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Overview

To support public health decision-making and healthcare planning, we developed a
model for the five-county Austin-Round Rock Metropolitan Statistical Area (henceforth
Austin) that can provide real-time estimates of the prevalence and transmission rate of
COVID-19 and project healthcare needs into the future.

The model incorporates key epidemiological characteristics of the disease,
demographic information for Austin, and local mobility data from anonymized cell phone
traces. It uses daily COVID-19 hospitalization data to estimate the changing
transmission rate and prevalence of disease. The framework can be readily applied to
provide pandemic situational awareness and short-term healthcare projections in other
cities around the US.

In this report, we use COVID-19 hospitalization data for Austin from March 13, 2020 to
March 5, 2021 to estimate the state of the pandemic in early March and project
hospitalizations up to June of 2021. We consider the combined impact of the following
factors:

e the March 10th statewide relaxation of nonpharmaceutical interventions [1]
e the emergence of the B.1.1.7 variant [2,3]
e the citywide rollout of the SARS-CoV-2 vaccine [4], and

e travel and mixing occurring during the K-12 and college spring break period


https://covid-19.tacc.utexas.edu/
https://paperpile.com/c/sioAr4/YnLq
https://paperpile.com/c/sioAr4/OPLu+mkB6
https://paperpile.com/c/sioAr4/uUHP

The projections are based on multiple assumptions about the age-specific severity of
COVID-19 and the role of asymptomatic infections in the transmission of the virus. The
graphs below do not present the full range of uncertainty for the city of Austin, but are
intended to provide basic insight into the changing risks of COVID-19 transmission and
potential healthcare surges in Austin.

Our results suggest that if transmission rates estimated on March 5th, 2021 persist and
vaccines are administered at a rate of 35,000 per week (totalling ~51% of the MSA
population fully vaccinated by June 1, 2021), COVID-19 hospitalizations will continue to
decline, and there will be approximately 550 (95% Crl: 350-950) COVID-19
hospitalizations and 100 (95% Crl: 75-155) COVID-19 deaths between March 5 and
June 1, 2020. However, the statewide lifting of NPI's, the emerging threat of the B.1.1.7
variant, and spring break activities could cause large COVID-19 surges. Specifically, we
estimate the following for the three-month period between March 5 and June 1, 2021:

e On its own, the spread of the B.1.1.7 variant could increase the number of
COVID-19 hospitalizations by 20% and deaths by 10%. In this scenario, the
probability of exceeding an ICU capacity of 200 patients before June 1 is <1%.

e The combination of the statewide policy change and spring break could lead to
triple the number of COVID-19 hospitalizations and double the number of
COVID-19 deaths. This assumes that transmission rebounds similarly to the
patterns observed in May 2020 following Phase 1 and 2 of Open Texas [5,6]. In
this scenario, there is a 35% chance that hospitalizations will rise to the level of
triggering Stage 5 and a 22% chance of exceeding the ICU capacity of 200
patients before June 1.

e The combination of the B.1.1.7 and behavioral relaxation could produce a large
spring wave that threatens Austin’s healthcare systems in the absence of
intervention. In this scenario, there is a 54% chance that hospitalizations will rise
to the level of triggering Stage 5 and a 47% chance of exceeding the ICU
capacity of 200 patients before June 1.

We are posting these results prior to peer review to provide intuition for both policy
makers and the public regarding both the immediate threat of COVID-19 and the
importance of heightened social distancing and transmission reducing-precautions as
vaccine distribution continues, including keeping physical distance from others, wearing
cloth face coverings and self-isolating when symptomatic.


https://paperpile.com/c/sioAr4/47EZ+bNhy

Austin COVID-19 model

The appendix below describes the model in detail. In short, we use mathematical
equations to track the changing numbers of individuals who are susceptible (not yet
infected), infected, hospitalized, recovered, and deceased. The model incorporates key
features of the virus and uses iterated filtering [7] to estimate daily transmission rates in
Austin from a combination of local hospital data (COVID-19 admissions, discharges and
deaths) as well as SafeGraph mobility trends (cell phone-based estimates of hours
spent at home and daily trips to public points-of-interest such as grocery stores,
restaurants, bars and parks [8]). We use the estimated transmission rates to project
COVID-19 hospitalizations, ICU visits, and deaths several months ahead. The model
makes the following assumptions:

Epidemic seeding: February 17th, 2020 with 1 infected adult
Transmission rates are modulated by age-specific contact patterns
Following infection, cases go through multiple stages of infection:
Stage 1: Pre-symptomatic and non-contagious for an average of 2.9 days

Stage 2: Pre-symptomatic contagious for an average of 2.3 days (44% of
transmission events occur during this period)

Stage 3: Symptomatic contagious or asymptomatic contagious for an average of
4 days. The model assumes that 43% of all infections are asymptomatic and that
asymptomatic cases are 67% as infectious as symptomatic cases.

