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Progress Against Project Milestones 
	Milestone from Project Proposal
	Achieved

Y/N
	Summary of Progress


	Compilation of DNA sequences for avian ortho & paramyxoviruses & phlyogenetic analysis of sequences. Design of pan & type spec probes on the consensus of phlyogenetic clusters. Printing of the chip
	Y
	As part of this milestone and in conjunction with Wildtech project EU0934, an avian viral mini array was developed containing 585 probes in the final (2nd) version. The array was tested for its sensitivity before its probes were verified with a number of virus isolates and virus positive clinical materials (please see details below). 
Also, the AHVLA’s pan viral array was updated twice during the life span of this project to accommodate new virus entries in GenBank and to include pan ortho and paramyxovirus probes, as well as type specific probes. The current version of the array includes 47,000 probes covering all the virus entries in GenBank until the end of 2013. Also, there are now 40 pan avian paramyxovirus (APMV) probes and genotype specific probes to APMV 1 to 12.


	Validation of ortho and paramyxoviruses probes using virus archives at the avian virology, AHVLA and also synthetic RNA/DNA where virus samples are not available
	Y
	As part of this milestone, the sensitivity of both arrays (avian and pan viral array) were first assessed before proceeding with validation of the probes for the ortho, paramyxoviruses and some other viruses on the avian viral mini array for which a virus isolate or a known clinical sample existed in our archives. Tables 4 and 5 below summarise all the avian viruses tested on the avian viral mini array including ortho and paramyxoviruses. Also, lung and nasal swabs of chickens and pigs infected with known H-N types of Avian Influenza (n=7) were analyzed on the pan viral array. Hybridization intensities of the H and N specific probes presented on the array (H3, H7 H9, N1, N2, N7) correlated with the H and N type of the tested virus samples, showing that direct H-N subtyping of influenza A viruses in clinical samples is feasible with the array. 


	AHVLA, DTU, CVI, ANSES: 
DNR case samples run on microarray chip & results validated by primer specific PCR
	Y
	Several DNR case samples were tested on both arrays and followed by confirmation of positive findings by primer specific PCR and sequencing (please also see below for detailed description).
- Investigation into Wasting syndrome in Peregrine hybrid falcons.
- Investigation into myocarditis in turkeys and detection of a reovirus on the pan viral array which was further confirmed by specific reovirus PCR and sequencing

- Investigation into mortality of an adult female magpie in 2013. The avian mini array failed to identify a pathogen, however a novel reovirus was detected in the pan reovirus PCR and phylogenetically classified.
- Investigation into an ongoing problem of chronic ill thrift and anaemia in a small proportion of grower pigs led to identification of a Border Disease Virus.
- Investigation into calves with severe diarrhoea on several farms in the Netherlands led to identification of a bovine coronavirus.

- Investigation into a diseased and dead wild deer in the Netherlands resulted in identification of a retrovirus (Jaagziekte virus) in CNS tissues of the animal. 



	ANSES, CVI: 
Ring trial using known & coded virus samples to check for sensitivity and specificity of the micro array protocols currently used by the participants.
	
	This was not carried out within this project as the only active participant in the project was the CVI which organised a ring trial during the Epizone project. This ring trial which was concluded successfully, with all participants correctly identifying the coded samples of Avian Newcastle disease virus and Porcine Teschovirus.


Executive Summary:
As part of this project and in conjunction with the Wildtech DEFRA project EU0934, an avian viral mini array was developed, containing 585 probes in the final (2nd) version, and tested.
The AHVLA’s pan viral array was updated twice during the life span of this project to accommodate new virus entries in GenBank and to include pan ortho and paramyxovirus probes, as well as type specific probes. The current version of the array includes 47,000 probes covering all the virus entries in GenBank until the end of 2013. Also, there are now 40 pan avian paramyxovirus (APMV) probes and genotype specific probes to APMV 1 to 12 on the array.
The sensitivity of both arrays (avian and pan viral array) were assessed and the probes were verified for the ortho, paramyxoviruses and other viruses on the array for which a virus isolate or a known clinical sample existed in our archives. In order to assess performance of the two arrays for resolution of DNR case,  several of such cases were run on the arrays and the results were validated by primer specific PCR and sequencing. 

