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ABSTRACT

During the last decade, there has been increasing awareness of the massive number of microorganisms, collectively known as the
human microbiota, that are associated with humans. This microbiota outnumbers the host cells by approximately a factor of ten
and contains a large repertoire of microbial genome-encoded metabolic processes. The diverse human microbiota and its associated
metabolic potential can provide the host with novel functions that can influence host health and disease status in ways that still
need to be analyzed. The microbiota varies with age, with features that depend on the body site, host lifestyle and health status. The
challenge is therefore to identify and characterize these microbial communities and use this information to learn how they function
and how they can influence the host in terms of health and well-being. Here we provide an overview of some of the recent studies
involving the human microbiota and about how these communities might affect host health and disease. A special emphasis is given
to studies related to tuberculosis, a disease that claims over one million lives each year worldwide and still represents a challenge for
control in many countries, including Colombia.

Keywords: 16S rRNA gene, microbial diversity, microbiome, Mycobacterium tuberculosis.

RESUMEN

En las dltimas décadas ha incrementado nuestro conocimiento sobre la gran cantidad de microorganismos que conviven con
nosotros, comunidades que colectivamente se conocen como la microbiota humana. El nimero de microorganismos que conforman
la microbiota supera el nimero de células del cuerpo humano por un factor de diez aproximadamente y aporta un gran repertorio de
genes y procesos metabdlicos. La diversidad de la microbiota humana y su potencial metabdlico brindan al hospedero una serie de
funciones que complementan sus procesos y a su vez pueden influir sobre la salud del ser humano en formas que apenas se empiezan
a conocer. La microbiota varfa desde el nacimiento hasta la vejez del individuo, con caracteristicas que dependen del sitio corporal,
del estilo de vida y del estado de salud del hospedero. El reto actual es aprovechar el conocimiento derivado de la identificacién y
caracterizacién de estas comunidades microbianas para entender cémo funcionan estos microorganismos y cémo pueden influir
de forma positiva o negativa sobre la salud del humano. En este documento ofrecemos una revisién general de algunos estudios
recientes sobre la microbiota humanay su posible efecto en el hospedero en términos de salud y bienestar. Igualmente, se mencionan
estudios sobre microbiota y su posible asociacién con la tuberculosis, una enfermedad que todavia cobra mas de un millén de vidas
anualmente a nivel mundial y cuyo control todavia representa un gran reto en varios paises del mundo, incluido Colombia.
Palabras clave: 165 ARNF, diversidad microbiana, microbioma, Mycobacterium tuberculosis.
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INTRODUCTION

Microorganisms are known for their capacity to inhabit
and thrive in a broad range of natural environments. Over
the last decade, research has shown that diverse and
abundant microbes are associated with humans, forming
microbial communities called the human microbiota.
The human microbiota is also quite diverse and inhabits
different locations in the body, some external such as the
skin, and others internal like the mucosal epithelia of the
intestine, vagina, or the respiratory tract. The microbiota,
which consists of viruses and unicellular microbes, mainly
Bacteria and Archaea, as well as eukaryotes (fungi and
protozoa) (Clemente et al., 2012; Belkaid and Hand,
2014), has been linked to a wide range of phenotypes
associated with health and disease. Technological and
molecular developments, such as PCR amplification and
sequencing, from Sanger sequencing methods to novel
high-throughput massive parallel techniques, have revealed
not only that the human microbiota varies in composition,
but can also carry out metabolic functions that are absent
in human host cells (Gill et al., 2006). Thus, in recent years
we have started to fully appreciate and understand the
importance of these metabolically diverse communities
within the host.

