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antibodies and RNA. The first ring trial determined the ability of laboratories to detect antibodies to all 24 serotypes of BTV. The second ring trial, which included both antisera and EDTA blood samples from animals experimentally infected with the northern European strain of BTV-8, determined the ability of laboratories to detect BTV-8 antibodies and RNA, as well as the diagnostic sensitivity of the assays. A total of six C-ELISAs, six real-time RT-PCR and three conventional RT-PCR assays were used. All C-ELISAs were capable of detecting the BTV serotypes currently circulating in Europe (BTV-1, 2, 4, 8, 9 and 16), however some assays displayed inconsistencies in the detection of other serotypes, particularly BTV-19. All C-ELISAs detected BTV-8 antibodies in cattle and sheep by 21 dpi, while the majority of assays detected antibodies by 9 dpi in cattle and 8 dpi in sheep. All the RT-PCR assays were able to detect BTV-8, although the real-time assays were more sensitive compared to the conventional assays. The majority of real-time RT-PCR assays detected BTV RNA as early as 2 dpi in cattle and 3 dpi in sheep. These two ring trails provide evidence that national reference laboratories within the EC are capable of detecting BTV antibodies and RNA and provide specificity and sensitivity information on the detection methods currently available. BTV is transmitted by Culicoides biting midges. The distribution of BTV is restricted to areas where competent Culicoides vectors are present and where climate conditions are favourable for adult vector activity [START_REF] Mellor | The transmission and geographical spread of African horse sickness and bluetongue viruses[END_REF]. The disease has a global distribution of 35˚S and 40˚N, although in parts of North America and China it has been reported as far as 50˚N [START_REF] Dulac | Consecutive Outbreaks of Epizootic Hemorrhagic-Disease of Deer and Bluetongue[END_REF][START_REF] Kirkland | Studies on the epidemiology of bluetongue virus in China[END_REF]. BTV disease (i.e. BT) is non contagious and is considered able to infect all species of ruminant, although clinical disease is limited to certain breeds of sheep, particularly the European fine wool and mutton breeds and some species of deer (e.g. white-tailed). Clinical signs include fever, hyperaemia, coronitis, oedema, erosions and ulcerations of the dermis. In severe cases death may occur in 8-10 days.

To date, 24 serotypes of BTV (BTV-1 to BTV-24) have been identified by serum neutralisation assays (SNT) [START_REF] Mellor | The transmission and geographical spread of African horse sickness and bluetongue viruses[END_REF][START_REF] Mertens | The bluetongue virus core: a nano-scale transcription machine[END_REF][START_REF] Roy | Bluetongue virus proteins[END_REF]. The distribution and prevalence of these serotypes differs within each endemic area. From 1998 to 2005, five serotypes of BTV (1, 2, 4, 9 and 16) have been circulating in the Mediterranean Basin including Turkey, Greece, Italy, Tunisia, Algeria, Sardinia, Corsica and Sicily. This is the largest BTV outbreak on record and A c c e p t e d M a n u s c r i p t 4 has resulted in the loss of >1.8 million animals [START_REF] Mellor | The transmission and geographical spread of African horse sickness and bluetongue viruses[END_REF][START_REF] Mellor | Bluetongue virus in the Mediterranean Basin 1998-2001[END_REF]Tatem, 2003).

In August 2006 clinical cases of BT were suspected in the Netherlands. The CIDC -Lelystad identified the presence of BTV RNA in samples from suspect cases by RT-PCR targeting genome segment 10, and detected BTV specific antibodies in serum samples by competitive ELISA (C-ELISA). These findings were confirmed by the Community Reference Laboratory (CRL) at Pirbright, UK, who went on to confirm that the outbreak was caused by BTV serotype 8 (BTV-8), a serotype that had never before been observed in Europe. By the end of 2006 BTV had spread and infected ruminants in a wide area across northern Europe including the Netherlands, Belgium, Germany, northern France and Luxembourg. In 2007, BTV-8 has continued to spread in these countries and has also infected ruminants in the United Kingdom, Denmark and Switzerland.

