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MINIREVIEW

Protective Role of Gut Commensal Microbes against Intestinal Infections

Fig. 1. The differences between germ-free mice and conventionally raised 
mice. 

The human gastrointestinal tract is colonized by multitudes 
of microorganisms that exert beneficial effects on human 
health. Mounting evidence suggests that intestinal micro-
biota contributes to host resistance against enteropathogenic 
bacterial infection. However, molecular details that account 
for such an important role has just begun to be understood. 
The commensal microbes in the intestine regulate gut ho-
meostasis through activating the development of host innate 
immunity and producing molecules with antimicrobial acti-
vities that directly inhibit propagation of pathogenic bac-
teria. Understanding the protective roles of gut microbiota 
will provide a better insight into the molecular basis that un-
derlies complicated interaction among host-pathogen-sym-
biont. In this review, we highlighted recent findings that help 
us broaden our knowledge of the intestinal ecosystem and 
thereby come up with a better strategy for combating entero-
pathogenic infection.

Keywords: gut microbiota, enteropathogenic bacterial in-
fection, colonization resistance

Introduction

The gut microbiota is comprised of microorganisms such 
as bacteria, archaea, fungus, and viruses that are distributed 
from the duodenum to the rectum (Backhed et al., 2005; 
Nava and Stappenbeck, 2011; Clemente et al., 2012; Yoon 
et al., 2013). In the case of healthy humans, over 1,000 spe-
cies and about 1011–1014 CFU/g of bacteria co-exist in an 
individual, representing 10 times more cells and approxi-
mately 100 times more genetic information than a human 
body (Guarner and Malagelada, 2003; Eckburg et al., 2005). 
The role of the gut commensal was revealed by a compari-
son of conventionally raised and germ-free (GF) mice. In 

general, GF mice are more susceptible to infection than con-
ventional mice. The susceptibility to infection was decreased 
when GF mice were transplanted with fecal microbiota de-
rived from conventional mice (Shanahan, 2002; Guarner and 
Malagelada, 2003; Hooper et al., 2012). The physiological 
differences between GF and conventional mice are listed in 
Fig. 1 (Shanahan, 2002; Sekirov et al., 2010; Tanoue et al., 
2010). Gut microbiota induces secretory IgA production and 
affects the structural development of intestinal epithelial cells 
(IEC) by forming firm tight junctions and developing in-
testinal immune system (Conte et al., 2006; Khachatryan et 
al., 2008). Furthermore, gut microbiota can effectively de-
fend the host against pathogenic bacterial infections by 
producing molecules, such as bacteriocin, short-chain fatty 
acids (SCFAs), and hydrogen peroxide, and also, by com-
peting with pathogens for habitats and nutrients (Guarner 
and Malagelada, 2003; Fujimura et al., 2010; Brown et al., 
2013; Buffie and Pamer, 2013; Kamada et al., 2013).
  Intestinal infections are caused by various bacterial species, 
such as enterohaemorrhagic Escherichia coli (EHEC) (Mundy 
et al., 2005), Vibrio cholerae (Bari et al., 2012), Salmonella en-
terica (Seong et al., 2012), and Staphylococcus aureus (Kwon 
et al., 2013). However, it gets removed by ‘colonization re-
sistance’ in a few days in most cases (Ferreira et al., 2011; 
Hooper et al., 2012; Kamada et al., 2012; Buffie and Pamer, 
2013). The mechanism by which pathogenic microbes are 
removed from the gut is not clearly defined, but the role of gut 
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Table 1. Summary of inhibitory effects by commensal microbes
Barrier effects Role Microbe Function References

Indirect 
effects

Colonization resistance

L. rhamnosus GG,
L. plantarum 299v Stimulate mucin secretion Mack et al. (1999)

L. plantarum Strengthen tight junction integrity Karczewski et al. (2010)

SFB Inhibit colonization of Salmonella enteritidis in 
Peyer’s patches Garland et al. (1982)

Nutrition competition B. thetaiotaomicron Decrease the availability of monosaccharide for 
pathogen utilization Kamada et al. (2012)

Immune system 
development

Lactobacillus Activate DC and NK cell Corr et al. (2007)
L. acidophilus Strengthen brush border Lievin-Le Moal et al. (2002)

Inhibition of adhesion
L. acidophilus La-5 Inhibit EHEC O157:H7 by modulate F-actin 

production Medellin-Peña and Griffiths (2009)

