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Introduction

• Metagenomic Pan-Virus microarray
• Developed at the Statens Serum Institute (SSI) in Denmark (MWR & AF)
• Tests all viruses with full genome sequences at GenBank in 2018 (n=3059)

• Why a Pan-Virus microarray?
• As a diagnostics/surveillance tool
• Replaces thousands of individual PCR reactions
• Circumvents the need for a clear clinical hypothesis
• Relatively fast (1.5-2 days from sample preparation to result)
• Almost identical preparation for all kinds of samples and viruses (either

DNA or RNA)
• No need for advanced bioinformatics: the analysis of results is very simple



Introduction

• The SSI Pan-Virus Microarray: Design



Introduction

• The SSI Pan-Virus Microarray: Overview

WGA



Introduction

* “Metagenomic Array Detection of emerging Virus in EU”

• MAD-Vir*: A One Health European Joint 
Programme (OHEJP) Project (EU-H2020)

• AIM: To use Microarray technology for unbiased 
Metagenomic virus surveillance and detection of 
emerging virus threats 

• Implementation of the Pan-Virus microarray 
method at INIA (ES), APHA (UK) and PIWET (PL)

• Use Pan-Virus microarray analysis of suspicious 
animal, human and surveillance samples for 
“emerging threats and FBZ” (~1000 samples)

• Validate and compare results to already developed 
diagnostic methods (e.g. pathogen specific PCRs, 
Microfluidic PCRs, Nanostring, NGS etc)



Objectives

• At INIA, we pursued two specific objectives:

I. To contribute to the harmonisation and validation of the Pan-Virus microarray 
developed at the Statens Serum Institute (SSI) in Denmark, using samples obtained
from animals either experimentally infected with known viruses or from clinical cases 
occurring in the field.

II. To explore the ability of the SSI Pan-Virus microarray to identify and type novel or
eccentric variants within a virus species (level of discrimination).



Methods

• Samples analyzed (SSI and INIA)

Sample types Animal species* Viruses (family/species/variant)

Blood
Brain
Feathers
Faeces
Heart
Kidney
Lung
Lymph node

Mammals:
- Horse
- Mice
- Swine
- Sheep
Birds:
- Barn Own
- Cinereous vulture
- Golden eagle
- Partridges (Red-legged & 

Grey)

Flaviviridae:
- West Nile virus (lineages 1, 2, 5 & 6)
- Usutu virus (Spain/2009)
- Bagaza virus (Spain/2010)
- Classical swine fever virus (Gt-2.3)
Asfarviridae:
- African swine fever virus (Gt –II)
Picornaviridae:
- Porcine teschovirus (PTV-12)
Reoviridae:
- Bluetongue virus (St-4)
Paramyxoviridae:
- Peste des petits ruminants virus (Gt-IV)

*Experimentally infected (black) or clinical cases (grey)



Methods

• Samples analysed (SSI and INIA)

Experimental infections (n=16 samples)

Animal
species

Virus identified
(PCR methods)

Samples

Horse WNV Brain

Golden 
eagle

WNV Kidney

Cinereous
vulture

WNV Feather

Barn owl Not detected Brain, kidney, 
heart, spleen,
lung

Animals with clinical signs (n=8 samples)

Animal species Inoculated virus Samples

Mice WNV Brain

Pig ASFV Lung

Pig CSFV Serum

Pig PTV Faeces

Sheep PPRV Mesenteric ganglion

Sheep BTV Blood

Red-legged partridge WNV Blood, feather

Red-legged partridge USUV Blood

Red-legged partridge BAGV Feather

Grey partridge USUV Heart, kidney



Animal
species

Virus identified
(PCR methods)

Samples

Horse WNV Brain

Golden 
eagle

WNV Kidney

Cinereous
vulture

WNV Feather

Barn owl Not detected Brain, kidney, 
heart, spleen,
lung

Animal species Inoculated virus Samples

Mice WNV Brain

Pig ASFV Lung

Pig CSFV Serum

Pig PTV Faeces

Sheep PPRV Mesenteric ganglion

Sheep BTV Blood

Red-legged partridge WNV Blood, feather

Red-legged partridge USUV Blood

Red-legged partridge BAGV Feather

Grey partridge USUV Heart, kidney

Results (I)

• Pan-Vir microarray identification of viruses present in each sample at the species level

In a 3rd round of analysis (SSI) the array detected
a bornavirus closely related to canary bornavirus
in Barn owl brain. 