The human host is estimated to harbor up to 10"
microbes, mainly bacteria in the intestine, which outnumber
human cells by a ratio of ten to one (Ursell et al., 2012;
Belkaid and Hand; 2014). In turn, the human microbiome,
which is the entire genomic content of the host-associated
microbiota, contains a genetic repertoire that is larger than
that of the human genome and thus can considerably extend
the host’s metabolic capacity. Due to this large number of
microbial cells, the human can be considered as a “meta-
organism” (Ley et al., 2008; Belkaid and Hand, 2014)
consisting of its own cells and microorganisms that co-
exist in a relationship that, in most cases, can be mutually
beneficial, but in others can result in disease (Turnbaugh et
al., 2007; Clemente et al., 2012). Together, the human and
its microbiota form a complex ecosystem involving multiple
biological activities that result in a homeostatic relationship
important for human health and disease (Costello et al.,
2012). This diverse group of microbial organisms, their
genes and their associated metabolic processes impact
host health by playing important roles in key aspects such
as the maturation of the immune system, defense against
pathogens, access to complex nutrients and degradation
of toxic compounds. The complexity of these communities
and their interaction with the host is illustrated by the fact
that both beneficial and pathogenic microorganisms can
be part of our microbiota, and that in some cases altering
microbial community members can lead to the development
of inflammatory processes that have negative consequences
for the host (Belkaid and Hand, 2014; Glendinning and
Free, 2014; Silva etal., 2015).
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From the moment of birth, each individual is colonized
by a variety of microorganisms that constitute a vital part
of the host throughout his lifetime. The selection and
establishment of a stable microbiota in individuals with
different lifestyles and living conditions is currently of
considerable research interest. There is emerging evidence
that the microbiota modulates a number of processes that
result in the development, maturation, differentiation and
proliferation of the mucous membranes, both at the cellular
and molecular levels (Sharma et al., 2010). The microbiota
can set off a chain of molecular events that play a key role
in the maturation of the innate and adaptive immune
systems and thus, has a profound effect on mucosal
barriers such as that of the intestinal mucosa (Sharma et al.,
2010). Disruption of the human-microbiota homeostatic
interactions are associated with clinical disorders such as
inflammatory diseases of the gastrointestinal tract, asthma,
periodontitis, vaginal and antibiotic-induced Clostridium
difficile infections, as well as obesity and malnutrition
(Costello et al., 2012; Silva et al., 2015). The microbiota
is also known to provide protection against potential
pathogens. This protection is achieved via mechanisms such
as competition for nutrients, production of antimicrobial
compounds or induction of these antimicrobials by host
cells, promotion of changes that make host environments
hostile for pathogen establishment, and modulation of the
immune system that promotes responses against pathogens
(Belkaid and Hand, 2014). Understanding the processes
that lead to the assembly and disruption of the complex
host-microbiota relationship are fundamental for future
efforts aimed at maintaining a symbiotic balance key for
health and well-being. Viewing the host in the context of its
interactions with the resident microbial communities, and
not just as a host that battles against disease, can encourage
management of health and treatment of certain diseases via
restoration of host-microbiota equilibrium (Costello et al.,
2012; Lemon et al., 2012; Dore and Blottiere, 2015).

TECHNIQUES FOR ANALYSIS OF MICROBIAL
COMMUNITIES

The microbiota was traditionally studied by staining
techniques of samples obtained from different body surfaces.
These include the Gram stain, which has been extremely
valuable for distinguishing many bacterial groups but lacks
taxonomic resolution. The use of culture techniques then
allowed the elucidation of phenotypic characteristics of
isolated microorganisms, including nutritional requirements
and production or consumption of metabolic compounds.
Thus, growing organisms in the laboratory has been
essential for microbial identification and characterization.
These analyses, however, are restricted to those organisms
that can grow under in vitro conditions, which represent
only a minority of microbial species, a shortcoming that
has been overcome with the use of culture-independent
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methods based on DNA (Morgan and Huttenhower, 2012).
More recently, the use of molecular approaches and massive
sequencing techniques that provide fast analyses and lower
costs have led to significant progress in the study of human-
associated microbial communities.