Traditionally laboratory diagnosis of BTV has relied upon the detection of BTV antibodies by agar gel immunodiffusion or ELISA and the detection of BTV antigen by virus isolation in embryonated eggs followed by cell culture and virus neutralisation tests (VNT). Recently new molecular diagnostic tests based on different segments of the genome have been developed (Anthony, 2007;[START_REF] Katz | Colormetric diagnosis of prolonged bluetongue vireamia in sheep, using an enzyme-linked oligonucleotide sorbent assay of amplified viral nucleic acids[END_REF]Monaco et al., 2006;[START_REF] Orru | Differentiation of Italian field and South African vaccine strains of Bluetongue virus serotype 2 using real-time PCR[END_REF][START_REF] Polci | Real-time Polymerase chain reaction to detect bluetongue virus in blood samples[END_REF][START_REF] Darpel | A study of British sheep and cattle infected with bluetongue virus serotype 8 from the 2006 outbreak in northern Europe[END_REF]Toussaint, 2007;Wilson, 2004;Zientara, 2004).

The CRL for BT is responsible for sending out inter-laboratory comparison tests (ring trials) to compare diagnostic methods for BTV. In June 2006, prior to the BTV-8 outbreak in northern Europe, the CRL sent out a ring trial in order to investigate the ability of laboratories to detect all 24 serotypes of BTV by ELISA. Many commercial kits for the detection of BTV antibodies were on the market, but validation data was limited. Also, in August 2006, very few real-time RT-PCR assays had been published and many labs in northern Europe were using unpublished PCR assays for BTV antigen detection. Thus the European Community (EC) instructed the CRL to send out another ring trial in September 2006 in order to determine the ability of reference laboratories across Europe to detect the BTV-8 strain circulating in northern Europe in both blood and serum samples. This paper reports the findings of both of these studies.

Materials and Methods

Samples

Ring trial 1

Reference antisera to the 24 BTV serotypes raised in sheep were sent to all national BT reference laboratories in the EC. Serially diluted samples of BTV-16 antiserum were prepared in normal sheep serum (Sigma, UK). Four samples diluted 1/25, 1/50, 1/100 and 1/200 were prepared to give an indication of test sensitivity. In addition three BTV negative antisera (sheep, goat and cattle) and five positive antisera from a related orbivirus, Epizootic Haemorrhagic Disease virus (EHDV-1, 2, 5, 7 and 318)

were prepared to test specificity. In total thirty-six randomly coded samples were dispatched to each of twenty-nine participating EC national reference laboratories.

Ring trail 2

Four sheep and four cattle were infected with the northern European BTV-8 strain in animal facilities at IAH, Pirbright (Darpel, 2007). Serum and blood samples were (Table 1). In total 12 randomly coded blood samples and eleven serum samples were dispatched to each of 23 participating EC national BT reference laboratories.

C-ELISA

The presence of BTV antibodies in the serum samples supplied in ring trails 1 and 2

were assessed with the 'in-house' ELISA being used for routine BT diagnosis in the participating laboratories. A total of six different commercially available ELISAs were used (Table 2).

RT-PCR

The presence of BTV RNA in the 12 blood samples (Table 1) supplied in the ring trial was assessed using the 'in-house' RT-PCR assays being used for routine BT diagnosis in the participating laboratories. Seven different real-time RT-PCR assays and three conventional gel-based RT-PCR assays were used between the laboratories. In some of the laboratories the samples were tested by more than one assay.

Results

Ring trial 1

In the 23 BT national reference laboratories participating in the trial a total of six commercial ELISAs were used to detect BTV antibodies (Table 2). The results detecting BTV RNA at 5 dpi in sheep. This assay did not detect BTV RNA at later time-points of infection when the alternative assays remained positive (Table 5).

(summarised in

Conventional gel-based RT-PCR assays

The results of the conventional RT-PCR assays are shown in Table 6. All assays were capable of detecting BTV-8 however there was some intra-laboratory variation in sensitivity, especially when the assay developed by [START_REF] Anthony | A duplex RT-PCR assay for the detection of genome segment 7 (VP7 gene) from 24 BTV serotypes[END_REF] 

Discussion

This For many years the detection of BTV specific antibodies has been carried out using a C-ELISA [START_REF] Afshar | Competitive Elisa for Serodiagnosis of Bluetongue -Evaluation of Group-Specific Monoclonal-Antibodies and Expressed Vp7 Antigen[END_REF][START_REF] Afshar | Comparison of Competitive Elisa, Indirect Elisa and Standard Agid Tests for Detecting Blue-Tongue Virus-Antibodies in Cattle and Sheep[END_REF]Afshar et al., 1987b) or a blocking ELISA (Afshar et al., 1987a;[START_REF] Anderson | Use of Monoclonal-Antibody in a Blocking Elisa to Detect Group-Specific Antibodies to Bluetongue Virus[END_REF]. However, in the last few years a number of commercially available BT antibody detection ELISAs have are very quick and easy to use. The ring trials described here were set up to determine whether these commercial assays are able to detect antibodies to all 24 BTV serotypes and whether they are capable of detecting BTV-8 antibodies in field samples. A total of six commercially available ELISAs were used by the participating laboratories in the ring trials. In the first ring trial, which was sent out before the northern European BT outbreak, the majority of laboratories were routinely using the BDSL, the Ingenasa and the VMRD ELISAs, however by the second ring trial many labs had swapped to using the ID-Vet and Pourquier ELISAs. The reason for the reduced use of the BDSL ELISA was that, due to the BTV-8 outbreak and the necessity for high throughput testing, laboratories needed fast, robust assays that were easy to perform.

