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Abstract 
 

For the past year, the world has been under quarantine due to SARS-CoV-2 or COVID-19. To return to normalcy, 
the rapid production and distribution of a vaccine is necessary. There are several challenges that are encountered to 
rapidly scale up and produce large quantities of the vaccine to achieve immunity. In this study, an industrial production 
process of a Virus-Like Particle (VLP) based vaccine is developed to produce 100 million doses of the COVID-19 
vaccine. To produce the VLP, an Insect Cell/Baculovirus Expression Vector System (IC/BEVS) is used. An IC/BEVS 
system, uses insect cells to host a genetically modified baculovirus capable of producing the VLP. The cell line selected is 
SF-9 cell line from Spodoptera frugiperda and the baculovirus is Autographa californica multiple nucleopolyhedrosis 
virus (AcMNPV). The production process consists of three major sections: upstream processing, VLP production, and 
downstream separations. In upstream processing, the insect cell line is scaled up from a small 400mL flask culture to a 
1,000L bioreactor. To produce a 1,000L culture, the insect cells are grown in a series of reactors starting with a 10L 
bioreactor to 100L to the final 1,000L reactor. For each of the reactors, the cells are grown to a concentration of ~4E09 
cells/L and are used to inoculate the next bioreactor in the series. The insect cells are in the middle of the exponential 
growth phase at the concentration of 4E09 cells/L.  
 

After the cells in the 1,000L reactor are grown to 4E09 cells/L, the production phase begins and a 10,000L 
bioreactor is inoculated. The cells are grown to the same concentration of 4E09 cells/L before being infected by the 
baculovirus at a multiplicity of infection (MOI) of 0.1. For production, the 4E09 cells/L represents the cell concentration 
at infection (CCI) and cells in the bioreactor continue to grow with the baculovirus until sufficient VLP concentration is 
achieved. The MOI, CCI, and the virus concentration are used to approximate the time of harvest (TOH) for maximum 
VLP production. Final VLP concentration in the bioreactor is approximately 8E-04 g/L based upon SARS-CoV VLP 
studies.  
 

Lastly, the crude product is sent to downstream processing. The VLP is isolated and purified from insect cells, 
baculovirus, and other contaminants. The first unit operation is centrifugation, where the cells, baculovirus, and VLP are 
separated from the growth media. Next, the cells are resuspended in fresh media, homogenized, and the cell debris is 
filtered out of the suspension. The filtrate is processed by Ion-Exchange chromatography to remove most of the 
baculovirus in the suspension. Another filtration step is added to remove all remaining baculovirus particles. From there 
the product is processed through another ion exchange reactor to isolate the target VLP. Now that the target protein has 
been isolated the product is freeze dried for food storage preservation and the result is purified VLP vaccine. Based on this 
overall design we were able to achieve a product yield for the VLP vaccine of 2.9 grams of VLP/ kg of infected cells.  
Based on literature values for other similar VLP vaccines our yield is reasonable.  
 
 
 
 
 
 
 
 


