higher vertebrates. 
However, T-cell-like lymphocytes or thymus-like 
tissue in the lamprey—a fish-like living fossil which 
evolved around 500  million years ago—had the 
capacity to form antibodies, has been discovered 
recently.30 All jawed vertebrates assemble their 
antigen-receptor genes through recombinatorial 
rearrangement of different immunoglobulin or T cell 
receptor gene segments while the surviving jawless 
vertebrates, lampreys and hagfish, which evolved 
through recombinatorial assembly of leucine-rich-
repeat genetic modules to encode variable lymphocyte 
receptors.29,31,32 The immunoglobulin (Ig) is said to 
be a vertebrate invention.33,34 The immunoglobulin 
heavy chain (IgH) class switch recombination 
requires activation-induced cytidine deaminase.33 The 
occurrence of light weight immunoglobulin chains, 
with heavy chains differing from Immunoglobulin M, 
have been shown to have started at the phylogenetic 
stage when vertebrates emerged out of the water to 
land, concurrent with the evolution of high-pressure 
blood vascular systems in these organisms.31,32,34,35 
Changes in the rate of circulation, osmotic pressure, 
and hydrostatic pressure of blood could have 
possibly affected both migration of cells from the 
vessels and their movement into the extravascular 
compartments, necessitating a need for low molecular 
weight immunoglobulins in vertebrates.24,34 Thus, 
immunoglobulin-like Immunoglobulin  G is less 
prominent in amphibians today. Other Ig like IgA 
(immunoglobulin A) class are found in birds and 
mammals but are not seen in other poikilothermal 
animals. While IgE (immunoglobulin E) seem 
confined to higher advanced vertebrates like  
mammals.36,37

Again, given the fact that the mainstay of 
vertebrate immune system, particularly in birds and 
mammals, has the ability to produce variable antigen-
specific immunoglobulins, it is difficult to envision 

the evolution and production of an effective and 
highly specific immune response without the ability 
to rearrange a limited number of immunoglobulin 
genes present in these organisms.38 The evolution of 
adaptive immunity seems to have been caused by the 
insertion of a putative immunoglobulin-like gene by a 
transposable element, which many researchers believe 
to be a retrotransposon.24,36,39,40 This gave the genes 
for immunoglobulins the ability to rearrange and 
thus generate genetic diversity. What could have been 
the carrier source of this mobile gene? Could it have 
been initially carried by a microbe, and transferred to 
the human/vertebrate host in the process of gaining 
entry into this system? Certain evidence suggests that 
this could be a possible mechanism.28,41

The Recombination Activating Genes (RAG 1 and 2) 
are both critical in rearranging the immunoglobulin 
gene segments in T and B cells.28,32 Again, a homology 
detected in these DNA processing enzyme genes and 
the site-specific recombinases in prokaryotes suggests 
a relation between the vertebrate immune system and 
the rearrangement and recombination mechanisms 
of prokaryotes. Furthermore, the RAG 1 homology 
domain resembles the integrase (INT) family of 
microbial site-specific recombinases, in particular the 
E. coli site specific fim recombinases appeared to be 
the most related to the RAG 1 protein,28 suggesting 
that the recombination and rearrangement capacity 
of the human immunoglobulin system is possibly 
derived from an association with microbes during 
the evolutionary stages (Fig.  3). Similarly RAG 2 

Microbe
Microbiome

Putative
retrotransposons

Human genome

Variability in lg
Variable antigen
on T and B cells

Human

Figure 3. Possible changes in the human genome due to residential 
microflora. Human genome underwent possible rearrangement and 
reassortment with the intervention of retrotransposon from commensals 
leading to the variability in immunoglobulin (Ig) and hence in variable 
receptors on T and B cells.
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resembles the bacterial integration host factor (IHF) 
proteins, a fact that further bolsters the argument that 
an exchange of genes took place to allow colonization 
of microbes in the hosts.28,42–44

The adaptive immune response arsenal of the 
human involves the T and B lymphocytes, including 
their activation and maturation. Lymphocytes undergo 
key parts of their maturation in the gut, in specific 
lymphoid structures called Peyer’s patches. In 
Peyer’s patches, immature T and B cells are exposed 
to antigenic epitopes, enabling them to differentiate 
between self and non-self antigens through a process 
termed Lymphocyte Education.45 These epitopes are 
provided by the commensal microbial populations 
of the gut.46 This can thus be explained as a co- 
evolutionary adaptation of host and the microbe.

