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Abstract

We report on the diagnostic sensitivity of 3 EU-awed rapid tests (1 from IDEXX and 2
from BIO-RAD) for the detection of transmissibleosgiform encephalopathy (TSE) diseases
in goats. Ninety-eight goat brain stem samples westd. All of rapid tests had 100%
specificity and>80% sensitivity with the IDEXX test significantlyare sensitive than the 2
Bio-Rad tests. All tests detected 100% of sampta® fgoats with clinical scrapie, but missed
between 7% (IDEXX) and 24% (BIORAD-SG) of samples pre-clinical goats.
Importantly, only IDEXX picked up all samples fractinical BSE-infected goats, whereas
the other 2 rapid tests missed between 15% (BIORA&D)-and 25% (BIORAD-SAP). These
results show that a fraction of pre-clinical sceajpifections are likely missed by the EU
surveillance, with sensitivity of detection stropglepending on the choice of the rapid test.
Moreover, a significant proportion of clinical B&tfections are underestimated by using
either BIO-RAD test. Assuming that the same sengjton pre-clinical goats would also
occur in BSE-infected goats, our data suggestiD&XX is likely the most sensitive test for
detecting preclinical field cases of BSE infectinmgoats, though with a 7% failure rate.
These results raise some concerns about the taliaficurrent EU surveillance figures on

BSE infection in goats.

Key words: BSE; diagnosis; goats; rapid testsrapie; sensitivity; surveillance.
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Prion infection induces progressive and untreatableodegenerative diseases in humans,
wild and farmed ruminants, and occasionally in pthammalian species. Prion or
transmissible spongiform encephalopathy (TSE) desgare characterized by the formation
and accumulation of an abnormal isoform of the r@forion protein (Prf) in the central
nervous system (CNS) and, occasionally, in pergihessues. The pathological prion protein
(PrP9 differs from PrPbecause it appears refolded, aggregated and|fyaptiatease
resistant. These unique features of'PHave been used for the development of most
diagnostic methods currently used for the deteaifoRSE diseases.

Scrapie disease of sheep and goats has been enddfuiope for-200 years, but has never
been convincingly associated with any form of hum&k disease, although recent data
based on experimental transmission of scrapie toamized mic&or non-human primatés
have re-opened this issue. On the other hand piilderaic of bovine spongiform
encephalopathy (BSE) in the UK and other Europadihecpopulations has been
unequivocally linked to the appearance of variamufeldt-Jakob disease in humafis,
Because BSE is experimentally transmissible toshee goat$ and these small ruminants
were likely exposed to BSE-contaminated feed inelty 1980s, there is concern that the
BSE agent may circulate in the sheep and goat ptpnlrepresenting a possible secondary
risk to human$™.

In 2006 the Commission Regulation (EC) 253/208proved 9 rapid postmortests to
monitor the prevalence of scrapie and BSE in smatinant populations. Sensitivity, based
on the lowest detectable concentration of*PaBove background noise, and specificity were
assessed in classical scrapie cases. In additiemerformance of these tests for the
identification of atypical scrapie and BSE in shegs also evaluaté 2171 |n the frame
of such evaluations, only IDEXXBIORAD-SAP and BIORAD-SG tests were able to

detect atypical scrapie, a result also confirmeddoyine screening for scrapie in sheep and
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goat$ 2> In 2012, EFSA also recommend@doSTRIP SRtest (visual reading protocol) for
the detection of TSE disease in small ruminantsvéi@r, a specific study on the suitability
of rapid methods for the detection of TSE diseasg®ats was never performed.

The goat population in Europe is considerably senalian that of sheep one, but these
ruminants were likely highly exposed to the BSEmdeecause of feeding of concentrate for
dairy farming purposes. Thus, evaluation of sutaede system in place for the goat
population is crucial.

We compared the performance of 3 EU-approved napstimortentests for active
surveillance of TSE diseases on brain samples fjoats with ‘natural’ scrapie or goats with
experimental scrapie or BSE. These three rapid tesulted 100% specific and sensitive for
detecting TSE diseases in sheep.