Cases may be hospitalized and/or die at rates that depend on their age and risk
group.

o The overall infection hospitalization rate (IHR) is 4.2%
o The overall infection fatality rate (IFR) is 0.54%

The duration of hospital stays are estimated from the local hospitalization data
and can change through time.

Vaccination is modeled by reducing susceptibility to infection of fully vaccinated
individuals by 94% [9].


https://paperpile.com/c/sioAr4/i4com
https://paperpile.com/c/sioAr4/mDJYy
https://paperpile.com/c/sioAr4/SPvh

COVID-19 in Austin through March 5, 2021

We track COVID-19 spread in Austin through a metric called the effective reproduction
number, R(t). This indicates the contagiousness of the virus at a given point time and
roughly corresponds to the average number of people a typical case will infect.
Measures to slow or prevent transmission, such as social distancing and mask wearing,
can reduce the reproduction number. Immunity acquired either through past infection or
vaccination can also reduce the reproduction number. If R(t) is greater than one, then
an epidemic will continue to grow; if R(f) is less than one, it will begin to subside. By
tracking R(t), we can detect whether policies and individual-level behaviors are having
the desired impact and project cases, hospitalizations and deaths into the future.

Effective reproduction number R(t)

Figure 1: The 7-day average effective reproduction number, R(f), of the COVID-19 pandemic in
Austin from February 17, 2020 to March 9, 2021. R(t) is an epidemiological quantity used to
describe the contagiousness of a disease. An epidemic is expected to continue if R(f) is greater
than one and to end if R(f) is less than one. This epidemic threshold of R(f) = 1 is indicated by a
horizontal dashed line. R(f) can be interpreted as the average number of people that an infected
case will infect. The value of R(f) depends on the basic infectiousness of the disease, the
number of people that are susceptible to infection, and the impact of social distancing, mask
wearing and other measures to slow transmission. The solid line gives the mean daily estimate
and the shaded ribbon indicates the 95% credible interval.

To model the possible impacts of the recent statewide policy changes and increased
mixing and travel during spring break, we estimate the impacts of similar events earlier
in the pandemic. Specifically, the relaxation of strict COVID-19 measures led to an
approximately 60% increase in the transmission rate on two occasions—immediately
following the Phase 2 of Open Texas [5,6] in May and following the start of the school


https://paperpile.com/c/sioAr4/47EZ+bNhy

year and state orders GA-30 and GA-31 in September [10] (Figure 1). We also estimate
that, following Thanksgiving, transmission immediately spiked by roughly 30%. Thus, in
the reopening + spring break scenarios below we assume that (1) transmission
increases by 60% over the two weeks starting on March 6, 2021 and (2) spring break
increases the transmission rate additional 30% for exactly one week starting on March
12, 2020.

COVID-19 healthcare projections for spring 2021 in
Austin under four scenarios

We consider the following four scenarios:

e Status quo: The reproduction number of 0.73 (95%Crl 0.46-0.96) estimated on
March 5 does not change.

e Variant:

o We assume that the transmission rate of the B.1.1.7 variant is 60% higher
than the original (wildtype) variant [3].

o We assume that B.1.1.7 is spreading at 50% prevalence in Austin on
March 5 and the proportion of cases caused by B.1.1.7 grows according to
a logistic curve until it causes 99.7% of all infections by June 1 [2,3,11].

e Reopening + Spring Break:

o To model the statewide relaxation of NPI's, we assume the transmission
rate increases linearly between March 6 and March 20, reaching a rate
that is 60% higher than estimated on March 5th.

o To model spring break, we assume that the transmission rate increases by
30% between March 12 and 19.

e Reopening + Spring Break + Variant: We combine the two scenarios above.

