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Summary

We present new COVID-19 epidemiological predictions for PSU University Park cam-
pus for the Fall 2021 semester. The basic model is a Susceptible-Exposed-Infected-
Recovered (SEIR) compartmental model, updated to account for vaccinations. The
original version of the model was previously used to model the Fall 2020 semester.
We use the updated model to evaluate alternative scenarios, within the testing ca-
pacity at UP, comparing with the current PSU administration’s COVID-19 plan. We
highlight three key conclusions:

• It is important to mandate vaccinations so as to reduce symptomatic cases and
possible hospitalizations and deaths among students, faculty, and staff;

• It is urgent to start testing all the vaccinated individuals, a strategy totally
absent in the present PSU plan, and

• It is necessary to implement mitigation measures during home football games,
such as mandatory submission of negative COVID-19 test results for all visitors
to Beaver stadium, or, if this is not feasible, to hold games with a much reduced
attendance.

We have carried out Monte Carlo simulations of the epidemiological model that
account for the uncertainty in some key model parameters. As expected, an overall
percentage of vaccination in the mid 90%s, achievable only with a vaccine mandate,
notably reduces the number of moderately symptomatic infections and therefore the
possibility of hospitalizations and deaths among students, staff and faculty. Without
also testing the vaccinated, however, the current PSU plan will not be able to stop
an outbreak of asymptomatic infection at UP even if a vaccine mandate is rapidly
implemented. Under the current PSU plan, an outbreak of asymptomatic infections,
driven by infections among vaccinated individuals is likely to occur and will likely go
totally unnoticed. The infections may then spread into the surrounding community
and affect the unvaccinated population in Centre County, most notably children under
the age of 12. We analyze the test results data available after 12 days in the semester
in the PSU dashboard and contrast it with the model predictions.

∗These projections were prepared by an interdisciplinary group of faculty from the PSU College of En-
gineering and Eberly College of Science. We welcome feedback and comments at cjupsuscience@gmail.com
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1 Introduction

We conducted a Monte Carlo simulation of an epidemiological model for a university
campus adapted to PSU’s University Park (UP) campus in Fall 2021 under its current
COVID-19 plan. The PSU plan consists of the following elements:

• Vaccination is not mandated but it is encouraged for students, faculty, and staff;

• All unvaccinated individuals living on and off campus (students, faculty and staff)
will be tested once per week; vaccinated individuals will not be tested;

• On arrival, all unvaccinated students living on campus are tested before admitted in
university housing;

• Use of masks is obligatory on campus when indoors.

The epidemiological model we use is an updated version of the SEIR model proposed by
Paltiel et al. [1] that we used in Fall 2020 (see [3]). The new model includes the presence
of antibody-protected individuals that constitute a new compartment. We do not present
the details of the new model here, instead we refer the interested reader to [2] for details.
In this report we only present and discuss the simulation results for the PSU UP campus
(we do not consider other PSU campus). Simulation results under the PSU plan and under
some feasible alternative plans are discussed in sections 2-3. A comparison between the
simulated behavior of the current PSU plan with data from actual test results after 12
days into the Fall 2021 semester is given in section 4. We conclude with a discussion and
some final remarks. Estimation of the model parameters adapted to the PSU UP campus
is provided in the Appendix.

2 Simulation results

There are four epidemiological parameters that determine the behavior of the SEIR model
we adopt (using notation from [2]):

1. Rt, the effective reproduction number (of the delta variant, at present overwhelmingly
dominant in the US);

2. PerVac, the percentage of the population under study (students, faculty, and staff at
UP) that is vaccinated;

3. ei, the effectiveness of the vaccines currently in use in the US against infection of the
delta variant.

4. et, the effectiveness of the vaccines currently in use in the US against transmission
of the delta variant.

In addition, there are two input parameters that define the conditions at the university
campus at the beginning of the Fall semester:
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5. A(0), the initial number of asymptomatic infected individuals among the unvacci-
nated (that are undetected);

6. AP(0), the initial number of asymptomatic infected individuals among the antibody-
protected.

Finally, due to the potential football games in University Park have to act as super-
spreading events, we also consider an additional parameter:

7. Magnitude of external shocks of additional asymptomatic infections affecting the
campus population, occurring at each of the dates in which there are home games in
University Park scheduled in Fall 2021 (denoted by X).