Culture-independent techniques do not rely on obtaining
cultured microorganisms but rather use the total DNA
extracted directly from a sample to probe microbial
communities. The analysis of this metagenomic DNA can
uncover microorganisms that have notyet been isolated in the
laboratory, possibly due to failure in meeting the conditions
required for in vitro growth. Two approaches are currently
used for characterization of human-associated microbial
communities. The first one is based on amplification of
conserved genes such as the 16S rRNA gene that codes for the
small ribosomal subunit in Bacteria and Archaea. Analysis
of these genes permits phylogenetic identification based on
comparison with sequence databases to quickly determine
the lineages present in a sample (Hamady and Knight, 2009).
Another approach involves isolation, sequencing and analysis
of the entire DNA present in a particular environment, known
as the metagenome. While the first strategy can reveal the
microbial community composition and structure based on
taxonomy, metagenomic studies provide information not
only of the members of a microbial community but also
about the metabolic functions encoded in these microbial
genomes (Handelsman, 2004; Wang et al., 2015).

Modern massive parallel sequencing platforms (such
as 454, Illumina and lon Torrent) are based on the use
of barcodes to distinguish samples which are sequenced
simultaneously, providing great volumes of data of millions
of reads, and a much greater coverage in comparison to
traditional Sanger sequencing. For taxonomic profiling of

Table 1. Some studies of the human microbiota in health and disease.

communities, 16S rDNA regions are typically PCR-amplified,
labeled with barcodes and sequenced; the sequences
generated are then processed using bioinformatic workflows
for identification and analysis. Some of the most common
bioinformatic tools used for microbial community analysis
include the Ribosomal Database Project-RDP (Cole et dl.,
2009; Cole et al., 2014), the Mothur software (Schloss et
al., 2009), and the Workflow for Alignment, Taxonomy and
Ecology of Ribosomal Sequences-WATERS (Hartman et
al., 2010) and the bioinformatics pipeline for Quantitative
Insights Into Microbial Ecology QIIME (Caporaso et dl.,
2010). After filtering reads for quality and separating
samples by barcode, sequences are usually grouped into
operational taxonomic units (OTUs) based on the level of
sequence identity, which for 16S rDNA is usually 97 % or
higher, although this cutoffis still under debate (Geversetal.,
2005; Kim et al., 2014). OTUs are then compared to freely
available curated 16S rDNA sequences in databases such as
Greengenes (DeSantis et al., 2006) or RDP (Cole etal., 2009),
in order to obtain taxonomic identification. In addition, the
ability to compute data in the “cloud”, like the Amazon Web
Services (AWS) Elastic Compute Cloud (EC2), means that
any researcher with access to internet can be connected to
a supercomputer and can analyze hundreds of millions of
sequences at a relatively low cost (Ursell et al., 2012).

THE MICROBIOTA AND ITS EFFECT ON THE HUMAN
HOST

The interest in characterizing the human microbiota stems
from a desire to understand how it may be associated with
a specific condition or may influence susceptibility to or
development of a disease (Zaneveld et al., 2008). Table 1
lists some of the body sites that have been characterized and

Site Variable of interest

Reference

Diet (carnivores, herbivores, omnivores)

(Leyetal., 2008; Arumugam etal., 2011; Muegge etal., 2011)

Intestine Twins vs. environmental conditions (Leeetal, 2011)
Obese vs. lean (Turnbaugh et al., 2009)
Skin Temporal and topographical variation (Griceetal., 2009)
) Health individuals (Biketal., 2010)
Oral cavity - - -
Microbiota and caries (Grossetal., 2010)
Reproductive age (Ravel etal., 2011)
Vagina Bacterial vaginosis (Lingetal., 2010)

Trichomonas vaginales vs. microbiota

(Brotman etal., 2012)

Cystic fibrosis / predominant groups

(Willner et al., 2012)

Asthma

(Hilty etal., 2010)