For each scenario, we project COVID-19 hospitalizations, ICU patients, and deaths
through June 1, assuming no other policy or behavioral changes during this period and
that vaccinations continue in Austin at a rate of 35,000 per week (Figures 2-4). We also
estimate the probability that Austin will reach the threshold for entering Stage 5 (7-day
rolling average of COVID-19 hospital admissions above 50) or surpass the estimated
COVID-19 ICU capacity of 200 patients for the Austin-Round Rock MSA (Table 1).
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Table 1: Projected impact of statewide policy change, spring break and the B.1.1.7 variant on
pandemic burden in the Austin-Round Rock MSA from March 6 to June 1, 2021. Numbers are
median values with 80% prediction intervals in parenthesis.

. Total COVID-19 Total COVID-19 | chanceof | Chance of
Scenario hospitalizations mortalit triggering | exceeding 200
P Y Stage 5 ICU patients
Status quo 550 (350-950) 100 (75-155) <1% <1%
Variant 650 (350-1,300) 110 (80-190) <1% <1%

Reopening + 1,750 (550-7,200) 240 (110-810) 35% 22%

spring break

Reopening +
spring break + 3,550 (700-15,300) 415 (125-1,600) 54% 47%

variant
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Figure 2: Projected COVID-19 hospitalizations in the Austin-Round Rock MSA from March
6 to June 1, 2021. Black points represent the reported daily COVID-19 patients in all Austin
area hospitals. Colored lines represent median projections and shading indicates the 95%
prediction interval for each scenario, across 500 stochastic simulations. The horizontal black
line indicates the estimated COVID-19 hospital capacity of 1,500 patients in the MSA.
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Figure 3: Projected COVID-19 ICU patients in the Austin-Round Rock MSA from March 6
to June 1, 2021. Black points represent the reported daily COVID-19 ICU patients in all Austin
area hospitals. Colored lines represent median projections and shading indicates the 95%
prediction interval for each scenario, across 500 stochastic simulations. The horizontal black
line indicates the estimated ICU capacity of 200 COVID-19 patients in the MSA.
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Figure 4: Projected daily COVID-19 hospital mortality in the Austin-Round Rock MSA
from March 6 to June 1, 2021. Black points represent the daily number of COVID-19 deaths
reported by all Austin area hospitals. COVID-19 deaths occurring outside of hospitals are not
included in these projections. Colored lines represent median projections and shading indicates
the 95% prediction interval for each scenario, across 500 stochastic simulations.



Appendix

COVID-19 Epidemic Model Structure and Parameters

The model structure is diagrammed in Figure A1 and described in the equations below.

For each age and risk group, we build a separate set of compartments to model the transitions
between the states: susceptible (S), exposed (E), pre-symptomatic infectious (PY),
pre-asymptomatic infectious (P*), symptomatic infectious (1), asymptomatic infectious (I*),
symptomatic infectious that are hospitalized (I"), recovered (R), and deceased (D). The symbols
S,E,PY,PAI", 1A, " R, and D denote the number of people in that state in the given age/risk
group and the total size of the age/risk group is

N=S+E+P  +P*+1Y+1*+I1"+R+D.

The deterministic model for individuals in age group a and risk group 7 is given by:
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1“1, 1" compartments, respectively, is the exposed rate, J*, 1" are the pre-(a)symptomatic

rates, is the symptomatic ratio, is the proportion of symptomatic individuals requiring
hospitalization, is rate at which hospitalized cases enter the hospital following symptom onset,

is mortality rate for hospitalized cases, and (1) is daily instantaneous rate at which terminal
patients die.

We simulate the model using a stochastic implementation of the deterministic equations.
Transitions between compartments are governed using the -leap method [12,13] with key
parameters given in Table A1-2. We simulate the model according to the following equations:
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where B(n,p) denotes a binomial distribution with n trials each with probability of success p. For
denotes the force of infection for individuals in age group a and risk group r and is given by
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bi(t) ~ N(bi(t —1),04,)
ba(t) ~ N (ba(t — 1), 04,)
Z(t) ~ N(0.97 - Z(t — 1),02)1 Z(0)=0
where PC1 and PC2 describe the first and second principal components from our mobility data

as described below. The adjustment AZ(t) modifies A(t) to model the impacts of reduced
mask wearing and opening of businesses, spring break, rise of B.1.1.7 variant, and increased
level of vaccination:

AZ(t) = Ap(t) + Asp(t) + Ap1a7(t) + Ay(t)

where Am(t) indicates the impact of the reopening and mask order, As(t) indicates the impact

of spring break, AB.1.1.7(t) indicates the impact of the B.1.1.7 variant, and Av(t) indicates the
impact of vaccine rollout.

