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Abstract:ȱ Pseudotypeȱ neutralizationȱ assaysȱ areȱ powerfulȱ toolsȱ toȱ studyȱ functionalȱ antibodyȱ
responsesȱ againstȱ virusesȱ inȱ lowȱ biosafetyȱ laboratories.ȱ However,ȱ protocolsȱ describedȱ inȱ theȱ
literatureȱdifferȱwidelyȱwithȱrespectȱtoȱmaterial,ȱreagents,ȱandȱmethodsȱusedȱtoȱperformȱtheseȱassaysȱ
andȱ toȱanalyseȱ theȱrawȱdataȱgenerated.ȱThisȱcouldȱresultȱ inȱdiscrepanciesȱbetweenȱ theȱresultsȱofȱ
differentȱlaboratoriesȱevenȱwhenȱtheȱsameȱpseudotypesȱandȱtheȱsameȱsamplesȱareȱanalysed.ȱHere,ȱ
weȱdescribe,ȱinȱdetail,ȱanȱexperimentalȱprotocolȱtoȱperformȱpseudotypeȱneutralizationȱassaysȱusingȱ
lentiviralȱpseudotypesȱbearingȱinfluenzaȱhaemagglutininȱandȱexpressingȱfireflyȱluciferase.ȱWeȱalsoȱ
presentȱ theȱ stepsȱ necessaryȱ toȱ analyseȱ theȱ dataȱ andȱ calculateȱ theȱ halfȱ maximalȱ inhibitoryȱ
concentrationȱofȱtheȱseraȱanalysed.ȱThisȱprotocolȱwillȱprovideȱsupportȱforȱtheȱvalidationȱandȱtheȱ
standardizationȱofȱtheȱpseudotypeȱneutralizationȱassayȱforȱinfluenzaȱvirusȱserology.ȱAdditionally,ȱ
itȱwillȱprovideȱ aȱ startingȱpointȱ forȱ theȱdevelopmentȱ ofȱpseudotypeȱ neutralizationȱ assaysȱusingȱ
pseudotypesȱbearingȱotherȱviralȱenvelopeȱproteins.ȱ
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ȱ

1.ȱIntroductionȱ

Neutralizationȱassaysȱareȱpowerfulȱtoolsȱtoȱstudyȱhumanȱandȱanimalȱantibodyȱresponsesȱagainstȱ
virusesȱelicitedȱbyȱvaccinationȱorȱnaturalȱexposureȱ[1].ȱTheseȱassaysȱroutinelyȱrequireȱtheȱuseȱofȱwildȬ
typeȱviruses,ȱandȱthisȱlimitsȱtheirȱapplicationȱwhenȱhighlyȱpathogenicȱhumanȱvirusesȱareȱstudied.ȱ
However,ȱ replicationȬdeficientȱ virusesȱ canȱ oftenȱ beȱ usedȱ asȱ aȱ safeȱ alternative.ȱWhenȱ envelopedȱ
virusesȱareȱstudied,ȱgammaretroviralȱandȱlentiviralȱvectorsȱpseudotypedȱwithȱtheȱviralȱglycoproteinsȱ
ofȱ interestȱ [2]ȱ areȱ aȱ feasibleȱ substituteȱ forȱ viruses.ȱ Numerousȱ lentiviralȱ vectorsȱ harboringȱ
glycoproteinsȱofȱdifferentȱvirusesȱhaveȱbeenȱdescribedȱinȱtheȱliterature,ȱandȱsomeȱofȱthemȱhaveȱbeenȱ
usedȱ inȱ neutralizationȱ assaysȱ [3,4].ȱ Forȱ example,ȱ theȱ useȱ ofȱ pseudotypedȱ lentiviralȱ vectorsȱ asȱ
surrogateȱ antigensȱ inȱ neutralizationȱ assaysȱ isȱ extremelyȱ usefulȱ inȱ influenzaȱ research.ȱ Influenzaȱ
pseudotypeȱneutralizationȱassaysȱareȱaȱsafeȱalternativeȱwhenȱpotentiallyȱpandemicȱvirusesȱneedȱtoȱ
beȱstudiedȱ[5].ȱFurthermore,ȱtheyȱhaveȱbeenȱshownȱtoȱhaveȱaȱhighȱsensitivityȱinȱdetectingȱantibodiesȱ
directedȱ againstȱ theȱ stalkȱ ofȱ influenzaȱ envelopeȱ glycoprotein,ȱ theȱ haemmaglutininȱ [6].ȱ Theseȱ
antibodiesȱareȱtheȱonesȱthatȱnewȱinfluenzaȱuniversalȱvaccinationȱcandidatesȱareȱintendedȱtoȱelicitȱ[7].ȱ
Extendedȱ informationȱ onȱ influenzaȱ pseudotypeȱ neutralizationȱ assayȱ variablesȱ hasȱ recentlyȱ beenȱ
systematicallyȱ reviewedȱ [8].ȱ However,ȱ aȱ standardȱ operatingȱ procedureȬlikeȱ protocolȱ isȱ notȱ yetȱ
availableȱinȱtheȱliterature,ȱlimitingȱtheȱapplicationȱandȱstandardizationȱofȱthisȱassay.ȱHereȱweȱpresentȱ
aȱdetailedȱprotocolȱtoȱperformȱpseudotypeȱneutralizationȱassays,ȱusingȱ influenzaȱhaemagglutininȬ
envelopedȱHIVȱpseudotypesȱcarryingȱaȱfireflyȱluciferaseȱreporter.ȱTheȱuseȱofȱsuchȱaȱreporterȱresultsȱ
inȱaȱwideȱdynamicȱrangeȱofȱneutralizationȱtitresȱandȱaȱhighȱlevelȱofȱsensitivity.ȱTheȱalternativeȱgreenȱ
fluorescentȱproteinȱ(GFP)ȱreporterȱwouldȱnecessitateȱeitherȱaȱ96Ȭwellȱflowȱcytometer,ȱorȱtheȱcountingȱ
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ofȱgreenȱ�transduced�ȱcellsȱwithȱaȱfluorescenceȱmicroscope.ȱThisȱprotocolȱwasȱdesignedȱtoȱbeȱeasilyȱ
adaptedȱtoȱotherȱlentiviralȱpseudotypeȱplatforms,ȱandȱwillȱprovideȱsupportȱforȱtheȱvalidationȱandȱtheȱ
standardizationȱofȱtheȱpseudotypeȱneutralizationȱassayȱforȱinfluenzaȱvirusȱserology.ȱTheȱdataȱfromȱ
thisȱassayȱcanȱbeȱharmonizedȱwithȱthatȱobtainedȱbyȱotherȱneutralizationȱassays,ȱbyȱmakingȱuseȱofȱ
commonȱ referenceȱ reagents,ȱ suchȱ asȱ thoseȱ availableȱ fromȱ theȱ Nationalȱ Instituteȱ forȱ Biologicalȱ
StandardsȱandȱControlȱ(NIBSC)ȱandȱtheȱWorldȱOrganisationȱforȱAnimalȱHealthȱ(OiE).ȱAdditionally,ȱ
thisȱprotocolȱwillȱprovideȱaȱstartingȱpointȱforȱtheȱdevelopmentȱofȱpseudotypeȱneutralizationȱassaysȱ
usingȱlentiviralȱpseudotypesȱbearingȱotherȱviralȱenvelopeȱproteins.ȱ

