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1 Reproduction number of the German Public Health Institute (Robert Koch Institute (RKI))

The method applied by the RKI to obtain R values is based on the reported numbers of individuals notified
for being newly infected with SARS-CoV-2. Incident cases are attributed to the day of the first symptoms.
If this information is not available, it is imputed taking into account the age of the case, the day and week
of the notification, and the estimated delays from the day of the first symptom to the notification date of the
cases. The estimation of the notification delay was based on cases for which all information was available;
changes in these delays over the course of the pandemic are taken into account [1-3].
As for recent SARS-CoV-2 cases, only those with a short time period between a positive test and the
notification are reported, a nowcasting approach is applied [4]. The nowcasting produces an estimate of the
additional number of SARS-CoV-2 cases that have already occurred but have not yet been identified by the
surveillance system in Germany, taking into account the delay in diagnosis, reporting and transmission. For
this purpose, the proportion of cases that were reported after a certain number of days, X, after the onset of
the disease, were determined. This proportion is then used to correct the number of cases submitted with the
onset of illness x days before the analysis [1-3].
The imputation and the nowcasting lead to an estimated epidemic curve based on which the time-dependent
reproduction number (R) can be estimated. With an assumed constant generation time of 4 days, R is defined
as the quotient of the number of new infections in two consecutive time frames of 4 days each.

4
where E} is the sliding average of the number of infected cases over 4 days [1, 2].
In this study, the 4-day reproduction number calculated by the RKI was used. This provides information on
the transmission dynamics 8 to 13 days prior [1-3]. The R values are continuously corrected by the RKI
retrospectively for delayed notifications. As we extracted the estimated R values over a year after the day
they were calculated for, all delayed notifications were already accounted for in the estimates used in this

study.



2 Estimating the relative reduction in contacts (COVIMOD), population mobility (Google and
Apple) and the reproduction number obtained from the RKI

NOTE: We assumed RO pre-pandemically to follow a normal distribution with mean 2.6 and standard
deviation 0.54 [5].

Google and Apple data provided were compared to pre-pandemic times. The baseline for Google is the
median value of the corresponding day of the week during the 5-week period January 3 to February 6, 2020.
Apple base volume is January 13, 2020 [6, 7].

The below analysis produced Figure 2 and Figure 4a in the manuscript. The same analysis was performed
for Figure 3, where we considered a relative reduction of mobility/contacts in Google and COVIMOD for

different settings (i.e. home, school, work, transport, and others).

STEP 1 - weighing

For COVIMOD and POLYMOD we assigned survey weights based on participants’ age, sex, household
size, day of the week the questionnaire was filled in for and region of residence. We weighted the population
mobility data (Google and Apple) and our reference reproduction humber (RKI) by the day of the week
only.

STEP 2 —weighted means

We generated the weighted relative reduction in population mobility for Google and Apple,
XGoogle and )?Apple, the weighted mean reproduction number, Xpx,, the weighted mean of the reported
number of contacts during the SARS-CoV-2 pandemic (COVIMOD - simple approach), Xcovimop simple
and the weighted mean number of contacts before the pandemic (POLYMOD) XpoLymop-

From the COVIMOD data, we also estimated the mean reproduction number from the eigenvalue obtained
from the symmetric next generation matrix by assuming RO pre-pandemically to follow a normal
distribution with mean 2.6 and standard deviation 0.54 and taking the survey weights into account

(COVIMOD - complex approach; Xcovimop compiex)-

STEP 3 - relative reductions in transmission dynamics

Reproduction number (RKD:




We estimated the relative reduction in the reproduction number from the basic reproduction number for the
reproduction number estimated by the RKI by assuming RO to follow a normal distribution with mean 2.6.