Finally,

p(t) = eSO pere Zu(t) ~ N (W - Zu(t — 1),04), Zu(0) = 0 ang

A (t) = O8OOI 2 e Z,(t) ~ N(0.99 - Z,(t — 1)), Z7(0) = 0.
We estimate . , , , , , , ,and as described in the model

fitting section below.
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Figure Al. Compartmental model of COVID-19 transmission in the Austin MSA. Each subgroup
(defined by age and risk) is modeled with a separate set of compartments. Upon infection, susceptible
individuals (S) progress to exposed (E) and then to either pre-symptomatic infectious (P" ) or
pre-asymptomatic infectious (P* ) from which they move to symptomatic infectious (/*) and asymptomatic
infectious (/) respectively. All asymptomatic cases eventually progress to a recovered class where they
remain protected from future infection (R); symptomatic cases are either hospitalized (/") or recover.
Mortality (D) varies by age group and risk group and is assumed to be preceded by hospitalization.
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Figure A2. Components of the transmission modifier (AZ(t)) modeling changing risks in the
Austin MSA. The four scenario projections adjust B(t) to model the statewide reopening and removal of
mask mandates, additional vaccinations, the rise of the B.1.1.7 variant, and spring break. The graphs

show the multiplicative adjustment of B(t) over time. The components of AZ(t) are the logarithms of
these values.

Mobility trends

We used mobility trends data from the Austin MSA to inform the transmission rate in our model.
Specifically, we ran a principal component analysis (PCA) on seven independent mobility
variables provided by SafeGraph, including home dwell time and visits to universities, bars,
grocery stores, museums and parks, schools, and restaurants [8]. We regressed the
transmission rate on the first two principal components from the mobility data as described in

the modeling equations for A(t).



Epidemic starting conditions

We could not estimate the epidemic start date directly using our model, because the
transmission rate flexibility gave rise to similarly good fits within a wide-range of potential values
for t0. We therefore conducted an independent estimation procedure to obtain reasonable
epidemic start dates for Austin. We then used our best guess parameters as described in Table

A2 and chose 3(0) = 0.67 ggiit produced three-day doubling rate in cumulative cases and

gave R¢(0) = 4 which are consistent with observations for the Austin early outbreak dynamics
[14]. We ran 1,000 stochastic simulations with these initial conditions, and identified the wait
time for when there was 1 admit for Austin. We estimated the start time from the resulting
distribution of wait times for Austin as February 17, 2020 (IQR = February 11 - February 23),
and chose February 17th, 2020 as the start date for the model.

Model likelihood

We obtained daily hospital admit ({14(1)), discharge data (Hz(%)), total hospitalizations (£ ()),
and death data (HD@)) for the Austin MSA. In this model we estimated . , ,

, , , , , and fixed the remaining parameters as described in Table A1-2. We
assumed all sources of data were negative binomially distributed around their predicted values
from the SEIR stochastic model, and chose informative, but relatively dispersed priors for
certain parameters for stability in parameter estimation and to prevent the model from overfitting
data through large perturbations to time-dependent variables.

Following all of these considerations, the likelihood for our stochastic model was:

p(Y(t), bl(o)v Oby, ba (0)7 Oby) k|9) = p(Y(t)w, by (0)7 Oby s bZ(O)v Oby) k)p(gv b (0)7 Oy b2(0)) Oby, k)

where Y (t) refers to the four types of data from hospitals, 6 contains all parameters from Table
A1 not explicitly listed, and where

p(Y (£)10,61(0), 06, b2(0), 04, k) = p(H ()| Ha())p(Hy ()| Hr())p(Hp ()| Hp (£)p(H (1) H (t))
p(97 b1(0)7 Ob s b2(0)7 Oy k) = p(bl (0)) : p(Ubl) : p(bQ(O)) ’ p(abz) ) p(k)

with

_(FHHAO =T e g,k
p(Ha(t)|Ha(t)) = ( Ha(t) > p"(1—p) dp b+ Ia()
_ (k+Hp(t) -1 k(1 — pVH® and p — k
p(HL(t)|H(t)) = ( Hy (1) ) p(L—p)"*¥, and p T O,
oy (FHHD® =T\ e ok
p(Hp ()| Hp(t)) = ( H () ) pF(1 = p)p® and p = F T a0






