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Executive Summary

The zoonotic emergence of the coronavirus SARS-
CoV-2 at the beginning of 2020 and the subsequent global
pandemic of COVID-19 has caused massive disruptions to
economies and health care systems, particularly in the
United States. This briefing to be presented at
DATAWorks 2021 will describe IDA’s empirical analysis
of COVID-19 data within the U.S. general population.

Using the results of serology testing, we have
developed true prevalence estimates for COVID-19 case
counts in the U.S. over time, which allows for more precise
estimates of infection and case fatality rates throughout the
course of the pandemic. To elucidate the behavioral,
demographic, weather, and policy factors that contribute to
or inhibit the spread of COVID-19, IDA compiled panel
data sets of empirically derived, publicly available COVID-
19 data. We then analyzed which factors were most highly
correlated with both the increased and decreased spread
within U.S. states and counties. Our analysis shows that
mobility to retail and recreation locations (i.e., bars and
restaurants) was highly correlated with increased COVID-
19 case counts.

SARS-CoV-2 genomic analysis over the course of the
pandemic demonstrates that different lineages have
emerged and waned over the course of the pandemic.

Overall, the emergence of SARS-CoV-2 and COVID-
19 has resulted in the public having unparalleled access to
data for analyzing the pandemic. Such access has allowed
for widespread real-time analysis to support the
deployment of resources and implementation of policy.
However, along with this unparalleled access to data come
potential problems, as researchers may lack insight into
data collection methods and experience with new types of
data, which can lead to conflicting interpretations and
conclusions about the pandemic.
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Early in the pandemic, the sponsor identified a need

for empirical data and analysis to support decision
making

- Traditional epidemiology models (SEIR) show what can
happen, not what will happen

- Changes in behavior change the trajectory of the spread of the virus

- Sponsor identified a need to compile a large data set of
empirical data from a variety of sources

- Itis important to identify the factors most associated with both
mitigation and spread of the virus



COVID-19 is the first pandemic in history in which vast
amounts of data are openly accessible to the public
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True Prevalence of COVID-19 vs Reported Case Counts



COVID-19 case counts have been chronically
underreported from the beginning of the pandemic

e Causes of underreporting:
* |nadequate testing supplies and access during initial months

* Those who had mild/asymptomatic cases weren’t aware that they had
COVID-19 and did not get tested

 We use serology data to estimate true COVID-19 prevalence in the U.S.

* Serology testing detects antibodies to SARS-CoV-2 from previous infection

* Although many city and state-level seroprevalence estimates were published, many
had biased sampling techniques

* We prefer CDC’s seroprevalence methods: https://www.cdc.gov/coronavirus/2019-
ncov/cases-updates/geographic-seroprevalence-surveys.html

 Compare the antibody prevalence to the number of reported cases at
multiple points in time
 Ten sample locations initially (has since been expanded)

 Assume that for a given day, all regions in the U.S. had the same underreporting
ratio

* Assume no antibody decay (conflicting data in the literature)



True prevalence estimates create a clearer picture of the

pandemic
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Using seroprevalence data, we can estimate the
percentage of the population in each state who have
been infected with COVID-19
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With true prevalence estimates, we can calculate
infection fatality rates for the U.S.

Estimated True Infections and Case Fatality Rate (CFR) and
Known Cases Infection Fatality Rate (IFR)

350,000 80%
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Period-average fatality rate CFR IFR

Mar 26-Apr 30 31.56% | 3.69%

May 1-31 5.07% | 0.92%

Jun 1-30 2.79% | 0.62%

Jul 1-31 2.53% | 0.65%

Aug 1-Sep 8 1.66% | 0.46%

Total deaths/total cases or infections

during Mar 6-Sep 2 2.89% | 0.69% IDA |-







Effect of mitigation policies on the spread of COVID-19



We examined how mitigation policies over the course of
the pandemic affected COVID-19 case growth or decline

* To reduce bias from many mitigation policies being implemented
simultaneously, we use a two-stage approach:
 How policies affect mobility (first stage)
 How changes in mobility from policies affect new cases (second stage)

* We find evidence that policies aimed at retail and recreation traffic
decrease new cases




Example policy data -
Oxford’s Policy Stringency Index =

Oxford US State Policy Stringency Index

Measure | Name Type Targeted/general?