2.ȱExperimentalȱDesignȱ

2.1.ȱGeneralȱConsiderationsȱ

Theȱpseudotypeȱneutralizationȱassay,ȱhereȱdescribed,ȱisȱaȱcellȬbasedȱviralȱneutralizationȱassayȱ
thatȱisȱperformedȱinȱaȱ96Ȭwellȱformat.ȱ ȱ

Figureȱ 1ȱ isȱ aȱ schematicȱ representationȱ ofȱ theȱ mainȱ assayȱ steps.ȱ Similarȱ toȱ aȱ traditionalȱ
microneutralizationȱassay,ȱdifferentȱconcentrationsȱofȱantibodiesȱorȱseraȱareȱincubatedȱwithȱcellsȱandȱ
pseudotypeȱparticles.ȱTheȱpseudotypeȱlentiviralȱparticlesȱusedȱforȱthisȱassayȱencodeȱfireflyȱluciferaseȱ
inȱtheirȱlentiviralȱvectorȱgenome.ȱWhenȱtheirȱgenomeȱintegratesȱafterȱentryȱintoȱcells,ȱfireflyȱluciferaseȱ
expressionȱandȱactivityȱisȱproportionalȱtoȱtheȱnumberȱofȱcellsȱthatȱwereȱtransduced.ȱ

ȱ

Figureȱ1.ȱSchematicȱrepresentationȱofȱtheȱpseudotypeȱneutralizationȱassay.ȱ



MethodsȱProtoc.ȱ2018,ȱ1,ȱ8ȱ 3ȱofȱ16ȱ

Afterȱ48hȱincubation,ȱtoȱpermitȱcellȱtransductionȱofȱnonȬneutralizedȱparticlesȱandȱexpressionȱofȱ
fireflyȱluciferase,ȱcellsȱareȱlysedȱinȱtheȱpresenceȱofȱaȱluciferaseȱsubstrateȱtoȱassessȱluciferaseȱactivity.ȱ
Theȱcomparisonȱbetweenȱtheȱ luciferaseȱsignalsȱdetectedȱ inȱuntransducedȱcells,ȱ inȱcellsȱtransducedȱ
withȱpseudotypesȱonly,ȱandȱ inȱ cellsȱ transducedȱwithȱpseudotypesȱ inȱ theȱpresenceȱofȱ serum,ȱwillȱ
enableȱoneȱtoȱdetermineȱifȱthatȱserumȱhasȱneutralizationȱactivityȱagainstȱtheȱpseudotypeȱtested.ȱ

2.2.ȱMaterialsȱ

 12ȬchannelȱmicroȬpipetteȱ
 8ȬchannelȱmicroȬpipetteȱ
 Pipettesȱ(10�200ȱΐL)ȱ
 200ȱΐLȱMultiGuardȱNXȱBarrierȱ tipsȱ (SorensonȱBioScience,ȱSaltȱLakeȱCity,ȱUT,ȱUSA;ȱCat.ȱno.:ȱ

30550T)ȱ
 20ȱΐLȱMultiGuardȱBarrierȱtipsȱ(SorensonȱBioScience;ȱCat.ȱno.ȱ35220)ȱ
 10ȱΐLȱMultiGuardȱEȱBarrierȱtipsȱ(SorensonȱBioScience;ȱCat.ȱno.ȱ15020T)ȱ
 Dulbecco�sȱModifiedȱEagleȱMediumȱ(DMEM)ȱwithȱhighȱglucoseȱandȱGlutaMAXȱ(ThermoȱFisherȱ

ScientificȱInc.,ȱWaltham,ȱMA,ȱUSA;ȱCat.ȱno.:ȱ31966Ȭ021;ȱorȱSigmaȬAldrich,ȱSt.ȱLouis,ȱMO,ȱUSA;ȱ
Cat.ȱno.:ȱD6429;ȱorȱPANȱBiotech,ȱAidenbach,ȱBavaria,ȱGermany;ȱCat.ȱno.:ȱP04ȱ04510)ȱ

 FetalȱBovineȱSerumȱ(FBS;ȱThermoȱFisherȱScientificȱInc.;ȱCat.ȱno.:ȱ10500Ȭ064;ȱorȱPANȱBiotech;ȱCat.ȱ
no.:ȱP30ȱ8500)ȱ

 Penicillin/streptomycinȱ(SigmaȬAldrich;ȱCat.ȱNo:ȱP4333).ȱ
 0.05%ȱ(w/v)ȱTrypsinȱ0.53ȱmMȱEDTAȱsolutionȱ(SigmaȬAldrich;ȱCat.ȱno.:ȱT3924;ȱorȱPANȱBiotech;ȱ

Cat.ȱno.:ȱP10ȱ040100)ȱ
 NuncȱF96ȱMicroWellȱwhiteȱpolystyreneȱplatesȱ(ThermoȱFisherȱScientificȱInc.;ȱCat.ȱno.:ȱ136101)ȱ
 Reagentȱ reservoirsȱ (Corningȱ Inc.,ȱCorning,ȱNY,ȱUSA;ȱCat.ȱ no.:ȱ 4870;ȱ orȱDutscherȱ Scientific,ȱ

Brumath,ȱFrance;ȱCat.ȱno.:ȱ006793)ȱ
 InfluenzaȱpseudotypedȱlentiviralȱvectorsȱencodingȱFireflyȱluciferaseȱwithȱknownȱtiterȱexpressedȱ

asȱRelativeȱLuminescenceȱUnitsȱ(RLU)/mLȱ[8�10]ȱ
 Positiveȱcontrolȱseraȱ(appropriateȱforȱtheȱpseudotypedȱlentiviralȱvectorsȱused,ȱseeȱSectionȱ2.6)ȱ
 Negativeȱcontrolȱseraȱ(appropriateȱforȱtheȱpseudotypedȱlentiviralȱvectorsȱused,ȱseeȱSectionȱ2.6)ȱ
 BrightȱGloȱLuciferaseȱAssayȱSystemȱ(Promega,ȱMadison,ȱWI,ȱUSA;ȱCat.ȱno.:ȱE2650)ȱ

2.3.ȱCellȱLineȱ

Forȱ influenzaȱ pseudotypeȱ neutralization,ȱweȱ usedȱHEK293T/17ȱ cellsȱ (ATCC,ȱCRLȬ11268)ȱ asȱ
targetȱcellȱlinesȱ[9].ȱIfȱnecessary,ȱtheȱassayȱcanȱbeȱmodifiedȱtoȱallowȱtheȱuseȱofȱaȱdifferentȱcellȱlineȱ
(MDCKȱforȱexample);ȱinȱsuchȱcases,ȱtheȱlentiviralȱvectorȱinputȱandȱnumberȱofȱcellsȱusedȱshouldȱbeȱ
optimized.ȱ

