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ABSTRACT

The COVID-19 pandemic has highlighted the challenge of rapid, large-scale vaccine production following
an unanticipated spike in demand. Increasing the total throughput of a vaccine manufacturing network
is crucial. However, the production process is complex and has many distinct steps, each with high
stochasticity. Discrete event simulation is used to simulate this manufacturing network, with a focus on
testing the impact of dispatching rules used to allocate batches between drug substance and drug product
sites. We propose a new dispatching rule based on a push-pull mode, often observed in practice. This
increases the utilization of the network and keeps the batches at the drug substance site for a longer period,
which improves flexibility in the allocation.

1 INTRODUCTION

Vaccines against SARS-CoV-2 have been developed and brought to market at an unprecedented speed
and have led to an estimated 14.4 million fewer deaths due to COVID-19 within the first year of their
introduction (Watson et al. 2022). During a pandemic, increasing manufacturing throughput and vaccine
access is crucial to reach population-wide immunity as fast as possible.

The traditional vaccine manufacturing process is characterized by long lead times, high setup costs and
process uncertainties. The production yields may vary due to the biological nature of the process. Production
lines or entire sites must be shut down for weeks if a bacterial contamination happens. Furthermore, high
quality assurance and quality control standards make the process challenging, lengthy and costly.

A vaccine manufacturing network typically compromises of drug substance (DS) and drug product
(DP) sites. Several technology platforms (e.g., mRNA, viral vector) exist for the manufacturing of the
DS, but this research focuses on settings with large bioreactors in which cells are grown and antigens are
subsequently harvested. Bulk batches are shipped to a DP site, where they are formulated to make the
vaccine more stable and immunogenic, filled into vials or syringes and packed for distribution.

The vaccine manufacturing network (Figure 1) can consist of multiple DS and DP sites. Sites can
have different capacities and number of parallel processes (i.e. number of bioreactors, formulation vessels,
filling and packaging lines). Often a static dispatching rule is used to allocate batches between DS and
DP sites. Regulatory requirements have a significant impact on the network structure (e.g., restrictions on
transferring a batch from one DP to another).

Although there are multiple ways to increase throughput (e.g., increase capacity of sites by adding
lines, building new sites, reducing process time), these are considered resource- and time-intensive. This
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Figure 1: Vaccine manufacturing network with two or more drug substance (DS) and drug product (DP)
sites. With B=bulk, P=process, QC=quality control, I=inventory, Fo=formulation, Fi=filling, Pa=packaging.

work focuses on increasing utilization of an existing network in the early stages of an outbreak to address
supply scarcity, specifically, by improving the allocation of batches between DS and DP sites.

Based on first simulation experiments conducted using Julia – a novel high-level, high-performance,
dynamic programming language (Bezanson et al. 2017) –, the network throughput is highly sensitive to
the way batches are allocated from DS to DP sites. The aim is to close supply gaps by improving batch
allocation across sites in order to reduce the manufacturing lead time.

2 METHOD

Based on the simulation approach proposed by Lostumbo et al. (2021) and given the stochastic nature of a
vaccine manufacturing network, discrete-event simulation is used to model each process time as a probability
distribution, validated by experts during stakeholder interviews. We model the entire manufacturing network
of a vaccine with both multiple DS and DP sites (Figure 1). We use a situationally aware dynamic approach
to dispatching, since it takes the current instant state of the simulation and unexpected events into account
(Chan et al. 2020). We do this by minimizing equipment idle time (i.e., increasing utilization) of all
process at the DP sites and by keeping the batches as long as possible at the DS sites. This allows more
flexibility for the dispatching of the batches, since it can react to sudden changes of the network (e.g.,
contaminations). We compare this to three less complicated dispatching rules, namely a random allocation,
a sequential allocation and a rule that assigns the batch to the DP with the lowest stock.

3 RESULTS & DISCUSSION

The preliminary results show differences across the allocation rules. The variation in throughput remains
high, irrespective of the dispatching rule applied. Therefore, we are currently developing dispatching rules
that include regulatory constraints, as we hypothesize that allowing the transfer of batches from one DP site
to another could increase the overall throughput, and reduce potential future uncertainties. Furthermore,
we analyze the effects of the network configuration of DS and DP sites on the throughput.
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