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Highlights

e We document a strong relationship between SARS-Cov-2 transmission and mobility
during the time period between the two first waves.

e The trends of both mobility and viral transmission evolve almost in parallel during this
time period.

e This suggests that the evolution of mobility patterns would help Public Health
authorities to anticipate transmission increases.

e This result is important from a Public Health perspective when relaxing control
measures.

Abstract

Recent literature strongly supports the idea that mobility reduction and social distancing play
a crucial role in transmission of SARS-Cov-2 infections. It was shown during the first wave
that mobility restrictions reduce significantly infection transmission. Here we document
another relationship and show that, in the period between the first two COVID-19 waves,
there exists a high positive correlation between the trends of SARS-Cov-2 transmission and
mobility. These two trends oscillate simultaneously and increased mobility following
lockdown relaxation has a significant positive relationship with increased transmission. From
a public health perspective, these results highlight the importance of following the evolution
of mobility when relaxing mitigation measures to anticipate the future evolution of the spread

of the SARS-Cov-2.
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Mobility of hosts and/or vectors has always had a large impact on the propagation of the
transmission of diseases (Tizzoni et al., 2014). This is once again the case for the Covid-19

pandemic (Kraemer et al., 2020).

Recent literature strongly supports the idea that mobility reduction and social distancing
played a crucial role in the reduction of SARS-CoV-2 infections during the first wave. Some
studies concluded that mobility patterns correlate with the prevalence of COVID-19 and that
travel reduction had a positive effect on reducing the transmission of SARS-CoV-2 (Badr et
al., 2020; Chang et al., 2020). Some other works have used the changes in mobility patterns to
estimate the effect of mitigation measures on the reproductive number. They showed that the
drop in mobility, overlapping with the introduction of mitigation measures induced a sharp
reduction in transmission (Lemaitre et al., 2020; Park et al., 2020). But all these interesting

results are limited to the first wave, before and during the lockdown period.

Nevertheless, it remains unknown if mobility increases following lockdown relaxation is
actually associated with an enhanced transmission of SARS-Cov-2. Lockdowns impact a
myriad of dimensions in our society, and not only on mobility patterns. This makes it difficult
to draw a causal link between mobility and viral transmission from lockdown data. Instead, to
better understand this link, we propose investigating this link in the period between lockdown
periods, to potentially use mobility data as an early signal for implementing public health

measures.

Here for the first time, to the best of our knowledge, we document a high correlation
between the trends of SARS-Cov-2 transmission and mobility in the period between the
first two Covid-19 waves in some French regions and in Ireland. Our aim was to compare

different geographical settings with similar population size. We quantified the change in



transmission of SARS-CoV-2 by computing the effective reproduction number Rest(t). The
effective reproduction number is defined by the average number of secondary cases at time t
arising from a primary infected case. It is an important metric for measuring time-varying
transmissibility and assessing the effectiveness of different interventions. The classical
statistical methods for estimating Reft(t) have many shortcomings due to the characteristics of
the transmission of this virus: silent transmission and major time variation in the reporting of
cases due to lack of timely or appropriate testing (Gostic et al., 2020). Thus we used an
original mechanistic method based on a stochastic model (Fig. Al and egs A1-A3) with time-
varying parameters (Cazelles et al., 2018) and inferred with a Bayesian method using hospital
data (Cazelles et al., 2021). We used daily mobility data provided by Google, which is a
proxy for real-time trends in movement patterns and human behavior (Google, 2020). These
mobility data measure the percentage of change relative to the pre-pandemic baseline mobility
and measure visits and the time spent in: retail and recreation, grocery and pharmacy, transit

stations, workplace and residential.

Our analysis revealed that trends in transmission as estimated from well documented hospital
data correlate strongly with trends in mobility patterns within and between the observed first
and second epidemic waves for retail and recreation mobility, as well as transit station
mobility. The Rer(t) increased and oscillated with mobility with a highly significant
correlation between the 15" of May and thee 15" of October, with Pearson correlation
coefficients above 0.5 (Figure). We show that these relationships are strong, particularly for
retail and recreation mobility and transit station mobility. Additionally, we computed the
Cross-Correlation Functions for these datasets that revealed the correlations were maximal for
a delay between 0 and 10 days, and that this delay varied depending on the region (Figs A2-

A3).



Earlier findings showed that mobility reductions can dramatically reduce infections, our
results now confirm the reverse relationship; increased mobility following lockdown
relaxation has a significant, positive relationship with increased transmission. This suggests
the importance of following the evolution of mobility data at different spatial resolutions to

anticipate the future evolution of the spread of the SARS-Cov-2 and to guide public health

policy.

