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isms, metabolites or supposed biomarkers without consensus 
on their composition associated with healthy or diseased mi-
crobiota and the disease. There is still insufficient evidence in 
any disease for interventions on the microbiome beyond FMT 
and R-CDI. Multi- and multi-disciplinary work with extensive 
research and the application of artificial intelligence in this 
field may shed light on the questions raised currently. Ethical 
issues must also be resolved in light of possible interventions 
within the umbrella of personalized medicine. 

Keywords: microbiota; microbiome; Clostridioides difficile; faecal transfer; 
postbiotics; probiotics; prebiotics. 

Microbioma humano intestinal: Papel en la salud 
y en la enfermedad 

RESUMEN

El estudio de la microbiota y el microbioma, y en concreto 
el intestinal, ha despertado gran interés ante la posible asocia-
ción de sus alteraciones con numerosas enfermedades. Estas 
abarcan entidades tan diversas como la enfermedad de Crohn, 
el autismo, la diabetes, el cáncer o situaciones tan prevalentes 
en la actualidad como la obesidad. Ante ello, han surgido dife-
rentes recomendaciones en el uso de probióticos, prebióticos 

ABSTRACT

The study of the microbiota and the microbiome, and spe-
cifically the intestinal one, has determined great interest due 
to the possible association of their alterations with numerous 
diseases. These include entities as diverse as Crohn’s disease, 
autism, diabetes, cancer or situations as prevalent today as 
obesity. In view of this situation, different recommendations 
have been performed regarding the use of probiotics, prebi-
otics, and postbiotics as modulators of the microbiota and the 
microbiome, seeking both preventive and therapeutic effects, 
and faecal material transfer (FMT) is proposed as an alter-
native. The latter has emerged as the only proven beneficial 
intervention on the intestinal microbiome, specifically in the 
treatment of recurrent colitis associated with Clostridioides 
difficile (R-CDI). In the rest of the entities, the lowering of lab-
oratory costs has favored the study of the microbiome, which 
is resolved by delivering reports with catalogs of microorgan-
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of criteria and consensus in the relevance of the studies and 
analysis of the results.

From the literature reviewed, this Committee only appre-
ciates sufficient evidence on the therapeutic use of the intes-
tinal microbiota for the treatment of recurrent colitis due to 
Clostridioides difficile (R-CDI) and believes it is necessary to 
consider the need to regulate not only the research of prod-
ucts intended to modify the microbiota, but also their adver-
tising. The following lines summarize the outcome of the de-
liberations of the Committee of Experts convened by ICOMEM 
in response to a series of questions posed by the Committee.

WHAT IS THE MICROBIOME? HOW DOES IT 
DIFFER FROM THE MICROBIOTA? 

The term microbiota is defined as the set of microorgan-
isms (bacteria, fungi, archaea, viruses, and parasites) that re-
side in our body in different mucous membranes and other 
territories. Colloquially it is also known as flora. Microbiome 
refers to a broader concept as it also includes the habitat or 
ecological niche and the interaction with the host. It refers to 
the microbial communities found in an ecological niche, their 
genes and metabolites, as well as the environmental condi-
tions surrounding them. It was first used by Whipps et al. in 
1988 [2], referring to the set of microbial communities, the 
characteristics of their interrelationship, and the properties of 
the habitat where they are found. 

The microbiota is therefore part of the microbiome in de-
fined ecological niches or locations. Among all these locations, 
the intestinal microbiome stands out for its complexity and 
diversity, which is the most studied so far. The genitourinary, 
the oral cavity, the nasopharynx, the respiratory tract, and the 
skin microbiomes, among others, also stand out. Each of them 
has its own particular niche and fingerprint in its composi-
tion. The microbial communities that make up the microbiome 
have a symbiotic and mutualistic behavior with human cells 
and maintain an important dialogue with the immune system 
[1]. It is therefore considered as an “organ” essential for life 
and with a clear influence on health and disease. The micro-
biome has its own particularities and characteristics inherent 
in each individual, which may vary depending on the genetic 
substrate, diet, early exposure, geography, interaction with the 
environment, or simply the age of the individual. 

The vast majority of the microorganisms that make up 
the microbiome are not able to be cultured in the tradition-
al culture media and conditions in which they are grown. The 
introduction of massive sequencing techniques and bioinfor-
matics tools for massive data analysis (metaomic techniques) 
and, more recently, artificial intelligence (AI), have brought 
about a revolution and a great advance in the knowledge of 
the microbiota and in the catalogs of its composition [3]. How-
ever, it is more difficult to characterize the conditions of the 
microbiome and the effects derived from its composition. Re-
cent studies suggest that, more than microbial composition, 
the importance of the microbiome lies in its functionality, 

y postbióticos como moduladores de la microbiota y el micro-
bioma, buscando tanto efectos preventivos como terapéuti-
cos y se propone la trasferencia de materia fecal (TMF) como 
alternativa. Esta última, se ha erigido como intervención con 
beneficio demostrado en el tratamiento de la colitis recurren-
te asociada a Clostridioides difficile (R-CDI). En el resto de las 
entidades, el abaratamiento de los costes de laboratorio ha fa-
vorecido el estudio del microbioma que se resuelve con la emi-
sión de informes con catálogos de microorganismos, metaboli-
tos o supuestos biomarcadores sin que existan consensos sobre 
su composición que se asocien a microbiotas “sanas” o “pato-
lógicas” con enfermedad humana. No existen aún evidencias 
suficientes en ninguna enfermedad para la intervención sobre 
el microbioma más allá del TMF y la R-CDI. El trabajo multi y 
pluridisciplinar con investigaciones amplias y la aplicación de 
la inteligencia artificial en este terreno pueden arrojar luz a los 
interrogantes hoy planteados. También deben resolverse cues-
tiones éticas a la luz de las posibles intervenciones dentro del 
paraguas de la medicina personalizada. 