Containment and closure
C1 School closing Ordinal Geographic
Cc2 Workplace closing Ordinal Geographic
C3 Cancel public events Ordinal Geographic
C4 Restrictions on gathering size Ordinal Geographic
C5 Close public transport Ordinal Geographic
C6 Stay-at-home requirements Ordinal Geographic
c7 Restrictions on internal Ordinal Geographic

movement

cs tF:ae:;rlictions on international Ordinal No

Health systems
H1 Public information campaign Ordinal Geographic

Laura Hallas, Ariq Hatibie, Saptarshi Majumdar, Monika Pyarali, Thomas Hale. “Variation in US states’ responses to COVID-19 2.0.”

North Dakota -
South Dakota -
Utah -
Oklashoma -
Wisconsin -

Texas -
Arzona -
South Carclina -
New Hampshire -
Mssour -
Indiana -

idaho -

Nevada -
Alaska -
MsSsSIpp: -
Michigan -
Nebraska -
Kansas -

nois -

Virgin Islands -
New Jorsey -
West Virginia -
Montana -
Tennessee -
Arkansas -
Oregon -
Maryland -
Delaware -
Pennsyivania -
Colorado -
Ohio -

Virginia -
Georgia -
Florida =
Massachuselts -
Mnnesota -
Louisiana -
Wyoming -
Washington DC -
Kentucky -
Calrfornia -
Rhode island -
Maine -

Hawai -
Washington =
North Carolina -
Vermont -
Connecticut -
New York -
New Mexico -

Jan

U.S. Strlngency Index Ratlng Over time

Stringency Index

<20 20to 40 4010 60 60 to 80 >80
L%

State

=
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Blavatnik School of Government Working Paper. Available: www.bsg.ox.ac.uk/covidtracker



In the U.S. in 2020, mobility to most places fell below
baseline except in parks and residential locations

‘1 % Change in Mobility by Type (7 day avg)
* MObI | Ity to most Source: Google Mobility Data
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Use cell-phone mobility data as a proxy for adherence to mitigation policies

IDA |



Mitigation policy stringency is strongly correlated with

increased residential mobility
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0
N

wn _
=

25

15

CA

Mar1

X

T
Dec31

Mar1

raw % change in mobility

Dec31

FL
ol
(o
w
Ll‘j —
LI.'I'J -
I |
Mar1 Dec31
VA
o _|
(]
0
LD g |
I-I;J _
Mar1 Dec31
— 0/0 Change in mOb|I|ty IDA 12
due to policies ——



Mitigation policy stringency is also strongly correlated with
reduced mobility to retail and recreation locations

CA FL
o o |
(e [aY]
o o
o o
N Y
Q
o 7 I
~
c
© 3 3
- ! T T ! T T
& Mar1 Dec31 Mar1 Dec31
o
gy
Q
o TX VA
c g R
-
U o o
X
o o
(o] (o]
(] (]
< <
o o
('? I | ('? | |
Mar1 Dec31 Mar1 Dec31
. g 0 I ihi
raw % change in mobility —— 7» change in mobility IDA |

due to policies



How do reductions in mobility to retail and recreation
locations affect COVID-19 case counts?

U.S mobility U.S COVID-19 Cases (7-day moving avg)
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Mitigation policies that decreased traffic to retail and recreation
locations decreased COVID-19 case counts in the U.S.

First
stage
results

Second
stage
results

U.S.

Avg. percent

Avg. percent

Avg Oxford change in retail & Avg Oxford change in retail &
Stringency Index recreation Stringency Index recreation
Rating mobility from Rating mobility from
policies policies
March 2020 — July 2020 Aug 2020- Dec 2020
68.8 -25.2% 58.3 -15.4%

Policies reduced traffic to retail and recreation locations by ~15-25%

U.S.