HEK293T/17ȱcellsȱusedȱforȱtheȱassayȱshouldȱbeȱculturedȱandȱmaintainedȱinȱDMEMȱwithȱhighȱ
glucoseȱandȱGlutaMAXȱandȱwithȱ15%ȱ(v/v)ȱFBSȱandȱ1%ȱ(v/v)ȱpenicillin/streptomycin.ȱWeȱrecommendȱ
performingȱHEK293T/17ȱ cellȱ subculture,ȱ keepingȱ theȱ ratiosȱ andȱ daysȱ ofȱ subcultureȱ constant.ȱ Inȱ
general,ȱcellsȱcanȱbeȱsubcultured,ȱdependingȱonȱcellȱgrowthȱofȱtheȱparticularȱbatchȱandȱtheȱvesselȱ
used,ȱonȱMondayȱandȱWednesday,ȱatȱratiosȱofȱ1:4ȱorȱ1:5,ȱandȱonȱFriday,ȱatȱratiosȱofȱ1:8ȱorȱ1:10.ȱIfȱcellsȱ
areȱ thawedȱgentlyȱandȱaȱgoodȱ recoveryȱandȱviabilityȱ isȱobservedȱafterȱ thawing,ȱ theȱassayȱcanȱbeȱ
performedȱwithȱ cellsȱ fromȱpassageȱ2.ȱCellsȱ areȱusuallyȱkeptȱ inȱ cultureȱ andȱusedȱ forȱ3�4ȱmonthsȱ
(equivalentȱtoȱpassageȱ36�40).ȱInȱanyȱcase,ȱifȱchangesȱinȱcellȱmorphologyȱorȱgrowthȱareȱobserved,ȱtheȱ
cellȱbatchȱshouldȱbeȱdiscarded,ȱandȱaȱnewȱvialȱshouldȱbeȱthawed.ȱ ȱ

InȱcontrastȱtoȱtheȱHEK293T/17ȱcellȱcultureȱmedium,ȱtheȱcompleteȱmediumȱusedȱinȱtheȱassayȱitselfȱ
isȱpreparedȱbyȱaddingȱFBSȱatȱaȱfinalȱconcentrationȱofȱ10%ȱ(v/v)ȱandȱ1%ȱ(v/v)ȱpenicillin/streptomycinȱ
toȱDMEMȱwithȱhighȱglucoseȱandȱGlutaMAX.ȱThisȱisȱdoneȱtoȱavoidȱnonȬspecificȱneutralizationȱbyȱFBS.ȱ
IfȱnonȬspecificȱneutralizationȱ isȱobservedȱoften,ȱ itȱ isȱadvisableȱtoȱuseȱFBSȱatȱaȱconcentrationȱofȱ5%ȱ
(v/v).ȱ

2.4.ȱEquipmentȱandȱSoftwareȱ
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 GloMaxȱMultiȱdetectionȱsystemȱluminometerȱ(Promega;ȱCat.ȱno.:ȱE7031ȱandȱE7041)ȱorȱequivalentȱ
 Centrifugeȱforȱ96Ȭwellȱplatesȱ
 HumidifiedȱCO2ȱIncubatorȱ
 BiologicalȱSafetyȱCabinetȱ
 Automatedȱcellȱcounterȱ(BioȬRadȱLaboratoriesȱInc.,ȱHercules,ȱCA,ȱUSA;ȱCat.ȱno.:ȱ1450102)ȱorȱcellȱ

countingȱchamberȱslidesȱ
 VACUSIPȱ (INTEGRAȱBiosciences,ȱHudson,ȱNH,ȱUSA;ȱCat.ȱno.:ȱ159000)ȱorȱvacuumȱpumpȱorȱ

similarȱinstrumentȱ(optional)ȱ
 GraphPadȱPrismȱversionȱ6ȱSoftwareȱ(GraphPadȱSoftwareȱInc.,ȱLaȱJolla,ȱCA,ȱUSA)ȱ

2.5.ȱPlateȱFormatȱ

InȱFigureȱ2,ȱweȱreportȱtheȱplateȱformatȱthatȱisȱusedȱinȱtheȱpseudotypeȱneutralizationȱprotocolȱ
described.ȱ ȱ

Aȱ serialȱ dilutionȱ ofȱ 1:2ȱ ofȱ anȱ appropriateȱ positiveȱ controlȱ (serumȱ orȱ antibodies)ȱ thatȱ canȱ
neutralizeȱtheȱpseudotypeȱthatȱwillȱbeȱusedȱinȱtheȱassayȱisȱincludedȱinȱeachȱplate,ȱtoȱcheckȱthatȱtheȱ
pseudotypeȱusedȱisȱcorrectlyȱneutralized.ȱIsotypeȱcontrolȱantibodiesȱorȱserumȱareȱalsoȱincludedȱandȱ
diluted,ȱtoȱverifyȱthatȱnonȬspecificȱneutralization/nonȬspecificȱbackgroundȱsignalȱisȱnotȱdetected.ȱ

Inȱthisȱprotocol,ȱweȱwillȱshowȱtheȱcalculationȱforȱoneȱplate.ȱIfȱmoreȱthanȱnineȱsamplesȱneedȱtoȱbeȱ
analyzedȱandȱmultipleȱplatesȱareȱnecessary,ȱmultiplyȱ theȱcalculationȱhereȱreported,ȱusingȱaȱ factorȱ
correspondingȱtoȱtheȱnumberȱofȱplatesȱrequired.ȱ

Toȱ maintainȱ adequateȱ reagentȱ volumesȱ andȱ makeȱ pipettingȱ moreȱ straightforward,ȱ weȱ
recommendȱdoingȱallȱtheȱcalculationsȱwithȱanȱassumptionȱofȱ100ȱwellsȱforȱeachȱplate.ȱ

ȱ
Figureȱ2.ȱPseudotypeȱneutralizationȱassayȱ96Ȭwellȱplateȱformat.ȱColourȱgradientsȱrepresentȱdilutionȱ
ofȱtheȱserumȱsamplesȱdownȱtheȱplate.ȱUsually,ȱaȱ1:2ȱserialȱdilutionȱstartingȱwithȱ1:40ȱorȱ1:80ȱisȱused.ȱ

2.6.ȱSeraȱ

Common,ȱcommerciallyȱavailableȱsera,ȱneutralizingȱtheȱinfluenzaȱvirusȱofȱtheȱstrainȱandȱsubtypeȱ
ofȱ interest,ȱ canȱ beȱ usedȱ asȱ positiveȱ controlsȱ inȱ aȱ researchȬbasedȱ setting.ȱ Forȱ negativeȱ controls,ȱ
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commerciallyȱavailableȱserumȱofȱnaïveȱanimalsȱorȱisotypeȱcontrolsȱthatȱdoesȱnotȱpossessȱinfluenzaȱ
virusȱneutralizationȱactivityȱcanȱbeȱused.ȱIfȱusingȱcommerciallyȱavailableȱmonoclonalȱantibodiesȱthatȱ
canȱneutralizeȱmultipleȱstrainsȱofȱinfluenzaȱvirusȱ(e.g.,ȱC179ȱTakaraȱBioȱUSAȱInc.,ȱMountainȱView,ȱ
CA,ȱUSA;ȱCat.ȱ no.:ȱM145),ȱ itȱ shouldȱ beȱ keptȱ inȱ considerationȱ thatȱ theirȱ halfȱmaximalȱ inhibitoryȱ
concentrationȱ(IC50)ȱinȱthisȱassayȱisȱlowerȱthanȱinȱclassicȱneutralizationȱassays.ȱ