A ring trial, although not carried out as part of this project was conducted within the Epizone project, with all participants correctly identifying the coded samples of Avian Newcastle disease virus and Porcine Teschovirus.
In conclusion, as a result of CoVetLab, WildTech and DEFRA project SE0537 investment, we have now an up to date pan viral array and an avian viral mini array. The arrays have been used successfully at the AHVLA and CVI to resolve several DNR cases and the pan viral array is now part of the tools into investigation of such cases at both sites.
METHODS:
AVIAN VIRAL MINI ARRAY:

An initial extensive literature search on publications related to avian virus diagnosis, genomic characterisation and phylogeny was carried out in order to compile a list of viruses detected in association with diseases in avian species. Published sequences for the desired regions were then downloaded from NCBI GenBank and aligned using the MegAlign software (Lasergene, DNASTAR, version 9). Minimal probes of similar lengths (50-60mer) were designed on the alignments using the taxa/cross species-specific design option implemented in the Allele ID software package (Premier Biosoft International). 
Each viral probe was then screened against all available sequences in the GenBank using NCBI blast tool to verify their specificity for the corresponding viruses. In addition to the viral probes, probes were also included in the array to act as controls; a random sequence hybridisation control, adopted from GEO accession number GPL10319 and a number of probes to Cowpea Mosaic Virus to detect spiked CSF Tuff™ RNA (AHVLA). 
Protocols For Sample Preparation For Array Analysis:

The protocol for sample preparation for the pan viral microarray analysis is described by Gurrala et al., 2009 and Wang et al, 2002. The same protocol was used for analysis of samples on the avian viral mini array except for labelling, hybridisation and follow up washes and analysis which are described below. Biotin labelling of PCR amplicons for analysis on the avian viral mini array was carried out using primer B (Gurrala et al., 2009) and a mix of virus specific primers and biotinylated dUTP in a PCR. The PCR was composed of 5 µl amplified PCR template, 1 x AccuTaq™ PCR buffer, dNTP mix [0.1mM each of dATP, dCTP, dGTP, 0.065mM dTTP and 0.035mM biotin-16-dUTP (Roche)], 0.0025 µM  primer B (100pmol/µl), AccuTaq™ LA DNA Polymerase and 0.025 µM of each virus specific primer in a final volume of 10 µl. The thermo-cycling profile was 94 ˚C for 4 min, 68 ˚C for 5 min, followed by 25 cycles of 94 ˚C for 30 s, 60 ˚C for 1 min, 50 ˚C for 1 min, and 68 ˚C 1 min and a final extension of 2 min at 68 ˚C.

Pan avian mini array Fabrication, Hybridisation and Feature Extraction:

The 3’-amino-modified oligonucleotides (probes) were synthesized by Metabion (Martinsried, Germany) and the 585 individual probes were printed on the array strips by Alere Technologies (Jena, Germany). Each array strip is composed of 8 individual arrays.
Hybridisation of the labelled nucleic acids was carried out using the Identibac hybridisation kit (Alere Technologies) according to the manufacturer’s protocol. Briefly 90 µl C1 hybridisation buffer was added to 10 µl labelled nucleic acid and denatured at 95 ˚C for 5 min before cooling on ice. To prepare the array strip, 200 µl molecular grade water was added to each well, pipetted up and down 4 times and discarded. Buffer C1 (200 µl) was then added to each array and incubated at 60 ˚C for 2 min on a thermomixer (Eppendorf, Stevenage, England) set at 550 rpm. The labelled nucleic acid and buffer C1 mix was subsequently added to each well and hybridisation was carried out at 60 ˚C for 60 min at 550 rpm.
After hybridisation, the array strip was washed briefly with wash buffer C2 and followed by two subsequent post washes at 60 ˚C with 200 µl C2 buffer at 550 rpm. A 100 µl mixture of horse radish peroxidase (HRP), C3, and conjugate buffer C4, at a ratio of 1:100, was added to each well and incubated for 10 minutes at 30 ˚C and 550 rpm. Wash buffer C5 was then used to wash each well twice by pipetting 
200 µl up and down at room temperature. The HRP substrate D1 (100 µl) was then added and incubated at 25 ˚C for 10 min without agitation. The D1 substrate was removed using a pipette before scanning. The array was scanned using the ArrayMate reader (Alere Technologies) and feature extraction was carried out with IconoClust software (Alere Technologies) which consists of a defined script set by the manufacturer. The text files generated from the IconoClast software were used for analysis. Each text file contains signal intensity of probes which are converted to digital value up to a value of 1, the highest signal intensity.

