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Purpose of review

The gut microbiome is critical for human health, and its alteration is associated with intestinal, autoimmune
and metabolic diseases. Numerous studies have focused on prevention or treatment of dysbiotic
microbiome to reduce the risk or effect of these diseases. A key issue is to define the microbiome
associated with the state of good health. The purpose of this review is to describe factors influencing the
gut microbiome with special emphasis on contributions from Latin America. In addition, we will highlight
opportunities for future studies on gut microbiome in Latin America.

Recent findings

A relevant factor influencing gut microbiome composition is geographical location associated with specific
genetic, dietary and lifestyle factors. Geographical specificities suggest that a universal ‘healthy
microbiome’ is unlikely.

Summary

Several research programs, mostly from Europe and North America, are extensively sequencing gut
microbiome of healthy people, whereas data from Latin America remain scarce yet slowly increasing. Few
studies have shown difference in the composition of gut microbiome between their local populations with
that of other industrialized countries (North American populations). Latin America is composed of countries
with a myriad of lifestyles, traditions, genetic backgrounds and socioeconomic conditions, which may
determine differences in gut microbiome of individuals from different countries. This represents an
opportunity to better understand the relationship between these factors and gut microbiome.
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INTRODUCTION

The human gut is colonized by trillions of commen-
sal bacteria known as microbiota or microbiome,
playing a role in human physiology and health.
Although the definition of terms ‘microbiota’
(microbial taxa inhabiting the human gut) and
‘microbiome’ (catalog of microbes and their genes)
are in fact slightly different, both are often used
interchangeably in the literature [1]. In our review,
we shall use preferentially the term ‘microbiome’.
The gut microbiome is considered symbiont to the
human body and has been classified as a ‘super-
organism’ [2]. This microbiome is important to
extract, synthetize and for the absorption of many
nutrients and metabolites (such as bile acids, lipids,
amino acids, vitamins and short-chain fatty acids),
prevents colonization by potential pathogenic
microorganisms, educates and contributes to the
development of the immune system [2]. In addition,
recent studies highlight a role of the gut microbiome
in the development of the nervous system and its
© 2016 Wolters Kluwer 
regulation [3–5]. Despite the fact that various roles
are recognized for the gut microbiome, a profound
understanding of the influence of this bacterial
community on host physiology remains far from
complete. It is quite clear that alterations or insta-
bility of the gut microbiome composition can be
responsible for host physiology disorders leading to
specific diseases [6]. The development of more
advanced low-cost generation sequencing tech-
niques has allowed a significant increase in the
number and quality of studies on gut microbiome
Health, Inc. All rights reserved.
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KEY POINTS

� The state of ‘dysbiosis’ characterized by an alteration
of the gut microbiome composition has been observed
not only in gastrointestinal diseases but also in
autoimmune diseases, metabolic disease and
neurologic disorders.

� It is difficult to conceptualize the existence of a
‘universal microbiome’ common to all individuals, a
concept that has to consider the geographical
localization of the population.

� Lifestyles, particularly the diet and host genetic factors,
impact the composition of gut microbiome. Latin
America includes genetically diverse populations with
various lifestyles and different socioeconomic situations.

� The rapid development status of several Latin American
countries may provide an interesting scenario to better
understand transformations of the gut microbiome and
its role in physiopathology of specific diseases
associated with ‘development’ (chronic and metabolic
diseases).

Table 2. Bacterial groups involved in obesity and

inflammatory bowel diseases

Diseases Bacterial groups Increased Decreased

Obesity

Bacteroidetes/Firmicutes
ratio

[7,8] [9–11]

Lactobacillus [11]

Methanobacteriales [7,8,12]

Inflammatory bowel disease

Bacteroidetes IBD [13] IBD [14]

CD [15]

Bifidobacteria IBD [16]

CD [14] CD [13]

UC [13]

Proteobacteria IBD [13,14]

CD [16]

Clostridium leptum group
(or Faecalibacterium
prasnitzii)

IBD [13]

CD [17]

Clostridium coccoides IBD [13]

CD, Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative colitis.
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association with several disease states. The state of
‘dysbiosis’ characterized by an alteration of the gut
microbiome composition has been observed not
only in gastrointestinal diseases but also in auto-
immune diseases, metabolic disease and neurologic
disorders (Table 1) [6]. Various bacterial groups have
been associated with these diseases, although for the
same disease, results can be conflicting. Table 2
depicts two diseases intensively studied during the
last decades: obesity and inflammatory bowel dis-
ease. A common finding among studies is the
decrease of bacterial diversity observed during dys-
biosis of the gut microbiome associated with disease
states [18]. The microbiome is thought to be playing
a role in the development in these disorders, dis-
rupting intestinal homeostasis. For some, this role
 Copyright © 2016 Wolters Kluwe