SFB Activate Th-17 cell and RegIIIγ production to repress 
C. rodentium infection Collins et al. (2014)

Direct 
effects

Production of 
antimicrobial molecules

R. gnavus FRE1 Produce ruminococcin C to inhibit C. perfringenes 
infection Crost et al. (2011)

B. thuringiensis Produce thuricin CD to Inhibit C. difficile infection Rea et al. (2010)
Lactobacillus, 
Bifidobacterium Produce SCFAs to lower pH Qin et al. (2010)

Bacterial products 
(flagellin, LPS) Inhibit VRE by increment of RegIIIγ Cash et al. (2006)

Bifidobacteria sp. Activate production of LL-37 Makras and De Vuyst (2006)
B. thetaiotaomicron Produce matrilysin to Inhibit S. typhimurium Wilson et al. (1999)

Quorum sensing
inhibition R. obeum Repress colonization of V. cholerae on intestinal 

mucus layer Hsiao et al. (2014)

Detailed description is provided in the text. Abbreviations: Muc2, Mucin 2; C. rodentium, Clostridium rodentium; LPS, lipopolysaccharide; VRE, Vancomycin-resistant 
Enterococcus; RegIIIγ, Regenerating islet-derived 3 gamma; DC, Dendritic cells; NK cell, Natural killer cell; F-actin, actin filaments; LL-37, cathelicidin-derived antimicrobial 
peptide; Th-17 cell, T helper 17 cell. 

microbes has been considered important based on the fact 
that host immune systems, such as complement-mediated 
killing, opsonophagocytosis, and T-cell-mediated toxicity, 
are quite ineffective in the gut environment (O’Hara and 
Shanahan, 2007). The gut microbes that inhabit on the mucus 
layer of enterocytes express a “barrier effect” that controls 
excessive growth of minor gut microbes and competitively 
inhibits colonization of foreign microbes (Ismail and Hooper, 
2005). In order to have the barrier effect, gut microbes inhibit 
proliferation of pathogenic bacteria and promote growth of 
beneficial microbes using various means, such as (i) prefer-
ential occupation of the colonization site in gut, (ii) nutri-
tional competition, (iii) production of antibacterial mole-
cules, such as bacteriocin, (iv) inhibition of virulence factor 
production, and (v) induction of inflammatory responses by 
producing signal transducers or (vi) decreasing intestinal 
pH by producing organic acids through digestive conversion 
of macromolecules (O’Hara and Shanahan, 2007; Cerf-Ben-
sussan and Gaboriau-Routhiau, 2010; Gareau et al., 2010; 
Clemente et al., 2012). The capabilities of the gut microbes 
to control infections in the host can be divided into two me-
chanisms; indirect inhibition through modulation of host 
immune systems and direct inhibition by commensal-patho-
gen interaction (Table 1 and Fig. 2).

Activation of host innate immune system
Gut microbes stimulate host intestinal immune system by 
activating the secretion of antimicrobial molecules (AMs). 
Defensins, LL-37 (cathelicidins), and C-type lectins can sup-
press microbial propagation in the intestine (Cash et al., 
2006; Hooper et al., 2012; Tsai et al., 2014). Paneth cells 