Palabras clave: microbiota; microbioma; Clostridioides difficile; trasferen-
cia fecal; postbióticos; probióticos; prebióticos

INTRODUCTION

The relationship between our health and the set of micro-
organisms that reside in different territories of our body (mi-
crobiota or colloquially “flora”) has been the subject of study 
for years. The concept of microbiota has been expanded into 
that of microbiome, which includes the ecological niche in 
which the microbiota is found and its interaction with the host 
[1]. There are currently numerous research lines with essen-
tially three main objectives: 1) to determine whether altera-
tions in the microbiota cause disease; 2) to discern whether 
their analysis has diagnostic utility in these diseases; and 3) to 
evaluate the possibility of modifying an altered microbiota as a 
form of treatment. The latter includes the possibility of admin-
istering substances that modify the microbiota (prebiotics), el-
ements of the microbiota (probiotics) or potentially beneficial 
substances synthesized by the microbiota (postbiotics). 

The interest the study of this field is enormous, but so is 
the confusion in it, a fact that motivates this review promoted 
by the COVID-19 and Emerging Pathogens Committee of the 
Illustrious Official College of Physicians of Madrid (ICOMEM). 
We understand that this confusion has three main causes. The 
first is due to the extensiveness of the fields of study, ranging 
from allergies to autism or cancer. The second is due to the 
economic interests underlying the offer of non-standardized 
diagnostic techniques with as yet unproven usefulness (stud-
ies of the microbiota), and of products aimed at improving its 
composition (pre, pro and postbiotics). They are often devel-
oped and marketing with lack of strict regulation, which fa-
cilitates their entry into the market without evidence of clear 
benefit, with a multitude of products and diverse posology. 
Finally, the multidisciplinary approach, in the great majority 
with disconnection between professionals, and the absence 
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commensal species of Bifidobacterium can synthesize vitamin 
K and water-soluble B vitamins. Other groups such as Bacte-
roides can generate short-chain fatty acids (SCFA) by fermen-
tation of non-digestible carbohydrates, also collaborating with 
Bifidobacterium species in the fermentation of oligosaccha-
rides. The fatty acids generated, in the form of acetate, pro-
pionate and butyrate, constitute a primary energy source for 
the colonic epithelium and can also reach systemic availabili-
ty. In acetate form they become substrate for lipogenesis and 
gluconeogenesis [5,6]. In butyrate form they can prevent lactic 
acid accumulation. Some microorganisms such as those of the 
genus Oxalobacter and certain Bifidobacterium prevent the 
formation of oxalates. In relation to lipid metabolism, they en-
hance lipid hydrolysis by regulation of the colipase required by 
pancreatic lipases for lipid digestion. Finally, it affects protein 
metabolism through proteinases and peptidases that potenti-
ate those of the host [7].

Immunomodulation. The intestinal microbiota also 
works in conjunction with the innate and adaptive immune 
system of the host. It contributes to the maintenance of intes-
tinal lymphoid tissue (GALT, gut-associated lymphoid tissue), 
modulates the expression of T cells, mainly T-helper (Th) and 
T-regulatory (Treg) cells, and influences innate lymphoid cells 
(ILC). It also interacts with IL10-producing macrophages [6].

since different microbial species can perform equivalent met-
abolic functions and the same species can perform different 
functions. Figure 1 shows the main groups of microorganisms 
found in the intestinal microbiota and their taxonomic update.

WHAT IS THE FUNCTION OF THE GUT 
MICROBIOME?

The intestinal microbiome represents a complex ecosys-
tem that, in a symbiotic manner, contributes to numerous 
functions of the host physiology. To date, its participation in 
the absorption and regulation of nutrient metabolism, the 
synthesis of essential vitamins, the elimination of toxic com-
pounds, the strengthening of the intestinal barrier and pro-
tection against pathogenic microorganisms and the devel-
opment of the immune system is well known. However, the 
mechanisms of this contribution are far from being sufficiently 
elucidated [4]. The participation of the intestinal microbiota in 
these functions is synthesized below.

Nutrition and metabolism. The intestinal microbiota 
provides energy and nutrients to the organism, intervening in 
the absorption and metabolism mainly of carbohydrates, but 
also of lipids and proteins, besides being able to interfere in 
the metabolism of some drugs. It has been demonstrated that 

Figure 1	 �Main groups of microorganisms found in the intestinal microbiota and their taxonomic 
update

*updated taxonomic designation; ** Short-chain fatty acids
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−	 Sex. Sex differences exist in the composition of the gut mi-
crobiota, although studies show mixed results and the un-
derlying mechanism is still under investigation [15].

CAN THE HEALTH OF THE INTESTINAL 
MICROBIOME BE IMPROVED? HOW? 

Based on the factors that modify the microbiota and the 
microbiome, some interventions have been postulated to im-
prove their “health”. However, their effect on overall health 
is still far from being well defined. Some of these interven-
tions are summarized in Table 1. Although these strategies are 
promising, further research is essential to fully understand 
their impact on global health and disease prevention. Indi-
vidualization of these interventions, taking into account the 
uniqueness of each person’s microbiota, could be key in the 
quest for optimal health and lasting well-being [16-21].

IS THERE A LINK BETWEEN THE GUT MICROBIOME 
AND DISEASE? WHAT IS THE EVIDENCE BASE? 

The involvement of the microbiota in health or disease 
is postulated on three basic pillars: the influence on the con-
struction, maintenance and modulation of immunity. Its ac-
tion is positive in the digestive process and in the generation 
of energetic and vitamin resources essential for life or, on the 
contrary, negative in the production of potentially toxic sub-
stances that can alter its normal functionalism. The biological 
aggressiveness of many microorganisms is manifested when 
they colonize or when they undergo translocation and colo-
nize extraintestinal tissues. When studying the relationship 
between the microbiota and health or disease, methodological 
problems arise in the study of a microbiome of a changing na-
ture and its possible influence on future disease. Its follow-up 
over time would show greater certainty, and always including 
large numbers of study subjects and their controls to assert 
the relationship.

The ultimate example of a pathogenic dysbiosis and its 
eradication by manipulation of the microbiota is R-CDI. From 
this immediate evidence, we can jump to the already test-
ed scenario of stool transplantation (or transfer) for the im-
provement of autism [22]. Between these two extremes, the 
relationship between the microbiota and almost every type of 
disease is raised. 