Table 1. Diseases associated with gut microbiome [6]

Diseases associated with gut microbiome

Gastrointestinal diseases Autoimmune diseases

Diarrhea Asthma

Irritable bowel syndrome Allergies

Inflammatory bowel diseases Diabetes type 1

Metabolic disease MS

Obesity Neurologic disorders

Diabetes type 1 MS

Diabetes type 2 Autism

Atherosclerosis Parkinson’s disease

MS, multiple sclerosis.

0951-7375 Copyright � 2016 Wolters Kluwer Health, Inc. All rights rese
has been confirmed by inducing the disease pheno-
type after transplanting the altered human
microbial community to germ-free animals. For
example, transplantation of the microbiome from
obese human to genetically ‘normal’ axenic mouse
alters metabolism parameters implicated in the
development of obesity [19]. Consequently, the
gut microbiome is seen as a potential therapeutic
target to improve health. In the future, dietary
interventions, fecal transplantation, use of prebiotic
and probiotic strains as ‘natural methods’ to ‘nor-
malize’ the gut microbiome composition and thus
for intestinal homeostasis can be envisioned. But
first it seems necessary to define the composition of
a ‘healthy gut microbiome’, an aim that has been
approached largely by two consortiums: the Human
Microbiome Project in the United States and Meta-
genomics of the Human Intestinal Tract Project in
Europe [2,20].
THE HUMAN GUT MICROBIOME

Based mostly on studies from North American and
European populations, the adult human gut micro-
biome is dominated by the phyla Firmicutes and
Bacteroidetes that can compromise 90% of the total
gut microbiome, followed in lower proportions by
the phyla Actinobacteria, Proteobacteria, Verrucomicro-
bia and Fusobacteria [21]. Within this phyla predom-
inance, the gut microbiome is estimated to be
r Health, Inc. All rights reserved.
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Gastrointestinal infections
composed of more than 1000 bacterial species, most
of which are obligate anaerobes belonging to the
genera Bacteroides, Eubacterium, Clostridium, Rumino-
coccus, Peptococcus, Peptostreptococcus, Bifidobacte-
rium and Fusobacterium. The facultative anaerobes
are less predominant and are represented by Escher-
ichia, Enterobacter, Enterococcus, Klebsiella, Lactobacil-
lus and Proteus [22,23].

For years, researchers have aimed to identify a
core microbiome, at the species level, associated
with a state of good health. Metagenomic analysis
of the gut microbiome performed in 142 Europeans
described at least 160 phylotypes (likely bacterial
species) shared among all individuals, in addition to
57 phylotypes identified in more than 90% of indi-
viduals [2]. Nevertheless, other analysis of 154 indi-
viduals revealed that no phylotype was present at
more than about 0.5% abundance in all samples of
this study [10]. Thus, the concept of a core micro-
biome represented by bacterial species common to
all individuals seems improbable [24], more likely,
the composition at the level of bacterial species
seems to be proper to each person [24,25].

Basedongroupingmicrobial species, ‘enterotypes’
have been defined according to the predominance of
the genera Bacteroides, Prevotella or Ruminococcus
[26,27]; a classification which is currently in discus-
sion [28]. Importantly, the composition of the adult
gut microbiome is relatively stable throughout the
adult life, although various factors influence its com-
position such as diet, lifestyle and the host genetic
profile. In effect, in animals, gut microbiome diversity
decreases from herbivore to omnivore to carnivore
[29]. In humans, some have proposed that the long-
term diet may determine the ‘Enterotype’ of an indi-
vidual [27]. A diet rich in carbohydrate is associated
with the ‘Prevotella Enterotype’, whereas a diet rich in
protein and fat animal with the ‘Bacteroides Entero-
type’ [27]. Clearly, diet is a major factor determining
the composition of the gut microbiome.

