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The identification of influenza A virus subtypes in clinical specimens is becoming increasingly important for clinical

laboratories since seasonal H1N1, H3N2 and pandemic H1N1 influenza A viruses currently have characteristic antiviral

resistance patterns and subtyping is often used as a surrogate for antiviral resistance testing. Both seasonal and pandemic

influenza A continue to mutate and resistance to either amantadine or oseltamivir will continue to vary with subtype over

time.

The combined M-PCR subtyping and genotyping assay correctly subtyped all 54 influenza A positive samples, including 13/13

seasonal H3N2, 17/17 seasonal H1N1 and 24/24 pandemic H1N1 for both HA and NA gene targets. Table 1 shows typical MFI

readings for 11 of the 54 samples.

Specimens –  54 nasopharyngeal swab specimens (FLOQSwabsTM; Copan, Spa Brescia Italy) confirmed to be influenza

A positive by either direct fluorescent antibody (DFA) staining or real time PCR, submitted to the Regional Virology

Laboratory at St. Joseph’s Healthcare (Hamilton Ontario) during the 2007 to 2009 respiratory seasons were characterized

for both its subtype and oseltamivir resistance status in the newly developed M-PCR bead assay.

Nucleic Acid Extraction – Total nucleic acid was extracted from 200 l of NPS specimen using the bioMérieux

easyMAGTM automated extractor and eluted in 60 l of buffer.

M-PCR-  M-PCR was performed using 5 degenerate primer pairs designed to amplify both the hemagglutinin (HA) and

neuraminidase (NA) genes of known seasonal H3N2, seasonal H1N1 and the most recent pandemic H1N1 influenza A

strains found in all geographic regions. The final reaction volume of 25 l contained 1.2 x OneStep RT-PCR Buffer

(Qiagen, Mississauga ON) with 3mM magnesium chloride, 0.4mM dNTP, primers at a final concentration of 0.4 M to 1 M,

2 l of OneStep RT-PCR Enzyme Mix (Qiagen, Mississauga ON) and 5 l total nucleic acid. Amplification was performed

using the MJ Research thermocycler, PTC-200 under the following conditions: 500C x 30 mins, 950C x 15 mins, 40 cycles

of: 950C x 30 secs, 520C x 30 secs, 720C x 30 secs and a final extension at 720C for 5 mins.

Luminex xMAP Detection System– For micro-fluidic bead interrogation, PCR amplicons were enyzmatically treated with

20 U exonuclease (USB, Cleveland OH) and 2.5 U of shrimp alkaline phosphatase (USB, Cleveland OH) for 30 minutes at

370C to remove excess primers and dNTP.  An aliquot (5 ul) of the treated PCR product was subjected to a target specific

primer extension (TSPE) multiplex reaction with 8 target specific primers (TSP) ranging in concentration from 0.025 M to

0.075 M, 1.6x PCR buffer (TaKaRa Bio, Madison WI), 5 M of d(A, T, G)TP (Invitrogen, Burlington ON), 5 M biotin dCTP

(Invitrogen, Burlington ON) and 2U DNA polymerase (TaKaRa Bio, Madison WI).  There was one TSP for each H1

(seasonal strain), H1 (pandemic strain), H3 and N2. For the detection of the H275Y mutation, 4 TSP were required. For

seasonal H1 and pandemic H1 strains, there was each a N1 oseltamivir sensitive primer and a N1 oseltamivir resistant

primer. The multiplex TSPE reaction was performed on the MJ Research PTC-200 thermocycler under the following

conditions : 960C x 2 mins and 35 cycles of: 950C x 30 secs, 500C x 30 secs, 720C x 45 secs, during which amplified

products generated in the initial M-PCR were hybridized to type specific primers containing a unique tag sequence. The

DNA polymerase extended, generating complements with biotin dCTP incorporated into the product. The biotinylated

products (5 l) were captured onto 20 l bead mix consisting of 8 populations of xTAGTM microspheres (Luminex, Austin

TX) by hybridization for 30 minutes at 45o C. Captured products are then detected using 100 l of the fluorescent reporter

molecule, streptavidin-phycoerythrin (SAPE) diluted 1:135 in wash buffer.  Each biotin-labeled TSPE product hybridized

only to a specific microsphere containing a complementary anti-tag oligonucleotide sequence.   Each set of colored beads

represents a specific influenza A subtype or presence/absence of the H275Y mutation by virtue of the bead/anti-

tag/tagged primer association. After 20 minute incubation with the SAPE at room temperature, the beads were analyzed

on the Luminex 100 IS instrument containing two lasers: one laser identifies the colour coded bead, and the other

identifies the presence of the target specific nucleic acid sequence.   Fluorescent signals were expressed as MFI readings.

Uniplex PCR- For the confirmation of seasonal H1N1 or H3N2, positive samples were tested by in-house uniplex PCR

assays targeting the hemagglutinin gene H1 and H3 and the neuraminidase gene for N1 and N2. The final reaction

volume of 25 l contained 1x OneStep RT-PCR Buffer (Qiagen, Mississauga ON) with 2.5mM magnesium chloride, 0.4mM

dNTP, 0.6 M primers, 2 l of OneStep RT-PCR Enzyme Mix (Qiagen, Mississauga ON) and 5 l total nucleic acid.

Amplification was performed using the MJ Research PTC-200 thermocycler under the following conditions: 500C x 30

mins, 950C x 15 mins, 40 cycles of: 950C x 30 secs, 520C x 30 secs, 720C x 30 secs and a final extension at 720C for 5

mins.  Products were visualized on a 2% (w/v) agarose gel with ethidium bromide staining under UV detection.