Experimental infections (n=16 samples) Animals with clinical signs (n=8 samples)



GROUP III

GROUP I

GROUP II

Nucleotide homology:
Intragroup: 81-87%
Intergroup: 75-79%

Results (II)

PTV12

Faecal sample
Experimentally inoculated pig
Viral load: Ct 26

Pan-Vir array results (SSI):
Porcine teschovirus 4
Porcine teschovirus 8 
Porcine teschovirus 2
Porcine teschovirus 1
Porcine enterovirus, 
Porcine bocavirus, 
(Porcine adenovirus type 3) 

Correct detection and 
group assignation

Cano-Gómez et al., Journal of General Virology 2017;98:1636–1645

• Porcine teschovirus new serotype



lin. 1

Results (III)

Correct discrimination of 
WNV lineages 1 & 2 

Inoculated
virus

Sample
Viral 

load (Ct)
Array

results

Lineage 1a 
(Isr98)

Blood 27
WNV lin 1b

(Kunjin)

Lineage 2 
(Aust08)

Blood 25 WNV lin 2

Lineage 2 
(Aust08)

Feathers 25 WNV lin 2

Red-legged
partridge

Interlineage nucleotide
homology: <80%

• Detection range of West Nile virus lineages (I): Lineages 1 and 2



lin. 1

• Detection range of West Nile virus lineages (II): Lineages 5 and 6

Failure to detect WNV 
lineages 5 & 6

Inoculated
virus

Sample
Viral 

load Ct
Array

results

Lineage 1a
(Isr98)

Brain 28
WNV lin 1,

Kunjin

Lineage 2
(Aust08)

Brain 24 WNV lin 2

Lineage 5
(Malaysia)

Brain 26 Negative

Lineage 6 
(Koutango)

Brain 26 Negative

Mice

Interlineage nucleotide
homology: <80%

Results (IV)



 KC464478.1 Canary bornavirus 2 isolate *15864 Germany 2010

 Barn owl Badajoz Spain 2017

 KC595273.2 Canary bornavirus 3 isolate VS-4424 Germany 2012

 KC464471.1 Canary bornavirus 1 isolate *7293 Germany 2011

Passeriform 1 orthobornavirus

 KJ756399.2 Aquatic bird bornavirus 2 isolate duck-89 USA 2014

 MK966418.1 Aquatic bird bornavirus 1 isolate UoG-CG Canada 2011

 KF578398.1 Aquatic bird bornavirus 1 isolate 062-CG USA 2011

Waterbird 1 orthobornavirus

Passeriform 2 orthobornavirus KF680099.1 Estrildid finch bornavirus 1 isolate VS-4707 Germany 2013

Psittaciform 2 orthobornavirus LC120625.1 Parrot bornavirus 5 viral Japan 2011

Mammalian 2 orthobornavirus NC_030701.1 Variegated squirrel bornavirus 1

 MT375543.1 Borna disease virus 1 DessVac DE 1960 CN 2019 Germany 1960

 AJ311524.1 Borna disease virus 2 strain No/98 Austria 
Mammalian 1 orthobornavirus