(PCs), located at the crypts of the small intestines, produce 
various kinds of AMs in response to the interaction with mi-
crobial products (Guarner and Malagelada, 2003). In par-
ticular, LL-37 expression was found to be increased by the 
presence of SCFAs, such as acetate (Fukuda et al., 2011). 
Defensin, processed from pro-defensin was activated by ma-
trilysin, a matrix metalloproteinase produced by PCs. The 
synthesis of matrilysin was elevated, when GF mice were 
colonized with Bacteroides thetaiotaomicron (Wilson et al., 
1999; Lopez-Boado et al., 2000) further suggesting the role 
of gut commensals in activating intestinal defense system. 
C-type lectin, RegIIIγ, has been considered as an important 
determinant for intestinal innate immunity against invasive. 
The expression of RegIIIγ was activated, when gut microbes, 
isolated from conventional mice, were transplanted into GF 
mice and the secreted RegIIIγ exerted antimicrobial effects 
by binding to mannon of bacterial peptidoglycan through 
hip/pap (hepatocarcinoma intestine pancrease/pancreatic 
associated protein) (Cash et al., 2006). It was shown that 
Listeria monocytogenes infection was antagonized by secre-
tory products of commensals belonging to the genus of Lac-
tobacillus and Bifidobacterium. Especially, these two probio-
tics may regulates the local immune response to L. monocy-
togenes by modulating the production of pro-inflammatory 
and anti-inflammatory cytokines (Corr et al., 2007). In addi-
tion, L. acidophilus inhibited the formation of brush border 
lesions, caused by diarrheagenic Afa/Dr diffusely adhering 
E. coli (Afa/Dr DAEC). The number of Afa/Dr DAEC was 
effectively decreased when Caco-2/TC7 cells were treated 
with the supernatant of L. acidophilus. This finding was pro-
posed to be related with an increase in F-actin, sucrose-iso-
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Fig. 2. Indirect and direct inhibitions of pathogen colonization by gut commensal microbes. The intestinal microbiota enhances resistance for coloni-
zation of intestinal pathogens by both direct and indirect (immune-mediated) mechanisms. Commensal microbiota prevents the proliferation and coloni-
zation of exogenous pathogens through multiple mechanisms. For examples, the microbiota produces bacteriocins and short-chain fatty acids in order to 
inhibit the growth of pathogens directly ( and ). B. thuringiensis secretes a bacteriocin that directly targets Gram-negative bacteria and Clostridium 
difficile. Quorum sensing (QS) signals, also, inhibit the pathogen infections by regulating the QS signal transduction system of pathogens. For an instance, 
AI-2 of R. obeum represses the V. cholerae colonization ( ). The alterations in virulence expression in the pathogens are obtained by suppressing their 
growth by the metabolites of gut commensal microbiota and consuming residual nutrition ( ). The gut microbes, also, inhibit pathogen colonization by 
competing for attachment sites on epithelial cells and nutrients derived from host ( and ). SFB inhibits the colonization of S. entertidis by physically 
removing the pathogen from mucosa of ileum ( ). Commensal microbiota facilitates mucosal barrier function through modulation of the host immune 
system. For example, B. thetaiotaomicron enhances expression of the peptidoglycan-binding C-type lectin, which has an antimicrobial activity ( ). B. the-
taiotaomicron may inhibit colonization of pathogenic bacteria through multiple mechanisms. Lactobacillus inhibits attachment of pathogenic E. coli by en-
hancing mucin secretion ( ). Microbial products, such as lipopolysaccharide (LPS) and flagellin, stimulate dendritic cells (DCs) to enhance epithelial expre-
ssion of REGIIIγ, which impairs colonization by V. cholera ( ). L. plantarum induces the barrier tension by localization of tight junction-associated pro-
teins, such as zonula occludens (ZO)-1 and occludin ( ). Microbial LPS activates immune defenses, including nucleotide-binding oligomerization do-
main 2 (NOD2)-dependent cryptdin expression and extension of transepithelial dendrites. These processes enhance resistance to EHEC ( ) and V. cholera 
( ). Abbreviations: GC, goblet cell; PC, paneth cell. 
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maltase, dipeptidylpeptidase IV, alkaline phosphatase, and 
fructose transporters in the cell (Lievin-Le Moal et al., 2002). 
Gut microbes regulate the immune response through pattern- 
recognized receptors (PRRs), which exist in enterocytes (Kelly 
et al., 2004). GF mice exhibited decreased expression of Nod- 
containing protein-2 (Nod-2) in the ileum compared to con-
ventional mice, but the expression of Nod2 was recovered to 
normal levels when mice were treated with L. plantarum and 
E. coli Nissle 1927. This proves that the normal flora of the 
intestine can positively regulate the expression of Nod-2 
(Philpott and Girardin, 2004; Petnicki-Ocwieja et al., 2009). 
Eighteen percent of genes present in B. thetaiomicron ge-
nome were annotated to be involved in polysaccharide utili-
zation, which helps the bacteria to catabolize indigestible car-
bohydrates to SCFAs (Sonnenburg et al., 2005). The SCFAs, 
produced by Lactobacillus spp. and Bifidobacteria spp. can 
regulate signal transduction and induce anti-inflammatory 
responses through neutrophil and eosinophil regulation (Ma-
slowski et al., 2009). Together, these findings clearly demon-
strate the critical role of commensal microbes in shaping 
intestinal immune system.