Pandemic H1N1 Probe LightCycler Assay-  All pandemic H1N1 strains were confirmed with an in-house LightCycler

PCR assay with specific primers targeting the matrix gene. The final reaction volume of 20 l contained 1 x QuantiTect

Probe RT-PCR Master Mix (Qiagen, Mississauga ON) with 4mM magnesium chloride, 1 M primers, 0.2 M FAM-Iowa

Black FQ probe, 0.2 l of QuantiTect RT Mix (Qiagen, Mississauga ON) and 5 l total nucleic acid. Amplification was

performed using LightCycler 2.0 instrument (Roche, Laval QB) under the following conditions: 500C x 20 mins, 950C x 15

mins, 45 cycles of: 950C x 0 secs, 600C x 1 min with data requisition.

Sequencing of the H275Y Region-  For confirmation of the oseltamivir sensitive/resistant status, the 234bp N1 PCR

product encompassing the H275Y region of all H1N1 strains, was sequenced by the Institute for Molecular Biology and

Biotechnology (MOBIX) at McMaster University (Hamilton, ON) using the ABI sequencer (Applied Biosystems, Foster City

CA).

OBJECTIVE

Of the 17 seasonal H1N1 specimens tested, the M-PCR bead assay found 15 to be oseltamivir resistant with the

H275Y mutation and 2 to be oseltamivir sensitive. Among the 24 pandemic H1N1 specimens, 3 were H275Y positive

(resistant), 12 were H275 (sensitive) and 9 showed a mix of H275 and H275Y genotypes. All M-PCR results were in

agreement with sequencing data. For the viruses with mixed H275 and H275Y genotypes the MFI readings for the

pandemic N1 sensitive and resistant beads were variable. Table 3 shows the MFI readings from a mixing experiment

that was performed to determine the effect of different ratios of viral genotypes for the sensitive and resistant beads.

To develop a novel M-PCR for the identification of both influenza A subtype and oseltamivir resistance genotype (N1

gene, H275Y) in a combined assay using Luminex xMAPTM technology.
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Table 1: Typical MFI readings for the M-PCR assay for influenza A subtyping and H275Y resistance genotyping
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Table 3: Detection of both sensitive and resistant H275Y genotypes in a single sample achieved by

combining different ratios of oseltamivir sensitive and resistant virus

Serial specimens collected from 2 patients infected with pandemic H1N1 and undergoing oseltamivir treatment were

tested in the M-PCR bead assay. Results are summarized in Table 4. Briefly, patient 1 was oseltamivir sensitive on

day 1 with a MFI reading on the N1 sensitive bead of 4,918. By day 15, the patient showed a mixed H275 and H275Y

genotype. A week later the patient was completely oseltamivir resistant. A similar pattern was seen with patient 2.

negnegnegnegneg25/11/2009Patient 2

sensitive/resistant0282518768242624/11/2009Patient 2

sensitive/resistant172544111383437022/11/2009Patient 2

sensitive4325378299466022/11/2009Patient 2

sensitive/resistant22933982297243022/11/2009Patient 2
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sensitive17466615162724004/11/2009Patient 2
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sensitive22394918117656409/08/2009Patient 1

Oseltamivir

Resistance Status

N1
(seasonal)-

sensitive

N1 (seasonal)-

resistant

N1
(pandemic)-

sensitive

N1
(pandemic)

-resistant

H1

(pandemic)Collection Date

Table 4: Detection of oseltamivir sensitive and resistant virus in serially collected specimens from 2

patients infected with pandemic H1N1

1. We developed a M-PCR bead assay for the combined subtyping and oseltamivir resistance genotyping (H275Y)

of both seasonal and pandemic H1N1 influenza A virus.

2. The M-PCR bead assay correctly subtyped 54 influenza A specimens, including 17/17 seasonal H1N1, 13/13

seasonal H3N2 and 24/24 pandemic H1N1, for both the HA and NA gene targets.

3. The H275Y mutation was correctly identified in 15 seasonal H1N1 viruses. Two seasonal H1N1 specimens

showed to be oseltamivir sensitive.

4. Of the 24 pandemic H1N1 specimens tested by the M-PCR bead assay, 3 were H275Y positive (resistant), 12

were H275 (sensitive) and 9 showed a mixed H275 and H275Y mixed genotype. All M-PCR assay results were

in agreement with sequencing data.

5. The newly developed M-PCR bead assay can detect the presence of the H275Y mutation earlier than

sequencing. This combined subtyping and oseltamivir resistance test should provide useful information to

clinicians and facilitate appropriate patient management.

MFI cutoffs were established as follows: pandemic H1, 500; seasonal H1, 500; seasonal H3, 200; seasonal N1 (sensitive and

resistant), 300; pandemic N1 (sensitive and resistant), 500; and seasonal N2, 100.
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The average signal to noise ratio for each bead ranged from 20:1 to 97:1, enabling easy interpretation of results. Table 2  shows

the average positive and negative MFI readings for each respective bead.

20:120391N2 (seasonal)

29:191.42673.6N1 (pandemic, H275Y)

72:153.53825.3N1 (pandemic, H275)

28:139.51116.7N1 (seasonal, H275Y)

90:147.44259.8N1 (seasonal, H275)

38:120.9801.6H3 (seasonal)

97:148.14650.6H1 (pandemic)

49:1954659.3H1 (seasonal)
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Table 2: Signal to noise ratios for each bead in the M-PCR assay



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[PDFX1a 2001 email 144]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