Avg. percent
change in retail &

Avg change in

Avg. percent
change in retail &

Avg change in

recreation cases per 100k recreation cases per 100k
mobility from from policies mobility from from policies
policies policies
March 2020 — July 2020 Aug 2020- Dec 2020
25.2% -17.8 15.4% -10.9

 The reduction in traffic to retail and recreation locations reduced
COVID-19 case counts by ~10-17 cases per 100,000 per day

IDA
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Genomic sequencing surveillance
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Rapid, high-throughput genomic sequencing has resulted
in unprecedented insight into how SARS-CoV-2 is evolving

@ e g o

I " a . — . Hierarchical system

I reflects virus
evolutionary history

A B B.1 B.1.1 —3—

BANL, BE1

PANGO (Rambaut et al. 2020 Nat Microbiol) is the algorithm behind the new lineages making the news.

Lineages reflect: Lineages DO NOT reflect:

1)A virus’s ancestry 1) Whether a mutation is meaningful
2) Geographic location 2)Whether a mutation is unique
3) A new mutation (in that lineage) (the same mutation can occur in

different lineages)
IDA |+



Using genomic sequence data, we can track lineages over time
in the U.S.

lineages in California
total lineages: 235

total samples: 6 21 1391 1219 1008 849 1247 582 598 520 1453 1343
1.0 -
lineage name
$ B.1.320
7 0.8 B B.1.399
c M B.1.1.119
g Al
R . A
“5’ I B.1.429
+ mm B.1.243
Y
o 0.4 mm B1.2
c
O mm B.1
S mm B
% 0.2 1 all 225 others
—
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0.0 -
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SARS-CoV-2 lineages have ebbed and flowed over the
course of the pandemic in the U.S.

lineages in Washington lineages in California

total lineages: 152 total lineages: 235
total samples: 4 58 1626 828 883 1350 141 507 183 153 263 348 tctallszn_wplesi 6 21 1391 1219 1008 849 1247 582 598 520 1453 1343
1.0 .
lineage nam lineage name
4 == B.1.243 B.1.320
5 0.8 = B.1.240 0.8 = B.1.399
£ = B.1.169 = B.1.1.119
% B.1.369 - Al
= 06 B.1371 0.6 A
= == B.1 - B.1.429
e 8.1.1.291 - B.1.243
S o4 - B12 04 w—B.12
g - Al . B.1
s 02 - A 0.2 L 8‘ .
o all 142 others . all 225 others
= = (each < 8.4%) W (each < 7.7%)
0.0 0.0
lineages in New York lineages in Virginia
total lineages: 191 total lineages: 89
total sample 2 2179 938 228 64 101 173 311 605 461 1619 total samples: 0 0 152 389 192 116 177 181 134 184 160 1
1.0 4 1.0 q
lineage name lineage name
i B.1.369 - B8.1.509
= 08 e B.1.265 0.8 = B.1.1.231
£ . B.1.1.244 - B.1503
] = B.1.1.304 . B.1.451
= 06 . B.1.334 0.6 = B.137
° . B.1.506 - 8.1.240
et == B.1.243 8.1.369
o 04 - .12 0.4 == B.12
5 - B.1 = 5.1
] - B4 02 8.1.234
® 02 all 181 others ; - all 79 others
= "= (each < 7.9%) (each < 10.5%)
0.0
0 ] 2 2 2 ] 2 2 2 2 2 2 R 2 2 2 2 2 S 2 2 2 2 2 2
8 S 8 2 S 8 g 8 ] < S S & g I 8 & S & & 8 & & 8
s g 3 g 5 8 5 8 2 S =] o 3 g s 3 8 g 5 g 3 3 = a
month month

« |tis easy to determine what a virus’s genetic sequence is. It is more difficult to tell what the sequence
means. Lineage names reflect sequence, not meaning

« Things that may cause a lineage to be come predominant:
o Founder effect — the reduction in genetic variation when a small subset of a large population is used
to establish a new population
o One or repeated superspreader events with that lineage
o Small-number statistics/undersampling/biased sampling
o A mutation with a biological mechanism that facilitates higher infectivity/spread IDA 19



Thoughts on a pandemic in the time of “Big Data”

* More data is good!

* Allows for real-time analysis to support deployment of resources and policy
implementation

 Where more data or new data might complicate things:
* Lack of insight into data collection issues, important caveats, issues that might
affect analysis and interpretation

 Example: Early in the pandemic, some states were reporting both PCR and serology
test results into a rolled-up number, providing a false picture of real-time spread of
the virus

* Lack of experience with certain data types
 Example: Genomic sequencing generating concern about emerging variants

IDA |
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