Humanȱsera,ȱorȱseraȱfromȱdifferentȱanimalȱoriginsȱcanȱbeȱusedȱinȱthisȱassay.ȱSeraȱtreatment,ȱsuchȱ
asȱheatȱinactivation,ȱcanȱbeȱperformedȱandȱusuallyȱdoesȱnotȱaffectȱtheȱassayȱresults.ȱOtherȱtreatments,ȱ
suchȱasȱreceptorȱdestroyingȱenzymes,ȱwereȱnotȱtested.ȱ ȱ

3.ȱProcedureȱ

3.1.ȱAssayȱSetȬUp.ȱTimeȱforȱCompletion:ȱ2:30ȱhȱ

1. Beforeȱperformingȱtheȱassay,ȱcalculateȱtheȱamountȱofȱ influenzaȱpseudotypedȱ lentiviralȱvectorȱ
thatȱwillȱbeȱused.ȱ ȱ

a. Firstly,ȱcalculateȱhowȱmanyȱRLUȱareȱrequiredȱforȱoneȱassay,ȱperformedȱinȱoneȱplate.ȱInȱeachȱ
well,ȱweȱrecommendȱaȱvirusȱinputȱthatȱresultsȱinȱ1ȱ×ȱ106ȱRLU:ȱ ȱな	 抜 など滞 迎詣戟 抜 などど 拳結健健嫌 噺 な 抜 など腿 迎詣戟ȱ

b. Therefore,ȱtheȱvolumeȱofȱpseudotypeȱ(P)ȱthatȱshouldȱbeȱusedȱisȱcalculated,ȱasȱshownȱbelow:ȱ鶏 噺 な 抜 など腿 迎詣戟喧嫌結憲穴剣建検喧結 建件建堅結 岫迎詣戟【兼詣岻ȱ
c. Consideringȱthatȱpseudotypesȱareȱaddedȱtoȱeachȱwellȱatȱaȱvolumeȱofȱ50ȱΐLȱforȱoneȱplate,ȱ

5ȱmLȱ(50ȱΐLȱ×ȱ100)ȱofȱpseudotypeȱsuspensionȱshouldȱbeȱpreparedȱbyȱaddingȱtoȱtheȱvolumeȱ
calculatedȱinȱb.,ȱbringingȱtheȱcompleteȱmediumȱtoȱaȱtotalȱvolumeȱofȱ5ȱmL.ȱ

2. Addȱ50ȱΐLȱofȱcompleteȱmediumȱtoȱA1,ȱB1,ȱC1,ȱD1.ȱ
3. Addȱ100ȱΐLȱtoȱE1,ȱF1,ȱG1,ȱH1ȱ(Cellȱonlyȱcontrol).ȱ
4. Addȱ50ȱΐLȱofȱmediumȱtoȱB2ȬH12ȱ(A2�A12ȱshouldȱremainȱemptyȱinȱthisȱstep).ȱ
5. Addȱ5ȱΐLȱ(orȱ2.5ȱΐLȱorȱ2ȱΐLȱorȱless)ȱofȱeachȱserumȱsampleȱtoȱwellsȱA2ȱtoȱA10.ȱ

Note:ȱifȱtheȱsameȱserumȱwillȱbeȱanalyzedȱmultipleȱtimesȱtoȱobtainȱtechnicalȱreplicates,ȱweȱadviseȱ
puttingȱtheȱreplicatesȱinȱadjacentȱcolumnsȱtoȱsimplifyȱtheȱsubsequentȱanalysis.ȱ

6. AddȱtoȱA11,ȱtheȱsameȱamountȱ(5ȱΐLȱorȱ2.5ȱΐLȱorȱ2ȱΐLȱorȱless)ȱofȱpositiveȱcontrolȱserumȱandȱtoȱ
A12,ȱtheȱsameȱamountȱofȱnegativeȱcontrolȱserum.ȱ

7. Makeȱvolumeȱupȱtoȱ100ȱΐLȱwithȱtheȱcompleteȱmediumȱinȱA2�A12.ȱ ȱ
8. OPTIONALȱSTEPȱSpinȱtheȱplateȱinȱaȱcentrifugeȱforȱ1ȱminȱatȱ500×ȱg.ȱ
9. Takeȱ50ȱΐLȱfromȱwellsȱA2�A12ȱ(samplesȱandȱserumȱcontrol)ȱandȱseriallyȱdiluteȱdownȱtheȱplateȱ

(fromȱAȱtoȱH)ȱusingȱaȱ12Ȭchannelȱpipettor.ȱ
10. Spinȱtheȱplateȱinȱaȱcentrifugeȱforȱ1ȱminȱatȱ500×ȱg.ȱ
11. Inȱaȱnewȱ reservoir,ȱprepareȱ theȱpseudotypedȱ lentiviralȱvectorȱonȱ theȱbasisȱofȱ theȱ calculationȱ

performedȱinȱstepȱ1:ȱaddȱtheȱpseudotypeȱvolumeȱandȱthenȱtheȱcompleteȱmedium,ȱtoȱgiveȱaȱfinalȱ
volumeȱofȱ5ȱmL.ȱMixȱbyȱgentlyȱmovingȱtheȱreservoirȱandȱbyȱpipettingȱupȱandȱdownȱwithȱtheȱ
multichannelȱpipette.ȱ

12. Addȱ50ȱΐLȱofȱtheȱpseudotypedȱlentiviralȱvectorȱtoȱeachȱwell,ȱwithȱtheȱexceptionȱofȱE1,ȱF1,ȱG1,ȱ
H1ȱ(cellȱonlyȱcontrol).ȱ ȱ
A1,ȱB1,ȱC1ȱandȱD1ȱwillȱbeȱtheȱpseudotypeȱonlyȱ(noȱsera)ȱcontrol.ȱ
ȱCRITICALȱSTEPȱToȱavoidȱcarryȱover,ȱchangeȱtipsȱforȱeachȱcolumnȱorȱrowȱofȱtheȱplatesȱwhenȱ

addingȱtheȱpseudotypedȱlentiviralȱvector.ȱ
13. Spinȱtheȱplateȱinȱaȱcentrifugeȱforȱ1ȱminȱatȱ500×ȱg.ȱ

