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Abstract

Human body contains a huge number of micro-organisms in its intestine. It is ten times more in number
compared to the number of human body cells. These micro-organisms are mainly anaerobic bacteria
and perform useful functions in relation to development of gut, and production of vitamins and
hormones. These bacteria also perform a wide range of metabolic functions. The present article reviews
briefly the mutualistic relationship of intestinal flora with human intestine along with their pathogenic
behaviour to some extent.
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Introduction

Human body contains about 100 trillion non-pathogenic micro-organisms in its intestine as normal flora,
which is ten times greater in number than the total number of body cells (Sears 2005, Steinhoff 2005). These
are mainly bacteria. Micro-organisms community maintains a relationship which is not a merely commensal
rather a mutualistic relationship (Sears 2005). In healthy individuals these bacteria provide a wide range of
metabolic functions (Gill et al. 2006). These micro-organisms are found to perform the useful functions
mostly in the human body along with regulating the development of gut (www.pnas.org), producing vitamins
like biotin and vitamin K (www.pnas.org; www.clinicalkey.com). They also produce hormones (Gutflora-
wikipedia). In humans anxiety disorders are common in patients with disturbed gut flora (Mikocka-Walus et
al. 2007). More than 99% of bacteria in the gut are anaerobes (Laurent and Jean-Claude 2004; Gayatri and
Hecht 2003). However, in few parts of intestine aerobic bacteria are found with high density (Guarner and
Malagelada 2003). This article mainly focuses on the mutualistic association between human intestine and
bacteria flora with a little extent of pathogenic action.
Types of Bacterial Flora in Intestine
Members of different species of bacteria can stay fairly overtime and even though some alterations may
occur with changes in lifestyle, diet and age (O’Hara and Fergus 2006). Bacterial species are found to belong
the genera Bacteroides, Clostridium, Fusobacterium, Eubacterium, Ruminococcus, Peptostreptococcus,
Peptococcus and Bifidofacterium (Guarner and Malagelada 2003, Laurent and Jean-Claude 2004). The
genus Escherichia and Lactobacillus are found to be present to a lesser extent (Guarner and Malagelada
2003).
Bacterial Flora in Adult Human Intestinal Tract
The upper part of the human intestine contains a few bacteria which are allochthonous and mouth bacteria
(Schlegel 1993). However, Costello et al. (2009) reported that the human mouth contains the most
phylogenetically similar microbiome. Most abundant microbial populations found in the oral sites were
observed in many of the earlier studies (Dewhirst et al. 2010, Bik et al. 2010). Some of the low abundance
groups such as Alphaproteobacteria, Coriobacteridae, Acidobacteria, Deltaproteo bacteria and Deinococci
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are found in oral communities (Belda-Ferre et al. 2011). Almost similar microbial diversity with oral samples
was reported by Ling et al. (2010). Most of the bacteria do not survive passage through stomach because of
its high acidic environment (pH 0.5-2.0) (Schlegel 1993). Lactic acid producing bacteria like viridians
Streptococci are also found in the duodenum (Schlegel 1993). In the upper part of small intestine (Jejunum)
the pH begins to rise; therefore, the food bollus becomes alkaline and the pattern of bacterial flora changes.
Bik et al. (2006) reported a greater number of operational taxonomic units in the stomach. However, current
studies indicate that bacterial population within the stomach has changed the traditional notion. And it has
been found that the upper part of intestine is nearly sterile (Bik et al. 2006, Lawson and Coyle 2010).
Anaerobic bacteria like Bacteroides, Eubacterium, Peptostreptococcus and Bifidobacterium gain
predominance in the large intestine and 105 to 107 bacteria/ml are found in the food bolus (Schlegel 1993). In
large intestine bacterial density becomes even extraordinary with 1011 cells/gm of feces (Schlegel 1993).
However, Escherichia coli (E. coli) in colon represent a trace amount of the total bacterial mass (Schlegel
1993). According to Guarner and Malagelada (2003) bacterial density and growth rates are varied along the
intestine track.
Infancy and Microbiota
Infant intestines are colonized by large number of E. coli and Streptococci species and within few days their
numbers reach 108-1010/gm of feces (Andreas et al. 2003, Mackie et al. 1999).These bacteria create an
environment, which becomes favourable for subsequent growth of strict anaerobic species belonging to the
genera Bifidobacterium, Bacteroides, Clostridium and Ruminococcus (Favier et al. 2002). The diversity of
microbiota of feces is significantly higher in adults than in children, although interpersonal differences are
higher in children than in adults (Yatsunenko et al. 2012). The study of Yatsunenko et al. (2012) also
revealed a high prevalence of enzymes involved in fermentation, methanogenesis and in the metabolism of
arginine, glutamate, asperate and lysine in adult microbiomes whereas in baby microbiomes predominate
enzymes involved in the metabolism of cysteine and fermentation pathways.