Avian viral mini array Data Analysis

An R-based script R Development Core Team, 2012()
 was produced to analyse digital values of each data set. The script deduces the digital value for each individual probe of an unrelated control array from that of the equivalent probe in the test array to achieve data normalisation. One or multiple control data sets may be used for normalisation. If multiple control data sets are lodged in the control folder, the median value of each probe is generated and this is used to normalise the value for the corresponding probe in the test data set lodged in the sample folder. The script then takes the average of probe replicates for each virus into account before calculating the final average of probes intensity values for each virus from the test data set. The averages were then presented in a descending order, i.e. the virus with the highest average on top of the virus list, in the first output file. The second output file contained the digital values for signal intensity range of the probes for each virus on the array. Standard errors at 75 %, 80 %, and 99 % were also calculated for both data sets and presented. The digital values of the scanned image generated by IconoClast software were subjected to the custom R script using other unrelated digital output files generated on the same day as controls.
Determining the avian mini array sensitivity:

Nucleic acid from cloacal swabs taken from ducks experimentally infected with Avian Influenza A were used to determine the sensitivity of the array. Serial dilutions of the sample ranging from 106 to 101 were created and viral load measured using a RT- qPCR for the M gene. Several of these dilutions were then prepared for microarray analysis (Table 2). 
Several amounts of Influenza A virus isolate nucleic acid was then mixed with chicken liver nucleic acid at three different concentrations to mimic clinical specimens and the levels of influenza A that could be determined at each concentration were recorded (Table 3).  

Determining AHVLA’s pan viral array sensitivity:
Three influenza virus (H5N2) positive cloacal swab samples with known virus genome copy number (1.82 x 101, 1.69 x 102 and 1.74 x 103 per test reaction) were tested on the array to evaluate its sensitivity.
RESULTS:
Following an extensive literature search on avian virus publications a list of viruses detected in association with diseases in avian species was compiled. A list of the viruses subsequently represented on the avian mini array is shown below with the final version of the array having 585 probes including those of controls (Table 1).
Table 1: List of viruses represented on the avian viral mini array
[image: image2.emf]Virus family Virus groups Probe region  Probes No.

Herpesviridae Alphaherpesvirus

DNA polymerase 6

Astroviridae Astrovirus

ORF1a 29

Poxviridae Avipox virus

P4b gene 3

Bornaviridae Borna disease virus

M gene 7

Circovirus

Rep gene 65

Gyrovirus

ORF1 (V1 protein) 3

Coronaviridae Coronavirus

N gene 57

Togaviridae Eastern equine encephalitis virus

E2 gene 30

Birnaviridae Gumboro disease virus

VP1 gene 52

Orthomyxoviridae Influenza A virus

M gene 41

Metapneumovirus

F gene 14

Paramyxovirus 1-12 M and F gene 90

Parvoviridae Parvovirus

VP3 gene 12

Picornavirus

44

Duck Hepatitis A Virus 

7

Polyomaviridae Polyomavirus

VP1 and VP2 genes 8

Reoviridae Reovirus S1 gene 27

Togaviridae Sindbis virus

NSP1 5

Flavivirus (other)