Furthermore, similarities in the gut microbiome
have been observed among individuals belonging to
the same family suggesting a role for genetic sim-
ilarities. The analysis of 416 twins pairs revealed a
higher similarity of the gut microbiome between
monozygotic compared with dizygotic twins [30].
Although the diet can be similar in a family, this
study showed that the host genetic profile shapes
the gut microbiome composition, although remain-
ing unclear how genetic variations would influence
the composition of the gut microbiome. Several host
genes such as MEFV (MEditerranean FeVer), APOA1
(Apolipoprotein A1), NOD2 (Nucleotide-binding
Oligomerization Domain-containing protein 2)
and FUT2 (Fucosyltransferase 2) influence the com-
position of the gut microbiome [31–35]. In 645
 Copyright © 2016 Wolters Kluwer 
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mice, the analysis of DNA site variations associated
with phenotype variations [denominated host
quantitative trait loci (QTL)] showed that 18 host
QTLs were associated with abundance of specific
bacterial groups [36]. Collectively, these data dem-
onstrate that host genetic factors influence the gut
microbiome and that some host genes may be of
particular relevance, an issue that nevertheless
requires more in-depth studies.

Studies in populations from different geo-
graphic localizations have provided important
insights. For example, significant differences of
gut microbiome composition were observed
between European compared with Burkina Faso
children. The latter presented an enrichment in
Bacteroidetes and depletion in Firmicutes compared
with European children, which may be the result of
differences in lifestyle and/or genetic factors [37].
Other studies have also observed differences in gut
microbiome composition of populations living in
different continents (USA, Europe, Asia and Africa)
[37–40]. Based on these results, it is difficult to
conceptualize the existence of a ‘universal micro-
biome’ common to all individuals, which could be
considered as ‘normal’ or ‘healthy’. It seems quite
clear that the identification of a ‘normal micro-
biome’ will have to take into account the geographi-
cal localization of the population considered.
THE HUMAN GUT MICROBIOME IN LATIN
AMERICA POPULATIONS

As discussed previously, geographic localization
seems to play an important role in the composition
of the gut microbiome of individuals. The large
majority of studies on human gut microbiome have
been performed in Europe and North America, with
only a few studies from others continents including
Latin America.

In Latin America, studies have focused on gut
microbiome characterization in healthy adults as
well as adults with diverse disease processes and on
the initial bacterial colonization of the neonatal gut
including the impact of factors altering its compo-
sition. As depicted in Table 3, information is avail-
able from nine countries, including 12 studies in
adult populations and 12 studies in children. In
most, the gut microbiome has been studied using
culture, qPCR (quantitative polymerase chain rep-
lication) and/or FISH (fluorescence in-situ hybrid-
ization) methods, which do not provide a complete
assessment of all bacterial groups composing
the gut microbiome. Briefly, culture methods
only permit one to detect cultivatable bacterial
species (known species), and qPCR/FISH are
dependent on probe sequences. Altogether, these
Health, Inc. All rights reserved.
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Table 4. Estimation of ancestry proportions in five countries

of Latin America (based on Ruiz-Linares et al. [63])

Countries

Native
American
ancestry

African
ancestry

European
ancestry

Brazil 0.09 0.09 0.82

Chile 0.48 0.05 0.49

Colombia 0.29 0.11 0.60

Mexico 0.56 0.05 0.37

Peru 0.64 0.00 0.29

Human gut microbiome of Latin America populations Magne et al.
methods are unable to identify unknown bacterial
species in contrast to 16S rRNA gene sequencing and
metagenomic methods. The main conclusions from
these studies are summarized in Table 3. Published
studies are currently lacking from such relevant
countries as Uruguay, Paraguay, Bolivia and Suri-
name. The studies performed to date in Argentina,
Brazil, Chile, Peru, Ecuador, Colombia, Venezuela
and French Guyana are clearly insufficient to define
microbiome profiles specific to Latin America.
Interestingly, among these studies, few have com-
pared the gut microbiome composition from their
local population with that of other countries and
particularly with North American populations
[54

&

,58
&

,60
&

,61]. Among these studies, authors have
highlighted the impact of lifestyle, and especially
westernization, on the composition of the human
gut microbiome [58

&

,60
&

,61]. Globally, the gut
microbiome of westernized societies from the North
American populations showed lower diversity than
those of nonindustrialized societies from Latin
America (Venezuela and Peru) [58

&

,60
&

,61]. Further,
the gut microbiome of nonindustrialized societies is
enriched with the phyla Proteobacteria, Spirochaetes
and Bacteroidetes, and industrialized populations
have a gut microbiome enriched with the phylum
Firmicutes. Within the phylum Bacteroides, Prevotella
abundance was more significant in nonindustrial-
ized societies, whereas the abundance of Bacteroides
is more significant among industrialized societies
[58

&

,61]. Analogous findings have been shown in
other nonwesternized populations from Africa and
Papua New Guinea [37,38

&

,39
&

]. One possible
explanation for this difference is that in nonindus-
trialized societies, people tend to eat more plant-
derived carbohydrates and dietary fiber, known to
have a higher bacterial diversity in their micro-
biome [62] and to favor the colonization of Prevo-
tella [27,37,38

&

] as compared with the western diet
(including high fat and cholesterol, high protein,
high sugar and excess salt intake). Furthermore,
some hypothesize that populations of nonindus-
trialized societies are exposed to a large variety of
environmental microbes that can favor the enrich-
ment of their gut microbiome. In contrast, the
reduction of bacterial diversity observed in indus-
trialized societies can be the result of selective
pressure exerted by the globalization effect of eat-
ing generic, nutrient-rich and uncontaminated
foods, in association with increased hygiene prac-
tices [37].