The lack of antigenic stimuli due to decreased diversity 
and the alteration of what would be a “healthy” microbiome 
in the early stages of life, including gestation, have been linked 
to reduced immune efficiency and increased risk of disease or 
earlier onset of disease. These include atopic eczema [23,24], 
food allergies [25], asthma [26-28] and metabolic diseases as 
important as obesity [29,30] and type-1 diabetes [31-33], in 
the genesis of which, in addition to genetic susceptibility, there 
is a background of inflammation [34,35] or autoimmune ag-
gression [36]. These “dysbioses” seem to be strongly influenced 
by the type of delivery (natural or cesarea) [37,38], the lack of 

Protection against infection. This is a multifactorial 
action in which the direct action of the microbiota and the 
interaction with the host’s defense mechanisms must be con-
sidered. In the former, the intestinal microbiota enters into 
competition for nutrients against possible pathogenic micro-
organisms. In addition, some microorganisms have the func-
tion of synthesizing proteins with antimicrobial activity. How-
ever, interaction with host defense mechanisms is essential. 
The microbiota induces the production of IgA, improving the 
barrier function exerted by the intestinal mucous layer. Also 
the production of lactic acid during metabolism, enhances the 
activation of host lysozyme which acts as an antimicrobial 
agent. 

However, it should not be forgotten that the microbiome 
constitutes a dynamic ecosystem, rapidly changing according 
to changes in diet or exposure to chemical agents, which can 
cause not only positive but also negative actions [8].

WHAT EXTRINSIC AND INTRINSIC FACTORS 
OF THE INDIVIDUAL INFLUENCE THE GUT 
MICROBIOME? 

Several factors have been identified that influence the 
composition of the intestinal microbiota. It is not well under-
stood, however, which are the ultimate determinants affecting 
its stability and the fluctuations that occur throughout life. 
The factors most frequently implicated include the following: 

−	 Diet. The basic composition of the human microbiota is af-
fected by diet over the long term, especially diets with a 
high proportion of fat and protein versus a high-fibre diet. 
Marked differences in gut microbiota have been found to be 
associated with these dietary patterns [9].

−	 Host genetics. In particular, the genetic determinants of the 
immune system, which plays a key role in selecting the bac-
teria that reside in the body [10].

−	 Use of antimicrobials. They significantly alter the intestinal 
microbiota, affecting its diversity and composition. This ef-
fect appears both in the short and long term [11].

−	 Lifestyle and environment. Factors related to lifestyle, diet 
and medications in general have a profound impact on the 
gut microbiota [11].

−	 This is another crucial factor affecting the diversity of the 
microbiome. Its composition has been observed to vary with 
age, possibly reflecting changes in the immune system, diet 
and general health [12].

−	 Stress. Both chronic and acute, can influence the gut micro-
biota. Although the exact mechanism is not fully elucidated, 
stress is thought to affect the intestinal barrier and the in-
teractions of the microbiota with the nervous system [13].

−	 Geographic factors. Geographic location and local dietary 
habits account for a significant part of the variation in gut 
microbiota [14]. 
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Obesity deserves a separate mention. At the moment, it 
is not clear what the profile of the microbiota attributed to 
obesity is, although in animal models it seems to be relat-
ed to a higher proportion of Firmicutes, to the detriment of 
Bacteroidetes. On the other hand, bariatric/metabolic surgery 
changes the ratio between these two groups of bacteria, with 
predominance of Bacteroidetes [54-56]. These changes may be 
long-lasting and determinant in weight loss and metabolic co-
morbidity control. However, there is little evidence to support 
a causal or associative relationship between the microbiome 
and obesity. Although there is evidence that the gut micro-
biome may affect the risk of adiposity-related comorbidities, 
such as type-2 diabetes and inflammation, there is no evidence 
that manipulation of the gut microbiome is an effective treat-
ment for obesity [57-58].

Another field that opens a huge range of studies is the in-
fluence of the microbiota with neurogenesis, behavior and dis-
eases of the nervous system through the so-called “gut-brain 
microbiome axis” and again the invitation to modify this “en-
vironmental” part of the individual to control the alterations 
of its genetic disposition [59]. Depression, autism, attention 
deficit disorder, schizophrenia, Parkinson’s disease and neuro-
degenerative disorders, including Alzheimer’s disease, do not 
escape this relationship.

Evidence has shown bidirectional communication be-
tween the gut microbiome and the central nervous system, 
making it a target for ameliorating the development and 
progression of neurodegenerative diseases [60,61]. This com-
munication would be mediated by the immune system, vagus 
nerve, enteric nervous system, neuroendocrine and circulato-
ry systems [60]. In mouse models it has been observed that 
bacterial metabolites generate responses in neurotransmitters 

maternal exposure during gestation to domestic animals, re-
ceiving antibiotics during this period or in the first months of 
life [39,40] and, of course, an artificial neonatal diet. What we 
would understand as a more “healthy” state would favor the 
development of “allergies” [28,41]. On the other hand, some 
of the relationships that have been established between infant 
dysbiosis and diseases have not been confirmed in observa-
tional studies in real life, as is the case of the use of antibiotics 
and obesity [42].

There are direct pathogenic aspects of the microbiota in 
the newborn and especially in the premature infant that pre-
dispose to necrotizing enterocolitis, characterized by a patho-
logical predominance of Enterobacterales and Staphylococcus 
with respect to Bifidobacterium and Bacteroidetes [43-45], 
contrary to what occurs in healthy children. Immune dysfunc-
tion against this dysbiosis is suspected as the pathogenesis 
[46]. Late-onset sepsis, which sometimes occurs, would be an 
example of bacterial translocation. The same bacteria isolated 
during sepsis have been found in the pre-sepsis intestine of 
these children [47,48].

