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Introduction

In the unprecedented wake of the COVID-19 (SARS-
CoV-2) pandemic, techniques to understand and test
preventative measures—Ilike vaccination and social
distancing—have become increasingly necessary. A
compartmental computer model[1-4] was used to simulate
the spread of COVID-19 in a population including the
mitigating effects of vaccination and social distancing. The
aim of our study was to assess strategies for minimizing
the most harmful effects of the pandemic. Similar studies
are underway by other groups([5,6].

Computer Model

Our computer model is a direct, stochastic simulation of
pair interactions between individuals within a total
population of N people, characterized in terms of their
state of health with respect to COVID-19. As shown in
Figure 1, separate compartments (sub-populations) are
distinguished, including susceptible (S), infected (I), and
recovered {R}[3,4]. The susceptible and infected groups
are further subdivided according to vaccination status,
indicated by the subscript uor v, referring to unvaccinated
and vaccinated, respectively;a fraction (f) of thetotal
population is vaccinated. Social distancing is

incorporated in our model by limiting the proximity of pair
interactions to AN =(1-q)N, where theq lies in the range 0
<q<l.
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Figure 1: Modified SIR Model

Accordingly, q=0 describes the absence of social distancing
and gq=1 describes thelimit where no interactions

occur. The simulation begins with one infected person in
the population. When a susceptible person interacts with an
infected person, the former has a probability § (if
unvaccinated) or a (if vaccinated) of becoming infected.
People can only interact within their social distancing range
(4Ny). If infected, they then move to the infected group and
have the same infectiousness regardless of their
vaccination status. The simulation continues cycling over
all peoplein the population, each person interacting with
one randomly selected individual within their interaction
range; a day is defined as one cycle. After an interval of At
(days), an infected person becomes recovered and is
immune. The simulation ends when there are no more
infected people. Figure 2 shows one full run of our
simulation. Theseresults and those described in the next
section were obtained using a Python code to implement
the computer model described above.
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Figure 2: Susceptible, Infected, Recovered Populations
N=1000, f=0.25, g=0.2, «=0.05, 3=0.25, At=15

Results

One of the first metrics explored was peak infection count,
as it determines whether or not hospitals will be
overwhelmed by a surge in cases. Here, we focus on the
unvaccinated group of infected people since they are more
likely to require hospitalization. Duration was also tested as
a factor in thelength of pandemic response, where longer
durations are a result of "flattening the curve" of peak
infections.

Increasing degrees of social isolation and vaccination were
tested and are shown in Figure 3:
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Figure 3: Peak fraction of infected and unvaccinated
group versus Social Distancing parameter and
Vaccination fraction; parameters separately varied as
indicated.

Vaccination has an approximately proportionate mitigating
effect. By contrast, social distancing is only effective when
the interaction range is strongly restricted, with4N, equal to
a small number. An inverse relation is seen with respect to
the duration of the pandemic in Figure 4.
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Figure 4: Duration of pandemic versus Social Distancing
parameter and Vaccination fraction

Discussion/Conclusions

Reducing the reproduction number reduces the peak
infected population but at the cost of prolonging the
duration of the pandemic. Under the assumption of the
dire consequences of overwhelming healthcare facilities,
this approach seems prudent. The reproduction number,
Ry, is the average number of infections resulting from a
single infected individual during the course of their
illness at the initial stage of the pandemic[4]. In terms of
the model parameters, Ry=min[(fo+ (1-f)B)At, AN,]

This formula helps to explain our simulation results about
how social distancing and vaccination mitigate the spread
of COVID-19. Social distancing provides an upper bound
on Ry but it is only effective if AN, < BAt corresponding
toqg=1 . By contrast, the vaccination fraction f directly
reduces the probability of infection, given that a <f.
Increasing the vaccinated fraction of the populationis a
more effective mitigation strategy than social distancing.
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