We performed 10,000 Monte Carlo simulations of the Fall 2021 semester using the
SEIR model in Paltiel et al. [2] varying the seven key parameters above over a range of
possible values, determined with best available estimates1. All other parameters were fixed
according to the values given by [2], which in turn are taken from the published literature.
Parameters related to the testing frequency were changed depending on the testing strategy
being analyzed. We assumed that the Fall semester has 120 days, and that the population
at PSU UP consists of 53,000 individuals (45,000 students, 4000 faculty and 4000 staff; the
model assumes perfect mixing of these sub-populations, which is an approximation). We
do not explicitly model the surrounding community in State College, although our remarks
point out the relevance of our results for the well-being of its members.

We show the simulation results for six different scenarios for Fall 2021 in Table 1. The
first scenario is the current PSU plan as indicated above, in which we assume exogenous
shocks at each home football game result in additional average infection of about 225 PSU
individuals (students, faculty and staff attending games, see Table 2 in the Appendix for
distributions used). The next five scenarios are all feasible if the testing capacity can reach
3800 tests/day at UP2. Scenarios 2–5 assume a vaccination mandate, and the testing of
the vaccinated at different frequencies (this is in addition to testing of the unvaccinated).
A vaccine mandate is modeled by an increase in the total vaccination rate at UP to 95%,
on average (see Table 2, Appendix, for the actual distributions used), consistent with
vaccination rates reported by universities mandating vaccination. The last scenario (# 6)
does not include such a mandate but does include testing of the vaccinated.

1For a justification of the values used in these seven key parameters see the Appendix
2In the period 2/15/21-2/19/21, PSU UP tested 3078 persons per day on average, with one day ex-

ceeding 3,300 tests/day. The university could use external vendors such as Vault Health Inc. to cover
additional testing needs per day, if any, for the alternative scenarios presented.

3



Table 1: Simulation results of different COVID-19 scenarios. The first scenario is under the current
PSU plan. Results from 10,000 Monte Carlo simulations of the SEIR model in [2] varying its seven key
parameters as indicated in Table 2 of the Appendix.

Median Median
Required Symptom. No. of Total number of infected

# Scenario Tests/Day Infections Deaths Mean Median SD

1 Fall 2021 PSU plan 1,778 750.2 0.95 10,146 5,948 11,695
(base scenario)

2 As #1 + vacc. mandate 378 162.3 0.20 8,209 4,117 11,160

3 As #2 + testing the 2,276 77.4 0.10 3,217 1,874 4,704
vaccinated every 3 wk.

4 Vaccine mandate + test 3,785 65.0 0.09 2,390 1,558 2,973
everyone every 2 wk.

5 As #4 + tests before games 3,785 10.8 0.02 472 253 1,100

6 As #1 + test the 3,708 387.5 0.52 4,621 2,937 5,520
vaccinated every 3 wk.

The statistics shown on the last 5 columns of Table 1 are summaries of the 10,000
simulated realizations of the Fall 2021 semester: the median number of symptomatic in-
fected students (whose symptoms can be considered moderate to serious due to the delta
variant), median number of deaths, and mean, median, and standard deviation (SD) of the
total number of infected individuals at UP over the semester (with or without symptoms).
Figures 1 and 2 graphically compare the PSU plan (scenario 1) and scenario 3 (the PSU
plan with the addition of a vaccination mandate and testing the vaccinated every 3 weeks).

Note the thick “right tail” of the total infections distribution in Figure 1, which shows
much worse outcomes are possible than what the median or mean number of infections in-
dicate; this calls for caution. This behavior is common to all scenarios tried, and is reflected
in large standard deviations (SDs) in Table 1 relative to the median. An outbreak of more
than ten thousand asymptomatic vaccinated individuals is possible under the PSU plan
(grey area, third graph from top left), which will inevitably spread into the surrounding
community. Likewise, the death of up to 2 individuals cannot be discarded either (grey
area, top left graph in Figure 1).

Figures 1-2 show very clearly the advantages of scenario 3 over the current PSU plan:
a substantial reduction in deaths and symptomatic infections and a drastic reduction in
asymptomatic infections. There are scenarios in Table 1 that show an even better per-
formance than scenario 3. An intriguing scenario is scenario 4, testing all individuals,
vaccinated or not, once every two weeks. The model predicts this strategy to result in
lower numbers of deaths and symptomatic and asymptomatic infections than scenario 3.