The fact that commensal microbes express self-
antigens of humans is an adaptation in order to evade 
the host immune system, as it enables the commensal 
to gain recognition by the host as “self”. A possible 
horizontal exchange of genes encoding these antigens 
could have resulted in the commensal mimicking the 
host self-antigens.46 Simultaneously, as the microbes 
started producing the antigens, the human genome 
lost the use of these genes and hence ceased to carry 
them on it. Thus the function of providing antigens for 
lymphocyte education could have been passed on to 
the commensal microbes (Fig. 3). In mice and rabbits, 
the commensal flora also drives the formation of 
Peyer’s patches in the gut. In addition, the timing for 
development of memory B cells in the host coincides 
with the advent of the gram-negative bacteria in the 
gut, indicating a process of co-evolution.25,45,47,48

The innate response is the primary immune reaction 
mounted upon first entry of the microbe. But the need 
for maintaining large microbial populations to serve 
host nutritional needs forced the intestinal immune 
system to tolerate intestinal microbial antigens, in a 
way that assists their entry and colonization. Indeed, 
a commensal bacterium modulates the expression of 
genes that regulate several important intestinal functions 
like nutrient adsorption, xenobiotic metabolism, 
and post natal intestinal maturation.46,49 A simple 
example for this is the paneth cells on the gut lining 
that release granules containing anti microbial 
components upon sensing invading microbes.50 The 
cluster of differentiation (cd) 1d (cd1d), a major histo-
compatibility complex (MHC) class I-like molecule 

play a vital role in regulating intestinal colonization 
through mechanisms that include the control of 
paneth cell function.51 These cells synthesize and 
secrete Angiogenin 4, a bacterial killer. Angiogenin 
levels in paneth cells are regulated as per changes 
in gut microflora using bacterial muramyl dipeptide 
(MDP) through nucleotide-binding oligomerization 
domain 2 (NOD2) activation.52 Again, Angiogenin 
4  specifically targets gram-positive bacteria and 
leaves the gram-negative bacteria (that constitute 
the bulk of adult human intestinal flora) untouched, 
pointing to an adaptation by the gram negative 
bacteria like E. coli to both evade and regulate the 
amounts of antibacterial component expressed by the 
genes. At the same time, this selective expression of 
Angiogenin 4 allows the human intestine to remove 
the invading bacteria and prevent commensal bacteria 
from invading intestinal barriers and containing their 
populations in the gut. In fact, the intestinal tract has 
evolved to regulate commensals through various 
strategies that allow a symbiotic relationship with 
the host and restrict the invasion of micro-organisms 
through the epithelial barrier. Innate immune sensors 
belonging to the cytoplasmic NLR [NOD-like 
receptor; or nucleotide-binding domain (NBD)- and 
leucine-rich repeat (LRR)-containing receptor] family 
of proteins perform a vital role in formative intestinal 
microbiota.53

Furthermore, the post-natal gut flora consists 
of predominantly gram-negative bacteria that 
start shifting towards gram-positive bacteria after 
weaning and the onset of sold diet. To allow for this 
change, the production of Angiogenin 4 is increased, 
exemplifying evolutionary interaction between 
the host and the microbes. Thus bacterial and host 
genomes collaborate in shaping the composition of the 
gut micro flora.54 Again, toll-like receptors (TLRs) are 
transmembrane proteins expressed by sentinel cells of 
the innate immune system, which recognize invading 
microbes (pathogens) and activate signaling pathways 
that initiate immune and inflammatory responses to 
regulate the homeostasis. 13 different proteins (TLR1-
TLR13) of the mammalian TLR family consist of an 
extracellular portion containing leucine-rich repeats, 
a transmembrane region and a cytoplasmic tail, 
called the TIR (Toll-IL-1R (Interleukin-1-Receptor)) 
homology domain and serve as receptors for diverse 
ligands like bacterial cell wall components, viral 
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double-stranded RNA and small-molecule anti-viral 
or immunomodulatory compounds. Thus, TLRs 
are pattern recognition receptors (PRR) that have 
evolved to differentiate commensals (the self) from 
pathogens (the non-self) by pathogen-associated 
molecular patterns (PAMP). TLRs are thus an 
earliest conserved entity in immune system to restore 
sustainable homeostasis in host.55 Some questions 
remain, surrounding the nature of this collaboration, 
whether it is at the genetic level, and where exchange 
of genes has occurred between the host and microbial 
genome.

