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Scrapie in sheep and goats is a natural and contagious disease, clinically described as soon as the 18th century and ever since then enzootic in many countries. Scrapie as bovine spongiform

encephalopathy (BSE) in cattle or Creutzfeldt-Jakob disease in humans are all fatal diseases related to transmissible spongiform encephalopathies (TSE). In comparison with BSE, scrapie is

considered harmless to humans, although the similarity between BSE in sheep and natural scrapie needs, if not a total eradication of this, at least to control its spread.

The causal process relevant to understand the epidemiology of  scrapie represents a complex interplay between factors acting on the flock and on animal level. Although, despite the major

advances in the knowledge of the disease, the transmission process, especially the routes of  transmission of scrapie within and between flocks remains insufficiently known to control the spread of

the disease.

 At animal level, the genetic susceptibility to scrapie is a major factor in the transmission process. The demographic factors: age, breed, geographic location need as well to be taken into account

as potential biases .

In addition, the flock size is assumed to play an essential and complex role in the transmission process. It has to be included in the analysis of epidemiological studies. For example, in a case-

control study on scrapie risk in Norwegian flocks, the flock size has been included in the analysis as a covariate in a logistic regression (P. Hopp et al., Prev. Vet.Med., 2001, 1622, 183-198).
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Lets, the ith animal of a flock

Regression model

The corresponding regression model introduces the minus

logarithm of the flock size as an offset

log(-log( 1 - Pr(Y = 1 | k)) = log(-log( 1 - )) + log(k)

Relationship between the risk of infection
at animal level and at flock level

Flock level

Characteristics of the disease

Contamination

Diagnosis

For a sheep flock of k animals,

Xi denotes binary indicator contamination status, and  pi = Pr(Xi = 1)

Yi denotes binary indicator infection diagnosis, and p’i = Pr(Yi = 1 | Xi = 1)

Probability for the ith animal of the flock to be diagnosed as “infected”

Pr(Yi = 1) = Pr(Yi = 1|Xi = 0) Pr(Xi = 0) + Pr(Yi = 1|Xi = 1) Pr(Xi = 1)

Assuming that there is no “false positive”,

Pr(Yi = 1) =  pip’i

Results

Standard deviation (s.d.)

Adjusted on stratum Adjusted on stratum

 and flock size

Adjusted on stratum

OR CI 95% s.d. OR CI 95% s.d. OR CI 95% s.d.

Purchase of animals

Temporary contacts between flocks

Temporary stay of animals in other flocks

Temporary introduction of animals from other flocks

1.94 [1.04;3.61] 0.61 1.70 [0.90;3.22] 0.55 1.44 [0.82;2.52] 0.41

0.77 [0.44;1.35] 0.22 0.74 [0.42;1.32] 0.22 0.50 [0.49;1.33] 0.21

0.82 [0.34;1.94] 0.36 0.79 [0.33;1.90] 0.35 0.72 [0.33;1.59] 0.29

0.61 [0.17;2.08] 0.38 0.64 [0.18;2.32] 0.42 0.76 [0.24;2.45] 0.45

Risk factors

Logit link complementary 

log-log link

Conclusion
The design of this case-control study justified the use of a

complementary log-log link function. Parameter estimates differed

from those obtained when a logistic model was fitted introducing

the flock size as a covariate.

In this analysis, all animals of a flock were assumed to have the

same probability to be contaminated. The next step would be to take

into account the difference in disease susceptibility due for example

to genetic factors or age.

References: S. Shiboski et al., JID, 1996, 174(Suppl 2): S188-200; S. Shiboski et al., J Am Stat Assoc, 1996, 174(Suppl 2): S188-200

Since all animals of the flocks have the same probability  to be contaminated, i.e.  i  {1, …, k}, pi = , and

          all animals contaminated of the flock have the same probability ’ to be diagnosed as “infected”, i.e.  i  {1, …, k}, p’i = ’,

Y denote binary indicator infection diagnosis of the flock,

Pr(Y = 0| k) = (1 -  ’)k or Pr(Y = 0| k) = (1 - )k, when  and ’ are confused,  =  ’

Probability for a sheep to be diagnosed as “non-infected”: Pr(Y = 0| k) = Pr(      (Yi = 0) )
i = 1

k

Assuming the independence the animals of the flock, Pr(Y = 0| k) =     Pr(Yi = 0) =     (1 - pip’i)i = 1

k

i = 1

k

Main purpose

To build a statistical model that allows to take into account the flock size in the analysis of epidemiological studies on scrapie transmission between flocks.

Results are compared with those obtained using a logistic model including flock size as a covariate in a Case-control study.

Case-control study
The study was designed as a case-control study stratified on the

geographical localisation and the breed of the flocks, with four controls for 

every case of each stratum. The unit of concern was the sheep flock. 444 flocks were 

included. Case flocks were flocks where at least one animal was suspected as infected 

through the scrapie surveillance network between January 1996 and July 1999, with 

pathological confirmation of the disease. Control flocks were selected among 

sheep flocks without Scrapie suspicion at the time of the study. 

The main putative risk factors were 

investigated.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