Respiratory tract Chronic obstructive pulmonary disease

(Huangetal., 2011)

Smokers vs. non-smokers
Pulmonary tuberculosis

(Charlsonetal., 2010)
(Botero etal., 2014)
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studied regarding their possible association with health and/
or disease. The growing importance of this field is reflected
in major initiatives such as the Human Microbiome Project
of the National Institute of Health in the United States
(http://commonfund.nih.gov/index), the Metagenomics of
the Human Intestinal Tract project-MetaHIT funded by the
European Commission (2008-2012) (http://www.metahit.
eu/) and the International Human Microbiome Consortium
(2011-2015) (http://www.human-microbiome.org/index.
php). These international efforts intend to expand our
knowledge regarding these communities with the aim of
understanding various aspects about the interactions of
microorganisms with human biology. It is expected that in
the longer term the knowledge gained from these studies can
generate useful information for addressing health issues,
such identification of specific markers, signaling molecules
or enzymes associated with or that can contribute to human
well-being (Turnbaugh et al., 2007; Group et al., 2009;
Proctor, 2011).

Despite the great number of studies conducted so far, it
remains unclear whether observed changes in the microbiota
are a consequence of a particular health/disease condition
or contribute to its development. To address this question, it
is necessary to establish the microbiota of healthy individuals
in order to first identify variations associated with temporal
changes, ethnic or cultural differences, among other factors,
which can then allow us to accurately assess whether
observed changes are actually associated with a diseased
state (Ursell et al., 2012). We briefly describe below some
findings that demonstrate the interesting developments
regarding the microbiota in different body sites, including
the intestine, vagina, skin, oral cavity and respiratory tract.

Intestinal microbiota

Early research on the human microbiota focused on the
study of intestinal communities, probably the largest
and most complex human-associated community. These
studies revealed for the first time the extent of the collective
microbial repertoire, with microbial cells outnumbering
human cells by at least a factor of 10 (Ursell et al., 2012;
Belkaid and Hand, 2014). Microbial cells were also found to
enrich functional capabilities absent in the human genome.
They can produce nutrients and metabolites and enable
the use of nutrients that otherwise would not be digestible
and could even adversely affect host health status (Gill et
al., 2006; Wu et al., 2011; Clemente et al., 2012; Dore and
Blottiere, 2015). Given the large microbial diversity described
in environmental ecosystems (at least 55 divisions belonging
to Bacteria and 13 to Archaea) and the high species-level
difference found among individuals, it is interesting to
find an overall predominance of a few groups at the gut
level: two bacterial phyla (Firmicutes and Bacteroidetes) and
one archaeon (Methanobrevibacter smithii). The microbial
composition also varies along the gastrointestinal tract.
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Samplestaken ofthe mouth, stomach, duodenum, colon and
stool of four healthy individuals (two men and two women)
revealed that the mouth harbored the greatest phylogenetic
diversity whereas the stomach was the least diverse (Stearns
et al., 2011). Gut communities, with their large metabolic
capacity, can also have unexpected consequences on the
host. Changes in diet, for example, alter the intestinal
microbiota and have recently been correlated with shifts in
patterns associated with cancer risk, such as inflammation
of the mucosa and production of metabolites in a study
involving rural Africans and African-Americans (O’Keefe et
al., 2015). Given the broad range of interactions with the
human, from providing additional metabolic functions to
modulation of the immune system and even effects on host
behavior, the intestinal microbiota has even been considered
as an additional organ within the human host (Glendinning
and Free, 2014).

