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In winter 2019, a new disease was discovered rapidly spreading in
Wuhan, China. Since then, COVID-19 has become a global
pandemic infecting nearly all countries in the world. Over 141
million cases have been reported and over 3 million patients have
passed away. To end the pandemic and the threat of COVID-19
rapid production and distribution of a vaccine for this disease is
necessary. We were tasked with designing a process to produce 100
million doses per year of a VLP vaccine for SARS-CoV-2, the virus
that causes COVID-19

Virus-Like Particles (VLPs) are macromolecules that resemble the
structure of viruses but lack any of the infectious genetic material.
In Figure 1, the actual virus SARS-CoV-2 is compared to a VLP
produced by Medicago Inc and is under clinical trials. The VLP in
the image is produced using plant-based cells, but there are many
ways to produce them. For our project, we utilized the insect cell
baculovirus expression vector system (ICBEVS) to produce VLPs.
The ICBEVS system functions by exploiting the replication cycle of
baculoviruses. Figure 2 shows the replication cycle of
baculoviruses. In the very late phase of replication, the virus forms
a polyhedrin matrix. Replacing the genes for the polyhedrin matrix
with the genes for the antigen will result in VLP production. The
cell line used for production of our VLP is the Sf9 cell line and the
baculovirus used is a strain of AcMNPV genetically modified to
produce SARS-CoV-2 VLP.

For our downstream process shown in Figure 5 we used our
separations knowledge and literature reviews from industry
sources to design this flow diagram based on our Super Pro
Design models. The inlet streams come from our production
reactor where the stream is processed through a disk stack
centrifuge to remove all large cellular debris. Then the stream is
run through a high-pressure homogenizer to separate the
enveloped VLP from the insect cells. The homogenizer outlet
stream now contains our VLP of interest, baculovirus particles,
and cell debris. From here the stream is processed through a
dead-end filter to remove the cell debris leaving only the VLP and
baculovirus particles. The filtrate containing the VLP and virus is
processed via two ion-exchange chromatography columns to
isolate the VLP. The final outlet stream is freeze dried for storage
resulting in a final purified VLP vaccine product. Considering the
overall downstream process, the product yield for the VLP is
75%.

Results
Based on our proposed design we were able to achieve a final
VLP amount of 6.01 grams per 10,000-liter bioreactor batch at a
yield of 75%. Using an industry standard 10 µg of VLP per dose of
vaccine, we will require at least 167 batches per year to achieve
the goal of 100 million doses in one year.

Figure 5. Downstream Process PFD

Figure 2. Life cycle of a baculovirus.

Figure 1. Image of the SARS-CoV-2 virus being 
compared with an image of VLP produced by 
Medicago Inc.

Production Stage

The first stage of the production process is upstream processing. In
this stage, the goal is to grow the Sf9 cells from a lab scale culture
to a production scale reactor. There are many factors that need to
be accounted for to grow a culture of insect cells such as growth
media, temperature, oxygen levels, pH, growth kinetics, initial and
final cell concentrations, and cell death. For our project, we utilized
research literature to obtain optimal values for these parameters.
Based on that information a seed train was established where the
cells are grown in 10L, 100L and a 1,000L batch bioreactors, where
the cells at the end of the smaller reactor are used to inoculate the
next reactor in line. Figure 3 shows a representation of each of the
bioreactors in the seed train. The final concentration of the 1,000L
reactor is 4E09 cells/L, which is used to inoculate the 10,000L
production reactor.

Figure 3. PFD for upstream processing.

Figure 4. Production Process PFD

After the cells from 1,000L reactor are transferred
to the 10,000L fed-batch reactor. The insect cells
are grown to a concentration of 4E09 cells/L,
which is optimal for infection with baculovirus. The
multiplicity of infection (MOI) for the infection is determined using
existing literature. The MOI used for the infection is 0.1 pfu/cell,
indicating that for every 10 insect cells in the reactor, there is one
baculovirus capable of infection. Figure 4 shows a representation of
the production stage bioreactor. At the end of this stage, we
determined that ~8g of VLP are produced per 10,000L reactor.