Additionally, the strong relationship between retail and recreational mobility and increased
transmissibility suggests that a return to baseline human activity poses a significant risk of
increased infection. Moreover, even if a direct causal link cannot be drawn, these strong
correlations indicate that an increase in retrial and recreational mobility promote high-
intensity contact between people and also interaction between people of different households,
resulting in increased SARS-CoV-2 transmission. This strong relationship is in total
agreement with those of Chang et al. (2020) who have also demonstrated that mobility

network models can inform the reopening of society.

Our findings illustrate the importance of mobility at defined regional levels and perhaps more
importantly, they highlight that mobility measures of transit and retail are more strongly
correlated with transmission than other forms of mobility. These findings will aid the
refinement of future possible lockdown policies and mitigation measures as we await the roll

out of imminent vaccines.

Funding



B. C. and B. R. are partially supported by a grant ANR Flash Covid-19 from the “Agence

Nationale de la Recherche” (DigEpi).

Ethical approval

Not required.

Conflict of interest

None.

Declaration of interests
The authors declare that they have no known competing financial interests or personal

relationships that could have appeared to influence the work reported in this paper

References

Badr HS, Du H, Marshall M, Dong E, Squire MM, Gardner LM. Association between
mobility patterns and COVID-19 transmission in the USA: A mathematical modelling study.

The Lancet Infectious Diseases 2020; 20: 1247-1254.

Cazelles B, Champagne C, Dureau J. Accounting for non-stationarity in epidemiology by
embedding time-varying parameters in stochastic models. PLoS Computational Biology 2018;

14: e1006211.

Cazelles B, Nguyen Van Yen B, Champagne C, Comiskey C. Dynamics of the COVID-19
epidemic in Ireland under mitigation. 2021; Research Square preprint (doi:10.21203/rs.3.rs-

143697/v1).



Chang S, Pierson E, Koh PW, Gerardin J, Redbird B, Grusky D, Leskovec J. Mobility
network models of COVID-19 explain inequities and inform reopening. Nature 2021;589:82-

87. (doi:10.1038/s41586-020-2923-3).

Google (2020). Google COVID-19 Community Mobility Reports.

https://www.google.com/covid19/mobility/ Accessed: 30 Nov 2020.

Gostic KM, McGough L, Baskerville EB, Abbott S, Joshi K, Tedijanto C, Kahn R, Niehus R,
Hay JA, De Salazar PM, Hellewell J, Meakin S, Munday JD, Bosse NI, Sherrat K, Thompson
RN, White LF, Huisman JS, Scire J, Bonhoeffer S, Stadler T, Wallinga J, Funk S, Lipsitch M,
Cobey S. Practical considerations for measuring the effective reproductive number, Rt. PL0S

Comput Biol. 2020;16:e1008409.

Kraemer MUG, Yang CH, Gutierrez B, Wu CH, Klein B, Pigott DM; Open COVID-19 Data
Working Group, du Plessis L, Faria NR, Li R, Hanage WP, Brownstein JS, Layan M,
Vespignani A, Tian H, Dye C, Pybus OG, Scarpino SV. The effect of human mobility and

control measures on the COVID-19 epidemic in China. Science 2020;368:493-497.

Lemaitre JC, Perez-Saez J, Azman A, Rinaldo A, Fellay J. Assessing the impact of non-
pharmaceutical interventions on SARS-CoV-2 transmission in Switzerland. Swiss Med Wkly

2020; 150: w20295.

Park SW, Sun K, Viboud C, Grenfell BT, Dushoff J. Potential roles of social distancing in
mitigating the spread of coronavirus disease 2019 (COVID-19) in South Korea. Emerging

Infectious Diseases 2020; 26: 2697-2700.



Tizzoni M, Bajardi P, Decuyper A, Kon Kam King G, Schneider CM, Blondel V, Smoreda Z,
Gonzélez MC, Colizza V. On the Use of Human Mobility Proxies for Modeling Epidemics.

PL0oS Comput Biol 2014; 10: e1003716.

Figure. Time evolution of the estimated Re(t) (black lines) and Google Mobility (retail

and recreation mobility (continuous blue lines) and transport mobility (dashed blue
lines)) in lle-de-France region (A) and in Ireland (B). The mobility time series have been
smoothed using moving average over a 7 days window. In A/ Re(t) is computed for two
different models with or without accounting for hospital discharges. Pearson Correlation in
Ile-de-France (model with hospital discharges) with retail and recreation mobility 0.70 and
with transport mobility 0.77. Pearson Correlation in lle-de-France (model without hospital
discharges) with retail and recreation mobility 0.64 and with transport mobility 0.70. Pearson
Correlation in Ireland with retail and recreation mobility 0.86 and with transport mobility
0.56. Figs A2-A3 display the significance of the Cross-Correlation functions (CCF). Vertical
dashed lines are main mitigation measures (lockdown and curfew) and the horizontal dashed

lines are the threshold limit for Res(t).
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