The fact that particular microbial groups are maintained
among humans most probably reflects selection and a
process of co-evolution between the host and its microbial
communities (Ley et al., 2006). In this regard, the host diet
is considered the major factor influencing the microbial
communities in healthy individuals. A study of gut microbial
communities in humans and other mammals indicated an
existing core microbial community based on diet (carnivores,
herbivores and omnivores), in most cases independent
of host phylogeny (Ley et al., 2008). Other studies have
focused on obesity, finding that it can be linked to changes
in the community at the phylum level, reduction in bacterial
diversity and alteration of particular genes and metabolic
pathways (Turnbaugh et al., 2009). Recent work has shown
that alterations of the gut microbiota caused by consumption
of artificial sweeteners such as saccharine can lead to glucose
intolerance (Suez et al., 2014). In addition, the use of
antibiotics, specifically during development in early infancy
has been postulated to result in disruption of the microbiota,
which in turn can result in alterations of host metabolic
functions with long-lasting consequences for health, such as
weight increase and obesity (Cox and Blaser, 2015).

Microbiota of the vagina

The vaginal microbial communities have long been
considered an important defense mechanism against
infections (Ma et al., 2012). Studies of women of different
ethnic  backgrounds, including Caucasians, African
Americans, Hispanics and Asians, showed that most
communities are dominated by a single Lactobacillus species
in each group of women, the most common being L. iners,
L. crispatus, L. gasseri and L. jensenii (Zhou et al., 2007; Ravel
et al., 2011). These results indicate possible metabolic
differences that may alter the levels of lactic acid production
and thus provide levels of protection that can vary in each
ethnic group. In contrast to healthy women, there is an
increase in the richness and diversity of genera and species
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in women with bacterial vaginosis. Longitudinal studies
have shown that the vaginal microbiota can be highly
dynamic, with drastic changes in bacterial composition
and abundances in response to factors such as hormones
and antibiotics. The recurrence of bacterial vaginosis has
been associated with either reinfection or reemergence of
endogenous microorganisms, a situation that is favored
by hormone fluctuations, antibiotic treatments and
intrauterine devices, among others (Fredricks, 2011). The
vaginal microbiota has also been found to be important for
colonization and development of the neonatal microbiome,
which is determined in large part by the maternal-offspring
exchange during delivery. Disruption of this exchange, as
occurs with Cesarian sections and use of antibiotics, can
lead to increased risk of various diseases such as obesity and
diabetes (Mueller et al., 2015).

Oral microbiota

The microbiota of the oral mucosa in healthy individuals
shows variability among individuals, probably due to
changing environmental factors, nutrition, hygiene
and genetic conditions that favor establishment and
predominance of particular microorganisms in each
individual (Biketal., 2010). The oral microbiota is a complex
community composed of many species, some of which can
form biofilms and lead to gum disease, as is the case of the
intracellular opportunistic pathogen Porphyromonas gingivalis.
Conversely, other inhabitants of the oropharynx, such as
Streptococcus viridans, can produce antibacterial compounds
that prevent colonization of pathogenic microorganisms
such as Streptococcus pneumoniae and Streptococcus pyogenes.
However, the use of broad-spectrum antibiotics can
indiscriminately eliminate resident communities, including
beneficial microorganisms, and allow growth of pathogenic
microorganisms. Given theimportance of the oral microbiota
to host health status, new efforts have focused on describing
and understanding the dynamics of these populations at
greater depth (Bik et al., 2010; Chen and Jiang, 2014). A
study of ten healthy individuals showed that 15 genera were
common to all samples. However high variability was also
detected among samples with predominance of the genera
Streptococcus, Prevotella, Neisseria, Haemophilus and Veillonella
(Biketal.,2010). Another study carried out by Huang (2011),
was able to distinguish between microbial communities
of the dental plaque of healthy individuals and those with
chronic gingivitis, identifying eight taxa associated to the
disease (Huangetal., 2011).

