Our results show that the agreement among the laboratories using the same rapid test varied between 0.84 and 1, while the estimated overall agreement among the 25 laboratories was very good (k-combined = 0.87, 95% Confidence Interval 0.85-0.89). Nevertheless, as regards differences in analytical sensitivity between the rapid tests in use, under-recognition of pre-clinical scrapie cases by lower performing systems must be expected. [START_REF] Detwiler | The epidemiology of scrapie[END_REF]. This TSE has been circulating for at least 300 years [START_REF] Gainger | Scrapie[END_REF] and is now present worldwide, except in Australia and New Zealand [START_REF] Gavier-Widén | Diagnosis of transmissible spongiform encephalopathies in animals: a review[END_REF]. Scrapie was first reported in Italy in 1975 [START_REF] D'angelo | Assessment of clinical criteria to diagnose scrapie in Italy[END_REF]; since the implementation of the mandatory reporting system in 1991, 436 outbreaks have been confirmed in sheep and goats. Scrapie has been historically considered as a non-pathogenic TSE for humans as no epidemiologic data have linked scrapie in small ruminants to human CJD incidence. However, the link between bovine spongiform encephalopathy (BSE) and new variant CJD (vCJD) (Will et al., 1996), the possibility that BSE may have been transmitted to sheep, with gross clinical signs indistinguishable from classical scrapie [START_REF] Foster | Transmission of Bovine Spongiform Encephalopathy to sheep and goats[END_REF], and the BSE case reported in a goat [START_REF] Eloit | BSE agent signatures in a goat[END_REF] have all raised concern that TSE in small ruminants may represent a potential threat to human health. To assess the prevalence of TSE in sheep and goat populations, the active surveillance programme of TSE in small ruminants was implemented in the European Union (EU) 

Materials and methods

A pool of brainstem samples collected from regularly slaughtered sheep of various genotype presenting as negative to confirmatory tests (histology, immunohistochemistry, Western blot) [START_REF] Bozzetta | Evaluation of rapid tests for the diagnosis of transmissible spongiform encephalopathies in sheep and goats[END_REF] was prepared as negative reference material; the positive reference material consisted of a pool of ovine brainstem samples of the ARQ/ARQ genotype (being the most frequent in Italian scrapie flocks) presenting as highly positive for classical scrapie at confirmatory tests. The positive and negative reference material was submitted to an appropriate pre-homogenization protocol to obtain comparable results from the RTLs.

Briefly, after removal of connective tissue and blood clots, the brainstem samples were cut into slices one cm thick. The tissue was transferred to a homogenization container and water was added in an equal amount (50% w/v) to create a 1:1 dilution. The reference material was subjected to three 30-second cycles of homogenization with a homogenizer (Moulinex), the first at low speed, the second at medium speed, and the third at high speed, with a 30-second The positive brain pool homogenate was diluted 1:10, 1:20, 1:50 in the negative pool homogenate. Each dilution was submitted to a last cycle of homogenization (30 seconds at high speed) to ensure the preparation was thoroughly mixed. The homogenate was at then transferred to a Duran bottle and further mixed for 1 minute by vortexing to remove the air bubbles.

The reference material was immediately dispensed in pre-labelled cryotubes (approximately 1 g) and stored at -80°C. Representative aliquots of the negative homogenate and of each dilution series were randomly chosen for testing in replicate with the rapid tests under study to verify the definitive signal (Table 1a,1b,1c,1d,1e).

The same aliquots of the dilution series were subjected to confirmatory Western blot (WB) analysis.

For the interlaboratory trial a sample size of 30 was calculated in order to obtain the lower limit of the 95% confidence interval (95% CI) for kappa >0.6 if two laboratories showed perfect agreement, or at least 0.56 if two laboratories showed disagreement for only one sample [START_REF] Altman | Practical statistics for medical research[END_REF][START_REF] Fleiss | Statistical methods for rates and proportions[END_REF]. Each laboratory received a set of 30 samples of brainstem homogenate (21 scrapie negative and 9 scrapie positive, three replicates per dilution).

A unique batch for each rapid test in use was dispatched to CEA and to the RTLs by the producers for the interlaboratory trial.