Ninety-eight goat brain stem samples were includdate study. All samples were prepared
as 50% tissue macerates in water as below. Thireyed these samples were sourced from
goats with ‘natural’ scrapie from seven differetd Eountries (Table 1), 7 from clinically
affected goats and 24 from clinically healthy ansn®ther samples (h=32) from goats with
experimentally induced scrapie or BSE were provioiethe CVI, FLI, Roslin, INRA and
CEA (full names in Table 1). All samples from TS&sjtive animals resulted also BfP
positive at western blot or immunohistochemicallgs®s as required by the EU Regulation
(EC) N. 999/200% PRNP analyses revealed that 60% of goats catréeedild genotype,
while in a few animals polymorphisms 1142M (11%)43R (9%), R154H (2%), R211Q
(23%) or repeats deletion (4%) were found in a &wmnals. Negative control samples were
from clinically healthy goats slaughtered in Italyd they were, as expected, negative by
Western blot analysi& The whole brain stem sample tissue was trimmedledl, mildly
minced with a scalpel blade, until the tissue apgitomogeneous. Sterile nuclease-free

water was added in an equal amount (50% water/v@ldoncreate a 1:1 dilution. The
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suspension was subjected to cycles of homogenizatimg a low-speed hand-held
homogenizing unit until achievement of a homogesqmste. The resulting homogenate was
immediately stored at -80°C and kept frozen uestéd. Samples were tested by the IDEXX,
the BIORAD-SAP, and the BIORAD-SG ELISAs tests adang to the manufacturer’s test
instructions. The PrioSTRIP SR test was not indlidethis analysis. The 3 tests are based
on semi-quantitative ELISA methods that produce@itptive result relative to a cut-off
value. The two BIORAD tests include a PK digesttep to unmask cryptic epitopes,
whereas the IDEXXestrelies on conformational detection technology usirgpecific
proteinase resistant binding dextran polyther

The manufacturers specifically provided a uniquelbaf each rapid test well before the
expiry dates to avoid false results producted oy tlough still unexpired batches. Samples
were coded and then tested in duplicate excef@ samples from Greece and 1 from the UK
because of insufficiently available material. Thfid tests use semi-quantitative ELISA
methods that produce qualitative results baseditnft values. Samples with optical density
lower than the cut-off value on both replicatesevesnsidered negative. Samples showing an
optical density greater than or equal to the ctitralue at least on one replicate were
considered positive. However, becauseBlieRadspecifications suggest a cautious
interpretation of samples situated just below tineatf value (cut-off value - 10%), we
arbitrarily chose to consider these samples asipeskEnvironmental conditions that might
influence testing, such as temperature and humidye strictly controlled and monitored
during analytical sessions.

The efficiency of each rapid test was assessetdyeceiver operating characteristic (ROC)
curve analyse§STATA 11, StataCorp LP). Nonparametric ROC curveslyzed TSE-

infected goats vs healthy and unaffected goats.afé& under the ROC curve (AUC) and its

95% confidence interval (95% CI) indicate diagnosfficiency.
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Overall, the 3 EU-approved rapid tests analyzeavekal00% specificity and >80%
sensitivity (Table 2). However, ROC curves showet the IDEXX test was significantly
more sensitive (97%) than the 2 BIORAD rapid téstble 3, 4; Figure 1A), which showed
sensitivity just >80%.

A more detailed analysis showed that all threedrégsts recognized 100% of samples from
goats with experimental scrapie regardless of dlerof infection, but only IDEXX showed
100% sensitivity in detecting BSE-infected goatal{lé 2, 4). The other 2 rapid tests missed
3 (BIORAD-SG) to 5 (BIORAD-SAP) of the 20 BSE samplTable 2) with differences that
reached significance only between IDEXX and BIORSBP tests (Table 4, Figure 1C).

In goats with natural ‘classical’ scrapie, the IDEXest missed 2 of 29 samples and none of
the ‘atypical’ scrapie-infected samples; BIORAD-SA#ssed 4 samples and BIORAD-SG 7
(a further sample gave an uncertain result, butesasidered positive in the ROC curve
analyses) (Table 2). It is of note that the ongathples from asymptomatic goats, which
were not recognized by the IDEXX test, were alsbdstected by 2 two Bio-Rad tests. ROC
curves showed that the sensitivity of the IDEXX wgagmificantly higher only compared to
the BIORAD-SG test (Table 4). Other comparisonsmdiishow any significant differences
(Table 4).