4



0 20 40 60 80 100 120

0
1

2
3

4

Days into the Fall semester

D
e

a
th

0 20 40 60 80 100 120

0
2

0
0

4
0

0
6

0
0

Days into the Fall semester

S
y
m

p
to

m
a

ti
c
 c

a
s
e

s

0 20 40 60 80 100 120

0
1

0
0

0
0

2
0

0
0

0

Days into the Fall semester

A
s
y
m

p
to

m
a

ti
c
 c

a
s
e

s
 i
n

 t
h

e
 a

n
ti
b

o
d

y
−

p
ro

te
c
te

d

0 20 40 60 80 100 120

0
5

0
0

1
0

0
0

1
5

0
0

Days into the Fall semester

A
s
y
m

p
to

m
a

ti
c
 c

a
s
e

s
 i
n

 t
h

e
 u

n
v
a

c
c
in

a
te

d

Total number of cases in semester

p
ro

b
a

b
ili

ty

0 10000 20000 30000 40000 50000

0
.0

0
.1

0
.2

0
.3

0
.4

Total number of symptomatics in semester

p
ro

b
a

b
ili

ty

0 1000 2000 3000 4000 5000

0
.0

0
0

.1
0

0
.2

0
0

.3
0

Figure 1: Simulations of 10,000 realizations of the Fall 2021 COVID-19 infection under the current PSU
plan (scenario 1). From the upper left: number of death, number of symptomatic cases, number of
asymptomatic individuals vaccinated or previously infected (antibody-protected), number of asymptomatic
individuals who are unvaccinated, estimated distribution of the total number of persons infected over the
Fall 2021 semester at UP (median = 5,948), and estimated distribution of the total number of symptomatic
cases in Fall 2021 in UP (median = 750). In the first 4 graphs, the middle 80% quantiles are highlighted
(grey, these are the most likely scenarios), the red lines indicate the boundary of the 1% most extreme
trajectories observed (99% of the trajectories are inside these lines), and the solid black line is the median
trajectory. Note how two deaths are possible. Also, note the scale of the antibody-protected graph; under
the current PSU plan, which does not test the vaccinated, it is the vaccinated who fuel the growth of the
infection. The current PSU COVID plan, which requires about 1,778 tests per day, will not be able to
detect any outbreak among the vaccinated.
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Figure 2: Simulations of 10,000 realizations of the Fall 2021 COVID-19 infection under a vaccine mandate
and testing the vaccinated once every 3 weeks (scenario 3 in Table 1). The unvaccinated are tested
weekly. Compare with Figure 1, but note the very different scales used along the y-axes. From the upper
left: number of death, number of symptomatic cases, number of asymptomatic individuals vaccinated
or previously infected (antibody-protected), number of asymptomatic individuals who are unvaccinated,
estimated distribution of the total number of persons infected over the Fall 2021 semester at PSU UP
(median = 1,874) and estimated distribution of the total number of symptomatic cases at UP (median
= 65). In the first 4 graphs, the middle 80% quantiles are highlighted (grey, these are the most likely
scenarios), the red lines indicate the boundary of the 1% most extreme trajectories observed (99% of the
trajectories are inside these lines), and the solid black line is the median trajectory (some of which were
reported on Table 2). This plan requires about 2,276 tests/day, well within the UP testing capacity. The
better performance compared to the current PSU plan is evident, but there are even better alternatives
proposed in Table 1.



3 Comments on the Effects of Various Strategies

Effect of a vaccine mandate.– Bringing the vaccination rate to the mid 90%’s can be
done via a vaccination mandate as demonstrated by universities that have required
vaccination. Vaccines remain very effective against hospitalization and death, but
not so much against infection or transmission of the delta variant. We can look at
the effect of a mandate added to the PSU plan by comparing scenarios 1 and 2 in
Table 1. Higher vaccination rates achievable with a mandate reduce the
number of symptomatic individuals (from a median of 750 to 162) and there-
fore they also reduce the number of severe cases leading to hospitalization
or death in the semester (the number of deaths drops from a median of 0.95
to 0.20, see Table 1). Notice, however, that the estimated average total number of
infected individuals under scenario 2 is still more than 8,000, with a large standard
deviation. These are mostly asymptomatic infections of antibody-protected individ-
uals, i.e, “breakthrough” infections. Given that these infected individuals can further
spread the disease into the unvaccinated segment of the population, it is necessary
to test the vaccinated as well. Therefore, scenarios 3–5 consider testing vaccinated
individuals at different frequencies.