The samples were independently tested by each RTL that applied the SOP related to the test in use, and the results (in terms of positive/negative) were reported by the laboratories on a standard form prepared by the organizers. Kappa evaluates the agreement between two raters, excluding the rate of agreement due to the chance, for categorical variables. When raters perfectly agree, kappa reaches 1; when all the agreement is due to chance alone, kappa equals zero; when the agreement between raters is lower than the agreement due to the chance, kappa is negative. Value between 0 and 1 can be interpreted as follow [START_REF] Altman | Practical statistics for medical research[END_REF]: for k<0.2, the strength of the agreement is poor, between 0.21 and 0.4 it is fair, between 0.41 and 0.6 it is moderate, between 0.61 and 0.8 it is good and for k>0.8 the strength of the agreement is very good.

A k-overall (i.e. the weighted average of all the kappa estimates calculated for the same rater) was estimated for each laboratory, and the k-combined (i.e. the weighted average of all the kappa estimates for all the raters together) was calculated for the entire surveillance network [START_REF] Fleiss | Statistical methods for rates and proportions[END_REF].

The detection limit of each test relative to its cut-off point (c/o) was evaluated too.

Results

All the positive aliquots subjected to confirmatory WB resulted positive. The reading values obtained by the four rapid tests are shown in Table 1: Prionics check LIA, Bio-Rad TeSeE and Enfer TSE failed to detect some of aliquots belonging to the 1:50 dilutions. 

Discussion

This study constitutes the first evaluation of interlaboratory agreement for rapid tests intended for classical scrapie detection. Our results show that the study design produced suitable information on the reproducibility of the method when the laboratories were grouped by test in use and when the network was considered as a whole.

Small variations in the readings obtained on the replicates of the same aliquots tested by CEA (Table 1a, 1b, 1c, 1d, 1e) confirm that the proposed 50% aqueous tissue macerate can be applied for ring trial purposes and ensure the homogeneity of PrP sc distribution. On the other hand, when all national RTLs work according to SOPs carried out by well-trained staff, the differences in the readings within the laboratories applying the same rapid tests can be attributed to the manual skill demanded by the complexity of the procedures and to environmental conditions that will influence their robustness. In the former instance, the higher homogeneity of results obtained by the RTLs that employ the semi-automatic A limitation of the present study is that no atypical scrapie cases were included. The reason is that there is a paucity of atypical scrapie brainstem material left for evaluation purposes following the confirmatory protocol. Actually samples from atypical scrapie cases have never been included in the annual European ring trials for scrapie rapid tests organized by the Central Reference Laboratory for TSE for the National Reference Laboratories.

Furthermore, the evaluation of TSE rapid tests intended for small ruminants carried out by the EFSA in 2005 (EFSA, 2005a,b) was performed on cerebellar tissue from atypical cases, owing to the lack of brainstem material, as the target region for PrP sc accumulation [START_REF] Benestad | Cases of scrapie with unusual features in Norway and designation of a new type, Nor98[END_REF].

While some Member States carry out rapid testing on both cerebellar and caudal brainstem tissue to ensure the detection of both classical and atypical cases, the Italian Ministry of Health recommends, in accordance with EFSA opinion [START_REF] Efsa | Protocol for the evaluation of rapid post mortem tests to detect TSE in small ruminants. Scientific Opinion of the Panel on Biological Hazards, adopted on 7[END_REF], that rapid testing be carried out only on the caudal brainstem as the best compromise for detecting all A c c e p t e d M a n u s c r i p t 9 TSE agents in sheep. For this purpose, only the best performing scrapie rapid tests in terms of analytical sensitivity need to be applied. Due to the lack of informations on this parameter on the approved TSE rapid tests for small ruminants, further evaluation of the analytical sensitivity on the brainstem of a larger number of scrapie strains and from different ovine genotypes will help to identify the best tools for effective surveillance within EU Member States.