That is,

(2'6_)?RKI) % 100

RKI refai ion =
relative reduction 56

Population mobility:

As both Google and Apple mobility data already describe the relative reduction in mobility compared to
mobility before the SARS-CoV-2 pandemic in Germany, the weighted means obtained above are describing

the relative reduction.
GOOgle relative reduction = )?Google

AppIe reative reduction = XApple

COVIMOD simple approach:
We estimated the relative reduction in contacts during the pandemic compared to the pre-pandemic using

the weighted mean reported number of contacts from COVIMOD and using the weighted mean reported
number of contacts from the POLYMOD data as a baseline.

_ (Xporymop — XcoviMop simpie)* 100

COVIMOD simple approachreiative reduction =

XPOLYMOD

COVIMOD complex approach:

For the complex approach we used the estimated reproduction number based on the COVIMOD data and

calculated the relative reduction compared to the basic reproduction number:

(2.6 — Xcovimop lex)
_ complex) 100

COVIMOD complex approacheiative reduction = 6

We used the package boot to compute 95% confidence intervals around the weighted mean of the relative
reductions (1000 samples) [8].



3 Relative reduction in transmission dynamics with a scaling factor but without separate

weighing for home/non-home contacts
The below analysis produced Figure 4b in the manuscript

The following estimates obtained under (2) are used as a base: RKl giative reduction, COVIMOD simple
approaChrelative reduction, COVIMOD Complex approaChrelative reduction; Googlerelative reduction; Applerelative

reduction.

STEP 1
We performed an analysis in which we fitted a scaling factor with the same weight for all types of contacts
and mobility. For this, we minimised the residual sum of squares across the four survey waves using the

optim function in R, i.e.:

4
2
Z (5 * DATAwave - RKIrelative reduction; wave )
wave=1

Where § is the scaling factor and DATA is either COVIMOD simple approachyeiative reduction, COVIMOD

complex approachreiative reduction, GOOQIErelative reduction OF APPIErelative reduction.

The relative reduction including the scaling is therefore:
DAT Ageqieq = DATA * B
where DATA is either COVIMOD simple approachieiative reduction, COVIMOD complex approacheiative reduction,

Googlerelative reduction OF Applerelative reduction 2Nd ,8 is the scaling factor.

STEP 2
To compute confidence intervals, we run the optim function inside a bootstrap-routine with 1000

bootstrapped samples, i.e.

4
z (6 * DATA—bOOtStTappedwave - RKI—bOOtStTappedrelative reduction; wave )2

wave=1

Where _bootstrapped denotes the bootstrapped COVIMOD simple approachieiative reduction, G00GI€relative

reduction, Applerelative reduction OF RKlreIative reduction.



For the estimation of the reproduction number based on COVIMOD data (COVIMOD complex approach)
already 10,000 bootstrapped samples were drawn, we used those instead, i.e. we calculated the relative
reductions for each of the estimated reproduction numbers of the 10,000 samples and multiplied that by the

scaling factor for the COVIMOD complex approach in step 1.



4 Relative reduction in transmission dynamics with fitted weights for home/non-home

contacts/mobility
The below analysis produced Figure 4c in the manuscript

NOTE: Apple mobility data could not be used for these analyses as there is no differentiation in home/non-

home mobility available

The following estimates obtained under (2) are used as a base: RKl giative reduction, COVIMOD simple
approaChrelative reduction, COVIMOD Complex approaChrelative reduction; Googlerelative reduction-

STEP 1 — weighted means home/non-home contacts

We generated the weighted relative reduction in population mobility for Google separately for home and
non-home mobility, X;oog1e nome aNA XGoogie non—nome @nd the weighted mean of the reported number
of home and non-home contacts during the SARS-CoV-2 pandemic (COVIMOD - simple approach),
Xcovimop simpte_nome @0 Xcovimonp simpie_non—nome, and before the pandemic Xporymop_nome and
XPOLYMOD_non—home-

From the COVIMOD data, we also estimated the mean reproduction number from the eigenvalue obtained
from the symmetric next generation matrix by assuming RO pre-pandemically to follow a normal
distribution with mean 2.6 and standard deviation 0.54 and taking the survey weights into account also

separately for home and non-home contacts (COVIMOD — complex approach; Xcovimop compiex home @d