Inhibition of pathogen colonization
Upon infection with pathogenic bacteria, the commensal gut 
microbes start to compete with them for intestinal coloni-
zation. Pathogens can establish persistent infection, when 
normal composition of gut microbiota was compromised, 
even in the presence of functional immune responsiveness 
(Isolauri, 2003; Kamada et al., 2013). Secretory IgA (sIgA) 
displays a specific response to O-antigen of Gram-negative 
bacteria inhibiting the colonization of pathogens on the in-
testinal mucus layer. However, sIgA alone cannot exhibit 
sufficient inhibitory effects, when balanced composition of 
gut microbiota was disrupted (Synnott et al., 2009). Therefore, 
commensal microbes are essentially required for coloniza-
tion resistance. The sIgA can also modulate gut microbiota 
composition. For example, intestinal colonization of specific 
pathogens was increased in the sIgA-deficient mice and this 
was likely due to the change in gut microbiota population. 
The composition of the gut microbiota was recovered to 
normal, when sIgA production was supplemented (Endt et 
al., 2010). This indicates that production of the immunolo-
gical substance by gut-associated lymphoid tissue (GALT) 
is closely related with the balanced maintenance of gut mic-
robes. Commensal bacteria belonging to the genus of Lacto-
bacillus and Bifidobacterium can effectively colonize enter-
ocytes by secreting glycoproteins and therefore contribute 
to control the colonization of pathogenic bacteria (He et al., 
2001). Segmented filamentous bacteria (SFB) in the ileum 
control the attachment of Salmonella enteritidis by physically 
interfering with its attachment to Peyer’s patches (Garland 
et al., 1982).
  Some bacterial species, isolated from the gut, can enhance 
the intestinal defense against pathogens by promoting the 
production of mucin (Johansson et al., 2008). The well-known 
probiotic strains, Lactobacillus rhamnosus GG and Lacto-
bacillus plantarum 299v inhibit adherence of pathogenic E. 
coli on enterocytes (HT-29 cells), but not on squamous epi-
thelial cells (HEp-2 cells). The HT-29 cells secreted the spe-
cific mucin proteins, MUC2 and MUC3 and L. plantarum 

299v was reported to increase the expression of genes coding 
for these proteins (Mack et al., 1999) suggesting that probio-
tic-induced enhancement of mucin production is necessary 
for the optimal colonization resistance. The commensals, such 
as E. coli and B. thetaiotaomicron are capable of inhibiting 
C. rodentium infection. These two probiotic strains were 
found to compete with C. rodentium for structurally similar 
carbohydrates, thereby suggesting that C. rodentium infec-
tion can be controlled by the elevated abundance of com-
mensals that exhibit analogous metabolic capabilities with 
C. rodentium (Kamada et al., 2012). Pathogenic microbes 
often produce exotoxins during intestinal invasion, which 
can destroy the tight junctions between epithelial cells. Some 
commensal microbes, however, protect epithelial barrier func-
tion by making tight junctions even tighter. In healthy human 
subjects treated with L. plantarum, production of zonula 
occludens (ZO)-1 and occludin, two protein components 
forming the paracellular seal between intestinal epithelial 
cells, was significantly increased (Karczewski et al., 2010).

Production of antimicrobial substances
Some gut microbes produce various antimicrobial substances, 
such as organic acids, hydrogen peroxide and bacteriocin that 
can effectively inhibit Gram-positive and -negative bacterial 
growth (Cerf-Bensussan and Gaboriau-Routhiau, 2010; Brown 
et al., 2013). These substances not only inhibit growth of 
pathogens, but also control metabolism and toxin produc-
tion of pathogens. For instance, gut microbes that belong 
to the genus of Bifidobacterium or Lactobacillus can alter 
the intestinal pH environment by producing organic acids 
including SCFAs, lactic acid, propionic acid, and butyric acid 
(Gareau et al., 2010; Fukuda et al., 2011; Kim et al., 2014). 
It was revealed that acetate produced by Bifidobacterium 
species plays a critical role in protecting mouse from lethal 
infection by E. coli O157:H7 (Fukuda et al., 2011). Such a 
protection was mediated by bacterial capability to inhibit 
shiga toxin (Stx) transport from intestinal lumen to the blood 
and was not observed when using a mutant strain defective 
in acetate production.
  Microbes belonging to the genus of Lactobacillus can in-
hibit various pathogens by lactic acid production. The Lacto-
bacillus species also produces various antimicrobial subs-
tances besides lactic acid. The supernatant of the L. acid-
ophilus strain La-5 inhibited colonization of E. coli O157:H7 
by altering the F-actin at the adhesion site and affected tran-
scription of genes involved in quorum sensing (Medellin- 
Pena and Griffiths, 2009). Further, it was often observed that 
bacteriocin produced by gut commensals exerted bactericidal 
activity against invading pathogens. Ruminococcus guavas 
FRE1 produces ruminocuccin A, a lantibiotic bacteriocin, 
which can perturb the settlement of Clostridium perfuringens 
(Gomez et al., 2002). It is of particular interest that the ru-
minicussin A is resistant to the proteolytic action of trypsin. 
This unique property clearly shows that R. guavas can adapt 
to the host environment in order to antagonize the in-
fectivity of pathogens (Marcille et al., 2002).

