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Editorial

Challenges  of  landscaping  and  modulation  strategies  in  human
intestinal  microbiota�

Desafíos para  la  caracterización y  estrategias de  la  modulación en  la microbiota intestinal
humana

The incorporation of molecular techniques based on massive
sequencing and the bioinformatics tools to interpret the results
is still a pending challenge in  Clinical Microbiology Laboratories.
Being able to identify microorganisms without cultivation has
allowed us to expand our  knowledge of complex ecosystems, such
as the intestinal microbiome. In the article by Ventero et al., 2020,
these techniques (DNA extraction of microorganisms present in
stool, PCR amplification of the 16S rDNA gene and massive sequenc-
ing by Illumina technology) were applied to monitor the bacterial
composition of the microbiota of a  patient who received a  faecal
microbiota transfer (FMT) from a healthy donor by colonoscopy.1

The main objective of this work was to compare the usefulness
of different bioinformatics tools in the analysis of metagenomic
results.

For the microbiome characterization, ecological parameters
are used to define the total number of species and their dis-
tribution (alpha diversity: Shannon and Chao1 indexes) and to
compare ecosystems of different subjects or times (beta diversity:
Bray-Curtis and Unifrac indexes). Cut-off points to  classify a  micro-
biome as healthy or pathological have not been yet established,
although the general rule  is that the higher the alpha diver-
sity, the healthier and more resilient the ecosystem. Similarly,
there is no consensus on the “normal” microbiota composition,
either for the presence/absence of particular taxa  or for their
abundance, although we can compare different samples from
the same patient over time, as in the case of Ventero et al., or
between groups of subjects. As  cited in  the article that  originated
this editorial, LEfSe (Linear discriminant analysis Effect Size)
is one of the most demanding tools for identifying taxa with
statistically significant differential abundance and is also one
of the most widely used in research work.2 This tool, as many
others, is usually available in  freely accessible web  reposito-
ries for global analysis (https://www.microbiomeanalyst.ca/,
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https://huttenhower.sph.harvard.edu/galaxy/,
https://microbiome-tools.embl.de/,  etc.) or as download-
able and executable software in  a  Linux environment
(https://github.com/SegataLab/lefse/).

It  is highly recommended that a  bioinformatician with biological
knowledge integrating integrate the available clinical information
(metadata) in the analysis, since without both facets it is diffi-
cult to reach solid conclusions. This whole process must always
be  carried out in a  clinical context by qualified personnel, since,
as mentioned above, there is  currently no parameter that can dif-
ferentiate a  healthy microbiota from a  pathological one, and the
particularities of each patient must always considered. In  recent
years these molecular technologies have contributed to revealing
the importance of the gut ecosystem in human health. Most of the
studies have focused on understanding the bacterial composition,
being the characterization of the virome or mycobiome still pend-
ing, and most importantly, the global microbial metabolism and the
interaction of their metabolites with our human cells.

Increasing knowledge about the microbiota composition and
functionality will be essential to define and identify specific patho-
logical situations, but we will also need to integrate the physical
and biological rules governing microorganisms in  order to  be able
to carry out specific therapeutic actions. Definitively modifying the
composition of a  microbiome is beyond our reach today. All stud-
ies point to diet as the main factor modulating the composition
of the intestinal microbiota, while available probiotics, most of
them based on food-derived species, have shown limited action
and almost always no engraftment ability. Second-generation pro-
biotics based on bacteria that are a  common part of the human
microbiota from healthy subjects, such as Akkermansia muciniphila,
Faecalibacterium prausnitzii and Clostridium leptum,  are expected to
appear in the near future.3

Currently the most drastic strategy available for microbiota
modulation is  FMT, being the treatment of recurrent Clostridioides

difficile infection the exclusive indication with sufficient scientific
evidence of their usefulness, as described by Ventero et al. This
pathology has become increasingly important in recent years due
to  its rising incidence, high morbidity and mortality, high con-
sumption of healthcare resources and prolonged hospitalisation
of patients suffering from it.4 The prevalence of this infection is
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increasing in all developed countries, with an estimated 124,000
cases per year in Europe, representing the sixth most frequent noso-
comial pathogen during 2016–2017.5 In Spain, a  notable increase
in  this pathology has also been documented due to  a better diagno-
sis based on clinical suspicion, a  higher prevalence of predisposing
factors such as advanced age, pluripathological status, and mainly
antibiotic use, and finally the irruption of hyper-virulent hyperepi-
demic strains as 027 and 078 ribotypes.6

The natural history of infection begins with exposure to antibi-
otics that lead to the disruption of the gut microbiota with decrease
of their alpha diversity. Subsequently, C. difficile increases its popu-
lation and begins to  synthesise toxins responsible for diarrhoea and
tissue damage. Interestingly, the study of the microbiome shows
that during infection C.  difficile coexists with other microorganisms,
contradicting the theory that  the gut microbiota must be totally
devastated for infection to occur.7 Current evidence supports that
it is the loss of functionality of the ecosystem that triggers this
disease, rather than the alteration of its taxonomic composition,8

as different species may  have common metabolic pathways and,
conversely, some pathways are only present in certain bacterial
species.

However, the active fraction of faecal material that limits C.  dif-

ficile toxin production is  currently unknown, and the therapeutic
effect of FMT  is attributed to the restoration of ecosystem bio-
diversity, but this theory is increasingly questioned, as Ventero
et al.1 show that C.  difficile coexists with other species during the
infection. In fact, some patients during the diarrhoea period have
been shown to maintain their microbiota.7 Another fact that has
challenged the central theory of the FMT effect is the therapeutic
success achieved using pre-filtered (bacteria-free) faeces, although
so far this has only been reported once.9 In recent years, some alter-
natives to FMT  have been proposed that involve greater control of
the intervention, such as the use of probiotics and bacterial con-
sortia, especially those strains producing bacteriocins with activity
against C. difficile.10 Lactobacillus casei has a  protective role,11 while
a lower density of Bacteroidetes has been significantly associated
with a worse prognosis.7 Recent metabolomic studies12 have iden-
tified alterations in the functionality of the microbiota during C.

difficile infection, especially related to bile acids and leucine fer-
mentation, which would give more weight to  the functional role of
the ecosystem than to its specific taxonomic composition. In this
regard, it has been shown how FMT affects the metabolism of the
patients’ ecosystem, especially the production of short-chain fatty
acids and endogenous amines.13

The future expectations of FMT  for therapeutic purposes are
numerous and affect numerous pathologies. There is growing evi-
dence of its usefulness in the intestinal decolonisation of antibiotic
multirresistant bacteria,14,15 or in  the maintenance of immunity
during oncological treatments.16,17 The preservation of healthy
microbiota prior to therapeutic procedures that affect their func-
tionality for a subsequent reintroduction (autologous transfer) is
also increasing acceptance. All these aspects will increase the
quality of life of our patients and must be centralised in Clinical
Microbiology Laboratories, so it is  a  priority to incorporate the
necessary methodology to  determine the composition and func-
tionality of the microbiome, as well as the tools to  modulate it.
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