Skin microbiota

Although less intensively studied than the gut, the skin
also harbors complex communities that can have a major
impact on health, and that contain both beneficial microbes
and potential pathogens such as Staphylococcus aureus and
Pseudomonas aeruginosa (Schommer and Gallo, 2013). The

skin provides many different niches with diverse microbial
populations that are subject to variable conditions and thus
differ depending on the site. Skin microbial communities
are shaped by factors like lifestyle, health habits and work
activities. For example, communities present on the palms
of the hands of 51 healthy individuals were not only very
diverse, containing a large number of unique phylotypes
at the species level (> 150), but were also highly variable
between the right and left hands of the same individual,
as well as between different individuals (Fierer et al.,
2008). Differences were also found when comparing these
communities with those obtained in other skin surfaces,
indicating heterogeneity and lack of uniformity in the
distribution of various microorganisms (Fierer et al., 2008).

Bacterial communities are also influenced by ethnicity,
lifestyle and / or geographic location. Blaser et al. (2013)
compared the skin bacterial communities from Amerindians
in the Venezuelan Amazon with those in healthy residents of
New York (US). They found 20 bacterial phyla, three of which
were predominant in all samples (Firmicutes, Proteobacteria and
Actinobacteria), but differences at the genus level: US residents
contained predominantly Propionibacterium, Staphylococcus
predominated in one of two Amerindian clusters, while the
second Amerindian cluster had no single dominant taxon
and a wide range of Proteobacteria (Blaser et al., 2013).

Respiratory tract microbiota

The respiratory tract is the main portal of entry for microbes
such as viruses, bacteria and fungi that can colonize and in
some cases trigger disease (Delhaes et al., 2012). As with
other body locations, the microbial communities in different
segments of the respiratory tract are shaped based on
tissue type and niche characteristics. The upper respiratory
tract extends from the nasal passages, through sinuses,
pharynx (divided into nasopharynx and oropharynx), larynx
and trachea, while the lower respiratory tract, begins at
the terminal portion of the trachea and branches into
the bronchi and lungs, and finally the alveoli, where gas
exchange occurs.

Culture-based  studies have shown differences
among these anatomical sites, reflecting niche-specific
conditions that select for specific communities. Bacteria
of the genera Corynebacterium, Propionibacterium and
Staphylococcus, including the pathogenic species S. aureus,
are characteristic of the nostrils. The oropharynx (located
behind the mouth) contains species belonging to the
genera Streptococcus, Haemophilus, Neisseria, and to a lesser
extent Staphylococcus, as well as anaerobic bacteria. The
oropharynx is also epidemiologically important for carrier
status of microorganisms that are pathogenic to humans:
S. pneumoniae, S. pyogenes, Haemophilus influenzae, Neisseria
meningitidis, Moraxella catarrhalis and S. aureus, among others
(Mertz et al., 2007). Culture-independent studies have
revealed greater diversity but also support differences
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based on niche characteristics, with limited number of taxa
common to all sites and a small degree of conservation
between individuals (Dethlefsen et al., 2007). The nose and
oropharynx are found to have an inverse correlation between
bacterial groups at each site that could be important for
maintenance of a healthy microbiota (Lemon et al., 2010).
In addition, the microbiota of the oropharynx is reported to
be more diverse than that of the nasal cavity, although with
less variation among individuals (Lemon et al., 2010; Botero
etal., 2014).

The upper respiratory tract, just as the skin, is sensitive
to external factors and therefore to selection of certain
microbial communities. For example, cigarette smoking
influences the colonization of the upper respiratory tract
by certain pathogens. Both active and passive smokers
have a higher risk of carrying pathogenic organisms in
their airways. Cigarette smoking can promote colonization
by bacteria that attach easily to oral epithelial cells,
altering the mucociliary system or the host immune
response against pathogens. Cigarettes themselves can
also contain a wide range of potential pathogens, such
as Acinetobacter, Bacillus, Burkholderia, Clostridium, Klebsiella,
P. aeruginosa and Serratia, becoming a direct source of
exposure to disease-causing organisms (Sapkota et al.,
2010). In the nasopharynx (upper part of throat behind
the nose), smokers harbor fewer microorganisms capable
of interfering with colonization of pathogens, and have
more microbial groups capable of producing disease than
nonsmokers (Brook and Gober, 2005).

