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Metagenomic is an experimental methodology
that combines molecular biology and genomics to
identify the complex mixture of organisms
contained in a given environment. This approach
has two steps: first massive sequencing of all the
genomic material present in a given environment;
second the identification of each organism present
by searching in genome databases (Figure I). 
In particular, the process termed “viral
metagenomics or viroma study” focalizes the
attention only on virus organisms. Viruses can be
found in a wide range of environments, from
extreme sea environments such as deep layers of
the oceans (9), food (11) potable water (12, 15),
soil (7), and even in several microenvironments
contained in human bodies (2, 3, 5, 17, 18). 
An important feature in studying viruses is
represented by the intracellular nature of these
organisms. One limitation is the impossibility to
grow a number of them under standard laboratory
conditions. This feature has drastically reduced in
the past the capability of identification of new
viruses (4).
In recent days, the high throughput of next
generation sequencing techniques is having a
great impact in expanding knowledge on viruses,
especially those displaying a very high genomic
diversity, such as HIV and HBV (13, 14).
Together with HCV and others, these viruses are
present in an infected host as a swarm of highly
genetically related variants, referred to as
quasispecies. Next generation sequencing allow
to study directly on the clinical specimen the

genetic diversity of the viral quasispecies,
avoiding biases that may be introduced by in vitro
replication.
Today, the most widely used next generation
sequencing platforms are three: the Genome
Sequencer from Roche 454 Life Sciences
(www.454.com), the Solexa Genome Analyzer
from Illumina (www.illumina.com), the SOLiD
System from Applied Biosystems
(www.appliedbiosystems.com). 
All of them have an high throughput ranging,
from hundreds of thousands of sequences (reads)
per run of 454 technology, to millions of reads
usually obtained by the application of the other
two technologies. At the moment, 454 technology
gives the longest reads approximately up to 700-
800 nucleotides (nt), while the others
Solexa/Illumina and ABI/SOLiD, can generate, in
average, reads of only 35-50 nt. All of these next
generation sequencing approaches may render
possible to analyze a given microbial community
in a single run.
By metagenomic approach, it is possible to
discover and identify new pathogens, that may
constitute a threat for public health.
One of the first examples of the use of this
approach to discover new pathogens was the
identification of a new Arenavirus in a cluster of
fatal transplant-associated diseases (10). RNA
samples from the tissues of the victims were
sequenced using ABI/SOLiD method, obtaining,
in few hours, hundred thousands of sequences
among which few of them related to Old World
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SUMMARY
Viruses represent the most abundant biological components on earth.They can be found in every environment,
from deep layers of oceans to animal bodies.Although several viruses have been isolated and sequenced, in each
environment there are millions of different types of viruses that have not been identified yet.The advent of next-
generation sequencing technologies with their high throughput capabilities make possible to study in a single
experiment all the community of microorganisms present in a particular sample “microbioma”.They made more
feasible the application of the metagenomic approach, by which it is also possible to discover and identify new
pathogens, that may pose a threat to public health.This paper summarizes the most recent applications of next-
generation sequencing to discover new viral pathogens during the occurrence of infection disease outbreaks.



Arenavirus group. Short after, specific PCR and
phylogenetic analysis classified as belonging to a
new member of the Arenaviridae family the
strains sequenced by next generation approach.
The same group of researchers also found by
metagenomic approach a new Arenavirus in an
outbreak of five cases of hemorrhagic fever, four
of them fatal, occurred in South of Africa in
September 2008 (6). Using ABI/SOLiD method,
they obtained between 87,500 and 106,500
sequence reads from RNA extracts from liver
biopsies and serum. In only 72 hours, it was
possible to sequence approximately 50% of the
genome, which was identified as a new member
of the Arenaviridae family. 
Another example of the utility of the metagenomic
approach for public health was the rapid
identification and characterization of the new
pandemic influenza A virus (H1N1) in 2009 (8).
As in other biomedical reference centres, in our
laboratory the high throughput sequencing
approach was applied to study this new pandemic
H1N1 virus in samples from infected patients. By
454 technology, we were able, directly in
nasopharyngeal swabs, to obtain enough reads to
reconstruct the entire viral genome in a single run.
This allowed us to study the viral quasispecies
without the biases introduced by in vitro
replication of the virus that inevitably adds
additional artificial diversity (1).
The application of viral metagenomics can also be
used to better characterize infectious diseases with
uncertain aetiology. As an example, 454 technology

was able to identify, with respect to standard
sequencing, a larger number of new species of
viruses in stools samples from Asian children
affected by non polio acute flaccid paralysis (AFP),
expanding the possibility to find the real
aetiological agent of this orphan disease (16). 
The metagenomic approach could be useful to
reveal potential pathogens in substances included
in human diets. In 2010 Park et al. found that some
viruses could modify the bacterial ecosystem
present in fermented food that, in turn, could alter
human gastrointestinal microbiota (11). 
Although the cost and the complexity of the
metagenomic approach, in particular of the
bioinformatic tools, that have to be implemented
in parallel with advances in molecular
sequencing, it is reasonable that in the future more
and more data will be obtained by this
methodology in different human fields enhancing
our capabilities to challenge emerging diseases
and new pandemics.
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Figure I. A schematic representation of the work flow to carry out a metagenomic study. First: the nucleic acid material
is collected from the environment and undergo massive sequencing. Second: through a bioinformatic pipeline, consisting in
a number of searches against different nucleotide databases, with a growing level of homology stringency, a detailed
quantitative description of the different organisms present in the sample is obtained.
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