 JX065210.2 Parrot bornavirus 7 isolate 16667a Germany 2010

 GU249596.2 Parrot bornavirus 4 strain AG5 USA 2008

 FJ169440.1 Parrot bornavirus 3 strain 1367 USA

 GU249595.2 Parrot bornavirus 1 strain M25 USA 2008

 FJ620690.1 Parrot bornavirus 2 isolate 6609 Austria 2008

Psittaciform 1 orthobornavirus

Elapid 1 orthobirnavirus KM114265.1 Loveridges garter snake virus 1 strain 251327
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Fig. 1: Phylogenetic analysis of the genus Orthobornavirus (Family Bornaviridae) based on complete genome sequences. GenBank accession number, country
and year were given for each strain. Sequence emphasized in bold and with a circle (●) was generated during this study.

Results (V)

Barn owl (Tyto alba)

• Barn owl found sick
(neurological signs)

• Died after 7 days of 
veterinary care provided in 
a wildlife recovery center in 
Badajoz province, Spain

• After RT-PCR analysis, WNV 
and other suspects were
discarded



 KC464480.1 Canary bornavirus 2 isolate MPI-29 Ger,any 2012

 KC464479.1 Canary bornavirus 2 isolate MPI-17 Germany 2012

 KC464478.1 Canary bornavirus 2 isolate *15864 Germany 2010

 KC464481.1 Canary bornavirus 2 isolate TB-1 Germany 2012

 KU748797.1 Canary bornavirus 2 isolate VS-8704 Germany 2015

 KU748798.1 Canary bornavirus 2 isolate VS-8806 Germany 2015

 KU748799.1 Canary bornavirus 2 isolate VS-6711 Germany 2014

CnBV-2

 Barn owl Badajoz Spain 2017

 KU748802.1 Canary bornavirus 3 isolate VS-9103 Germany 2015

 KC595273.2 Canary bornavirus 3 isolate VS-4424 Germany 2012
CnBV-3

 KC464475.1 Canary bornavirus 1 isolate MPI-2 Germany 2012

 KC464471.1 Canary bornavirus 1 isolate *7293 Germany 2011

 KC464477.1 Canary bornavirus 1 isolate TiHo-30 Germany 2012

 KC464472.1 Canary bornavirus 1 isolate AS-19 Germany 2012

 KU748792.1 Canary bornavirus 1 isolate VS-6721 Germany 2014

 KU748795.1 Canary bornavirus 1 isolate VS-8901 Germany 2015

 KC464474.1 Canary bornavirus 1 isolate Leip-6 Germany 2012

CnBV-1

 MH559279.1 Parrot bornavirus 5 strain 16021 Thailand 2016
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Fig. 2: Phylogenetic analysis based on a 2250 nt fragment (corresponding to N, X, P and M proteins coding regions) of Passeriform 1 orthobornavirus
family. Each Canary Bornavirus genotype (CnBV-1, CnBV-2, CnBV-3) was indicated. GenBank accession number, country and year were given for each
strain. Sequence emphasized in bold and with a circle (●) was generated during this study.

Results (V)

Barn owl (Tyto alba)

• Barn owl found sick
(neurological signs)

• Died after 7 days of 
veterinary care provided in 
a wildlife recovery center in 
Badajoz province, Spain

• After RT-PCR analysis, WNV 
and other suspects were
discarded



The Pan-virus microarray developed by SSI:

• Was able to successfully identify all viruses expected from a collection of samples
of a wide range of types and animal origins, including both experimental 
infections and field cases.

• Exhibits enough sensitivity for application in diagnosis of clinical samples.

• Was able to detect successfully a wide range of viruses, either DNA or RNA.

• Appears to detect viruses bearing up to % 80% homology with those included in 
the design. As the % homology decreases, the detection is less likely.

• Demonstrated its utility as last resort technique for molecular diagnostics when
other techniques fail.

• Was successfully applied to the identification of a new avian pathogen related to 
canary bornavirus.

The inclusion of a wider range of sequences already available in the next
microarray version (in progress) will likely improve its virus detection range.

Conclusions
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