Finally, we compared the sensitivity of rapid tdatsecognizing goats with scrapie in the
pre-clinical or clinical phase of disease. Whilerapid tests were systematically able to pick
up both natural and experimental scrapie samptes fymptomatic goats (Table 3), IDEXX
missed 2 of 24 samples with ‘natural’ scrapie ia pine-clinical phase of disease, BIORAD-
SAP missed 4 samples, and BIORAD-SG 7 (Table 3)CRQrves analysis showed that
IDEXX and BIORAD-SAP were significantly more semgit than BIORAD-SG (Table 4) in

detecting positive samples from pre-clinical ansnal
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Several important features of our study shoulddresiclered for the surveillance of TSE
diseases in goats. All tests detected 100% of sssvipdm goats with clinical scrapie,
regardless of whether they were experimentallyaburally infected. In contrast, sensitivity
was lower in goats with pre-clinical scrapie angidaests missed between 7% (IDEXX) and
24% (BIORAD-SG) of these samples. A second impartansideration is that only IDEXX
detected all samples from clinical BSE-infectedtgpahereas the other 2 rapid tests missed
between 15% (BIORAD-SG) and 25% (BIORAD-SAP) of gpéas. These results suggest
that a consistent fraction of pre-clinical scrapiections are likely missed by the EU
surveillance, mostly in areas where BIORAD testsiaruse, and that BSE infection in goats
may also be underreported in areas using the BIORIRI tests (Table 2, 4). Assuming that
the same sensitivity on pre-clinical goats woukbadccur in BSE-infected goats, our data
show that the IDEXX test may detect eventual précdil field case of BSE infection in goats,
though with a disappointing 7% failure rate. Altigbutheanalytical sensitivity of some TSE

rapid tests might be reduced by the method used to prepare our samples!61, the results raise
some concerns in relation to the current figure88& infections in goats deriving from EU
surveillance.

In goats, the difference in performance of rapglddetween scrapie and BSE infection
might depend on the use of proteinase K (PK) digesthe choice of the primary anti-PrP
antibodies, or both. Interestingly, PK digestiomsed by both BIORAD tests but not by
IDEXX and is likely that antibodies used in eachrkicognize different PrP epitopes. This
last hypothesis, however, is purely speculativeabee the details on anti-PrP antibodies are
covered by patents and are therefore not publichvailable.

The other interesting result, though based solelg samples, is that only IDEXX and
BIORAD-SAP were able to fully recognize samplesrirgoats with the atypical Nor98

scrapie infection suggesting that the in placeaillance system in countries using the
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BIORAD-SG test would miss a proportion of atypisatapie infections in the goat
population. The small number of samples, howegeiga low to allow a firm conclusion.

All rapid tests in this study failed to recognibe same 2 samples of ‘natural’ preclinical
scrapie. This finding is somewhat of concern beedusiight indicate that there is a small
subpopulation of ‘naturally’ scrapie-infected gogtsgy. early pre-clinical animals) that would
be missed by all available rapid tests, and thutheysurveillance systerRRNP
polymorphisms might reduce the sensitivity of teeagys in goats carrying specific genotypes
by reducing antibody binding epitopg2& In our samples, however, statistical analysisnditl
show any association between failure of each te$gaat genotypes (data not shown). The
reason for this finding remains therefore unknowd might simply depend on low levels of
PP,

Ultimately, none of the three rapid tests pickedanp false positives showing a reassuring

100% specificity.

Sources and manufactures

a. IDEXX HerdChel® BSE-scrapiéAntigen Test Kit, EIA. IDEXX Laboratories,
Westbrook, ME, USA.

b. Bio-Rad® TeSel SAPPurification-Detection Test Kit, Bio-Rad Laborad&s, Marnes-
La-Coquette, France.

c. Bio-Rad® TeSe®' Sheep/GoaPurification-Detection Test Kit, Bio-Rad Laborats,
Marnes-La-Coquette, France.

d. Prionics®- Check PrioSTRIP SRrionics AG, Wagistrasse 27A Schlieren-Zurich, CH

8952 Switzerland.

Declaration of conflicting interests



194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

The author(s) declare no potential conflicts oérast with respect to the research, authorship,

and/or publication of this article.

Funding
The author(s) disclosed receipt of the followingaficial support for the research, authorship,
and/or publication of this article: This work wagported by grant GoatBSE—-Specific

Targeted Research Project (FOOD-CT-2006-36353).