Microbiota of the lungs

The study of the lung microbiome is gaining importance in
terms of its possible role in relation to respiratory disease.
Although the lungs of healthy individuals were considered
sterile based on results of traditional culture-based analysis,
recent culture-independent studies have shown that healthy
lungs are colonized by diverse bacteria (Hilty et al., 2010;
Charlson et al., 2011; Erb-Downward et al., 2011; Huang et
al., 2011; Segal and Blaser, 2014), and that many of these
come from the oral cavity (Bassis et al., 2015). The most
commonly identified phyla are Proteobacteria, Firmicutes and
Bacteroidetes, even though published results tend to differ. A
few potential pathogens, such as Haemophilus and Neisseria
have also been detected (Beck et al., 2012).

Most of the research on lung microbiota has been focused
on diseases characterized by chronic inflammation of the
airways and lungs, such as cystic fibrosis (CF) (Delhaes et
al., 2012; Filkins etal., 2012; Goddard etal., 2012; Willner et
al., 2012), chronic obstructive pulmonary disease (COPD)
(Zhangetal., 2010; Cabrera-Rubioetal., 2012), and asthma
(Hilty et al., 2010). The microbiota in other respiratory
conditions, such as community-acquired pneumonia (Zhou
et al., 2010), the influenza HIN1 pandemic (Chaban et al.,
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2013) and pulmonary tuberculosis (Cuietal., 2012, Cheung
et al., 2013, Botero et al., 2014) are also being studied in
order to elucidate its effect on infection or disease outcome.
Pulmonary CF has been traditionally associated with the
infection of known pathogens such as P. aeruginosa, S. aureus
and Burkholderia cepacia. However, CF patients appear to
have a complex microbial ecology in their lungs. Guss et al.
(2011), for example, determined the presence of over 60
bacterial genera in the sputum of four patients by using a
combination of cloning, culture and pyrosequencing.

Some studies have reported changes in the lung
microbiota that correlate with the health status of an
individual. For example, Haemophilus species were more
prevalent in the bronchoalveolar lavage of patients with
COPD than in healthy controls, while Bacteroidetes were more
prevalent in controls (Hilty et al., 2010). Exacerbations, or
worsening of COPD symptoms, have also been associated
with acquisition of new strains of H. influenzae, Moraxella
catarrhalis, S. pneumoniae or P. aeruginosa and members of
the Enterobacteriaceae family. These findings suggest that
acquisition of these strains could potentially contribute to
pathogenesis of the disease or to its acute exacerbation
(Sethietal., 2002).

The relationship between the respiratory microbiota and
asthma has been proposed for many years, especially since
the incidence of allergic airway disease in industrialized
countries has increased significantly over the past three
decades (Marrietal., 2013). This observation has been linked
to the “hygiene hypothesis”, which says that modern medical
and health practices prevent exposure to microorganisms
that are essential for correct immunological development
(Salvucci, 2013; Segal and Blaser, 2014). Alterations in the
composition of the intestinal microbiota, as consequence of
antibiotic use, changes in diet or in habits, can result in loss
of microbial members that are essential for early microbial
stimulation of the immune system and development of
immunological tolerance (Huffnagle, 2010; Belkaid and
Hand, 2014). A study carried outin 11 patients with asthma,
five patients with COPD and eight controls found that some
pathogenic bacteria were more frequent in the bronchi of
individuals with asthma or COPD than in healthy controls,
while other bacterial phyla were more common in controls
(Hilty et al., 2010).

