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1 Additional Methods

1.1 Effective reproductive number (R(t))

We used the daily cases, incubation period, and serial interval previously estimated1. This allowed us
to estimate the effective reproduction number for each county. The effective reproduction number R(t)
represents the mean number of secondary cases generated by a primary infector at time t2–5. This measure
is useful to track the effectiveness of performed control measures, which aims to push it below the epidemic
threshold (corresponding to R(t) = 1). R(t) incorporates factors affecting the spread of the epidemic (e.g.,
individual’s behavior and susceptible depletion).

To estimate R(t), we use the same methodology described previously4–6 to distinguish between locally
acquired and imported cases. Thus, we assume that the daily number of new cases (date of symptom onset)
with locally acquired infection L(t) can be approximated by a Poisson distribution

C(t)Pois(Rt

t∑
s=1

ϕ(s)C(t− s)) (1)

where C(t) is the number of new cases (either locally acquired or imported) at time t (date of symptom
onset), R(t) is the effective reproduction number at time t and is the generation time distribution. To
estimate the time between consecutive generations of cases, we adopted the serial interval (which measures
the time difference between the symptom onset of the infectors and of their infected) estimated from the
literature1, namely a gamma distribution with mean 5.0 days and standard deviation 3.4 days (shape=4.87,
rate=0.65).

The likelihood λ of the observed time series cases from day 1 to T can be written as:

λ = ΠT
t=1P

(
C(t)Pois(Rt

t∑
s=1

ϕ(s)C(t− s))

)
(2)

where P (x, y) is the Poisson density distribution of observing x events, given the parameter y.
We then use Metropolis-Hastings MCMC sampling to estimate the posterior distribution of R(t). The

Markov chains were run for 100,000 iterations, considering a burn-in period of 10,000 steps, and assuming
non-informative prior distributions of R(t) (flat distribution in the range (0-1000]). Convergence was checked
by visual inspection by running multiple chains starting from different starting points.

1.2 Constructing exposure measures

We constructed a measure of a colleges exposure to different geographic areas using movement data from
2020. For each county and college campus we estimated the average number of devices from the source
county on each campus by week and computed the change from 20 to 14 days before reopening to 0 to 6
days after reopening. Because in some cases the net flow went in the opposite direction, we truncated the
change in devices at 0. We use this change in mobility as our estimate of the flow of devices from a source
county to a college campus.
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We then estimated, for each county, the 7-day incidence of COVID-19 per 100,000 people ending 14 days
before campus reopened. Finally, we used the truncated number of devices moving from each county to a
given campus to construct the weighted average of all counties that had net movement towards a college
campus. The resulting exposure metric is the average 7-day incidence per 100,000 from source counties to a
college campus for the period ending two weeks before campus reopened.
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