The participating laboratories found the BDSL ELISA laborious to perform (taking up to four hours to complete) and lacking in robustness (some plates failed on control parameters). In contrast the ID-Vet and Pourquier ELISAs were rapid to perform (taking one hour to complete), readily available in Europe and plates consistently passed on control parameters.

Results revealed some inconsistencies between kits in their ability to detect antibodies to the 24 serotypes, however all six ELISAs were capable of detecting Ten laboratories tested the EDTA blood samples using conventional gel-based RT-PCR assays. Three different protocols were used which included one nested and two conventional procedures. There was considerable intra-laboratory variation in the results reported from the five laboratories that used the RT-PCR assay developed by [START_REF] Anthony | A duplex RT-PCR assay for the detection of genome segment 7 (VP7 gene) from 24 BTV serotypes[END_REF]. These inconsistent results were most likely due to the fact that different RNA extraction methods were used between the laboratories. In contrast the four laboratories that used the OIE nested RT-PCR method found this assay to be as sensitive as the real-time RT-PCR assays detecting viral RNA at 3 dpi in sheep and with a limit of detection at 2 dpi in cattle. The PCR carried out with the nested OIE primers proved very sensitive, however there are many drawbacks associated with using conventional gel-based RT-PCR assays as opposed to real-time assays to process multiple samples in an outbreak. The use of real-time RT-PCR avoids the time consuming gel electrophoresis step making it faster to perform than conventional RT-PCR assays, also real-time assays are easily adapted to a 96-well format, making them well suited to high through-put diagnostic systems and process automation.

Additionally real-time assays amplify the target cDNA within a 'closed-tube' format, significantly reducing risks of cross-contamination and false positives. 

  reference laboratories participated in two interlaboratory comparison tests in 2006 to evaluate the sensitivity and specificity of their 'in-house' ELISA and RT-PCR assays for the detection of bluetongue virus (BTV)

Key

  Bluetongue virus (BTV) is the prototype member of the genus Orbivirus within the family Reoviridae. The bluetongue (BT) virus particle is approximately 70nm in diameter comprising a dsRNA segmented genome. The ten dsRNA segments encode five structural proteins (VP1-VP5) and three non structural proteins (NS1-NS3). The genome is contained within a core particle consisting primarily of VP3 and VP7, which is in turn encased in an outer capsid consisting of VP2 and VP5. VP2 is responsible for attachment of BTV to mammalian cells and contains epitopes responsible for haemagglutination, virus neutralisation and serotype specificity.

  When BTV-8 was confirmed in the Netherlands in August 2006 the majority of A c c e p t e d M a n u s c r i p t 5 diagnostic labs across northern Europe were not prepared for an outbreak of BTV.

  throughout the 35 day experiment. Blood samples were analysed by RT-PCR and serum samples by C-ELISA within the CRL. Selections of negative and positive samples were chosen to measure the diagnostic sensitivity of the test

  and three laboratories respectively used these assays in the trial. All of the ELISAs detected BTV antibodies by 21 dpi in cattle and sheep (

  ), 2004) showed comparable sensitivity to the most sensitive real-time RT-PCR assays.