Inflammatory bowel disease (Crohn’s disease and ulcera-
tive colitis) shares the same suspected pathogenesis with the 
interaction of microbiota, genetic susceptibility and inade-
quate immune-inflammatory response [49-51]. Dysbiosis due 
to an increase of proteobacterias and decrease of Bacteroi-
detes and Firmicutes [52] is pointed to in its genesis, as well 
as the interaction between diet and microbiota and its con-
sequences on intestinal permeability [50]. Irritable bowel syn-
drome, with such a high prevalence, is a permanent focus of 
studies looking for a direct relationship with the microbiota, 
without evidence that allows definitive treatment actions [53].

Intervention Comments Ref.

Prebiotics Non-digestible compounds, present in the diet, that stimulate the growth or activity of microorganisms of the microbiota, resulting in a 
possible health benefit. Generally, plant fibres that we do not digest and that are food for bacteria. 

Examples: inulin (fructooligosaccharide) and oligosaccharides from breast milk.

16

Probiotics A live microorganism that, when administered in adequate amounts, is intended to improve health problems such as obesity. 

Examples: There are many types of probiotics, generally they are of the species Lactobacillus or Bifidobacterium or related such as 
Lactecaseibacillus rhamnosus GG. The Escherichia coli Nissle 1917 strain is also used.

18

Postbiotics Inactivated microorganisms and their metabolites that confer a potential beneficial effect on intestinal health by providing possible 
anti-inflammatory, immunomodulatory and intestinal barrier protective effects.

Examples: Current focus is on gut-derived bacteria such as Akkermansia municiphila, a strict anaerobic bacterium that releases 
metabolites with potentially health-promoting activity, including short-chain fatty acids

21

Dietary fibre Its consumption through fibre-rich foods may improve glucose metabolism. It is associated with an increase in bacteria to which 
beneficial effects are attributed.

17

Dietary components 
and dietary habits

Healthy dietary habits, such as a diet rich in plant foods, can promote a diverse and health-promoting microbial ecosystem. Vegetarian 
and vegan diets are associated with an increase in certain potentially beneficial bacteria (such as Bacteroidetes) and may promote the 
production of short-chain fatty acids, which are considered beneficial.

19, 20

Table 1	� Interventions on the microbiome to improve your health



Human intestinal microbiome: Role in health and diseaseR. Cantón, et al.

Rev Esp Quimioter 2024;37(6): 438-453 443

-	 Inflammatory Bowel Disease (IBD). The microbiome plays 
a role in the pathogenesis of IBD. Microbial biomarkers in 
blood and other body fluids are emerging as promising tools 
for the diagnosis and prognosis of IBD, although their clini-
cal application is still under development [78].

-	 Diagnosis of precancerous lesions. This is a hot area. There 
are numerous groups interested in developing microbio-
ta-based diagnostic tools for colon cancer. For example, it 
has been observed that the abundance of Fusobacterium 
nucleatum is higher in patients with colorectal cancer than 
in controls [79]. Similarly, it has been observed that the de-
termination of metabolites produced by anal bacteria can 
help identify subjects with precancerous lesions [80].

-	 Predictor of response to immunotherapy in cancer. The role 
of the microbiome in response to immunotherapy is an area 
of growing interest in oncology. Studies in preclinical, ob-
servational models, and pilot clinical trials suggest that it is 
possible to predict the response to immunotherapy based 
on the composition of the microbiome, and to modify this 
response by microbiota transplantation. Further studies are 
needed to introduce this tool into the clinic [81,82].

-	 Personalized Medicine. Host gene-microbiome interactions 
appear to influence the development of chronic multifac-
torial diseases such as type-1 diabetes, ulcerative colitis, 
and Crohn’s disease. Analysis of the microbiome could help 
identify subjects at risk for developing these diseases and 
become a tool for diagnosis and personalized medicine [83].

HOW IS THE INTESTINAL MICROBIOME STUDIED? 
WHAT LABORATORY REPORTS ARE ISSUED AND 
HOW SHOULD THEY BE INTERPRETED?

The study of the microbiome can be approached with dif-
ferent techniques. Typically, mass sequencing is performed af-
ter amplification of the gene encoding the 16S ribosomal sub-
unit (16S rDNA for bacteria), or of the ITS1-2 intergenic space 
(for fungi) [84]. First, the total DNA of microorganisms from a 
clinical sample is obtained, then the chosen target is amplified 
by PCR, and finally mass sequencing is performed. After pass-
ing the quality filters of the process and discarding incomplete 
or chimeric sequences, each amplicon (DNA fragment ampli-
fied by PCR, approximately 300 base pairs – bp –) is assigned 
to a specific microorganism after matching it to databases 
with bioinformatics tools. The final step consists of assigning 
values of alpha diversity (total number of different taxa and 
balance in their abundance) and beta diversity (statistical dif-
ferences in groups of subjects). This is the most common tech-
nique because of its low cost (approx. 50 €/sample in reagents) 
and relative simplicity, but in most cases it cannot discern the 
complete taxonomy, and generally only reaches genus without 
descending to species. The new massive sequencing platforms, 
such as PacBio®, perform sequences up to 1,500 bp, allowing 
a more accurate taxonomic assignment as they can read the 
complete 16S rDNA gene and reach the species level with high 
confidence.

(serotonin, dopamine, noradrenaline, etc.) and in the immune 
system, regulating neurophysiological function and cognition 
[61]. Likewise, alterations in the gut microbiota have been as-
sociated with autism spectrum disorders, anxiety, depressive 
behaviors, impaired physical performance and motivation, as 
well as neurodegenerative diseases such as Alzheimer’s disease 
and patients with Parkinson’s disease) [62]. Aging, a key player 
in neurodegenerative diseases, shows that the gut microbiome 
of centenarians has a great similarity with those of young in-
dividuals.

On the other hand, the relationship of microorganisms 
and cancer has a long history focused on treatment. Today, the 
role that microbiota can play in direct or inducing and espe-
cially modulating causation through the immune system and 
the production of functional metabolites is recognized [63,64]. 
The concept of the immune-oncology-microbiota axis is cre-
ated. Much of this relationship is still maintained with the 
intestinal microbiota (the colon harbors 97% of the bacterial 
microbiota and is the organ with the highest production of bi-
ologically active substances with immunomodulatory activity). 
The rest corresponds to bacterial microbiota of other organs.