XCOVIMOD complex_non—home)-

STEP 2 — relative reductions in transmission dynamics separately for home and non-home contacts

Population mobility:

As Google mobility data already describe the relative reduction in mobility compared to mobility before the
SARS-CoV-2 pandemic in Germany, the weighted means obtained above are describing the relative

reduction.
GOOgle relative reduction_home = Xcoogle_home

Google refative reduction_non-home = X(;oogle_non—home

We then computed a weighing variable (Wgoogle), SO that:

(Google relative reduction_home + WGoogIe*Google relative reduction_non—home)/2 = GOOg|e relative reduction



COVIMOD simple approach:
We estimated the relative reduction in contacts during the pandemic compared to the pre-pandemic using

the weighted mean reported number of contacts from COVIMOD and using the weighted mean reported
number of contacts from the POLYMOD data as a baseline.

_ (XpoLymoD_home — XcovimMoD simple_home)* 100

COVIMOD simple approachteiative reduction_home =

XpoLymop-home

_ (XPOLYMOD,non—home — Xcovimop simple,non—home)* 100

COVIMOD simple approachteiative reduction_non-home =

XPOLYMOD_non—home

We then computed a weighing variable (Wcovimob simple), SO that:
(COVl MOD Simple approaChrelative reduction_home + WCOVIMOD simple *COV| MOD Si mple approaChrelative reduction_non-
home)/2 = COVlMOD Simple approaChrelative reduction

COVIMOD complex approach:
For the complex approach, we used the estimated reproduction number based on the COVIMOD data and

calculated the relative reduction compared to the basic reproduction number:

2.6 —X
COVIMOD Complex approach relative reduction_home = ( COVIM02D6complex,home) * 100

(2.6 — Xcovimop 1 —home)
;O;’np ex_non ome * 100

COVIMOD complex approach refative reduction_non-home =

We than computed a weighing variable (Wcovimob complex), SO that:
(COVIMOD complex approachreiative reduction_home + Wcovimop comples *COVIMOD complex approachretative
reduction_non-home)/2 = COVIMOD Complex approaChrelative reduction

STEP 3

We performed an analysis in which we fitted the relative reductions in contacts/mobility to the reference
(RKI estimates) and allowed independent scaling factors for home contacts/mobility and non-home
contacts/mobility. For this, we minimised the residual sum of squares across the four survey waves using

the optim function in R, i.e.:

4
Z 1((:8(1) * DATAwave;wme + ﬁ(Z) * W ox DATAwavenon_home)/z - RKIrelatiue reduction; wave )2
wave=

Where (1) and S(2) are the scaling factors and DAT Anome/ DAT Anon-nome are either COVIMOD simple
approaChrelative reduction_homelCOVlMOD Simple appl'OaChrelative reduction_non-home; COVIMOD Complex



approaChrelative reduction_home/COV| MOD Comp|eX approaChrelative reduction_non-home, Googlerelative

reduction_home/GoogIerelative reduction_non-home and W iS WGoogIe or WCOVIMOD simple or WCOVIMOD complex:

The relative reduction including the scaling for home and non-home contacts/mobility is, therefore:
DATAscaled = (DATAhome * ﬁ(l) + DATAnon—home * W ﬁ(Z))/Z

Where £(1) and B(2) are the scaling factors and DAT Anome/ DAT Anon-home are either COVIMOD simple
approaChrelative reduction_home/COV|MOD Simple approaChrelative reduction_non-home; COVIMOD Comp|eX
approaChrelative reduction_home/CO\/l MOD Complex apprOaChrelative reduction_non-home; Googlerelative

reduction_home/GoogIerelative reduction_non-home and W iS WGoogIe or WCOVIMOD simple or WCOVIMOD complex:

STEP 4
To compute confidence intervals, we run the optim function inside a bootstrap-routine with 1000

bootstrapped samples, i.e.