NOTE:ȱManualȱmixingȱisȱnotȱrequiredȱafterȱthisȱstep.ȱ
14. IncubateȱtheȱserumȬpseudotypeȱmixȱforȱ1ȱhȱatȱ37ȱ°Cȱandȱ5%ȱCO2.ȱ
15. Fifteenȱminutesȱ beforeȱ theȱ endȱ ofȱ theȱ 1Ȭhourȱ incubationȱ time,ȱ prepareȱ aȱHEK293T/17ȱ cellȱ

suspensionȱ(assayȱcellȱsuspension)ȱdirectlyȱinȱaȱsterileȱreservoir.ȱ
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ȱCRITICALȱSTEPȱDoȱnotȱuseȱtubesȱtoȱprepareȱtheȱcellȱsuspensionȱasȱHEK293T/17ȱcanȱtendȱ
toȱclump,ȱandȱthisȱcouldȱresultȱinȱaȱnonȬhomogenousȱcellȱsuspension.ȱKeepȱcellsȱinȱtheȱtissueȱ
cultureȱdishȱduringȱtheȱpreparationȱofȱtheȱcellȱsuspension.ȱ

a. Removeȱmediaȱfromȱaȱ95�100%ȱconfluentȱHEK293T/17ȱcellȱdish.ȱ
b. Toȱwashȱtheȱcellsȱandȱneutralizeȱremainingȱserum,ȱaddȱ2ȱmLȱofȱTrypsinȬEDTA,ȱandȱthenȱ

removeȱit.ȱ ȱ
c. Addȱ2ȱmLȱofȱTrypsinȬEDTA.ȱ
d. Incubateȱtheȱdishȱforȱ5ȱminȱatȱ37ȱ°Cȱandȱ5%ȱCO2.ȱ
e. NeutralizeȱtheȱTrypsinȬEDTAȱbyȱaddingȱ6ȱmLȱofȱcompleteȱmedium.ȱ
f. Resuspendȱcarefully,ȱuntilȱaȱsingleȱcellȱsuspensionȱisȱobtainedȱ(thisȱcanȱrequireȱ2�3ȱmin).ȱ ȱ
g. CountȱtheȱHEK293T/17ȱcells,ȱusingȱanȱappropriateȱcellȱcountingȱchamberȱslideȱunderȱtheȱ

microscope,ȱorȱaȱcellȱcounter,ȱfollowingȱtheȱmanufacturer�sȱinstructions.ȱAȱconcentration,ȱ
expressedȱasȱcells/mL,ȱshouldȱbeȱobtained.ȱ

h. Calculateȱtheȱcellsȱneededȱforȱoneȱassayȱplate:ȱ ȱな┻の 抜 など替 潔結健健嫌 抜 などど 拳結健健嫌 噺 な┻の 抜 など滞 潔結健健嫌ȱ
i. Calculateȱtheȱvolumeȱofȱcellȱsuspensionȱforȱoneȱassayȱplate:ȱのど	航詣 抜 などど 拳結健健嫌 噺 のどどど 航詣 噺 の 兼詣ȱ
j. Calculateȱtheȱvolumeȱ(x)ȱofȱHEK293T/17ȱcellsȱforȱassayȱcellȱsuspension:ȱ	捲 噺 な┻の 抜 など滞 潔結健健嫌茎継計にひぬ劇 なばエ 潔結健健 潔剣券潔結券建堅欠建件剣券 岫潔結健健嫌【兼詣岻ȱ
k. ResuspendȱtheȱHEK293T/17ȱcellsȱinȱtheȱdishȱandȱthenȱaddȱtheȱvolumeȱofȱcellsȱcalculatedȱ(x)ȱ

toȱaȱcleanȱandȱsterileȱreservoir.ȱ
l. Addȱtheȱvolumeȱofȱcompleteȱmediumȱneededȱtoȱreachȱaȱtotalȱvolumeȱofȱ5ȱmL.ȱ ȱ
m. Mixȱbyȱmovingȱtheȱreservoirȱbackȱandȱforward.ȱ

16. Afterȱ carefulȱmixingȱ ofȱ theȱ assayȱ cellȱ suspensionȱ byȱpipettingȱupȱ andȱdown,ȱ addȱ 50ȱ ΐLȱ ofȱ
HEK293T/17ȱcellȱsuspensionȱtoȱeachȱwellȱofȱtheȱassayȱplateȱthatȱwasȱremovedȱfromȱtheȱincubator.ȱ ȱ
ȱCRITICALȱSTEPȱToȱavoidȱcarryȱover,ȱchangeȱtipsȱforȱeachȱcolumnȱorȱrowȱofȱtheȱplatesȱwhenȱ

addingȱtheȱcells.ȱ
17. Spinȱtheȱplateȱinȱaȱcentrifugeȱforȱ1ȱminȱatȱ500×ȱg.ȱ
18. Incubateȱplateȱforȱ48ȱhȱatȱ37ȱ°Cȱandȱ5%ȱCO2.ȱ

3.2.ȱFireflyȱLuciferaseȱReadȬOut.ȱTimeȱforȱCompletion:ȱ15ȱminȱ

19. AssayȱfireflyȱluciferaseȱRLU,ȱusingȱaȱPromegaȱGloMaxȱMultiȱdetectionȱsystemȱluminometerȱorȱ
equivalent.ȱ

a. Removeȱplateȱfromȱtheȱincubator.ȱ
b. Addȱ50ȱΐLȱofȱBrightȬGlo,ȱreconstitutedȱfollowingȱtheȱmanufacturer�sȱinstructions,ȱtoȱeachȱ

wellȱofȱtheȱ96Ȭwellȱplate.ȱ ȱ
c. Incubateȱforȱ5ȱminutesȱatȱroomȱtemperature.ȱ
d. Read,ȱusingȱtheȱBrightȬGloȱprotocol,ȱpreȬinstalledȱonȱtheȱGloMaxȱMultiȱdetectionȱsystemȱ

luminometerȱ(orȱalternativeȱmachine,ȱusingȱreadilyȱavailableȱsettingsȱforȱfireflyȱluciferase).ȱ
e. ExportȱtheȱdataȱontoȱaȱUSBȱstickȱforȱfurtherȱanalysisȱonȱaȱPC.ȱ ȱ

ORȱ ȱ

f. Removeȱplateȱfromȱtheȱincubator.ȱ
g. Removeȱtheȱmediumȱfromȱeachȱwellȱofȱtheȱplateȱ(vacuumȱpumpȱorȱsimilarȱinstrument).ȱ

ȱCRITICALȱSTEPȱToȱavoidȱcarryȱover,ȱchangeȱtheȱtipsȱforȱeachȱcolumnȱorȱrowȱofȱtheȱ
platesȱwhenȱremovingȱtheȱmedia.ȱ
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h. Addȱ50ȱΐLȱofȱaȱreadingȱsolution,ȱpreviouslyȱpreparedȱbyȱaȱ1:2ȱdilutionȱofȱBrightȱGloȱ inȱ
completeȱmediumȱ(i.e.,ȱ2.5ȱmLȱofȱBrightȱGloȱandȱ2.5ȱmLȱofȱcompleteȱmedium).ȱ

i. Incubateȱforȱ5ȱminȱatȱroomȱtemperature.ȱ
j. Readȱusingȱ theȱBrightȬGloȱprotocolȱpreȬinstalledȱonȱ theȱGloMaxȱMultiȱdetectionȱ systemȱ

luminometerȱ(orȱalternativeȱmachine,ȱusingȱreadilyȱavailableȱsettingsȱforȱfireflyȱluciferase)ȱ
k. ExportȱtheȱdataȱontoȱaȱUSBȱstickȱforȱfurtherȱanalysisȱonȱaȱPC.ȱ