Effect of testing the vaccinated.– Scenarios 3–5 include a vaccination mandate and
testing of the unvaccinated, but in addition, testing of vaccinated individuals at
different frequencies: either once every 3 weeks as in scenario 3, or test all individuals,
vaccinated or unvaccinated, once every two weeks as in scenarios 4 and 5. The
results show that, the combined effect of a vaccine mandate and increasingly
more frequent tests of the vaccinated reduces the symptomatic and death
further, and dramatically reduce the total number of infections (most of
them which are asymptomatic). The testing required is still within the limits of
feasibility for the current PSU testing capacity at UP.

Yet another scenario is one that does not include vaccination mandate but instead
includes testing all vaccinated persons every 3 weeks in addition to testing the un-
vaccinated once per week. Such a plan is also within reach of the current testing
capacities at UP (see scenario 6 in Table 1). The effect of testing the vaccinated,
compared with the base plan, is to decrease the total number of infections by more
than a factor of 2, including an important reduction of around 50% in the number of
symptomatic cases and death. Compared to a plan with the same components plus
a vaccination mandate (Scenario 3), it is clear that a mandate reduces much further
the symptomatic cases and death, and importantly, does this with a lower number
of tests per day.

Effect of COVID mitigation measures during football games.– In view of the an-
nouncement that no mitigation will occur during football games, scenarios 1–4 assume
exogenous shocks generating around 250 more infections per home game among PSU
attendants (for justification of these estimates, see the Appendix). As recent experi-
ence in large stadiums in England shows, even mitigated large events may still pose
a significant risk of transmission of the virus. To compare, we consider an alterna-
tive in which the strategy in scenario 4 is simulated with the additional assumption

7



that football games will require all non-PSU attendees to show a negative COVID-19
test, as is currently done in some large sporting events in Europe. Assuming a 10%
of false negative tests, the shocks are now reduced to 25 new infections per game.
With a vaccine mandate in place, and testing of all (vaccinated and unvaccinated), a
large number of the infection on campus will be driven by exogenous shocks due to
football games, hence mitigating COVID-19 measures at home games such
as requiring negative test results for all non-PSU attendees drastically
reduces the total infections over the semester.

Instead of requiring a negative COVID test by all visitors, scenario 5 can also be
interpreted as having a reduced attendance at each home game, i.e., limiting external
visitors into the stadium to 6,000 persons only (10% of 60,000 visitors). Whatever
the interpretation, scenario 5 shows the lowest death numbers and a very manageable
total number of infections, both symptomatic and asymptomatic.

4 Comparison of the model predictions with the ob-

served data in the PSU dashboard as of Sept. 1,

2021

At the time of this writing, the PSU dashboard reports 143 detected positive cases at UP
for the August 21-September 1 period (no data are available past Sept. 1). Although
the PSU plan does not contemplate testing the vaccinated, the 143 cases may be a mix
of unvaccinated and vaccinated persons who voluntarily wanted to be tested. It is worth
comparing this observed number of cases to the model predictions shown above.

The level of infection observed at PSU UP as of Sept. 1 (12 days after
arrival of students) is higher than the most extreme simulations we presented
for the PSU plan3. This is probably due to a higher number of infected vaccinated
individuals arriving to campus than what we assume (recall the PSU plan did not test the
vaccinated students upon arrival). An infection level like the observed can be reproduced
if we increase the number of vaccinated infected individuals who arrived to campus to 400
(the parameter AP(0) in our model) and if the reproducing number is increased to 4.5 in
our simulation model. Under these parameter values, the growth of the infection is so fast
that the model predicts almost all the PSU population would be infected at some point in
the Fall semester.

In view of the data at hand, the urgency to modify the current PSU plan, mandating
vaccination and starting to test the vaccinated cannot be exaggerated.

