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Editorial on the Research Topic

Impact of microbiome on gut mucosal immunity in health and disease
Early studies on immunoglobulin A, the very first identified marker of adaptive

immunity in the gut mucosa, quickly led the way to the constantly expanding research

field of mucosal immunology. In parallel, gut microbiome, initially studied using

conventional microbiology techniques, has expanded with metagenomics technology

and metabolomics to uncover an unprecedented amount of information on multiple

factors and regulatory pathways linking and modifying the gut immune system as well as

distant organ-systems including the central nervous system. The human gut has an

abundant microbial load of bacterial genus, representing >2,000 microbial species (>160

species/individual). It is estimated that for every human cell in the body, there may be as

many as 1-10 bacterial cells resident in mucosal surfaces (1). These interactions between

the gut’s immune system and microbiome are established from early postnatal

development to later stages in life to maintain a homeostatic status but also to allow

the host confront the challenges imposed by infectious and non-infectious diseases.

Bacteria, fungi, and viruses, major components of the gut microbiome heavily influence

mucosal immunity in the mammalian host. Gut and respiratory pathogens continue to

challenge the human host with mild to lethal infections. The effect of microbiome on the

development of a healthy and robust gut immune response is critical for survival as

demonstrated by immune response studies conducted on germ-free animal models and

other systems (2). Similarly, microbiome’s influence on gut immune response contributes

directly or indirectly to inflammatory disorders and/or autoimmune conditions in the

susceptible host.

In this Research Topic, a collection of studies using cutting-edge technology provides

information on how microbiome influences gut mucosal immune responses in the

healthy host and in hosts affected by inflammatory conditions. Other studies explore how

modifications to the microbiome or its metabolic products have a potential as therapeutic

agents in the control of intestinal or even extra-intestinal conditions.
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Development of a healthy gut immune response at early age

is affected by multiple factors including prematurity. Lemme-

Dumit et al. provided evidence of three distinct microbiota types

differentially associated with intestinal permeability, maternal

breastfeeding, and immunological profiles among less than 33

week gestation early preterm infants. The Staphylococcus

epidermidis, and Enterobacteriaceae-predominant microbiota

types were associated with increased intestinal permeability,

reduced breastmilk feeding, and less defined fecal cytokine

profile. On the other hand, a lower intestinal permeability was

associated with increased levels of fecal IL-1alpha/beta and a

microbiota type that included a wide array of anaerobes with

expanded fermentative capacity. These findings may explain, at

least in part, the role of intestinal permeability in the

pathogenesis of necrotizing enterocolitis in premature infants.

Amenyogbe et al. evaluated bacterial and fungal fecal microbiota

in rural Ghanaian children and found that bacterial

communities differed systematically across the age spectrum in

composition and diversity. Corresponding maternal fecal and

breastmilk microbiotas had a dramatic change in the maternal

postpartum microbiota, including abundance of E. coli and

lower proportion of Prevotella in the first compared to the

fourth week postpartum. The dynamics of mother’s bacterial

microbiota at the time of birth may have important

consequences for children’s health. Sun et al. described the

possible negative effects of prenatal maternal stress on

intestinal development, impaired barrier function, and gut

dysbiosis in a murine model. They also considered the possible

role of persistent overgrowth of Desulfovibrio in the offspring

and its associated colitis in adulthood.

Microbial metabolites generated by individual bacterial species,

a collection of different species, or as a result of the host-

microbiome virtually countless metabolite combinations, have

the ability to influence gut structure and function in many

different ways. In this Research Topic, Kaya et al., reported on

the metabolite-sensing G-protein coupled receptors (GPCRs)

ability to bind to metabolites and trigger signals important for

cell function. These receptors provide a link between immune

system, gut microbiota, and metabolic system and some GPR35

gene variants are even implicated in gut-related diseases such as

inflammatory bowel disease. Different effect of metabolites in the

intestine was reported by Deng et al., the gut metabolite pravastatin

attenuated intestinal ischemia/reperfusion injury by stimulating

IL-13 secretion from type II innate lymphoid cells via IL-33/ST2

signaling, a novel mechanism that may have a potential as

therapeutic use in cases of intestinal ischemia/reperfusion injury.

In addition to the effect of gut microbiome on the gut

immune system, it is fascinating the effect it has in

homeostasis of distant organs systems. One review by

Bhardwaj et al, described how gut microbiome, prebiotics, and

probiotics participate in the regulation of host bone homeostasis,
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and on the contrary, how dysbiosis of the gut microbiota may

lead to bone disease, including osteoporosis. Yu et al., reported

on how intestinal microbiome among hospitalized patients in

vegetative state versus minimally conscious state significantly

differs and how small-chain fatty acid’s production due to this

differential bacterial presence were reduced in vegetative state

patients compared to other groups.

Authors also explored the potential therapeutic use of

probiotics and other bacterial organisms on gut disease

conditions. Fidanza et al. reviewed Lactoplantibacillus

platanarum and its ecological and metabolic flexibility

allowing it to thrive in multiple environments and making it

an probiotic with potential applications for treatment or

prophylaxis of a variety of disorders. Gong et al. found that L.

plantarum and Paenibacillus polymyxa given to one-day chicks

protected them against Clostridium perfringens infection

through improved composition and metabolic pathways of the

intestinal microbiota, intestinal structure, inflammation, and

anti-apoptosis. Furthermore, Xu et al. reported on how

probiotic mixtures significantly alleviated skin inflammation of

chemically-induced atopic dermatitis in mice by increased

production of regulatory T cells and regulatory dendritic cells

in mesenteric lymph nodes. Finally, Cait et al., provided evidence

on how a high fiber diet and the resulting short-chain fatty acid

metabolites are associated with enhanced antibody response to

seasonal influenza vaccination.

The elegant studies presented in this Research Topic using

cutting-edge technology allow us to better understand the

mechanisms by which gut microbiota and their metabolites

affect gut immune responses as well as systemic immune

responses to intrinsic and extrinsic antigenic stimuli during

early or late development. It also provides evidence of

microbial and metabolic signatures associated with a variety of

host states of health or disease conditions. Furthermore, it

provided evidence on how gut immune system modifiers, such

as microbial organisms, food products and metabolites may have

therapeutic potential to a variety of conditions. Regulating gut

microbiota and the intrinsic and extrinsic metabolomics it may

be possible to control gut immune response locally or distally.

Finally, each area of research exploring the relationship between

gut microbiome and gut immune system in health and disease

keep uncovering more questions than answers that should be the

basis for novel and exciting research in the near future.
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