Conclusions

We can conclude that the performance of the Italian scrapie active surveillance system has reached a high level of agreement, mainly owing to harmonization of the methods in use, continuous staff training, and annual inspection visits. Nonetheless, variation in analytical sensitivity and robustness among the rapid tests in use suggests that a noticeable difference in a test's ability to detect pre-clinical scrapie cases can be expected in routine activity. , 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 
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  and goats, the longest known transmissible spongiform encephalopathy (TSE), is characterised by the accumulation in the central nervous system (CNS) of partially proteinase k-resistant prion protein (PrP sc ), an abnormal isoform of the cellular prion protein (PrP c )

  TSE periodically verify national diagnostic standards and methods by means of comparative trials. The objectives are to monitor national rapid test activity and to demonstrate to the European Commission that the rapid surveillance system is effective. In 2007, following the approval of rapid tests specific for the diagnosis of TSE in small ruminants, the Italian Reference Centre (CEA) involved the 25 RTLs in the first ring trial for classical scrapie; the trial was conducted to verify interlaboratory agreement by Cohen's kappa (k) of the rapid TSE tests in use in Italy: Biorad TeSeE (BIO-RAD Marnes la Coquette, France) [17 laboratories, 10 working with the manual version and 7 with the semi-automatic process (TeSeE NSP)], Enfer TSE version 2.0, Abbott (Abbott, Abbott Park, IL, USA) (4 laboratories), Idexx Herd chek BSE-scrapie antigen kit (IDEXX Laboratories, Inc.Westbrook, ME, USA) (3 laboratories), and Prionics check-LIA SR (Prionics AG, Schlieren, Switzerland) (one laboratory).

  . The homogenate was then transferred to a Duran bottle and placed on a vortex mixer for approximately 1 minute to help remove any surplus air bubbles.

  College Station, TX, USA: StataCorp LP) was used to evaluate interlaboratory agreement and analytical sensitivity of the rapid tests. Cohen's kappa for each pair of laboratories was calculated, obtaining 300 estimates of kappa.

Figure 1

 1 Figure1shows the k-overall values for each laboratory: the k-overall was 0.92 (95% CI

  Bio-Rad TeSeE, when compared to that obtained by the RTLs that use the manual method, confirms our hypothesis. In the second instance, even if all laboratories work according to ISO CEI EN 17025 and consequently environmental condition are under control, the difference of the humidity rate between the climate of the different Italian regions may have contributed to cause the considered differences, as already observed (data not shown).In comparison with the 2005 EFSA evaluation (2005a, 2005b), the overall lower analytical sensitivity of the four rapid tests found in our study can be related to the PrP sc concentration in the starting positive samples, which mainly came from pre-clinical scrapie cases detected by active surveillance. Compared with the other rapid tests, the Idexx Herd chek BSE-scrapie antigen kit demonstrated the highest analytical sensitivity, displaying a slow decrease in the positive signal on the dilution series (Figures3 and 4).

  Instruction Manual for Bovine Spongiform Encephalopathy-Scrapie Antigen test kit. Prionics AG. Instruction Manual for Prionics®-Check LIA SR test. Will, RG, Ironside, JW, Zeidler, M, Cousens, SN, Estibeiro, K, Alperovitch, A, Poser, S, Pocchiari, M, Hofman, A, Smith, PG., 1996. A new variant of Creutzfeldt-Jacob disease in the UK. Lancet 347, 921-925.
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  ; Prionics check-LIA SR: laboratory. 11; Enfer TSE version 2.0: laboratories 2, 3, 4, 5; Idexx Herd chek BSE-scrapie antigen kit: laboratories 23,24,25; Black = k-combined for all laboratories together
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 2 Figure 2. K-combined and 95% CI for each test considering only the laboratories that use
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 3 Figure 3. Mean response for the dilution series and the negative samples obtained by the
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 4 Figure 4. Analytical sensitivity: serial dilution curves of the responses of the four rapid
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in January 2002 according to Commission Regulation EC 1248/2001, and rapid tests specific for sheep and goats were

  

	later approved according to Commission Regulation EC 253/2006.
	Active surveillance in Italy is based on the diagnostic activity of the 25 rapid test
	laboratories (RTLs) making up the network of the national Istituti Zooprofilattici Sperimentali
	(IIZZSS), which are state veterinary laboratories responsible for the diagnosis of animal
	pathologies and for food and feed control. All laboratories work according to ISO CEI EN
	17025 and apply standard operating procedures (SOPs) accredited by an external body that
	carries out annual audits. Annex X of Regulation (EC) 999/2001 requires that National

  Each laboratory was identified with a progressive number. The STATA 9.2 statistical package (StataCorp. 2005. Stata Statistical Software:

Table 1 a, 1b, 1c, 1d and 1e.

