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E D I TO R I A L

Microbial genomics: an increasingly revealing
interface in human health and disease
Martin L Hibberd*
The diverse microbial communities associated with
humans are now beginning to be comprehensively
interrogated and characterized, thanks to new genomic,
metagenomic and other high-throughput approaches.
However, there is a huge amount of work to be done that
will require a large-scale effort from the scientific
community, particularly in the development and application of analysis tools and in achieving a biological
understanding of the human-microbe interface. This
endeavor has already begun with projects such as
MetaHIT [1] and the Human Microbiome Project Consortium [2] taking advantage of the extensive advances
made with the advent of highly parallel next-generation
sequencing approaches. But I would call for one
additional effort: in the midst of all the thousands of
microbial genomes, the role of one additional genome the human genome - should also be fully evaluated. It is
becoming increasingly clear that human genetic variants,
particularly in microbial sensing genes, might influence
the structure of the human-associated microbial communities and lead to diseases such as inflammatory bowel
disease [3]. Interestingly, the shaping of these microbial
communities, influenced by the human genome, might
occur during the early colonization following birth and
might influence many of the subsequent microbiome
interactions.
Genome-scale methods allow us to move away from
targeted investigations, which are necessarily limited to
our knowledge of candidate genes, to population-based
analyses that permit the full genomic repertoire to be
interrogated, enabling the discovery of key mutations and
mechanisms that drive host-microbe (and microbemicrobe) interactions in their natural environment. However, even when all the genes in a genome have been
identified, detailed studies at the molecular level are
required to provide novel mechanistic insights. Without
such understanding, the statistical associations between
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microbial genes and their products that are currently
being linked to medical outcomes may not stand firm.
In this issue, we launch a new article series highlighting
the application of genomic and other high-throughput
approaches to investigate the role of microbes in human
health and disease. Forthcoming articles will feature
recent progress in characterizing, detecting, monitoring
and understanding the underlying mechanisms involved
in infectious diseases, the role of the microbiome, and
how such information can be applied to medicine. There
is great potential in this field, from basic and technological advances to their application and integration
into clinical approaches for disease prediction, surveillance, diagnosis and treatment.

Microbes in health
The study of microbes associated with humans has been
dominated by investigations of pathogens. In the past,
microbes not implicated in disease causation have been
thought of as hardly interacting with their host at all, or
as friendly commensals providing benefits without consequences. This has led to the idea of pathogen-associated molecular pattern molecules [4] and microbial
compartmentalization [5], which is postulated to explain
how these microbes could interact with the immune
system and yet not cause disease.
A wealth of literature now shows that host-microbial
interactions can be much more complex and dynamic
than previously understood, with a constant flow of
information that can have far reaching consequences [6].
For example, in one study looking at the global host
response to commensal bacteria using a bronchial epithelial cell line, commensals were shown to invade the
cells, ellicit an inflammatory response, and then proceed
to cause an increase in host metabolism [7], which
corresponded with a reduction in bacterial metabolism
[8]. These harmless commensals were consuming host
nutrients and initiating a complex interaction process.
This type of interaction may be common and might
provide clues to explain how commensals interacting
with a healthy host could have consequences that reach
beyond their local environment - for example, to the liver
[9] or the brain [10]. In turn, a wider understanding of
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the consequences of microbe-host interactions could give
new insight into their roles in health [11], and begin to
provide mechanistic explanations of the statistical asso
ciations between microbes and medical outcomes. This
will be complex work because there is the diversity of
microbial niches to consider along with microbial
diversity [12], and we have, so far, little idea of the relative
importance of each. However, genome-wide approaches
to investigate gene expression at the transcriptional,
proteomic or other ’omic levels will reveal insights into
the pathways and mechanisms involved; even while
generating a systems-biology-scale problem of integra
tion in the process. Analysis of the bacterial trans
criptome in particular seems likely to identify the active
genes, metabolism and pathways within each microbial
niche, and when linked to other genomic data might lead
the way in determining the mechanisms of interaction
with the host.

Microbes in disease
There is a well-established role for specific pathogens in
human disease; and we are now starting to describe this
in detail through the understanding generated by
genomic tools [13]. Recent studies, such as those high
lighting the spread of cholera [14] and influenza [15],
have used whole-genome sequencing to set new stan
dards in explaining the spread of disease. Furthermore,
genomics is revealing that the growth of pathogens may
be enhanced by imbalances in commensal microbial
communities (such as those caused by antibiotics),
leading to the exploration of approaches aimed at
correcting these imbalances [16]. This is an example of
how genomics can be used to discover new knowledge,
suggest therapies and then monitor their consequences.
However, the field of microbial metagenomics is
perhaps at its most informative when proposing novel
ways of how microbes can cause disease. There is growing
evidence, based on our burgeoning understanding of how
microbes interact with their host, that diseases once
thought not to be microbe-related may in fact have
microbial components. Statistical associations between
gut microbes and metabolic diseases such as diabetes
have led to the concept that microbial metabolism may
affect host metabolism [17]. The interactions may in fact
be even more complex, as shown in a recent study of
autoimmune diabetes [18] in which a distinct blurring
between pathogen and commensal, health and long-term
disease was demonstrated. Only large scale ’omics studies
can provide the data for hypothesis-generation that will
hopefully provide novel therapy options.
Taken together, advances in understanding the role of
microbes in health and disease are expected to revolu
tionize the field of clinical microbiology, facilitating the
development of novel drugs and other interventions to
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control infection and disease, both for personalized
medicine and for public health. However, further pro
gress will rely on the involvement and collaboration of
basic and clinical research communities from diverse
disciplines and geographic regions to address the many
challenges that lie ahead, including the development and
application of high-throughput and bioinformatic
approaches as well as methodologies for data sharing and
analysis.
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