References

1. Bozzetta E, et al. Comparative performance of tRi®E rapid tests for surveillance in
healthysheep affected by scrapie. J Virol Methdaikl2173, 161-168.

2. Bruce ME, et al. Transmissions to mice indicate tew variant' CJD is caused by the
BSE agentNature1997; 389, 498-501. doi:10.1038/39057.

3. Buschmann A, et al. Atypical scrapie cases in Gagnzand France are identified by
discrepant reaction patterns in BSE rapid tes#tal Methods 2004; 117, 27-36.

4. Cassard H, et al. Evidence for zoonotic potenfiavine scrapie prions. Nat Commun
2014, 16;5:5821. doi: 10.1038/ncomms6821.

5. Collinge J, et al. A new variant of prion disedsancet 1996; 6;347(9006):916-7.

6. Commission Regulation (EC) N. 253 of 14 Februar§&@8mending Regulation (EC) N.
999/2001 of the European Parliament and of the €ibas regards rapid tests and
measures for the eradication of TSEs in ovine apice animals. Official Journal of the
European Union 2006; L 44/915.

7. Comoy EE, et al. Transmission of scrapie priongrimate after an extended silent

incubation period. Sci Rep. 2015; 5: 11573.



218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

8. Eloit M, et al. BSE agent signatures in a goatevieary Record 2003;56:523-524.
doi:10.1136/vr.156.16.523-b.

9. European Commission Regulation (EC) No. 999/200hefEuropean Parliament and of
the Council of 22 May 2001 laying down rules foe grevention, control and eradication
of certain transmissible spongiform encephalopath@éficial Journal of the European
Union 2001; L 147 pp 1-40.

10.Foster JD, et al. Transmission of bovine spongifencephalopathy to sheep and goats.
Vet Rec 1993; 2;133(14):339-41.

11.Jeffrey M, et al. Imnmunohistochemical features id? (@) accumulation in natural and
experimental goat transmissible spongiform encegahies. J Comp Pathol 2006;
134(2-3):171-81.

12.Lane A, et al. Polymeric ligands with specificityr faggregated prion proteins. Clinical
Chemistry 2003; 49, N. 10.

13.Madsen-Bouterse SA, et al. PRNP variants in gaaisae sensitivity of detection of
PrP(Sc) by immunoassay. J Vet Diagn Invest 20I83332-43). doi:
10.1177/1040638715585865.

14.Mazza M, et al. Co-existence of classical scrapteor98 in a sheep from an Italian
outbreak. Res Vet Sci 2010; 88, 478-485.

15.Mazza M, et al. Lysine at position 222 of the gmabn protein inhibits the binding of
monoclonal antibody F99/97.6.1. J Vet Diagn In&$xt2; 24(5):971-5. doi:
10.1177/1040638712457352.

16.Meloni D, et al. EU-Approved rapid tests for Bovi@pongiform Encephalopathy detect
atypical forms: a study for their sensitivities.d3_ ONE 7(9): e43133.

doi:10.1371/journal.pone.0043133

10



242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

17.Protocol for a preliminary evaluation of ante-mant&SE tests for ruminants. EFSA
Journal 2007; 540, 1-12.

18. Protocol for the evaluation of rapid postmortentdes detect TSE in small ruminants.
Scientific. EFSA Journal 2007; 509, 1-31.

19. Scientific opinion on analytical sensitivity of apged TSE rapid tests. EFSA Journal
2009; 7(12):1436.

20. Scientific report on the evaluation of rapid postiaar tests intended for small ruminants.
EFSA Journal 2005; 31, 1 - 17.

21. Scientific report on the evaluation of rapid postiaar tests intended for small ruminants.
EFSA Journal 2005; 49, 1-16.

22.Seuberlich T, et al. Field performance of two ragideening tests in active surveillance of
transmissible spongiform encephalopathies in smalinants. J Vet Diagn Invest 2009;
21, 97-101.

23.Will RG, et al. A new variant of Creutzfeldt-Jakdisease in the UK. Lancet 1996; 6;347

(9006):921-5.