3.3.ȱDataȱAnalysis.ȱTimeȱforȱCompletion:ȱ01:30ȱhȱ

MicrosoftȱExcelȱ(MicrosoftȱCorporation,ȱRedmond,ȱWA,ȱUSA)ȱandȱGraphPadȱPrismȱshouldȱbeȱ
usedȱ toȱanalyseȱ theȱdataȱandȱcalculateȱ theȱhalfȱmaximalȱ inhibitoryȱdilutionȱ (ID50)ȱofȱeachȱserumȱ
tested,ȱorȱ theȱhalfȱmaximalȱ inhibitoryȱconcentrationȱ(IC50)ȱofȱantibodiesȱ tested.ȱMicrosoftȱExcelȱ isȱ
necessaryȱ toȱperformȱsomeȱofȱ theȱcalculations,ȱandȱ toȱvisualizeȱ theȱrawȱdata,ȱasȱ theȱsoftwareȱcanȱ
automaticallyȱopenȱ theȱ commaȬseparatedȱvaluesȱ (csv)ȱ fileȱ thatȱ isȱgeneratedȱbyȱ theȱGloMaxȱMultiȱ
detectionȱsystemȱluminometer.ȱTheȱprotocolȱstepsȱreportedȱhereȱforȱtheȱanalysisȱareȱperformedȱusingȱ
GraphPadȱPrismȱversionȱ6.ȱDifferencesȱinȱtheȱprocedureȱmayȱbeȱnecessaryȱifȱotherȱversionsȱofȱtheȱ
softwareȱareȱused.ȱ

20.ȱ OpenȱtheȱrawȱdataȱfileȱusingȱMicrosoftȱExcelȱandȱcalculateȱtheȱaverageȱvaluesȱofȱtheȱpseudotypeȱ
onlyȱcontrolȱwellsȱandȱofȱtheȱcellȱonlyȱwells.ȱ

21.ȱ OpenȱGraphPadȱPrismȱversionȱ6.ȱ ȱ
22.ȱ CreateȱaȱNewȱprojectȱ fileȱselectingȱ�XY�ȱ tableȱandȱ�EnterȱandȱplotȱaȱsingleȱvalueȱYȱ forȱeachȱ

point�ȱandȱthenȱpressȱtheȱ�Createȱbutton�ȱ(Figureȱ3).ȱ
Ifȱmultipleȱreplicatesȱforȱtheȱsameȱserumȱwereȱperformedȱonȱtheȱsameȱplate,ȱselectȱ�Enterȱinȱ�ȱ
replicateȱvaluesȱ sideȬbyȬsideȱ subcolumns�ȱ andȱ inȱ theȱ box,ȱ insertȱhowȱmanyȱ replicatesȱwereȱ
performed.ȱBeȱcarefulȱtoȱputȱreplicatesȱnextȱtoȱeachȱotherȱwhenȱtheȱdataȱareȱcopied.ȱ
Ifȱreplicatesȱwereȱperformedȱonȱdifferentȱplates,ȱweȱadviseȱprocessingȱeachȱreplicateȱwithȱ�Enterȱ
inȱsideȬbyȬsideȱsubcolumns�,ȱandȱthenȱaverageȱtheȱID50/IC50ȱobtained.ȱ

ȱ
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Figureȱ3.ȱInstructionsȱforȱcreatingȱaȱnewȱGraphPadȱPrismȱ(GraphPadȱSoftwareȱInc.,ȱLaȱJolla,ȱCA,ȱUSA)ȱ
fileȱtoȱbeȱusedȱforȱdataȱanalysis.ȱ

23.ȱ Aȱwindowȱlikeȱtheȱoneȱreportedȱinȱfigureȱ4ȱwillȱappear.ȱ

ȱ
Figureȱ4.ȱExampleȱofȱGraphPadȱPrismȱtableȱthatȱisȱusedȱtoȱinputȱandȱanalyseȱtheȱdata.ȱ

24.ȱ Insertȱ assayȱdilutionȱ factorsȱ inȱ theȱ firstȱ columnȱ (40�5120,ȱ forȱ example,ȱ ifȱ theȱ serumȱ sampleȱ
volumeȱwasȱ5ȱΐL).ȱ ȱ

25.ȱ Insertȱ logarithmicȱdilutionȱ factorsȱ (whichȱ canȱbeȱ calculatedȱusingȱMicrosoftȱExcelȱusingȱ theȱ
LOG10ȱfunction)ȱinȱtheȱXȱcolumn.ȱ

26.ȱ Copyȱ theȱ samples,ȱ positiveȱ andȱ negativeȱ serumȱ controlȱ rawȱ dataȱ (withȱ theȱ exceptionȱ ofȱ
pseudotypeȱ andȱ cellȱ onlyȱ values)ȱ intoȱ theȱ otherȱ columns;ȱ eachȱ columnȱ shouldȱ representȱ aȱ
sample/controlȱ(Figureȱ5).ȱ

ȱ

Figureȱ5.ȱExampleȱofȱaȱGraphPadȱPrismȱtableȱinȱwhichȱtheȱrawȱdataȱandȱserumȱdilutionȱfactorsȱwereȱ
appendedȱtoȱperformȱtheȱdataȱanalysis.ȱ

DILUTION
FACTORS

 LOG (DILUTION FACTOR)

SAMPLES AND CONTROLS 
RAW DATA
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27.ȱ Toȱtransformȱtheȱdataȱintoȱpercentageȱneutralization,ȱclickȱonȱ�Analyze�.ȱ
28.ȱ Inȱtheȱnewȱwindowȱthatȱopens,ȱselectȱ�Normalize�ȱandȱbeȱsureȱthatȱallȱtheȱdataȱsetsȱareȱticked;ȱ

thenȱclickȱ�OK�ȱ(Figureȱ6).ȱ

ȱ

Figureȱ6.ȱGraphicalȱinstructionȱforȱpermittingȱtheȱnormalizationȱofȱtheȱrawȱdata.ȱ

29.ȱ Insertȱ theȱ pseudotypeȱ onlyȱmeanȱ valueȱ (whichȱwasȱ calculatedȱ inȱ stepȱ 20)ȱ inȱ �Howȱ isȱ 0%ȱ
defined?�ȱandȱcellȬonlyȱmeanȱvalueȱinȱ�Howȱisȱ100%ȱdefined?�.ȱBeȱsureȱthatȱtheȱ�Y=�ȱandȱtheȱ
�Percentages�ȱoptionsȱareȱselected.ȱThenȱclickȱ�OK�ȱ(Figureȱ7).ȱ