Once again, a strictly intratumoral microbiome appears, 
found in more than thirty types of tumors [65,66] whose path-
ogenic role remains to be defined both in oncogenesis and in 
the interference in the response to chemotherapy or immuno-
therapy, and therefore of a possible therapeutic intervention-
ism. The specificity of the intratumoral microbiome is postulat-
ed as a localization or body mapping tool when investigating 
this microbiota in blood.

There are very few microorganisms recognized as directly 
oncogenic, also called oncomicrobes: Epstein Barr virus; HBV; 
HCV; Kaposi’s herpesvirus; HIV-1; human papillomavirus; HTL-
1 virus; Opistorchis viverrini and Clonorchis sinensis, Schisto-
soma haematobium and Helicobacter pylori [67], but there are 
many others that could act as facilitators through their active 
metabolites or by immunomodulation [68-71]. In any case, we 
would be at a point that opens the way for the future, but still 
without clinically validated tools for therapeutic intervention-
ism [65,66,72-77].

CAN THE MICROBIOME HELP DIAGNOSE DISEASE 
OR BE USEFUL IN DISEASE MONITORING? 
WHAT ARE THE INDICATIONS FOR MICROBIOME 
STUDIES IN THE CLINIC?

Microbiome analysis has the potential to revolutionize 
many aspects of healthcare, from diagnosis and treatment to 
prevention. However, it is still at a very early stage and further 
clinical research and technological developments are needed 
for full implementation. Therefore, at present, microbiome 
analysis should not be recommended in clinical practice as 
we lack the necessary knowledge to translate the results of its 
analysis into clinical decisions. Some relevant findings of re-
cent research are schematically presented below:
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tube [88] or more recently, through orally administered cap-
sules [89-91].

FMT is believed to have originated in 4th century China, 
where fecal material was administered orally to treat patients 
with diarrhea [92]. In the current medical literature, FMT was 
first used to treat pseudomembranous colitis in 1958 in Den-
ver, USA [93]. Most of the clinical experience of FMT has orig-
inated in the treatment of R-CDI, where it has demonstrated 
high success rates (around 90%) in both randomized clinical 
trials and long case series [94,95]. The European Society for 
Clinical Microbiology and Infectious Diseases (ECCMID) treat-
ment guidelines recommend fecal transplantation for R-CDI 
[96,97]. The Infectious Diseases Society of America (IDSA) and 
the Society for Healthcare Epidemiology of America (SHEA) 
guidelines [98] also include a strong recommendation for its 
use in second and subsequent episodes of R-CDI. R-CDI nonre-
sponsive to standard therapies is the only indication approved 
by the US Food and Drug Administration (FDA) for FMT since 
2013 [99].

Despite its high efficacy, the exact mechanisms by which 
FMT acts on R-CDI are not well understood. Some of the pro-
posed mechanisms include direct competition of C. difficile 
with the administered microbiota, reconstitution of alpha 
diversity that helps prevent C. difficile colonization, changes 
in bile acid metabolism, and repair of the intestinal barrier 
by stimulating the mucosal immune system [100-102]. FMT 
in R-CDI has been limited by practical barriers such as donor 
selection, product preparation, storage, delivery, and in some 
cases, patient reluctance [88,103,104]. Stool donors should 
undergo periodic thorough controls in which the presence of 
pathogenic microorganisms is ruled out both in the stool and 
by serology.

Due to increasing clinical demand, the FMT has gradually 
evolved. The use of frozen material versus fresh stool was the 
first step in its modernization, allowing the creation of stool 
banks [94]. There are several ways of processing stool depend-
ing on the route of administration. For administration by co-
lonoscopy, the stool is mixed with a solvent (water or saline), 
whereas nowadays it is most commonly administered in cap-
sules. For this purpose, the stool is dissolved with a cryopro-
tectant, then freeze-dried and finally encapsulated with the 
resulting powder. The stool or its derivatives have a viability 
of 6 months but there are currently protocols that will enlarge 
this period.

The development of FMT in oral capsules has represent-
ed a great advance in the treatment and prevention of R-CDI, 
overcoming the main disadvantages of other routes of admin-
istration. Several studies have shown that encapsulated TFM 
has similar efficacy (around 90%) and produces fewer adverse 
events [89,91,95,105-108].

Current data suggest that FMT is a safe therapeutic meth-
od with few adverse effects, although its long-term outcomes 
have not been fully elucidated [109]. In a systematic review 
collecting FMT-related adverse effects reported over 20 years 
(2000-2020) and including 5,688 procedures [110], 19% of ad-

There is a more complex approach called “shotgun” in 
which all the DNA is sequenced without a previous amplifi-
cation step, but again with short sequences of 300 bp [84]. 
With this strategy we can identify all microorganisms, includ-
ing viruses, and metabolism, virulence, or antibiotic resistance 
genes. However, it has as a disadvantage the difficulty in the 
bioinformatic reconstruction of the individual genomes of 
each microorganism. 

Both with the amplification of 16RNA sequences and 
with a “shotgun” approach we can know the composition and 
abundance of each taxon in a sample in which we want to 
characterize the microbiome, with the limitation that the pro-
cess has not been standardized.

Other study techniques collect the expression of genes 
(transcriptomics), the proteins synthesized (proteomics), the 
metabolites of the entire ecosystem (metabolome) and finally 
the connections between them (interactome). Current interest 
in the study of the gut microbiome is focused on metabolites 
of exclusive microbial production that also have an impact on 
health and disease such as SCFAs and trimethylamine N-oxide 
(TMAO)

It is important to emphasize that, despite technical ad-
vances, there is no consensus on the normality of the microbi-
ota in its composition, and this prevents the preparation of a 
report to grant the degree of “normality”. There are diagnostic 
laboratories that make reports on the composition of the mi-
crobiota based on internal criteria of normality, but in no case 
do they have, for the moment, any validity for therapeutic de-
cisions. These reports are only based on the abundance of each 
bacterial taxon, attributing to them a functionality that has 
not been proven, for example, they refer to the abundance of 
proteolytic bacteria only with the abundance of certain taxa. 
The problem with these reports is that they often have thera-
peutic implications, in many cases with antimicrobials, without 
prior consensus or evidence of their usefulness.