3The most extreme values of Symptomatic, Asymptomatic, and Asymptomatic-protected infection
cases at day 12 are given by values slightly higher than the upper red lines in the second, third, and fourth
graphs in Figure 1 (these lines give the 95% quantiles). The sum of the most extreme simulated values of
asymptomatic and symptomatic infections at day 12 is 122, beyond the current infection at UP (143).
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5 Discussion and final remarks

A vaccine mandate not only reduces the risk of seriously symptomatic infections and death
among PSU students, faculty, and staff, it also helps reduce the use of facilities at the local
hospital, and can reduce the required rate of testing on campus. However, even with a
vaccine mandate the vaccinated should be tested as well. We have presented alternatives
that require less than 3800 tests/day, in some cases, much less than this, likely within the
reach of the current testing capacity of PSU UP.

Starting to test the vaccinated as soon as possible is very important. Current outbreaks
in universities with vaccination rates exceeding 95%, such as Duke University4 or Cornell5,
are taking place mostly among the vaccinated. This news, and the recent estimates of
vaccine effectiveness against the Delta variant indicate that breakthrough infections due
to this variant are indeed more frequent than previously thought. While the vast majority
of these infections will be asymptomatic, the infected individuals can transmit the virus to
the unvaccinated population in the surrounding community, especially children under 12
in State College.

We close by noting a caveat and some limitations of our study. Contrary to other uni-
versities with a more successful control of COVID-19 in their campuses during 2020-2021,
PSU is likely to start Fall 2021 with several thousand students in years 2-4 of their studies
who were infected during the outbreaks of Fall 2020 and Spring 2021. These prior infec-
tions must provide the students with some degree of immunity even if they have not been
vaccinated. Some very recent research conducted in Israel6 indicates that prior COVID
infection (without vaccination) provides a higher degree of immunity against infection and
even hospitalization due to the delta variant than full vaccination (without infection), al-
though it is not clear if this only applies to the Pfizer vaccine, almost exclusively used in
Israel. There is some evidence that indicates how the effectiveness of the Moderna vaccine
is higher against delta variant infection than Pfizer’s7.

The model we use does not include any explicit immunity effect due to prior infections,
but the effect is captured by the scenarios that include a vaccination mandate, since raising
the vaccination rates increases the initial number of individuals in the antibody-protected
compartment at the beginning of each simulation (arrival to campus). Thus, scenario 2
would be the most representative of the possible performance of the current PSU plan dur-
ing Fall 2021. Because of the very large number of infected individuals at the end of the
semester under scenario 2 (see Table 1) scenarios 3–5, which include a vaccine mandate,
could still be seen as much better alternatives to the current PSU plan. If the results about
natural immunity coming from Israel are confirmed for all vaccines in use in the US, then
all the alternative strategies presented, including the PSU plan, should be modified to give
testing priority to individuals not previously infected (especially the unvaccinated, but also

4https://coronavirus.duke.edu/2021/08/new-guidance-on-covid-19-for-the-duke-community/
5https://covid.cornell.edu/testing/dashboard/
6https://www.medrxiv.org/content/10.1101/2021.08.24.21262415v1. Note this is not yet a peer-

reviewed publication, it was uploaded only on 8/31/21.
7See the recent pre-peer review article by Mayo Clinic researchers https://www.medrxiv.org/

content/10.1101/2021.08.06.21261707v3
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the vaccinated).

As mentioned earlier, the model we have utilized assumes perfect mixing of the sub-
groups within the population of 53,000 individuals at UP, and this is evidently an approx-
imation, since both the vaccination rates and the fatality rates differ between the different
groups as their mean ages differ considerably. We did not include any other PSU campus
in our analysis, where the reported vaccination rates are considerably lower than 80%. We
also assumed that if infected, the vaccinated cannot get symptoms, and hence, cannot be
hospitalized and die. It has been shown that for the delta variant the effectiveness against
hospitalization and death of the current vaccines is fortunately high, but not 100%. Lastly,
the likely availability of a new round of “booster” vaccination was not included in our
study. It is possible that the faculty and staff may start to get these booster shots later
in the semester, but for the majority of the students it is likely these may be available
until the end of the semester or later. Finally, we used a pessimistic low value of the effec-
tiveness of the vaccines to prevent transmission of the virus to others, given infection. If
this effectiveness turns out to be higher than assumed, our simulations may be pessimistic.
Still, the uncertainty in this parameter and the real possibility that it be low calls to err
on the side of caution.8
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APPENDIX. Estimation of the key model parameters

In our simulations, due to the uncertainty in all the seven key model parameters men-
tioned in section 2, we vary their values according to truncated normal distributions9

tN(µ, σ2,min,max) centered at particular values informed from the literature and preva-
lence data. The distributions we used are shown in Table 2.

