Associations between restrictions on public mobility and
slowing of new COVID-19 case rates in three countries
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ocial restrictions of various degrees have been implemented
in many countries to reduce viral transmission during the
coronavirus disease 2019 (COVID-19) pandemic. Analysis
of responses in the United States during the 1918-1919 influenza

pandemic indicated that early imposition of local social restric-
tions reduced the number of deaths.' But restrictions on personal
mobility have economic consequences. Comparing data on the
numbers of confirmed COVID-19 infections with mobility data

1 Changes in mobility (relative to baseline mobility): A. Residential mobility; B. Workplace mobility*
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*Source: Google COVID-19 community mobility data (https://www.google.com/covid19/mobility). The dark blue lines depict mobility curves based on inflection points identified by automated
change point detection using time series analysis;” the light blue lines depict the mean lines for the mobility data estimator used for predicting inflection points; the shaded regions indicate
uncertainty in the mobility data estimator (two standard deviations around mean line); the dashed vertical lines indicate inflection points of statistical significance. @
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for Australia, Sweden, and South Korea, countries with dis-
tinctly different approaches to mobility restrictions, may pro-
vide insights into the efficacy of such interventions.

To assess changes in residential and workplace mobility, we
analysed Google COVID-19 community mobility data (https://
www.google.com/covid19/mobility; data status, 23 July 2020;
online Supporting Information).” We expressed mobility
changes as proportional deviations from levels for the baseline
period, 3 January — 6 February 2020. Residential mobility data
refer to time spent at home; workplace mobility data refer to the
total number of visitors to places of work. We applied automated
change point detection, using a time series forecasting model,”
to ascertain inflection points in the residential mobility curve in
order to determine the effective lockdown date; that is, the time
point from which people stayed home.

The Johns Hopkins University COVID-19 dataset® was trans-
formed to track the number of confirmed infections in the
three countries and to calculate the doubling times. We defined
growth rate on day ¢ as:

C(t)—C(t-1)

"=—cr—1

in which C(#) is the cumulative number of confirmed cases at day
t. We defined doubling time at day ¢ as:

n(2)
d()= In(1+71(t))

As 97.5% of COVID-19 patients develop symptoms within 11 days
of viral exposure, we accounted for incubation lag and testing
delays by applying an interrupted time series analysis at 14 days
after the effective lockdown date to determine the delayed effect
on doubling time. Analyses were conducted in Stata 15.1. The
Google and Johns Hopkins University datasets provide pub-
licly available de-identified data. Consistent with the Australian
National Statement on Ethical Conduct in Human Research 2007
(updated 2018),” we deemed this study exempt from formal eth-
ics review.

The effective lockdown date +14 days was reached in Australia
on day 23, Sweden on day 19, and in South Korea on day 14 after
the recording of the first 50 confirmed cases (Box 1). Interrupted
time series analysis indicated that this date (effective lockdown
date +14 days) was associated with significant increases in dou-
bling time in all three countries; that is, slowing of growth in the
number of new confirmed infections 14 days after the effective
lockdown date (Box 2; online Supporting Information).

Three distinct patterns of societal reaction to social restrictions,
causing different degrees of economic shutdown, can be differ-
entiated: near complete lockdown (Australia), relaxed lockdown
with preserved workplace activity (Sweden), and minimal lock-
down with preservation of both workplace and commercial
activity (South Korea). The mobility data curves for Australia
exhibited large converse changes in the residential (20% of base-
line) and workplace mobility curves (50% of baseline), suggest-
ing that people did not go to their workplaces but simply stayed
home. In Sweden, the change in workplace mobility was smaller
(20-40%), suggesting relative preservation of workplace activ-
ity despite reduced residential mobility. For South Korea, the
changes in residential and workplace mobility were both small
(about 10%), with a progressive loss of symmetry over time, sug-

477 | gesting that people engaged in other activity (eg, recreational
J
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2 Doubling time in numbers of confirmed COVID-19 infections*
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* Source: Johns Hopkins University COVID-19 dataset (https://github.com/CSSEGISand
Data/COVID-19). The vertical dashed lines depict the three-day thresholds (ie, case num-
bers double in less than one week). @
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or commercial) that did not affect the infection doubling time
(Box 1).

Our study is limited by biases inherent in the datasets analysed.
Firstly, the baseline period for Sweden included several weeks
of the Christmas holidays (ending in early January), but the
baseline periods for South Korea and Australia included fewer
weeks of holiday, so that baseline mobility was lower for Sweden
than for the other two countries. This may have contributed to
smaller excursions from baseline during restrictions in Sweden.
Secondly, the changes in residential and workplace mobility data
cannot be directly compared, as they reflect changes in different
parameters.

Early social restrictions reduced the spread of COVID-19 in all
three countries, as indicated by increased infection doubling
times within 14 days of measurable changes in public mobility.

Mobility data may help to inform public policy that achieves a
balance between the economic and social effects of mobility re-
strictions and controlling the spread of COVID-19.
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