CAN THE MODULATON OF INTESTINAL 
MICROBIOME BE USED TO TREAT DISEASES? 
WHAT IS A FECAL TRANSPLANT/TRANSFER AND 
WHAT ARE ITS INDICATIONS?

Modulation of the intestinal microbiome has become a 
potential therapeutic target to treat putative diseases associ-
ated with its dysbiosis. Among the therapeutic interventions 
targeting the gut microbiome, fecal microbiota transplanta-
tion (FMT) has attracted the interest of the scientific and clin-
ical communities. Its use has been documented in at least 85 
diseases, with heterogeneous results [85]. 

FMT can be defined as the transfer of fecal matter from 
a healthy donor to a sick person, with the aim of restoring or 
modifying his or her microbiota. The procedure is performed 
by introducing the processed product from the feces of the 
healthy donor into the gastrointestinal tract of the recipient, 
either through colonoscopy [86], enema [87], nasoduodenal 
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Postbiotics are metabolic products or cellular compo-
nents of inactive microorganisms of the intestinal microbiota. 
An example is SCFA, metabolites formed in the colon after en-
zymatic degradation by the microbiota (Table 1). Their benefi-
cial effects would be observed both at the intestinal level (inhi-
bition of pathogens, barrier effect, increased intestinal transit) 
and as anti-inflammatory, immunomodulators and protectors 
of the intestinal barrier. Their use in the management of gas-
trointestinal disorders and their potential in improving general 
health are being increasingly investigated [21].

Research in this area is difficult due to the absence of 
strict regulation of their use. Facilitating their entry into the 
market without clear evidence of benefit is the multitude of 
different products and posologies. They have been studied in 
multiple indications, such as prevention of recurrences of IBD 
[112], recurrences of bacterial vaginosis [113], prevention of C. 
difficile diarrhea [114] or prevention of recurrent urinary tract 
infection [115]. There is great heterogeneity in the results and 
products investigated, resulting in a low quality of evidence, 
although the most recent investigations show promising data 
on the use of probiotics for the prevention of bacterial vagino-
sis [113] and recurrent urinary tract infection [115].

There is no firm evidence to recommend the use of prebi-
otics, probiotics or postbiotics in clinical practice. Even so, the 
prescription of probiotics has increased a lot and it is impor-
tant to know their safety. Although adverse reactions have 
rarely been demonstrated, there are doubts as to whether their 
administration is safe. In theory, due to their composition, pro-
biotics could be implicated in five types of adverse effects: 1) 
infectivity and/or pathogenicity as they are live products; 2) 
production of undesirable metabolites; 3) possibility of trans-
mission of genes that confer resistance to antibiotics; 4) ex-
cessive immunostimulation or immunosuppression in sensi-
tized individuals; and 5) adverse reaction associated with their 
excipients. In case of doubt, it should be taken into account 
which are the potential subjects at risk of suffering complica-
tions (Table 2). 

WHAT IS THE INTEREST OF THE MICROBIOTA AND 
THE USE OF PROBIOTICS AND PREBIOTICS IN 
PEDIATRICS?

Microbial colonization of the digestive tract during infan-
cy is an essential process for our life. It is very important that, 
in the immediate neonatal period, a healthy and healthy mi-
crobiota is established, which will maintain its beneficial effect 
in the child’s life, protecting him/her from intestinal infections 
and favoring his/her immune development [116]. The intestinal 
microbiome would have an important role in the maintenance 
of a healthy gut-brain axis.

The intestinal microbiota is fundamentally established in 
the perinatal period (between 22 weeks of gestation and 8 
days of life), when the most important intestinal colonization 
of the individual occurs, especially during delivery. Although 
for years it seemed that the fetus developed in a sterile en-

verse events were found, of which the most frequent were di-
arrhea (10%), abdominal discomfort, pain, and cramping (7%). 
Serious adverse events related to FMT were reported in 1.4% of 
patients undergoing FMT. The mortality rate was low (0.13%), 
mostly as a result of aspiration pneumonia related to the route 
of FMT administration. This suggests that most FMT-related 
deaths could be avoided by paying attention to risks related 
to the route of administration. Of note, serious adverse effects 
related to FMT occurred in patients with mucosal barrier injury. 
Another recent review and meta-analysis with 5,099 patients 
showed that serious adverse events developed in less than 1% 
of patients [111].

In conclusion, FMT is proposed as a therapeutic action 
with great potential in the prevention or treatment of many 
diseases, although the only current clinical indication is the 
treatment of R-CDI. However, much effort is still needed to 
unravel the mechanisms of action and to further update the 
guidelines for FMT on an international scale. It is hoped that 
with advances in technology and knowledge, FMT will become 
a standardized treatment in which the current regimen will be 
replaced by well-defined microbial consortia, metabolites or 
laboratory-synthesized compounds that can be easily admin-
istered.

WHAT ARE PROBIOTICS, PREBIOTICS AND 
POSTBIOTICS AND WHAT ARE THEIR CLINICAL 
INDICATIONS? 

Prebiotics are non-digestible dietary ingredients that 
facilitate intestinal health by stimulating the growth of ben-
eficial bacteria such as bifidobacteria and lactobacilli. An ex-
ample of these would be human milk oligosaccharides, unique 
for their high concentration in the human species, synthesized 
in the mammary gland, and the first prebiotics ingested by 
the newborn and infant. Like probiotics, their real benefit is 
controversial, although by favoring intestinal colonization by 
bifidobacteria, they could improve infant colic, prevent ear-
ly constipation and intestinal infections. For this reason, the 
companies that manufacture them are incorporating them in-
to milk formulas and as food supplements. Prebiotics are also 
present in foods rich in fibre.