Mimicking the Host Physiology 
Aids Colonization
Not only does a microbe show immunological 
adaptation towards the host, there are certain other 
changes that the microbe singularly undergoes to be 
able to colonize in the host tissue.56,57 These changes 
include the production of receptors and proteins 
for adhesion to tissues, formation of pilli to avoid 
desquamation, and use of nutrients like iron for growth 
and colonization. Commensal microbes are known to 
produce hemolysins, to break host hemoglobin and 
use the iron from it, or to produce human transferring-
like receptors for iron-capturing in the gut, that compete 
with the human transferrin receptors. This could have 
evolved as a result of the exchange of genes encoding 
the transferring receptors from host to microbe, or 
through polymorphisms in the microbial genes.7,14 
Commensal and pathogens also mimic signaling 
pathways of the human host to survive and evade 
an antagonistic host response. Secretory IgA, in the 
host gut, promotes bacterial biofilm formation within 
normal gut flora but also limits the expansion and 
translocation of undesirable pathogenic populations. 
Host intestinal epithelium secretes bacteria-specific 
fucosylated glycoconjugates; expression of the 
glycoconjugates provides lectin-like receptors for the 
attachment of intestinal flora.

The microorganism trying to settle in either as a 
commensal or a pathogen has been helpful for studying 
the intestinal physiology of complex animals.58 
For example the cyclic guanosine monophosphate 
(GMP) signaling pathway has been mimicked by 
the microbes, and they produce an agonist (EAST1- 
enteroaggregative E. coli-heat stable enterotoxin 1) 
for guanylin, the natural ligand of the GC (guanyl 

cyclase)/cyclic GMP signaling. Some microbes also 
synthesize a long-lived super agonist of guanylin. 
For example the LT (heat labile toxin)/CT (cholera 
toxin) secreted by E. coli like ETEC (Enterotoxicogenic 
E. coli)30 and V. cholerae O1, O139,59,60 that interact 
with the monosialotetrahexosyl ganglioside 1 (GM1) 
gangliosides and increase adenosine monophosphate 
(AMP) levels, decrease sodium–potassium and 
chlorine absorption and aid in the etiology of 
diarrhoeae.8,61,62 What is interesting here is the 
question of whether changes like these, that help a 
microbe survive as a pathogen in the short term, help 
it become a commensal eventually in the long run. 
Certain polymorphisms are the key actors of immune 
system like human leukocyte antigens (HLA) and 
interleukin 1 in the host show evolutionary processes 
that assisted the colonization of commensal.47,63

Do Pathogens have Commensal 
Tendencies or Vice Versa?
Why do certain microbes become pathogens in the 
host, while certain microbes remain commensals? In 
order to be a successful enteric pathogen, a microbe 
has to be a good colonizer, and to be able to interact 
with the target cells effectively, competing for 
nutrients as well as inducing secretion of water and 
electrolytes.62,64 Mechanisms for colonization are 
common for both commensals and pathogens inside 
the host. What differentiates them are certain virulent 
genes that are carried exclusively by the pathogens 
called genome islands (such as Pathogenicity Islands 
(PAIs)), and that are either absent or silent in the 
commensal strain. Did a pathogen loose virulent gene 
sequences and eventually turn into a commensal in 
the present day, with genes for colonization intact? 
Or are today’s commensals slowly gaining virulent 
genes while competing for survival with the present-
day pathogens occupying the same anatomical niche 
in the host system? In addition, the triggers (selective 
pressure?) of this loss or gain of genes are not yet 
understood.

Once inside the host, the commensal genome is 
under constant pressure and it exists in a dynamic 
mutable state,65,66 exchanges mobile genetic elements, 
and/or single base polymorphisms have helped the 
commensal to face newer challenges the host offered 
to its survival. The transition from a commensal state 
to a pathogenic state was studied in Staphylococcus 
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epidermidis.67 This study revealed the involvement of 
certain single nucleotide polymorphisms (SNPs) for 
such a transition. Host agents, like reactive oxygen 
species produced by phagocytes, that induce an 
SOS repair response in the microbe genome, have 
promoted the transfer of mobile genetic elements from 
different microbial strains coexisting in the host.65 
SOS response in particular has enhanced the phage 
and plasmid transfer of DNA and horizontal transfer 
of conjugative elements to the microbial genome. 
Could this possibly be the route in which commensal 
microbes acquired certain virulence genes, either 
in the form of SNPs or genomic islands through 
horizontal gene transfer? Expression of virulence by 
an otherwise commensal strain would have elicited 
an immune response from the host, and restarted the 
competition for survival. Thus, it is possible that this 
selective pressure paved the way for existence of 
carrier stage microbes that have the virulent gene but 
do not express it.

