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Motivation and Objectives
Metagenomic methods for detection of viruses 
provide new diagnostic tools to the veterinary 
and public health laboratories, with powerful 
capacities to detect and to monitor the viromes 
in clinical samples. The Metagenomics methodo-
logy is divided into three main activities or steps: 
(1) wet-lab methodology ;( 2) sequencing; and 
(3) data analysis. Integrating all three parts is of 
critical importance for the result as well as the 
interpretation of those. Our groups at the OIE 
Collaborating Centre for the Biotechnology-
based Diagnosis of Infectious Diseases in 
Veterinary Medicine, Uppsala, Sweden and at 
the SLU Global Bioinformatics Centre, Uppsala, 
Sweden are working with the development and 
evaluation of the methodological and tech-
nological platforms for viral metagenomics. 
Together with the National Veterinary Institute 
(SVA), we develop and test methods for extrac-
tion of viromes, feasibility of sequencing plat-
forms to deliver metagenomic data-sets and 
evaluate bioinformatics tools as well as combine 
them into software packages for analysis and ex-
ploration of metagenomes, for separation, clas-
sification, assembly and visualization of genomic 
data in metagenomic samples. The aim of the 
work is to provide insight into using the metage-
nomics approach for detection of emerging vi-
ruses, monitoring of wild life for known pathogens 
as well as providing a tool for rapid characteriza-
tion of viral pathogens in outbreak situations. 

Methods
Clinical samples are collected through the con-
tinued monitoring performed by the SVA, as well 
as through international contacts, both from 
wild-life and from domestic animals. Viromes are 

prepared for analysis by homogenization of ma-
terial, DNase/RNase treatment and nucleic acid 
purification. The viral nucleic acids in the pre-pro-
cessed samples are quantified and, depending 
on chosen sequencing platform, either pro-
cessed directly or pre-amplified using random 
amplification methods. Data from sequencing is 
processed following a general paradigm; read 
QC, quality based filtering, rough assembly, ho-
mology search and visualization. The viromes are 
then characterized and the results are dissemina-
ted to the clinicians and to the health authorities. 

Results and Discussion
The development of metagenomics as a tool 
for exploration of viromes has proven to be an 
extremely powerful technique. We have previ-
ously published several articles and are continu-
ously developing both Wet-lab methodology, 
evaluating sequencing platforms and develop-
ing the bioinformatics analysis (Belák et. al. 2013; 
Granberg et. al. 2013). 

Our current work focuses at virome isolation 
and amplification, development of modular bio-
informatics tools for use within the diagnostic set-
ting, and integration with the clinical sciences, 
as well as ongoing evaluation of sequencing 
technologies together with the Swedish National 
Infrastructure for Large-scale Sequencing and 
NGS equipped laboratories within Europe. 

With the current development of new tech-
nological platforms, the availability of high-
throughput sequencing moves from the core 
facilities out into the medium and small scale 
diagnostic labs. This provides re-emerging chal-
lenges in data analysis and interpretation as well 
as enormous educational needs. We aim at pro-
viding the capability to utilize these methods and 
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technologies in a meaningful way within the field 
of veterinary virology and public health.

Acknowledgements
This work was supported by the Award of 
Excellence (Excellensbidrag) provided to SB by 
the Swedish University of Agricultural Sciences (SLU).  

The authors would also like to acknowledge 
support of Uppsala Genome Centre and UPPMAX 
for providing assistance in massive parallel se-
quencing and computational infrastructure. 
Work performed at Uppsala Genome Centre has 
been funded by RFI/VR “SNISS” Swedish National 
Infrastructure for large Scale Sequencing and 
Science for Life Laboratory, Uppsala. 

Writing of this publication has been supported 
by the framework of the EU-project AniBioThreat 
(Grant Agreement: Home/2009/ISEC/AG/191) with 

the financial support from the Prevention of and 
Fight against Crime Programme of the European 
Union, European Commission – Directorate 
General Home Affairs. This publication reflects 
views only of the authors, and the European 
Commission cannot be held responsible for any 
use which may be made of the information con-
tained therein.

References
Belák S, Karlsson OE, Blomström AL, Berg M, Granberg F 

(2013) New viruses in veterinary medicine, detected by 
metagenomic approaches. Vet Microbiol. Feb 1. doi: 
10.1016/j.vetmic.2013.01.022.

Granberg G, Vicente-Rubiano M, Rubio-Guerri C, Karlsson 
OE, Kukielka D, Belák S, Sánchez-Vizcaíno JM. (2013) 
Metagenomic Detection of Viral Pathogens in Spanish 
Honeybees:  Co-infection by Aphid Lethal Paralysis, Israel 
Acute Paralysis and Lake Sinai Viruses. PLOS One. Feb 27.  
doi:10.1371/journal.pone.0057459

http://dx.doi.org/10.1016/j.vetmic.2013.01.022
http://dx.doi.org/10.1371/journal.pone.0057459