Probiotics are live microorganisms that, when adminis-
tered in adequate amounts, may offer significant health bene-
fits to the host. They are found in fermented foods and can be 
purchased as dietary supplements. Although the actual bene-
fits are controversial, they would contribute to the stability of 
the microbiota, strengthen the integrity of the intestinal bar-
rier and enhance immune function. Lactecaseibacillus rham-
nosus GG is the strain with the most evidence of therapeutic 
and/or preventive benefit for different types of diarrhea (com-
munity, traveler’s and post-antibiotic), functional digestive 
disorders, and immune boosting (against allergies and respira-
tory infections). 
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microbiome, especially on Bifidobacterium which some-
times persists for the first 12 months of life.

There is increasing interest in the use of probiotics and 
prebiotics in pediatrics, including in neonates and premature 
infants [118,119]. Many studies have shown some benefit in 
the prevention and/or treatment of digestive and nutritional 
diseases in children [120]. Recently, the European Society for 
Paediatric Gastroenterology Hepatology and Nutrition (ES-
PGHAN) [121,122] has published Clinical Practice Guidelines 
on the use of probiotics to unify criteria for the appropriate 
management of acute diarrhea, antibiotic-associated diarrhea, 
prevention and treatment of necrotizing enterocolitis of pre-
maturity, H. pylori infection, and functional digestive disorders 
such as infant colic, functional abdominal pain, and function-
al constipation. Although there is a high level of agreement 
among the clinical practice recommendations of the Scientific 
Societies, there are also differences. Comparison of the studies 
is difficult due to their heterogeneity in terms of indications, 
doses, duration, and composition of the probiotics used, which 
makes it difficult to recommend them routinely. 

In older children and adolescents, the use of probiotics is 
being evaluated, as in adults, for many other pathologies: al-
lergic (allergic rhinitis), cutaneous (acne), nephrotic syndrome, 
endocrinological (obesity and diabetes), neurological diseases 
(TDH, autism), etc. In some cases, the results are encouraging, 
but for the moment there is insufficient information for its 
recommendation and routine use. 

It is important to insist that the use of probiotics as treat-
ment and/or prevention of specific diseases should be done in 
a personalized way, knowing well the product, its doses, ben-
efits and risks, and the maximum time of administration. This 
is the only way to better understand the expected benefit of 
these products and others that will probably be available in 
the future. 

vironment, DNA from different bacterial species has recently 
been detected in amniotic fluid, placenta, umbilical cord blood 
and meconium. This suggests that the microbiota may be ini-
tiated in gestation. The neonatal microbiome is very dynamic 
and changes from the initial intrauterine colonization until 3 
years of life, when it becomes similar to that of the adult.

Several protective factors favor the establishment of a 
healthy microbiome. Thus, while vaginal delivery, maternal 
contact, and breastfeeding favor this physiological process, 
birth by cesarean section, artificial breastfeeding, and early ex-
posure to antibiotics hinder it [117]. The following are some 
proven findings:

-	 In vaginal delivery, the newborn is colonized by microor-
ganisms from the maternal vaginal, fecal and cutaneous 
microbiota. It incorporates Escherichia coli, Staphylococcus, 
Streptococcus, and anaerobic bacteria of the Bacteroides 
and Bifidobacterium spp. type.

-	 The continuous contact of the newborn with its mother and 
breastfeeding expose it to a large number of microorgan-
isms that are also incorporated into its initial microbiota: 
Staphylococcus, Streptococcus, Serratia, Pseudomonas, 
Corynebacterium, and Propionobacterium.

-	 Breast milk contains prebiotics that promote the growth of 
Bifidobacterium in the infant’s intestine.

-	 In children born by cesarean section, intestinal colonization 
by the bacteria that appear to be most beneficial (Lactoba-
cillus, Bifidobacterium, and Bacteroides) is delayed.

-	 Artificially breastfed infants, compared to breastfed infants, 
have less Bifidobacterium which facilitates intestinal colo-
nization by enterobacteria and the acquisition of antibiotic 
resistance genes. 

-	 Early exposure of the newborn to antibiotics alters the in-
testinal microbiota and can have permanent effects on the 

Table 2	� Patients potentially at risk of complications derived from the use of probiotics [116].

(*) Relative risk. In general, their use is considered safe in the following groups.

Immunocompromised (including severely malnourished and oncology patients)

Premature infants (*)

Neonates with severe pathology

Cardiopathies (valvular alterations and their replacement, history of endocarditis)

Pregnant women (*)

Patients in ICU (severe pathologies and central catheter carriers)

Patients undergoing surgery (*)

Severe risk of intestinal translocation (acute abdomen, intestinal fistula, neutropenia or severe risk of doing so due to chemotherapy or radiotherapy) 

Administration of probiotics through jejunostomy 

Concomitant administration of broad-spectrum antibiotics to which they are resistant (*) (Lactobacilli often have natural resistance to vancomycin) 

Probiotics with high intestinal mucosal binding capacity or known pathogenicity
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or respiratory tract microbiota. Altered pharmacokinetics of 
tacrolimus and other immunosuppressants have been reported 
[128], highlighting that these products are also of microbial 
origin. Although microorganisms can metabolize drugs, the 
main mechanism by which their action is affected is seques-
tration inside the microbial cell. 

Another aspect to consider is the opposite, the impact of 
drugs on the microbiota. Many compounds, beyond antimicro-
bials, may have inhibitory activity by causing death or exerting 
a decelerating effect on metabolism, while others may be met-
abolic accelerators. In recent years, the study of omeprazole or 
metformin has focused on the intestinal microbial ecosystem 
[128,129]. Finally, the major focus of current research is how 
the microbiota conditions the response to oncological treat-
ment, particularly immunosuppressive treatment. Thus, there 
are proposals for fecal transfer from immunomodulator re-
sponders to non-responders. In some cases, adequate respons-
es have been achieved with this strategy.

