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Establishing micro-neutralization assays for human viruses using a quantitative PCR endpoint

Li	Sheng-Fowler,	Stella	Lee,	Kathryn	Phy	and Keith	Peden*
Food	and	Drug	Administration,	USA

Development of vaccines against emerging and re-emerging human pathogenic virusesis a public health imperative. As most 
licensed vaccines are effective through eliciting neutralizing antibodies, assays that can quantify neutralizing antibodies will 

likely be crucialin demonstratingvaccineeffectiveness. Neutralization assays traditionallyinvolve infectious virus, and the assay 
most commonly used is the plaque-reduction neutralization test. For viruses that can be propagated under standard laboratory 
conditions, such as Biological Safety Level 2 (BSL-2) conditions, the native virus can be used. This is the case for flaviviruses, such 
as Zika virus (ZIKV). However, for select agents such as Ebola virus (EBOV), this must be doneunder BSL-4 conditions. Because 
BSL-4 laboratories are uncommon, we have taken an alternative approach. Our approach uses a replication-competent hybrid virus 
whose genome carries the envelope gene from the pathogenic virus on the genetic backbone of a non-pathogenic virus. We use 
vesicular stomatitis virus (VSV), since VSV has the advantage that it can, once its own envelope gene is deleted, accommodate 
envelope genes from various virusesandincorporate this envelope into the viral particle. The resulting chimeric virus uses the 
heterologous envelope for entry and is neutralized by antibodies that neutralize the native virus. We have constructed hybrid VSVs 
carrying the envelope genes for several filoviruses. The readout for infectivity is by reverse transcriptase quantitative PCR (RT-
qPCR), an approach we established for other viruses. The primers are directed against VSV genome rather than against the specific 
envelope gene, and thus the assay can be readily adapted to any virus whose envelope can be incorporated into the VSV particle. 
There are several advantages of our method. First, using PCR as readout allows the assay results to be obtained within 24 hours and 
frequently within 8 hours. Second, the sample for the assayis a crude lysate from the infected cells, which obviates the need to purify 
the nucleic acids and thus the assay is amenable to automation and high throughput. Third, the assay as done is in 96-well format, 
but could be adapted to a 384-well format for the evaluation of multiple sera. To demonstrate the utility of the approach, we have 
assessed neutralizing antibodies against several filoviruses and have shown that the antibody titersobtained using our assay are in 
agreement with those obtained using other assays. Thus, we conclude that our approach could be an alternative to other neutralization 
assays. 
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