ȱ
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Figureȱ 7.ȱRawȱ dataȱ normalizationȱ usingȱ �pseudotypeȱ only�ȱ andȱ �cellȱ only�ȱmeanȱ valuesȱ inȱ theȱ
appropriateȱfields.ȱ

30.ȱ �NormalizeȱofȱDataȱ1�ȱtableȱwillȱbeȱcreated.ȱFromȱnowȱon,ȱthisȱtableȱwillȱbeȱusedȱforȱanalysisȱ
(Figureȱ8).ȱ

ȱ
Figureȱ8.ȱSelectionȱofȱtheȱNormalizeȱdataȱtable.ȱ

31.ȱ Nowȱclickȱagainȱonȱ�Analyze�.ȱ
32.ȱ Selectȱ�Nonlinearȱregressionȱ(curveȱfit)�ȱandȱbeȱsureȱthatȱallȱtheȱdataȱsetsȱareȱticked;ȱthenȱclickȱ

�OK�ȱ(Figureȱ9).ȱ

ȱ

Figureȱ9.ȱAnalysisȱofȱtheȱnormalizedȱrawȱdataȱtoȱcalculateȱtheȱhalfȱmaximalȱinhibitoryȱconcentrationȱ
(IC50)ȱofȱeachȱsera.ȱ

33.ȱ Selectȱ �log(inhibitor)ȱ vs.ȱ normalizedȱ response�Variableȱ slope�ȱ fromȱ �DoseȬresponseȬ
Inhibition�;ȱthenȱclickȱonȱ�Constrain�ȱ(Figureȱ10).ȱ
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ȱ

Figureȱ10.ȱSelectionȱofȱtheȱappropriateȱnonlinearȱregressionȱequationȱusedȱtoȱfitȱtheȱdata.ȱ

NOTE:ȱIfȱID20ȱ(orȱIC20)ȱorȱID80ȱ(orȱIC80)ȱneedȱtoȱbeȱreported,ȱcreateȱandȱuseȱaȱuserȬdefinedȱ
equationȱbasedȱonȱ�DoseȬresponse�Special:ȱlog(agonist)ȱvs.ȱresponse�FindECanything�ȱ(seeȱ
Figureȱ 10);ȱ afterȱdoubleȬclicking,ȱpressȱ �cloneȱ thisȱ equation�,ȱ changeȱ theȱnameȱ andȱ editȱ theȱ
formulaȱbyȱputtingȱ�Bottom�ȱasȱ0ȱandȱ�Top�ȱasȱ100.ȱInȱ�RulesȱforȱInitialȱValues�,ȱbeȱsureȱthatȱ
theȱvariablesȱareȱasȱfollows:ȱ�logECF�ȱshouldȱbeȱ�*(ValueȱofȱXȱatȱYMID)�,ȱ�HillSlope�ȱshouldȱbeȱ
�SIGN(YATXMAXȬȱYATXMIN)�ȱandȱFȱshouldȱbeȱsetȱasȱ�(InitialȱValue,ȱtoȱbeȱfit)�ȱ
Inȱ�DefaultȱConstraints�,ȱ selectȱ�Mustȱbeȱ lessȱ than�ȱ0ȱ forȱ theȱ�HillȬSlope�ȱ (seeȱalsoȱstepȱ34).ȱ
ConstrainȱtheȱFȱparameterȱtoȱ20ȱifȱIC20/ID20ȱneedsȱtoȱbeȱcalculated,ȱorȱtoȱ80ȱforȱtheȱIC80/ID80ȱ
calculation,ȱorȱanyȱotherȱnumberȱbetweenȱ0ȱandȱ100.ȱ
Inȱ�TransformȱtoȱReport�ȱchangeȱ�ECF�ȱtoȱ�ICF�.ȱ

34.ȱ Constrainȱtheȱ�HillȱSlope�ȱtoȱbeȱlessȱthanȱ0,ȱasȱshownȱbelow;ȱthenȱclickȱonȱ�Output�ȱ(Figureȱ11).ȱ
NOTEȱ 1:ȱConstrainingȱ theȱ hillȱ slopeȱ usuallyȱ improvesȱ theȱ dataȱ fit,ȱ forcingȱ theȱ softwareȱ toȱ
considerȱtheȱdataȱpointsȱasȱpartȱofȱinhibitoryȱcurves.ȱHowever,ȱifȱdoneȱimproperly,ȱitȱcanȱblockȱ
theȱIC50ȱcalculation.ȱ ȱ
NOTEȱ2:ȱItȱisȱpossibleȱtoȱuseȱaȱpreȬmodifiedȱ�log(inhibitor)ȱvs.ȱnormalizedȱresponse�Variableȱ
slope�ȱfunction,ȱinȱwhichȱtheȱhillȱslopeȱisȱalreadyȱconstrained.ȱPleaseȱseeȱPrismȱManualȱOnlineȱ
toȱlearnȱhowȱtoȱmodifyȱanȱalreadyȱexistingȱequationȱ(orȱseeȱstepȱ33ȱNOTEȱasȱexample).ȱ
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ȱ

Figureȱ11.ȱConstraintsȱofȱtheȱHillȱSlopeȱvalue.ȱ

35.ȱ Tickȱ�Createȱsummaryȱtableȱandȱgraph�,ȱandȱthenȱremoveȱallȱtheȱticksȱapartȱfromȱ�IC50�ȱ(Figureȱ
12).ȱ

36.ȱ Selectȱ�Parameterȱonly�ȱandȱthenȱclickȱonȱ�OK�ȱ(Figureȱ12).ȱ
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ȱ

Figureȱ12.ȱGenerationȱofȱtheȱsummaryȱtableȱthatȱwillȱreportȱtheȱIC50ȱvalues.ȱ

37.ȱ Analysesȱwillȱbeȱperformed,ȱandȱnewȱsheetsȱwillȱappearȱinȱresults.ȱ
38.ȱ Checkȱtheȱ�Summaryȱtable�ȱforȱIC50ȱvaluesȱ(Figureȱ13).ȱ

ȱ
Figureȱ13.ȱSummaryȱtableȱwithȱIC50ȱvalues.ȱ
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39.ȱ Saveȱtheȱfile.ȱ
NOTE:ȱIfȱadditionalȱplatesȱfromȱtheȱsameȱexperimentȱneedȱtoȱbeȱanalysed,ȱtheȱsameȱfileȱcouldȱ
beȱused;ȱaȱnewȱtableȱshouldȱbeȱadded,ȱandȱthenȱproceedȱwithȱanalysisȱfromȱpointȱ3.ȱ

WeȱadviseȱalwaysȱdoubleȬcheckingȱtheȱdata,ȱtheȱresults,ȱandȱespeciallyȱtheȱfinalȱgraphȱgeneratedȱ
byȱGraphPadȱPrism,ȱ toȱ identifyȱ possibleȱ incongruences.ȱThisȱ procedureȱ shouldȱ beȱ consideredȱ aȱ
simplifiedȱ guideȱ forȱ theȱ dataȱ analysisȱ andȱ shouldȱ notȱ substituteȱ aȱ criticalȱ interpretationȱ ofȱ theȱ
generatedȱneutralizationȱdata.ȱ

