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an important role in the modern epidemiological investi-
gations of tuberculosis in animals at the regional and in-
ternational level. Bovine tuberculosis represents a signi-
ficant economic burden to the agriculture of the affected
countries. From 2000 to 2015 the disease shows cyclicity
in private farms in different regions of Bulgaria. This
study is a first molecular investigation of animal tuber-
culosis in the veterinary medicine in country. The mac-
roscopic and microscopic observation of 35 diagnos-
tic materials from slaughtered cattle, received in the
National Reference Laboratory of animal tuberculosis
were studied with the three molecular methods: RD4-
PCR, spoligotyping and MIRU-VNTR. In 27 of the
examined lymph nodes we found specific lesions for bo-
vine tuberculosis. The findings were confirmed bacte-
riologically and by conventional PCR. To differentiate
M. bovis from other M. tuberculosis complex subtypes, we
used primers flanking specific deletion (RD4) in the ge-
nome of M. bovis and obtained the 446 bp DNA product.
The spoligotyping subdivided the strains into 3 spoligo-
types shared by two to 20 strains. Further molecular in-
vestigations of M. bovis strains are needed to characterize
the genetic diversity and population structure of M. bovis
strains isolated from cattle in Bulgaria. New information
will be added to the global database in the field of molec-
ular epidemiology of the prevalence of M. bovis strains
in the cattle population in Bulgaria, which will allow
comparative analysis with data from the Balkan region
and Europe.
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INTERNATIONAL VALIDATION OF ANALYSIS
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ISOLATES
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The aim of this multicenter study was to validate and
compare different pipelines used for analysis of the Whole
Genome Sequencing (WGS) data of Mycobacterium tuber-
culosis isolates.

All 535 M. tuberculosis isolates of culture positive cas-
es in the Netherlands in 2016, were subjected to WGS,
in addition to the routine application of VNTR typing.
Transmission suggested on basis of identical VNTR pro-
files of cases in 2016 was further investigated by munici-
pal health services and 41 epi-links were traced. Fastq.gz
files of all 535 samples were analysed in four different
WGS pipelines to facilitate international compari-
son: 1) SNP-based method at the RIVM/Bilthoven/
The Netherlands; 2) SNP-based method at Oxford Uni-
versity/UK; 3) SNP-based method and 4) cgMLST
at Borstel/Germany.

In all pipelines, shorter than 12 SNP distances between
the 41 epi-linked cases was observed. One epi-linked
pair revealed a higher genetic distance of 27 SNPs in the
Bilthoven pipeline, due to poor sequence quality resulting
in low coverage. In general, the genetic distances between
isolates of the epi-linked cases were smaller in the Oxford
and Borstel pipelines (0—3 SNPs), than in the Bilthoven

pipeline (1—11 SNPs). All pipelines clustered roughly
the same cases, more isolates without identified epi-links
were clustered in the Oxford (n = 34) and both Borstel
pipelines (n = 32 in the SNP pipeline and n = 39 in the
cgMLST) than the Bilthoven pipeline (n = 29).

Also, some cases not clustered by VNTR were clustered
by WGS. Patient characteristics revealed that in some
of these pairs of cases an epi-link, missed by VNTR typ-
ing, was likely.

Several differences were observed among the pipe-
lines with regard to the version of reference genome used,
software used for mapping and SNP calling, (repetitive)
regions excluded in the analysis, the minimum number
of reads to support SNPs, and the minimum allele fre-
quencies. The RIVM pipeline was adapted in the light
of these results to function more in line with other interna-
tional laboratories pipelines, facilitating the comparability
of results.

International standardization on all these variables
is necessary, and subsequently on the SNP cut-off to be
applied to WGS clustering, to allow international-labo-
ratory comparison of WGS data and reliable investigation
of cross-border transmission.
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RNA-BASED DRUG SUSCEPTIBILITY TESTING

OF MYCOBACTERIUM TUBERCULOSIS
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Multidrug resistant tuberculosis (MDR-TB) is one
of the major WHO health concerns. One of the challen-
ges that hampers the effective response to MDR-TB is the
long turnaround time of phenotypic Drug Susceptibility
Testing (DST) of Mycobacterium tuberculosis. To counter
this, new fast and sensitive DN A-based methods were suc-
cessfully introduced over the last years. However, these (a)
are based on the knowledge on resistance mutations, (b) do
not distinguish living from dead cells, (c¢) ignore all intrin-
sic resistance mechanisms, and (d) ignore the influence
of compensatory mutations.

We introduce a next-generation diagnostic test based
on quantification of drug-specific RNA biomarkers.
The basic principle is that a brief antibiotic exposure trig-
gers specific transcriptional responses in susceptible, but
not in resistant, microbes within a few hours. This has
the advantage that long culture-dependent steps are avoid-
ed, yet the resistance phenotype is detected independent
of the specific cause of resistance.

First, the global transcriptional response of two M. fu-
berculosis strains to 10 anti-TB drugs was determined
using RNAtag-Seq. A set of highly responsive genes was
selected for each drug and RNA-targeting probes were de-
signed.

Next, the RNA-based DST was developed in 96 well
format. In short, 200 pl of a positively flagged MGIT™
(BD) culture is spiked with a drug, while a replicate is in-
cubated in absence of the drug. Multiplex mRNA quanti-
fication is performed directly on crude cell lysates using
a combination of the bead-based MagPix™ (Luminex)
and Quantigene™ Plex (Thermo Fisher) technology.

584




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