6

Japanese encephalitis virus

5

Murray Valley encephalitis virus

3

St. Louis encephalitis virus

5

Usutu virus

3

West Nile virus

15

Tick-borne encephalitis virus 20

Louping ill virus 4

Adenoviridae Adenovirus Hexon gene 7

Hepeviridae Avian Hepatitis E Virus  NS protein 3

Hepadnaviridae Duck Hepatitis B Virus  S gene 4

Flaviviridae

NS5

Circoviridae

Paramyxoviridae

Picornaviridae

3D gene


ORF, Open reading frame; VP, Virus protein, NS, Non-structural and NSP, Non-structural protein.

Determining the avian viral mini array sensitivity:

When compared with viral load measured using a RT- qPCR for the M gene, on the array, the Influenza A virus genome could be detected in swabs, taken from experimentally infected duck samples, by the avian viral mini array from approximately 100 copies in repeated testing (Table 2).
Table 2 : Detection of Influenza A from three repeats of the experimentally infected duck samples by the avian viral mini array.
[image: image3.emf]
The results also indicate that the array is able to detect influenza A at 104 copy number when mixed with the lower two concentrations of 50 ng and 200 ng of chicken liver nucleic acid and 105 copy numbers when mixed with 500 ng of chicken liver nucleic acid (Table 3).  As part of our routine protocol, 200 ng of nucleic acid from clinical specimens are used for microarray analysis which therefore must encompass at least 104 virus genome in order to be positively identified by the array.

Table 3: Detection of Influenza A  virus nucleic acid with known copy number when mixed with varying concentrations of chicken liver nucleic acid to mimic those of clinical specimens.
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Determining the avian viral mini array sensitivity:

Two out of three influenza virus (H5N2) positive cloacal swab samples with virus genome copy number  of 1.69 x 102 and 1.74 x 103 per test reaction could be detected on the array, concluding an equal sensitivity to that of avian viral mini array. 
Verification of probes on the avian viral mini array:

Tables 4 and 5 summarise all the ortho and paramyxoviruses verified on the avian viral mini array as well as other avian viruses. The lack of signal for a number of viruses on the array may have resulted from the lower virus load in these samples. 

Table 4: List of known viral isolates verified on the avian viral mini array
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aPMV, Avian Paramyxoviruses; IBV, Infectious Bronchitis Virus; aMPV, Metapneumovirus; LIV, Louping ill Virus; TBEV, Tick-borne Encephalitis Virus and  WNV, West Nile Virus
Table 5: List of known positive clinical samples used to verify the avian viral mini array
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IBV, Infectious Bronchitis Virus and FF, formalin fixed heart tissue
Verification of probes on the pan viral array:
Probes for some of the viruses on the array were also positively verified using known clinical materials.
1) Brain sample of lambs positive for Schmallenberg virus

2) Serum sample positive for Schmallenberg virus

3) Nasal swap of a pig with SIV (H3N2)

4) Serum sample spiked with PRRSV, PCV2, and a retrovirus homologue to “Golden hamster intracisternal A-particle H18”

5) Faecal samples of pigs containing several enteroviruses (Porcine echovirus,  Porcine Sapelovirus, Porcine enterovirus 8).
6)  Also, lung and nasal swabs of chickens and pigs infected with known H-N types of Avian Influenza (n=7) were analyzed on the pan viral array. Hybridization intensities of the H and N specific probes presented on the array (H3, H7 H9, N1, N2, N7) correlated with the H and N type of the tested virus samples, showing that direct H-N subtyping of influenza A viruses in clinical samples is feasible with the array. 