11



267 Tables

268 Table 1. Details and origin of goat samples used in thdyst

County of origin

Disease Type _ n
(Institute®)
Cyprus 3
France 5
Greece 4
Classical ltaly 9
Natural scrapie Netherlands 3
Spain 2
UK 3
Atypical (Nor98) Italy 2
TOTAL 31
Italy (CEA) 5
, , Classical France (INRA) 1
Experimental scrapie
France (INRA) 6
TOTAL 12
France (INRA) 1
Netherlands (CVI) 6
France (INRA) 4
_ Classical France (INRA) 1
Experimental BSE
Netherlands (CVI) 4
Germany (FLI) 3
UK (Roslin)
TOTAL 20
TOTAL TSE diseases 63
Negative controls Healthy ltaly 35

269
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°INRA, Institut national de la recherche agrononeigbrance; CVI, Central Veterinary
Institute, The Netherlands; FLI, Friedrich-Loefflestitut, Germany; CEA, Centro di
referenza nazionale per lo studio e le ricerchie ®cefalopatie animali e neuropatologie
comparate, Istituto Zooprofilattico Sperimentalé iemonte, Liguria e Valle d'Aosta, Turin,

Italy; Roslin, The Roslin Institute, University Bidinburgh, UK.
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276 Table 2 Number and percentage of positive samples insgeil different forms of TSE

277

278

diseases by different rapid tests

Positive test, n (%)

Disease Type Inoculum n
IDEXX BIORAD SG BIORAD SAP
Classical - 29 27(93.1) 22°(75.9) 25 (86.2)
Natural scrapie  Atypical
- 2 2(100) 1 (50.0) 2 (100)
(Nor98)
Experimental . )
. Classical Scrapie 12 12 (100) 12 (100) 12 (100)
scrapie
Experimental _ _
BSE Classical Bovine BSE 20 20 (100) 17 (85.0) 15 (75.0)
TOTAL TSE
. 63 61(96.8) 52°(82.5) 54 (85.7)
diseased
Negative
Healthy - 35 0(0.0) 0 (0.0) 0 (0.0)
controls

°One sample gave uncertain result

14
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Table 3.Number and percentage of positive samples byrdiftetests on ‘natural scrapie’

affected goats

Clinical Positive test, n (%)
Disease Type _ n
sIgns IDEXX BIORAD SG BIORAD SAP
Classical No 22 20 (90.9) 15° (68.2) 18 (81.8)
Natural scrapie  Atypical
No 2 2(100) 1 (50) 2 (100)
(Nor98)
TOTAL 24 22 (91.7) 16 (66.6) 20 (83.3)
Natural scrapie  Classical Yes 7 7(100) 7 (100) 7 (100)
Negative
Healthy No 35 0 0 0
controls

°One sample gave uncertain result

15
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Table 4. ROC curve analyses

Goats with natural
and experimental
TSEs (n= 63)vs.

controls (n=35)

Goats with natural

classical scrapie

(n=29)vs. controls
(n=35)

Goats with
experimental BSE
(n=20) vs. controls

(n=35)

Goats with
experimental scrapie
(n=12)vs. controls
(n=35)

Goats with TSE
with no clinical
signs (n=24)vs.

controls (n=35)

Diagnostic tests

AUC (95% ClI)

AUC (95% ClI)

AUC (95%Cl)

AUC (95% CI)

AUC (95% ClI)

0.9841 0.9655 1.0000 1.0000 0.9583
IDEXX
(0.96231-1.0000) (0.91859-1.0000) (1.00000-1.00000)  (1.00000-1.00000)  (0.90186-1.0000)
0.9127 0.8793 0.9250 (0.84472- 1.0000 0.8333
BIORAD SG
(0.86545-0.95995) (0.8006-0.95856) 1.00000) (1.00000-1.00000)  (0.73701-0.92966)
0.9286 0.9310 (0.86717- 0.8750 1.0000 0.9167
BIORAD SAP
(0.88502-0.97212) 0.99490) (0.77765-0.97235)  (1.00000-1.00000)  (0.84051-0.99282)
p value p value p value p value p value
IDEXX vs.
0.0013 0.0157 0.0671 = 0.0056
BIORAD SG
IDEXX vs.
0.0054 0.1498 0.0118 = 0.1482
BIORAD SAP
BIORAD SG vs.
0.5291 0.0723 0.4183 = 0.0320
BIORAD SAP
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