4.ȱExpectedȱResultsȱ

Figureȱ14ȱshowsȱanȱexampleȱofȱanalyzedȱpseudotypeȱneutralizationȱresults.ȱInȱthisȱcase,ȱfourȱ
seraȱwereȱ testedȱ togetherȱwithȱ appropriateȱ negativeȱ andȱpositiveȱ neutralizationȱ controls.ȱ Inȱ thisȱ
example,ȱseraȱ1,ȱ2ȱandȱ3ȱ(IC50ȱserumȱ1ȱ=ȱ5402,ȱIC50ȱserumȱ2ȱ=ȱ353,ȱIC50ȱserumȱ3ȱ=ȱ4468)ȱareȱclearlyȱableȱ
toȱneutralizeȱtheȱpseudotypeȱtestedȱwithȱdifferentȱpotencies,ȱwhereasȱserumȱ4ȱdoesȱnotȱneutralizeȱtheȱ
pseudotypeȱwithȱaȱresultȱcomparableȱtoȱtheȱnegativeȱcontrol.ȱ

TheȱmethodȱwithȱGraphPadȱPrismȱdoesȱnotȱrequireȱhavingȱpointsȱbelowȱtheȱ50%ȱmark,ȱbecauseȱ
dataȱareȱfirstlyȱnormalizedȱandȱthenȱtheȱequationȱisȱconstrainedȱtoȱalwaysȱstartȱwithȱ100%ȱandȱalwaysȱ
finishȱwithȱ0%.ȱSometimesȱGraphPadȱPrismȱisȱunableȱtoȱcalculateȱtheȱID50/IC50,ȱbecauseȱallȱtheȱpointsȱ
areȱonȱoneȱofȱtheȱtwoȱplateausȱ(forȱexampleȱserumȱ4ȱandȱnegativeȱcontrol)ȱandȱaȱclearȱcurveȱslopeȱ
cannotȱbeȱcomputed.ȱInȱthatȱcase,ȱitȱdoesȱnotȱprovideȱaȱvalue,ȱandȱtheȱID50/IC50ȱshouldȱbeȱprovidedȱ
asȱlowerȱorȱhigherȱthanȱtheȱrangeȱtested.ȱ

Theȱpseudotypeȱneutralizationȱassayȱisȱmoreȱsensitiveȱthanȱtheȱtraditionalȱmicroneutralizationȱ
assay�ifȱtheȱsameȱserumȱisȱanalyzedȱwithȱaȱmicroneutralizationȱassay,ȱitȱwillȱhaveȱlowerȱID50ȱvaluesȱ
[6,9].ȱ

ȱ ȱ
Figureȱ14.ȱGraphicalȱexampleȱofȱneutralizationȱresultsȱofȱfourȱseraȱafterȱGraphPadȱPrismȱ6ȱanalysis.ȱ
Normalisedȱpercentageȱneutralizationȱvaluesȱareȱplottedȱagainstȱtheȱlogarithmȱofȱtheȱdilutionȱfactors,ȱ
andȱneutralizationȱcurvesȱareȱinferredȱbyȱtheȱsoftwareȱthatȱadditionallyȱcalculatesȱtheȱIC50.ȱ	 ȱ

2.0 2.5 3.0 3.5 4.0

-30
-20
-10

0
10
20
30
40
50
60
70
80
90

100
110
120
130

Log10 (Dilution factor)

%
 N

eu
tra

lli
za

tio
n serum 1

serum 2
serum 3

Negative control
Positive control

serum 4



MethodsȱProtoc.ȱ2018,ȱ1,ȱ8ȱ 15ȱofȱ16ȱ

5ȱConclusionsȱandȱFutureȱWorkȱ

Inȱthisȱpaper,ȱweȱpresentȱaȱdetailedȱinfluenzaȱpseudotypeȱneutralizationȱassayȱandȱdownstreamȱ
dataȱ analysisȱprotocolsȱwithinȱ aȱunifiedȱ framework.ȱThisȱ isȱ accompaniedȱbyȱ extensiveȱgraphicalȱ
instructionsȱforȱtheȱenumerationȱofȱneutralizationȱtitres,ȱsomethingȱthatȱwasȱhithertoȱlackingȱinȱtheȱ
influenzaȱ pseudotypeȱ literature.ȱ Thisȱ protocolȱ outlinesȱ theȱ firstȱ stepsȱ towardsȱ influenzaȱ
neutralizationȱassayȱstandardization.ȱItȱshouldȱbeȱnotedȱthatȱthereȱareȱadditionalȱkeyȱparametersȱthatȱ
mustȱbeȱextensivelyȱevaluatedȱtoȱoptimizeȱanȱassayȱofȱthisȱtype,ȱifȱvalidationȱofȱtheȱassayȱisȱtheȱendȱ
goal.ȱTheseȱparametersȱareȱprecision,ȱaccuracy,ȱspecificity,ȱ limitsȱofȱdetection,ȱrange,ȱ linearityȱandȱ
robustness.ȱ Theseȱ haveȱ beenȱ addressedȱ withȱ anȱ HIVȬ1ȱ Envȱ pseudotypeȱ luciferaseȬbasedȱ
neutralizationȱassayȱ[11],ȱandȱthisȱcanȱprovideȱaȱpathȱforwardȱforȱequivalentȱinfluenzaȱassays.ȱUsingȱ
thisȱ protocolȱ inȱ aȱ studyȱ encompassingȱ multipleȱ stakeholderȱ laboratoriesȱ wouldȱ enableȱ interȬ
laboratoryȱvariationȱtoȱbeȱstudiedȱatȱtheȱparameterȱlevel.ȱ

Theȱ protocolȱ presentedȱ canȱ beȱ usedȱ asȱ anȱ alternativeȱ orȱ adjunctȱ toȱ plaqueȬreductionȱ
neutralizationȱassays/microneutralizationȱassays.ȱItȱbenefitsȱfromȱtheȱfactȱthatȱnoȱwildȬtypeȱvirusȱisȱ
required,ȱandȱtherefore,ȱcontainmentȱfacilitiesȱareȱsuperfluous.ȱThisȱisȱofȱmajorȱbenefitȱwhenȱworkingȱ
withȱHPAIȱH5ȱandȱH7ȱviruses.ȱItȱisȱaȱfunctionalȱassayȱwhichȱmeasuresȱtheȱtotalȱneutralizingȱantibodyȱ
responseȱtoȱtheȱHAȱ(bothȱheadȱandȱstalk).ȱIfȱaccurateȱquantificationȱofȱtheȱstalkȱresponseȱisȱrequired,ȱ
theȱassayȱcanȱbeȱperformedȱusingȱaȱpseudotypeȱcarryingȱanȱHAȱwithȱaȱmismatchedȱheadȱ(asȱweȱhaveȱ
describedȱrecentlyȱforȱH11ȱhead/pH1ȱstalkȱpseudotypesȱ[12]).ȱ ȱ
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