Protocol optimisation:

As part of an MSc project and in conjunction with DEFRA project SE0537, the effect of ribosomal RNA removal or exclusion on the detection sensitivity of viruses in the pan viral microarray was  investigated. In brief, the large quantity of ribosomal RNA (rRNA) found in tissue samples is thought to be a major contributory factor affecting sensitivity of detecting RNA viruses, as a sequence-independent PCR (described in Gurrala et al., 2009) is used to amplify unknown samples for microarray analysis. This study therefore aimed to determine whether the removal or exclusion of rRNA can improve microarray detection and simplify its analysis due to lower background signal. The use of two different rRNA depletion and exclusion protocols, RiboMinus™ technology (Life technologies) and non-rRNA binding hexanucleotides (Endoh et al., 2005), was compared with our routine global nucleic acid amplification protocol. This study concluded that the two procedures, described to deplete or exclude rRNA, have no or 
negligible effect on the microarray detection and analytical process. In conclusion, our current in-use protocol of random amplification and background adjustment is fit for the purpose of sample processing for microarray analysis.

Investigation into several DNR cases using the arrays:

Several of such cases were investigated as part of this project at the AHVLA and CVI and are listed below.
1. Wasting’ syndrome in Peregrine hybrid falcons (Please see attachment for details).
2. Investigation into myocarditis in turkeys and detection of a reovirus on the array which was further confirmed by specific reovirus PCR and sequencing.
3. Investigation into mortality of a single adult female magpie (Pica pica) was found moribund at a site in Buckinghamshire, England, in April 2013, which subsequently died. The avian mini array failed to identify a pathogen, however further investigation based on histopathology and TEM concluded presence of a herpes or reovirus. Subsequently, a novel reovirus was detected in the samples and phylogenetically classified (manuscript at the final stages of preparation and attached). 
4. Investigation into an ongoing problem of chronic ill thrift and anaemia in a small proportion of grower pigs on a mixed livestock holding including a 170-sow indoor farrow to finish pig unit and a 250 ewe sheep flock. Typical cases were submitted to the Animal Health and Veterinary Laboratories Agency (AHVLA) for necropsy in September and December 2012. Gross pathology in both included anaemia with lymph node enlargement and generalised multifocal haemorrhages particularly affecting kidneys, thymus, liver and lymph nodes. A diagnosis was not established until the pan virus microarray detected the presence of Border Disease virus (BDV), which was confirmed using a specific RT-PCR for Border Disease.  
5. Investigation into calves with severe diarrhoea on several farm in the Netherlands which were diagnosed negative in tests for common enteric bacterial and viral pathogens, including an antibody based test for Bovine Coronavirus. Using the pan viral array Bovine Coronavirus (BoCoV) was detected in the faeces. This was confirmed with PCR. Further molecular characterization of the genome is in progress, in order to determine whether this BoCoV virus is a new virus variant.
6. Investigation into a diseased and dead wild deer; positive hybridization of probes coding for the retrovirus “Jaagziekte” were detected in the CNS liquor. Results were confirmed with PCR.
Ring trial using known & coded virus samples to check for sensitivity and specificity of the micro array protocols currently used by the participants:
This was not carried out in this project as the only active participant in the project was CVI which organised a ring trial during the Epizone project which was concluded successful with all participant correctly identifying the coded samples of Avian Newcastle disease virus with and Porcine Teschovirus. 

List of manuscripts in preparation 
1. Mortality associated with avian reovirus infection in a free-living magpie (Pica pica) in England. 

2. The effect of ribosomal RNA removal or exclusion on the detection of viruses in a pan viral microarray.
3. Development and application of an avian mini array for the screening of wild bird populations in Europe for viral pathogens.
Conference presentation:

Oral presentation at the GRF Davos One Health Summit 2013, 17 - 20 November 2013 in Davos, Switzerland entitled; Development and application of a mini DNA microarray for the screening of wild bird populations in Europe for viral pathogens. 

Poster accepted at 6th European Symposium of Porcine Health Management in Sorrento, Italy, 7th to the 9th of May 2014 entitled; Circulation of ruminant pestivirus infection on a pig unit.
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