  These commercial assays are based on recombinant technology and

  antibodies to the serotypes currently circulating in Europe. Since the ring trial Ingenasa has developed a new ELISA for the detection of BTV antibodies (INGEZIM BTV DR 12.BTV.K0). When the panel of samples from the first ring trial were tested by the CRL this assay detected antibodies to all 24 BTV serotypes. The second ring trial investigated the diagnostic sensitivity of 'in-house' RT-PCR and ELISAs in EC national BT reference laboratories. Relevant blood and serum samples from experimentally infected cattle and sheep were incorporated in the trialA c c e p t e d M a n u s c r i p t 11 in order to measure the limit of detection of the assays. The BDSL ELISA kit was shown to be the most sensitive detecting BTV antibodies in sheep at 6 dpi and cattle at 7 dpi. The Pourquier, ID-Vet and VMRD ELISA first detected BTV antibodies a day later in both sheep and cattle. The sensitivity of the IZS and Ingenasa ELISAs were slightly lower, however, few laboratories used these assays in the trial. When the panel of sera from the second ring trial was tested by the CRL using the new INGEZIM BTV DR 12.BTV.K0 ELISA for BTV antibody detection (Ingenasa), the assay showed very good diagnostic sensitivity being able to detect antibodies in sheep and cattle at 6 and 7 dpi in line with the BDSL ELISA. As expected all of the ELISAs were capable of detecting BTV antibodies by 21 dpi in cattle and sheep. It is important to note that the majority of the samples in the second ring trial were taken from animals that had been experimentally infected with BTV-8 and that antibody levels in cattle and sheep at these time points post-infection in the field may be different.EDTA blood samples from animals experimentally infected with BTV-8 were included in ring trial 2 to determine the ability of EC Reference laboratories to detect BTV RNA using in house RT-PCR assays. Fourteen laboratories used a total of six different real-time RT-PCR assays. All six assays were capable of detecting BTV-8 RNA however they varied in their level of sensitivity. The real-time RT-PCR assays developed in the UK, France, Belgium, Holland, Germany and Italy all proved extremely sensitive detecting BTV RNA at 3 dpi in sheep. Some intra-laboratory variation was seen at the limit of detection at 2 dpi in cattle, however all laboratories detected BTV RNS by 5 dpi. The assay developed by[START_REF] Jimenez-Clavero | High throughput detection of bluetongue virus by a new real-time fluorogenic reverse transcription-polymerase chain reaction: application on clinical samples from current Mediterranean outbreaks[END_REF] was found to have a reduced sensitivity, although it was able to detect BTV RNA at the peak of infection at a time when the animals were likely to exhibit clinical signs of A c c e p t e d M a n u s c r i p t 12 disease. This assay however did not detect BTV RNA at later time-points of infection when the alternative assays remained positive. The primers and probe in this assay were positioned in a part of segment 5 of the BTV genome that had various mismatches which reduced the sensitivity of the assay.

  Regular proficiency tests are important to establish confidence in the reliability of laboratory diagnostic procedures. In future ring trials we plan to address both how sensitive the commercial ELISAs are in the detection of antibodies to the 24 A c c e p t e d M a n u s c r i p t 13 serotypes and also the ability of national reference laboratories to detect BTV strains currently circulating in Europe by RT-PCR.

Table 3

 3 However, when the ring trial samples were tested in the CRL the Pourquier and ID-Vet ELISAs detected antibodies to all 24 serotypes including BTV-19. Seven laboratories used the Ingenasa BTV ELISA and inconsistencies were seen in detecting antibodies against BTV serotypes3, 7, 10, 11, 12, 19 and 20. Two laboratories used the IZS ELISA which failed to detect BTV serotype 7 and 19, and produced inconclusive results with BTV serotypes 4, 9, 10, 12 and 15. All six ELISAs were specific for BTV with only two laboratories reporting cross-reactions with EHDV serotype 2 with the BDSL ELISA and one laboratory reported cross-reactivity to EHDV serotype 1 using the VMRD ELISA. All the ELISAs could detect a 1/25 dilution of BTV-16 serum, with the BDSL kit having the highest sensitivity level as analysed by detecting antibodies in BTV-16 antiserum diluted 1/200 (data not shown).In the 19 BT national reference laboratories participating in the trial a total of six commercial ELISAs were used to detect BTV antibodies (Table2). The six ELISAs exhibited varied sensitivities when tested on the ring trial samples (Table4). The BDSL ELISA detected antibodies in samples from 6 and 7 dpi in sheep and cattle respectively. The Pourquier, ID-Vet and VMRD ELISAs detected BTV antibodies by 8 dpi in sheep and 9 dpi in cattle. Inconclusive results were recorded at 7 dpi in sheep indicating this is the limit of detection of the assays. The limit of detection for BTV antibodies using the IZS and Ingenasa ELISA appeared to be at 8 dpi in sheep

	M a n u s c r i p t
	3.2 Ring trial 2 A c c e p t e d 3.2.1 ELISA

) illustrate that the BDSL C-ELISA and VMRD ELISA were able to detect antibodies to all 24 BTV serotypes; these results were consistent in 7 eight laboratories. Only one laboratory used the Pourquier and the ID-Vet ELISA and both these kits detected 23 out of the 24 serotypes failing to detect antiserum against BTV-19.