Respiratory tract microbiota and tuberculosis

The complex interaction between the human host and
Mycobacterium tuberculosis the causal agent of tuberculosis
(TB), as well as the resulting infection indicates that the
development of TB can be a multifactorial process (Ocejo-
Vinyals et al., 2012; Sharma and Mohan, 2013). Local
immune responses coupled to respiratory tract microbiota
can therefore determine whether the tubercle bacilli are
removed or if they develop an acute or latent infection.
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Two recent studies have evaluated the microbiota
in sputum samples from patients with TB and healthy
individuals. In one case, the microbiota was more diverse in
patient sputum samples than in that secretion samples from
healthy participants, with 24 phyla present in TB patients
versus 17 found in healthy participants. Some bacteria
were found only in TB patients, such as Stenotrophomonas,
Cupriavidus, Pseudomonas, Thermus, Sphingomonas,
Methylobacterium, Diaphorobacter, Comamonas and Mobilococcus
tuberculosis, bacteria that may have an important role in the
onset or development of pulmonary TB (Cui etal., 2012). In
a second study, some phyla were predominant in sputum
samples from healthy controls and TB patients (Firmicutes,
Proteobacteria, Bacteroidetes, Actinobacteria and Fusobacteria),
and again some groups (Proteobacteria and Bacteroidetes,
as well as 16 genera) were more frequently found either
in samples from TB or in controls (Firmicutes). This study
suggests that there might be a core group of microorganisms
common to patients with TB, although overall no differences
were found in terms of diversity between samples from
patients and controls (Cheungetal., 2013).

In a more recent study of the microbiota present in
patients with pulmonary TB, three different types of samples
(nasopharynx, oropharynx and sputum) were studied for
their usefulness in assessing changes in respiratory tract
bacterial and fungal communities via 16S rRNA gene and
ITS1 region analysis. There was predominance of certain
phyla in all samples, with differences in diversity indexes,
in relative abundances and in specific taxa associated with
each sample type. The only difference between patient and
control microbiota was found in oropharynx samples for
both bacteria and fungi. More importantly, the bacterial
and fungal community structures in oropharynx and sputum
samples were similar to one another, and both differed from
nasal samples. The fact that the oropharynx communities
varied with respect to health status, and that they resembled
those in sputum samples, suggested that oropharynx
samples could be used to further analyze community
structure alterations associated with tuberculosis (Botero et
al., 2014).

These studies indicate that the microbiota differs between
patients and healthy controls, and that these differences
may play an important role in the outcome of infection and
the development of pulmonary TB (Cui et al., 2012; Cheung
et al., 2013; Botero et al., 2014). However, further studies
are needed to fully understand if the observed differences
among these communities affect or are a consequence
of colonization or disease. In fact, establishing relevant
correlations between the microbiota or the presence of
particular microbial members and a state of health or
disease is difficult. Studies that could capture samples over
time, especially previous to disease onset, might provide
further insight into the role of the microbiota and human
diseases such as TB.

CONCLUSIONS AND PERSPECTIVES

Microorganisms are involved in more than just transient
interactions or pathogenicity with the human host, a fact that
is slowly becoming recognized as we learn more about the
human microbiota. Initial characterization of the taxonomic
profiles of microorganisms that inhabit diverse body sites
indicated that these communities were both diverse and
abundant and that they varied depending on the niche being
analyzed. More recent work has focused on understanding
how these communities change during infection and disease
and whether imbalances can be associated with particular
health manifestations. Microorganisms of the microbiota
are now considered important for the continued health of an
individual and future challenges will aim to identify particular
mechanisms by which these communities actually affect host
health status. Future investigations are aimed at identifying
not only community composition and fluctuations, but
also microbial functionality with the goal of understanding
how the microbiota contributes to host well being. It will be
interesting to learn more about how community members
interact with one another and with the host and if alterations
in community composition are consequence or cause of
either health or disease status. The real challenge lies not
only in uncovering associations but also in learning how to
harness this information to modulate the host and promote
health and well-being. The future therefore promises more
insightful and eye-opening research in the field of the human
microbiota that will hopefully lead to a more comprehensive
appreciation of the nuances involved in establishment and
maintenance of this essential microbial complement.
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