SEIR model Parameter Assumed distribution parameters
µ σ2 min max Mean Median

Rt 3 0.5 2 4.5 3.02 3.01
PerVac 0.80 0.033 0.65 0.85 0.796 0.797
ei 0.66 0.1 0.26 0.84 0.65 0.66
et 0.1 0.1 0 0.2 0.1 0.1

A(0) 5 3 0 8 4.46 4.58
AP(0) 24 5 0 30 22.9 23.3
X µX µX/2 µX/10 3 · µX/2 EX MedianX

Table 2: Distributions used in the Monte Carlo simulations for the seven key parameters of the SEIR
model with vaccination. The magnitude of the shocks (X) due to home football games used was either
µX = 25 or µX = 250 depending of whether mitigation measures are taken or not. For µX = 250, this
results in EX = 224.7 and MedianX = 230.7. For µX = 25, these are 22.4 and 23.0 respectively. For
scenarios with a vaccination mandate, PerVac was changed to a truncated normal with parameters 0.95,
0.01, 0.92 and 0.97 (implying a mean of 0.949 and a median of 0.949).

We next explain how the distributions above were centered, and the rationale for the
ranges used.

Vaccine effectiveness to prevent infection of the delta variant (ei). On August
27, 2021, scientists associated with the CDC published a paper [4] where they give the
efficiency of the COVID-19 vaccines in use in the USA to prevent infection of the delta
variant to be 66%, with a 95% confidence interval (26%, 84%). This is to be taken as an
average performance among all vaccines in use in the USA at the moment. Prior to this
publication, this parameter, to which our modeling is very sensitive, has been the most
difficult to assess since only smaller studies were available before.

Effective reproduction number, (Rt). A major concern with the delta variant is
that estimates of its reproduction number put it at twice that of the original variant, that
is, R = 7. The effective reproduction number has to be lower than this, as it must include
any mitigation measures the PSU plan includes, such as use of masks indoors while on
campus and the contact tracing and isolation that results from positive COVID-19 tests.
Hence we use Rt = 3 as the center of a truncated normal that can range from 2 to 4.5.
We consider this value conservative, given that no social distancing is encouraged on or off

9The truncated normal is the maximum entropy distribution for a given mean, variance and finite
support.
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campus, and no use of masks is enforced at all in off-campus housing.

Vaccine effectiveness to prevent transmission, given infection by the delta
variant (et). There is very little information regarding this parameter. The CDC indi-
cates how fully vaccinated people with Delta variant breakthrough infections can spread
the virus to others. For people infected with the Delta variant, similar amounts of viral
genetic material have been found among both unvaccinated and fully vaccinated people10.
Paltiel and Schwartz [2] opted for a very pessimistic 0% transmission effectiveness. We use
a conservatively low 10%, with a range from 0 to 20%.

Percentage of the population that is fully vaccinated, (PerVac). As of this writ-
ing, the university has not released a clear description of the percentages of vaccination
among all the students and employees at UP. On August 31, the administration announced
that 86% students living on campus are fully vaccinated, and so are 98% of administrators
(around 200 persons), 91% of academic personnel and a worrisome 79% of non-unionized
staff (the vaccination rate among the close to 2,700 unionized workers has not been re-
ported). Also announced was that 80% of students living on or off-campus are vaccinated,
which implies that the off-campus rate is 78% (although it is likely to be lower than this
for undegraduates living off-campus, given than most graduate students live off-campus as
well).

For simplicity, we assume there are no partially vaccinated individuals. Assuming 4000
academic persons, 4000 staff, and 45,000 total students at UP, and a 78% vaccination rate
among students living off-campus (about 31,000 persons), a simple weighted average gives
80% vaccination among all N = 53,000 persons at UP (45,000 students plus 8000 faculty
and staff). We use a distribution which ranges from a minimum of 65% to a maximum of
85% to account for the uncertainty in the unionized staff and the reliability of self-reported
vaccination status.