Relationship of Intestine Flora with Diet
Different bacterial genera in intestine microbiota and their association with nutrient intake have been studied
and this is composed of mainly of three enterotypes named as Prevotella spp., Bacteroides spp. and
Ruminococcus spp. (Wu et al. 2011). Prevotella spp. is related to carbohydrates, while Bacteroides is
associated with animal proteins, amino acids and saturated fats (Gutflora-wikipedia). Wu et al. (2011) have
said that one enterotype dominate over the other depending on the diet; those who eat plenty of protein and
animal fats have predominantly Bacteroides spp. those who consume more carbohydrates Prevotella
species dominate in the intestine. Composition of food and reabsorbtion in different regions of intestine have
a decisive influence on the microbial activity of the intestinal tract (Schlegel 1993). When excess sugar in the
food reach the lower small intestine or the large intestine, these are metabolized by fermentative bacteria
with the production of gases like H2, CO2 and sometimes CH4 (Schlegel 1993). Some people produce larger
amount of gas due to their less ability to digest few polysaccharides and to absorb sugars (Schlegel 1993).
Schlegel (1993) also stated that in normal human intestine many non-reabsorbed metabolites are broken
down and therefore little toxic material is produced. However, microbiome in intestine can be changed
following a long term diet. Wu et al. (2011) have stated that people whose microbiome is predominantly
Bacteroides spp. and change their dietary patterns to a diet based on high level of carbohydrates, they will
get a Prevotella spp. enterotype in the long term.
Significant Role of Helpful Gut Flora
In the gut bacteria fulfill a useful function for humans, including digestion of unutilized energy substances
(Wynne et al.  2004). These bacteria also perform several functions like suppression of the growth of harmful
organisms, development of immune system to respond only to pathogens (Guarner and Malagelada 2003,
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Sears 2005, Keeley 2004). By fermentation bacteria turn carbohydrates into short chain fatty acids and the
ultimate products are acetic acid, propionic acid and butyric acid (Gibson 2004, Laurent and Jean-Claude
2004). These are used by host cells by providing a major source of useful energy and nutrients for humans
(Gibson 2004). These materials also help the body to absorb essential dietary materials such as calcium,
magnesium and iron (Guarner and Malagelada 2003). It is also said that bacteria enhance the absorption
and storage of lipids (Sears 2005). Bacterial flora is found to increase the guts absorption of water and to
simulate the growth of indigenous bacteria (Guarner and Malagelada 2003). Harmful yeasts and bacterial
species such as Clostridium difficile are unable to grow excessively due to competition from helpful gut flora
species adhering to the mucosal lining of the intestine (Gutflora-wikipedia). The barrier effect protects
humans from both invading species as well as the species normally present in the gut at low numbers,
whose growth is usually inhibited by the gut flora (Guarner and Malagelada 2003). Indigenous gut flora also
produces bacteriocins, which are proteinaceous toxins that inhibit growth of similar bacterial strains and
substances.
Significant Role on Human Immunity
Bacterial flora exerts continuous and dynamic effects on the human gut for developing a systemic immune
system. Bacteria play key role in promoting the early development of the guts mucosal immune system. The
bacteria stimulate the lymphoid tissue associated with the gut mucosa to produce antibodies to pathogen,
and the immune system fights harmful bacteria leaving the helpful species alone, due to which a tolerance is
developed in infancy (Guarner and Malagelada 2003, Steinhoff 2005, Fergus 2002). After birth of a child,
bacteria begin colonizing in its digestive tract. Bacteria can influence the oral tolerance, where the immune
system becomes less sensitive to the antigen and this tolerance is mediated partly by gastro-intestinaal
immune system and in part by liver which can reduce the over reactive immune response (Jewell 2005).
Mantis et al. (2011) have stated that once the host immune system is developed it regulates the bacterial
composition in the gut; furthermore, the regulation mechanism like immune exclusion is mediated through
neutralizing the action of immunoglobin A (lgA). Immunoglobins are very much essential to maintain the
symbiotic balance between microbiota communities of gut and the immune system of host.
Effect of antibiotic therapy
Association between humans and their intestinal flora become obvious when mutualistic relationship is
disturbed and bacterial population is eliminated by broad spectrum antibiotic treatment. Levinson (2008) has
stated that clindamycin can suppress the predominance of normal flora, and allow a rare organism like
Clostridium difficele, which is toxin producer; therefore, overgrowth leads to the development of pseudo
membranous colitis. Neomycin orally prior to gastrointestinal surgery to sterilize the gut, which leads to a
significant reduction of the normal flora for several days.
Conclusion
In human gut the different species of microorganism live in intestine with a large reservoir for mutual benefit.
The micro-organisms benefit the host by providing energy from the fermentation of undigested carbohydrates
and by absorption of short chain fatty acids. Intestinal bacteria also play an important role in synthesizing
vitamins and metabolizing bile acids, sterols, xenobioties etc. On the contrary the less favourable types of
fermentation produce toxins and carcinogens in addition to short chain fatty acids.
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