Carrier stage is explained as a situation where host 
and microbes adapt to one another, and underscores 
a mutability that defines host–microbial interactions.7 
A possible polymorphism in the regulatory regions 
of the virulence genes (like promoters and silencers) 
in a carrier stage might explain the non-virulence of 
the carrier stage. Again, carrier stages have also been 
viewed as a phase of the commensal development 
of a pathogenic strain to establish a niche in the host 
tissue.7,68

Virulence is a Result of Loss or Gain 
of Genes via Horizontal Transfer
What makes a commensal acquire virulence genes? 
It is partly the immune system itself that provides 
the selective pressure, where acquisition of virulence 
factors facilitates colonization in the face of immune 
response, and over a period of time the commensal 
becomes a pathogen.25,47 However, could it also be 
argued that the same immune response to a pathogen 
can lead it to evolve into a commensal through 
progressively decreased virulence? The emergence of 
a pathogen from a previously commensal strain might 
involve exchange of gene segments between a host 
and a microbe, further implying that the host assists 
the microbe in settling down in the system, as well 
as in the uptake of gene segments from phages and 
other sources in the host. An example in this regard is 

the Vibrio cholerae O1, in which the genes upstream 
cholera toxin (CTX) belong to filamentous phage 
(CTXǾ) that replicates as a plasmid and is responsible 
for the horizontal transfer of a pathogen element 
(CTX) to the non-toxigenic V. cholerae.62,69 Further, 
is gaining genes of virulence alone responsible for the 
conversion of a commensal into a pathogen, or vice 
versa? It has been conclusively proven that virulence 
traits can not only be acquired with the gaining of 
virulence genes but also by the shedding of genes 
that are detrimental to new pathogenic lifestyles.70 
Shigella spp. is another case, which is known to 
have evolved from E. coli to become a pathogen not 
only by acquiring virulence genes on a plasmid, but 
also by loosing genes that exerted inhibitory effects 
on toxin functions.70–72 Another example is E. coli 
O157:H7. The commensal E. coli gained the property 
of verotoxigenicity by the intervention of phage 933. 
In true sense, commensal E. coli thus has 4 different 
genetic groups now, including A, B1, B2, D and E 
with 181 O antigens, 80 K antigens and 65 H antigens 
respectively, and also in all forms of relationship with 
the host, may it be a commensal, an asymptomatic 
carrier and/or a symptomatic pathogen.73 This provides 
us an evolutionary mechanism for commensals to 
become virulent. Thus, while such genetic “black 
holes” triggered production of pathogens from related 
commensal strains, could the same process not 
commensalize an existing pathogen? It can thus be 
argued that pathogens of today do show commensal 
tendencies and might be normal harmless colonizers 
of the human body tomorrow.

Now if a genetic exchange of transposable virulent 
genes and other factors are necessary for colonization 
and if it is so common in the host system, why do we 
have so few pathogens compared to the large numbers 
of commensal in the body? Why is pathogenicity 
so rare? The answer to this could again lie in the 
arrangement of genes required for pathogenicity.73 
Bacterial populations are clonal in nature;68,74,75 
thus, distinct bacterial clones are often the cause 
of diseases, as well as an increase in outbreaks and 
infection frequencies. The inheritance of PAI and 
other mobile elements responsible for virulence does 
not necessarily create a new pathogenic species. The 
analysis of pathogenic bacterial species indicates 
that a certain unique combination of the pathogenic 
genes may arise only once during the evolutionary 
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process of the same species,21,68,75 but due to an 
inappropriate arrangement of virulent genes, they 
remain non pathogenic, and do not express their 
pathogenicity. In other words, they become non-
virulent (or asymptomatic), yet they remain virulent 
gene-containing carriers. Moreover, very rarely, a 
pathogen horizontally transfers its entire set of virulent 
genes to another related or unrelated strain in the 
same dangerous arrangement, explaining the limited 
rise of newer pathogenic strains (Fig. 4). Could this 
be an evolutionarily ingrained control mechanism 
evolved by the host system to check the growing 
number of pathogens? A deeper understanding of this 
mechanism might hold the answer to the changing 
virulence patterns faced by people in recurring bouts 
of infectious diseases, where each new outbreak pops 
up a new causative strain of the same species.

Co-evolution of host and the microbe favors an 
outcome in which the cost of eliminating the microbe 
is high and hence the microbe settles as a commensal 
or a carrier. The remaining question concerns whether 
the host immune response can promote transfer of 
genetic element among strains, helping them either 
lose or gain virulence factors. The fact that DNA 
mutation rates are higher in the strains within a 
host compared to free-living strains supports this 
argument.62 For example, the increase in frequency 
of lysogeny in E. coli in the intestine in vivo suggests 
that host promotes the spread of the phage containing a 
fitness factor.65,66,76 Thus the journey from commensal 
to carrier to pathogen and vice versa can be viewed 

as a dynamic ongoing process of evolution. Studying 
the various changes assisting the colonization of these 
microbes in hosts such as humans, at the gene level, 
can help one to understand the mechanisms involved 
in the process of development of newer virulent 
strains (Fig. 4).