Initial number of unvaccinated and vaccinated asymptomatic infected in-
dividuals (A(0) and AP(0)). Thanks to having more than half of the US population
vaccinated, prevalence of COVID-19 is lower at the end of August 2021 than at the end of
August 2020. For the week of August 23, prevalence in PA, which we use in our computa-
tions, was 1/345 11. For the 45,000 students, we assume an 80% vaccination rate, thus we
should expect to see 45,000/345 infected students arrive, out of which we assume 20% are

10https://www.cdc.gov/coronavirus/2019-ncov/variants/delta-variant.html
11https://covid-tracker.mckinsey.com/prevalence
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“breakthrough” infections12

45, 000 · 0.8 · 1

345
· 0.20 = 20.9 vaccinated infected individuals

The remaining 20% of arriving infections are of unvaccinated individuals, which are tested
upon arrival, but we assume a realistic 10% of false negatives in PCR tests:

45, 000 · 0.20 · 1

345
· 0.1 = 2.6 unvaccinated infected individuals

For faculty, we assume a 95% vaccination rate, and divide similarly “breakthrough” infec-
tions of vaccinated individuals and infections of unvaccinated, considering that no faculty
or staff is tested initially at the beginning of the semester:

4000 · 0.95 · 1

345
· 0.20 = 2.2 vaccinated infected individuals

and

4000 · 0.05 · 1

345
= 0.57 unvaccinated infected individuals.

Likewise, we assume a 75% vaccination rate for 4000 staff, yielding a few more cases:

4000 · 0.75 · 1

345
· 0.2 = 1.7 vaccinated infected individuals

and

4000 · 0.25 · 1

345
= 2.8 unvaccinated infected individuals.

Rounding these partial counts and adding, we get A(0) = 5 for the unvaccinated and
AP(0) = 24 for the vaccinated. The estimated initial number of infections is consider-
ably lower than what we estimated a year ago if all students were tested upon arrival
(50 individuals, see [3]). The reason is the lower prevalence thanks to the use of vaccines
nationwide in 2021. Anyhow, given their uncertainty, we varied this estimate from a low
value of 0 to a high value of 8 (for A(0)) and from 0 to 30 (for AP(0)). These low counts
of initial infection have the effect of driving a slow initial growth of the infection curves.
Current PSU dashboard testing data, as of Sept. 1, seem to indicate the value of AP(0) is
an underestimate due to the probable arrival of many vaccinated infected individuals (see
section 4 for discussion of this point).

12We assume 20% of all infections of the delta variant are of vaccinated individuals. To
our knowledge, there is no national (US) estimate for this fraction, as the CDC stopped
collecting infections by vaccination status in May, before the delta variant became domi-
nant in the US. However, the province of Ontario estimates these at 16.6% of all infections
(https://files.ontario.ca/moh-covid-19-weekly-epi-report-en-2021-08-14.pdf); the De-
partment of Health of Wisconsin estimates them to be 43% of all infections in July 2021
(https://www.dhs.wisconsin.gov/covid-19/vaccine-status.htm#summary), and the Department
of Health of Massachusetts estimates it at 30% (https://www.masslive.com/coronavirus/2021/08/
massachusetts-reports-1459-new-covid-cases-hospitalizations-at-about-70-unvaccinated.

html). These percentages are not surprising in view of the effectiveness of the vaccines in the period when
the delta variant became most dominant (see discussion about ei above).
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Magnitude of home football game shocks. PSU has announced no mitigation
measures to be done during home football games. Using the same prevalence data as
before, we can expect about 174 individuals infected among the assumed 60,000 visitors
(external to PSU). We assume the rest of the public (40,000) are PSU students. Each of
the infected visitors can infect R ∗ 40K/100K PSU students attending the game, which
gives 244 infections using an optimistic reproduction number of R = 3.5 (we reduce R from
an unmitigated R = 7 that the delta variant is known to have, to account for an outdoor
event). We round the result to 250 (this defines the parameter µX , implying about 230
additional infected students at each game, see Table 2). To compare, we consider also a
case where all 60K external visitors must submit a recent negative COVID-19 test within
the prior 48 hours to enter the stadium, as currently done at other big events. If this is the
case, assuming as before a 10% false negative rate, we get µX=25 (which implies about 23
additional infected PSU students at each game, see Table 2).
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