It is clear that lifestyles, particularly the diet, and
host genetic factors impact the composition of the
gut microbiome and that the geographical-associ-
ated factor plays a key role in composition of
this microbiome.
 Copyright © 2016 Wolters Kluwe
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OPPORTUNITIES TO REALIZE STUDIES ON
GUT MICROBIOME IN LATIN AMERICAN
POPULATION

Gut microbiome dysbiosis has been associated with
various diseases, leading to the emergence of poten-
tial new therapeutic strategies targeting the micro-
biome with the aim of preventing or controlling
these diseases. To achieve this objective, it is import-
ant to define the ‘normal microbiome’ for different
geographic localization around the world, to study
factors influencing gut microbiome composition
and to characterize the origin of gut dysbiosis
preceding diseases.

In Latin America, few studies have been con-
ducted and they do not permit at the moment to
determine the existence of a gut microbiome
specific or not to Latin American populations. In
addition, Latin American countries include differ-
ent genetic backgrounds that may influence
specific associations between gut microbiomes
and host genetic profiles. In general, the genetic
background of Latin American populations is influ-
enced by native American and European ancestry
and less so by African ancestry [63], and different
proportions of origin can be observed between
countries (Table 4). Interestingly, various native
American populations remain in Latin America
with lifestyles similar to those of our human ances-
tors, and these populations have low or no genetic
admixture due to their confinement. In addition
to providing information on the shaping
between host genetic profiles and the gut micro-
biome, studying native populations can help to
understand changes occurring during human evol-
ution.

Furthermore, Latin American populations have
diverse dietary habits according to their geographic
localization and history, offering the opportunity to
study the coevolution between the gut microbiome
and the diet. In addition, rapid changes in socio-
economic conditions observed in some Latin Amer-
ican countries have led to changes in lifestyle of
r Health, Inc. All rights reserved.
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populations and not uncommonly advantaged
groups within countries have a diet comparable
with developed societies. In parallel, the prevalence
of chronic and metabolic diseases has increased, and
although this increase can be attributed to lifestyle
changes, most are also associated with gut micro-
biome alterations. Consequently, the study of the
effects of this rapid socioeconomic transition on
gut microbiome may improve our knowledge on
the role of gut microbiome in the development of
these diseases and particularly on the origin of
dysbiosis states.

Importantly, infectious diseases and particu-
larly gastrointestinal infections remain a public
health problem in Latin America despite vaccina-
tion strategies and improved sanitary conditions
that have reduced their prevalence during these last
years [64]. In addition, the increasing flow of tou-
rists and immigrants, who can be both affected by
intestinal pathogens and import them to their
countries, plays a role in sustained gastrointestinal
infections [65]. Recent studies support the contri-
bution of intestinal microbiota in the genesis of
these infections [66,67]. Latin America can provide
large cohorts to study the impact of gut microbiome
on the origin and the development of gastrointes-
tinal infections. Recent studies suggest that gut
microbiome may act as a reservoir of antibiotic
resistance [68], and resistant strains can persist in
absence of selective pressure [69]. In Latin America,
microorganisms acquired in the community are
more resistant to antibiotics compared with Europe
and the United States or industrialized countries
[70]. In addition, some antibiotics can have an
impact on the gut microbiome composition for
periods as long as 10 months [71] and opportunistic
pathogens such as Clostridium difficile can take
advantage of the dysbiosis produced by antibiotics
and enhance their growth [72]. Consequently, Lat-
in America is a region where the relationship
between intestinal pathogens, antimicrobial use
and resistance, and gut microbiome can be
actively investigated.
CONCLUSION

Latin America includes a genetically diverse popu-
lation with various lifestyles, which can provide
cohorts to study the impact of several factors on
gut microbiome composition. In addition, the rapid
development status of several Latin America
countries provides an interesting scenario to better
understand transformations of gut microbiome and
its association with specific diseases associated with
‘development’.
 Copyright © 2016 Wolters Kluwer 
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