Final Remarks
Recent progress in the human microbiome project, 
genome research and molecular epidemiology, as well 
as functional investigations at the transcriptome level, 
have revealed intriguing new insights into the genetics 
and physiology of several commensals. Many of 
the commensals live on the edge of commensalism 
and pathogenicity. This becomes evident among 
immuno-compromised hosts. Gene transfer makes 
the innocuous commensal pathogenic, which leads it 
to emerge as a new pathogen. A potential virulence 
factor may enable microflora to find a new habitat or 
a new host. Traditional cultivation, microscopy and 
determination of fermentation/degradation products 
are still important. However, future studies of the 
microbe-microbe and the microbe-host cross-talk will 
strengthen our knowledge about the composition and 
function of the microflora under the light of the germ-
free associated characteristic-microflora associated 
characteristic (GAC-MAC) concept.77 Gnotobiotic 
study may help to get some useful answers to questions 
raised in this review. Recently, Al-Asmakh et al78 found 
that two genes implicated in anxiety, nerve growth 
factor-inducible clone A (NGF1-A) and brain-derived 

Commensal

Loss of virulence genes,
black holes

Pathogen

Gain of virulence from phages,
horizontal transfer

Rearrangement of silent
virulent genes or acquiring
regulators for their expression

Invasion of silent
virulent genes

Eventual loss of
the virulent genes 
as a response to
selective pressure
fo competetion to
survive

Asymptomatic carrier

Inheritance of virulent
genes in random
arrangement rendering
the genes silent

A possible mechanism of genetic exchange between the microflora of the human
intestine 

Figure 4. Possible mechanism of genetic exchange between the microflora of the human intestine. Gut is the best anatomical niche in humans where 
commensals, asymptomatic carriers and symptomatic pathogens sustain and survive well. It is assumed that either certain commensals gain virulence 
by horizontal gene transfer and turn into pathogens, or pathogenic counterparts lose the traits required to become commensals. Likely, an asymptomatic 
carrier evolved either from commensal or pathogens by different mechanisms to survive better in the host system, maybe by gene silencing or gene aug-
menting. It is assumed that the order of evolution occurred from commensals to asymptomatic pathogens to pathogens, or vice versa.
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neurotrophic factor (BDNF) were down-regulated in 
multiple brain regions in the germ-free animals, and 
these behavioural changes were found to be interrelated 
with the commensal gut bacteria, which influenced 
the expression of nearly 40 genes of the human brain. 
The commensal either in the gut or on the skin and 
elsewhere are involved in the regulation of multiple 
host metabolic pathways. Gut microflora in particular 
give rise to interactive host-microbiota metabolic, 
signaling, and immune-inflammatory alliances that 
physiologically connect the gut, liver, muscle, and 
brain79 It is possible to genetically manipulate the host 
epithelia, associated immune systems, and potential 
residential microflora. The biofilm formation, space 
distribution of neighbouring microbe populations and 
the competition to sustain in an ecological niche, is 
very intriguing.

Nineteenth-century French microbiologist Louis 
Pasteur believed that animals cannot exist without a 
population of commensal and mutual organisms, and 
early experiments to raise germ-free animals were 
met with failure. All germ-free animals have weak, 
poorly developed immune systems. This suggests 
that the roles of normal microscopic organisms 
are very important. The immune system in the gut 
mainly recognizes commensals from pathogens, 
and tolerates the resident flora, while at the same 
time mounting inhibitory immune responses against 
the pathogens. This is possible only when there is 
a large amount of cross talk between the microbial 
cell and epithelial cell at the mucosal layer. The 
exact nature of this cross talk is as yet unclear, 
but can be studied by observing the differential 
response that the epithelium gives in response to 
a pathogen and a commensal. Again, it is possible 
that given the plasticity and dynamic nature of 
microbial genome, co culture of a commensal and a 
pathogen at the intestinal epithelium might cause the 
exchange of survival advantages between 2 types 
of microbial strains, or one might outnumber the 
other, synergistically with the epithelium cells. 
Investigations to this effect can help to understand 
the basis of the molecular cross talk that helps the 
intestine tolerate certain microbes and eliminate 
others. It would also help us appreciate the manner 
in which a microbe slips from commensalism 
to pathogenicity in its quest to survival in the 
intestinal or likely micro-environment. Similarly 

to “which came first, the chicken or the egg”, 
the question here remains: “which evolved first, 
pathogen or commensal?” The more we learn about 
these relations, the more we will be benefitted.
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