Table 4

 4 The results of the real-time RT-PCR assays are outlined in Table5. All of the RT-PCR assays detected BTV-8; however the sensitivity of the assays, measured by their ability to detect BTV RNA in samples collected at different time-points post-

	).

infection, varied. Three of the published assays

[START_REF] Darpel | A study of British sheep and cattle infected with bluetongue virus serotype 8 from the 2006 outbreak in northern Europe[END_REF], Toussaint et al., 2007[START_REF] Polci | Real-time Polymerase chain reaction to detect bluetongue virus in blood samples[END_REF] 

exhibited extremely high sensitivity detecting BTV RNA as early as 2 dpi in cattle and 3 dpi in sheep. The unpublished assays developed in Holland and Germany showed similar high levels of sensitivity. The real-time RT-PCR assay developed by Jimenez-Clavero et al (2006) was less sensitive first

  paper describes the first two ring trials carried out amongst EC BT national reference laboratories to test the ability of 'in-house' RT-PCR and ELISA assays to detect both BTV RNA and antibodies. In June 2006 the first ring trial was dispatched and the results indicated that the EC national BT reference laboratories were capable of detecting antibodies against BTV serotypes circulating in Europe. The unexpected outbreak of BT in northern Europe in the summer of 2006 made it essential that effective diagnostic assays were in place in affected countries. It became vital that the

affected country, neighbouring countries and the EC were confident in the ability of the national reference laboratory to detect BTV in affected animals. The unexpected outbreak of BTV-8, a serotype that had never previously been active in Europe, emphasised the importance of laboratories having in place assays that could detect not only BTV serotypes present in Europe, but also serotypes that are circulating further afield. Although the first ring trial indicated that the laboratories were capable of detecting antibodies to BTV-8, a second ring trial, was set up as a direct result of the BTV-8 outbreak in northern Europe, aimed to assess the diagnostic capabilities of EC national BT reference laboratories to detect BTV-8 in sera and blood samples collected directly from BTV-8 infected cattle and sheep.

Table 1 :

 1 Blood and serum samples sent to the European Community Bluetongue national reference laboratories as part of ring trial 2.

	Ring trial 2
	Blood Samples	Serum Samples
	Cattle Uninfected	Sheep Uninfected
	Sheep Uninfected	Cattle Uninfected
	Cattle 2 dpi	Sheep 6 dpi
	Sheep 3 dpi	Cattle 7 dpi
	Cattle 4/5 dpi	Sheep 7 dpi
	Sheep 5 dpi	Cattle 9 dpi
	Cattle 10 dpi	Sheep 8 dpi
	Sheep 8 dpi	Cattle 21 dpi
	Cattle 27 dpi	Sheep 21 dpi
	Sheep 27 dpi	Cattle: Netherlands field sample
	Cattle: Netherlands field sample	Sheep: German Field sample
	Sheep: German Field sample	
	dpi -days post infection	

Table 4 :

 4 Comparison of C-ELISA results for ring trial 2, generated from 19 participating laboratories. Ingenasa has recently released a new BTV antibody detection ELISA (INGEZIM BTV DR 12.BTV.K0). This assay has been shown by the CRL to show similar sensitivity to the BDSL ELISA.

	Assay	BDSL		INGENASA*		VMRD			ID VET		IZS		Pourquier
	No: Labs		5			3			6			10			1			8
		P	N	inc	P	N	inc	P	N	inc	P	N	inc	P	N	inc	P	N	inc
	Sheep Day 0	5			3				6			10		1			8	
	Cow Day 0	5			3				6			10		1			8	
	Sheep 6dpi	5			3				6			10		1			7		1
	Cow 7dpi	5			3				6			10		1			8	
	Sheep 7dpi	5			3			3	2	1	5	4	4	1		6	2	
	Cow 9dpi	5			3			2	3	1	1	8	1	1		1	6		1
	Sheep 8dpi	5			2		1	6			10		1			8		
	Cow 21dpi	5		3				6			10		1			8		
	Sheep 21dpi	5		3				6			10		1			8		
	Cow Holland	5		3				6			10		1			8		
	Sheep Germany	5		3				6			10		1			8		
	dpi -days post infection; P -Positive; N -Negative; inc -inconclusive								

*

Table 4

 4 
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