 1 Readings of negative and of positive replicate by rapid test obtained by CEA. Negative results (below cut-off) are shown in grey.

0 Samples Aliquots 1st replicate 2nd replicate Mean response Standard Samples Aliquots 1st replicate 2nd replicate Mean response Standard

  

					Deviation						Deviation
		0.015	0.018	0.017	0.002		1	0.17	0.00	0.09	0.117
	Negatives	0.013	0.015	0.014	0.001	Negatives	2	0.00	-0.01	0.00	0.006
		0.012	0.013	0.013	0.001		3	-0.01	0.03	0.01	0.025
		0.460	0.545	0.503	0.060		1	51.13	87.88	69.51	25.986
	Positives 1:10	0.475	0.462	0.469	0.009	Positives 1:10	2	112.78	134.15	123.47	15.111
		0.579	0.603	0.591	0.017		3	55.01	20.00	37.51	24.756
		0.231	0.212	0.222	0.013		1	38.05	31.87	34.96	4.370
	Positives 1:20	0.277	0.230	0.254	0.033	Positives 1:20	2	28.91	56.05	42.48	19.191
		0.294	0.312	0.303	0.013		3	32.14	14.32	23.23	12.601
		0.097	0.094	0.096	0.002		1	3.81	1.26	2.54	1.803
	Positives 1 : 50	0.072	0.091	0.082	0.013	Positives 1 : 50	2	2.08	5.67	3.88	2.539
		0.111	0.101	0.106	0.007		3	2.41	10.77	6.59	5.911
	b) Biorad TeSeE manual version				e) Prionics check LIA SR				
	Samples	Aliquots 1st replicate 2nd replicate Mean response Standard	Samples	Aliquots 1st replicate 2nd replicate Mean response Standard
					Deviation						Deviation
		0.014	0.013	0.014	0.001		1	186	246	216	42.426
	Negatives	0.015	0.012	0.014	0.002	Negatives	2	182	232	207	35.355
		0.011	0.014	0.013	0.002		3	265	234	250	21.920
		0.405	0.443	0.424	0.027		1	15790	20580	18185 3387.041
	Positives 1:10	0.517	0.510	0.514	0.005	Positives 1:10	2	18998	14175	16587 3410.376
		0.404	0.428	0.416	0.017		3	14668	22690	18679 5672.411
		0.288	0.212	0.250	0.054		1	3872	5021	4447 812.466
	Positives 1:20	0.276	0.269	0.273	0.005	Positives 1:20	2	4250	5208	4729 677.408
		0.222	0.248	0.235	0.018		3	6010	4378	5194 1153.998
		0.083	0.090	0.087	0.005		1	714	552	633 114.551
	Positives 1 : 50	0.067	0.077	0.072	0.007	Positives 1 : 50	2	1114	946	1030 118.794
		0.106	0.112	0.109	0.004		3	463	385	424	55.154
	c) Idexx Herd check BSE-scrapie antigen kit									
	Samples	Aliquots 1st replicate 2nd replicate Mean response Standard						
					Deviation						
		0.023	0.026	0.025	0.002						
	Negatives	0.029	0.027	0.028	0.001						
		0.024	0.025	0.025	0.001						
		2.667	2.641	2.654	0.018						
	Positives 1:10	2.561	2.498	2.654	0.018						
		2.468	2.432	0.659	0.023						
		1.484	1.519	2.450	0.025						
	Positives 1:20	1.801	1.749	1.775	0.037						
		1.383	1.342	1.363	0.029						
		0.643	0.675	0.659	0.023						
	Positives 1 : 50	0.670	0.683	0.677	0.009						
		0.775	0.716	0.746	0.042						

A c c e p t e d M a n u s c r i p t