WHAT IS THE FUTURE OF THE APPLICATION 
OF ARTIFICIAL INTELLIGENCE IN MICROBIOME 
RESEARCH AND ITS POTENTIAL ROLE IN THE 
CLINIC? ETHICAL CONSIDERATIONS

Research in relation to the microbiota, beyond FMT, is in 
full swing. Metabolites associated with the intestinal microbi-
ota, such as TMAO or SCFAs, may have a potential therapeutic 
impact on the future of some diseases. Other potential strat-
egies would come from the use of micro RNA (miRNA) that 
would allow the manipulation of the intestinal microbiome, 
hyaluronan, nanomedicine or extracellular vesicles [130]. Much 
of the knowledge about microbiota-host interactions comes 
from animal models. There are methodological complexities 
and manifest limitations inherent in translating reductionist 
animal models to complex human disease. Although it is a 
gateway to research and future treatments, at present there 
are no robust conclusions in either the diagnosis or treatment 
of diseases that have been linked to alterations in the microbi-
ota. Therefore, great expectation has been created in the pos-
sible use of AI to facilitate the knowledge of the microbiome 
and its relationship with health and disease.

AI and in particular machine learning (machine-learning) 
and deep learning (deep-learning), is opening new frontiers in 
microbiota research. The use of these tools can improve the 
understanding, diagnosis and treatment of diseases related to 
the human microbiome [131]. AI allows the analysis of high 
volume and complex datasets by identifying patterns and as-
sociations limited to other traditional statistical methods, as 
well as assisting in the sequencing of metagenomic data by 
allowing the identification and classification of microbial spe-
cies. These tools can be used to design predictive models and 
improve the diagnostic accuracy of some microbiota-relat-
ed diseases. In addition, they can contribute to personalized 
treatments by improving knowledge of individual microbiome 
profiles. There are international experiences and networks to 
promote research and work on the identification of predictive 

WHAT ARE LIVE BIOTHERAPEUTIC AGENTS OR 
SYNTHETIC MICROBIOTAS? 

Synthetic microbiota (SynCom) is a laboratory-created, 
structurally defined and/or controlled microbial community 
consisting of relatively few microorganisms that have been 
cultured and that acts as a substitution for the original func-
tions and structure of the microbiome. These communities 
when created for therapeutic purposes are also known as “bio-
therapeutic agents”. 

The SynCom approach has the great advantage that we 
can manipulate this community by simply adding, deleting 
or substituting one or a few strains to achieve the desired 
functions. Furthermore, these manipulations can affect the 
genomes of the strains; for example, certain functions can be 
eliminated or enhanced by gene silencing or expression en-
hancement, respectively. Because SynCom member microor-
ganisms can be cultured, the strains that comprise SynCom are 
ideal for dissecting the structural complexity and associated 
functions of the microbiota using reductionist approaches. Al-
though many strains exist, the most commonly used synthetic 
microbiotas are of murine (ASF, OMM, GM15) or human (SIHU-
MI, SIM, MET-1, or B4PC2) origin [123, 124]. All of them need 
first to grow the microorganisms, stabilize them, and co-cul-
ture them so that all of them are represented and in previously 
established proportions.

The FDA authorized in April 2023 a product (VOWST®) 
containing encapsulated Firmicutes spores (between 1x106 
and 3x107 CFU/ml) to prevent R-CDI in individuals 18 years 
of age and older after failure of antibacterial treatment [125]. 
Ingestion of the capsules (4 per day for 3 consecutive days) 
should be done 2-4 days after completing antimicrobial treat-
ment for R-CDI. Their efficacy in clinical trials was demon-
strated by lower R-CDI [12,45] compared to placebo (39.8%) 
(https://www.fda.gov/vaccines-blood-biologics/vowst). Earlier 
(November 2022) the FDA cleared a stool suspension (Rebyo-
ta®) from qualified donors to prevent R-CDI in individuals 18 
years and older [124]. It is prepared for rectal administration, 
150 ml containing between 1x108 and 5x1010 UCF/ml of fecal 
microorganisms including more than 1x105 CFU/mL of Bacte-
roides. It should be administered 24 to 72 hours after the last 
dose of antibiotic for R-CDI. Its efficacy in clinical trials was 
70.6% versus 57.5% in the placebo group (https://www.fda.
gov/vaccines-blood-biologics/vaccines/rebyota). The estimated 
price in the United States for one dose of VOWST® is $17,000 
and that of Rebyota® is $9,000 [126].

WHAT ROLE DOES THE GUT MICROBIOME PLAY IN 
DRUG EFFICACY?

The microbiome can condition the pharmacokinetics and 
metabolism of drugs, especially those with an enterohepat-
ic route of elimination, affecting their effectiveness, but also 
causing unexpected side effects [127]. The gut hosts the most 
abundant microbiota in our body, however, effects may also 
be at the local level following interaction with vaginal, skin, 

https://www.fda.gov/vaccines-blood-biologics/vowst
https://www.fda.gov/vaccines-blood-biologics/vaccines/rebyota
https://www.fda.gov/vaccines-blood-biologics/vaccines/rebyota
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tensive studies with ambitious designs that allow conclusions 
to be drawn. Part of the difficulty lies in the definition of what 
is a healthy microbiota (or state of eubiosis) or a diseased mi-
crobiota (state of dysbiosis), which is covered by the stand-
ardized application of laboratory techniques for its study and 
interpretation. Around this, decision making has arisen in the 
face of reports with catalogs of microorganisms that are part 
of the microbiota that in many cases favor the use of probi-
otics, prebiotics and postbiotics as a medicine of complacency 
with the patient. Efforts should be made by scientific societies 
and regulatory agencies in the analysis of the evidence and 
the promotion of research by funding agencies. The applica-
tion of AI, the reduction in the cost of laboratory techniques, 
and work in multi- and multidisciplinary teams can facilitate 
this work. Also, and given that action on the microbiome can 
be considered part of personalized medicine, it is necessary to 
clarify numerous questions that arise from the ethical point of 
view. On this depends a better knowledge of the microbiome 
and the role of prevention and treatment of possible diseas-
es associated with the composition of the microbiota, without 
falling into a pseudo-medicine that does not add value to sci-
entific progress.
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