Regulation of gut microbiota community by quorum sensing
Quorum sensing (QS) is a cell-density dependent gene reg-
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ulatory mechanism in bacteria (Yang et al., 2012; Zhao et 
al., 2013). QS is mediated by chemical compounds called 
autoinducer (AI) (Lee et al., 2011) and it regulates both in-
tra-species and inter-species communication (Bassler, 1999). 
It remains unclear whether or not QS plays a role in main-
taining a complex multi-species microbial community in the 
intestine. Host-derived hormones, such as epinephrine (EPI) 
or norepinephrine (NE) were reported to affect various phys-
iological status of commensal microbes (Sperandio et al., 
2003). In EHEC, expression of the locus of enterocyte efface-
ment (LEE) gene, an important genetic determinant for vi-
rulence is promoted by AI-3, a QS regulator. Furthermore, 
its expression was found to increase due to the interaction 
with host EPI and NE through QseC and QseE, known adre-
nergic receptors (Sperandio et al., 2003; Clarke et al., 2006).
  Pathogenic bacteria can also employ QS to assess relative 
abundance of other commensal species in the intestine. For 
example, EHEC can recognize AHLs produced by other 
bacteria using SdiA, a transcription factor involved in QS. 
Moreover, E. coli Nissle 1917 produces AI-2 in the gut (Jacobi 
et al., 2012). The AI-2 was reported to inhibit expression of 
IFN-γ in mice with gastritis (Sperandio, 2010). On the other 
hand, it was also reported that a Gram-positive bacterium, 
Bacillus sp. 240B1, can degrade the AHL of the Gram-nega-
tive bacteria, Erwinia caratovora (Dong et al., 2000). Recently, 
in mice infected with V. cholerae, increased abundance of 
Ruminococcus obeum was observed. AI-2 synthase, luxS ex-
pression levels and AI-2 production of R. obeum were sig-
nificantly increased with V. cholerae invasion. The AI-2 re-
press several V. cholerae colonization factors via a novel path-
way of V. cholerae QS system (Hsiao et al., 2014). Together, 
QS appears to play a role in regulating gut microbiota pop-
ulations and disturbance of a particular QS system can lead 
to the community change.

Conclusions

An unbalanced composition of gut microbiota is known to 
cause IBD, such as Crohn’s disease or ulcerative colitis (UC) 
and absence of or improperly balanced gut microbiota seem 
to be the major cause of decreased defense against external 
pathogens (Conte et al., 2006). The defense mechanisms 
against invaders consist of three major systems, (i) gut mic-
robiota, (ii) mucosa of the intestines, and (iii) intestinal epi-
thelial cells (Brown et al., 2013). Therefore, it is very impor-
tant to understand the defense mechanisms of gut micro-
biota, but it is still unknown how these mechanisms form, 
and how effective they are for defense. According to recent 
studies, non-pathogenic microbes effectively control patho-
gens by antimicrobial substance production, competition for 
nutrition and space, proper regulation of the host immune 
system and so on, while dwelling inside of the host’s GI tract. 
This defense mechanism occurs through close interaction 
with the immune system of the enterocytes (Cerf-Bensussan 
and Gaboriau-Routhiau, 2010; Clemente et al., 2012). Intere-
stingly, E. coli can act as a member of the normal flora, but 
can be pathogenic at the same time (Kamada et al., 2013). 
In addition, understanding the phenomenon and etiology 
can be a clue to understand the interaction between patho-

gens and gut microbes. It is important to study the compe-
tition and mutual cooperation among gut microbiota and 
their control mechanisms to understand the causes and con-
ditions of infectious disease. Therefore, future research on the 
interactions between pathogens, hosts, and gut microbiota 
should focus on predicting proper therapies for infectious 
diseases. Understanding the tripartite interactions between 
the host immune system, gut microbes and pathogens will 
be crucial when developing effective therapies for the enteric 
infections.
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