4
z ((B(1) = DATA_bootstrapped yqpe,,,., + B(2) * W * DATA_bootstrapped,,ave, . home)/! 2
wave=1

- RKI_bootstrapped relative reduction; wave )2

Where _bootstrapped denotes the bootstrapped COVIMOD simple approachieiaive reduction_home/ COVIMOD

simple approaChrelative reduction_non-home; Googlerelative reduction_home/ Googlerelative reduction_non-home, OF RKlrelative reduction-

For the estimation of the reproduction number based on COVIMOD data (COVIMOD complex approach)
already 10,000 bootstrapped samples were drawn, we used those instead, i.e. we calculated the relative
reductions for each of the estimated reproduction numbers of the 10,000 samples and multiplied those by

the scaling factors for the COVIMOD complex approach in step 3.



5 Relative reduction in transmission dynamics with normalised weights for home/non-home
contacts/mobility as well as allowing a scaling factor.

We used normalised weights based on setting-specific secondary attack rates (SAR) based on a meta-
analysis by Thompson et al [9]. The household SAR was estimated to be 21.1 (home), and the average of
healthcare, workplace and casual close contacts was estimated to be 2.23 (non-home).

Therefore:

weight_home = 21.1/(21.1+2.23)

weight_non_home = 2.23/(21.1+2.23)

The below analysis produced Figure 4d in the manuscript

NOTE: Apple mobility data could not be used for these analyses as there is no differentiation in home/non-

home mobility available

The following estimates obtained under (2) are used as a base: RKl elative reduction, COVIMOD simple

approaChrelative reduction, COVIMOD Complex approaChrelative reduction; Googlerelative reduction-

STEP 1 — weighted means home/non-home contacts

We generated the weighted relative reduction in population mobility for Google separately for home and
non-home mobility, Xgoog1e nome aNd XGoogie non—home @nd the weighted mean of the reported number
of home and non-home contacts during the SARS-CoV-2 pandemic (COVIMOD - simple approach),
Xcovimop simpte_nome @0 Xcovimop simpte non—nome, and before the pandemic Xporymop_nome and
XPOLYMOD_non—home'

From the COVIMOD data, we also estimated the mean reproduction number from the eigenvalue obtained
from the symmetric next generation matrix by assuming RO pre-pandemically to follow a normal
distribution with mean 2.6 and standard deviation 0.54 and taking the survey weights into account also

separately for home and non-home contacts (COVIMOD — complex approach; Xcovimop compiex home @d

XCOVIMOD complex_non—home)-

STEP 2 — relative reductions in transmission dynamics separately for home and non-home contacts

Population mobility:

As Google mobility data already describe the relative reduction in mobility compared to mobility before the

SARS-CoV-2 pandemic in Germany, the weighted means obtained above describe the relative reduction.

Googlereative reduction_home = XGoogle_home



Goog|erelative reduction_non-home = Xcoogle_non—home
We then computed a weighing variable (Wgoogie), SO that:

(Googlerelative reduction_home + WGoogIe*Googlerelative reduction_non-home)lz = Googlerelative reduction

COVIMOD simple approach:

We estimated the relative reduction in contacts during the pandemic compared to the pre-pandemic using

the weighted mean reported number of contacts from COVIMOD and using the weighted mean reported
number of contacts from the POLYMOD data as a baseline.

_ (XpoLymop_home — XcovimoDp simple_home)* 100

COVIMOD simple approachteiative reduction_home =

XpoLymop_-home

— (XPOLYMOD_non—home - XCOVIMOD simple_non—home)* 100

COVIMOD simple approachreiative reduction_non-home =

XpoLymop_non—home

We then computed a weighing variable (Wcovimop simple), SO that:
(COV' MOD simple approaChrelative reduction_home F Weovimop simple *COVIMOD si mple approaChrelative reduction_non-
home)/2 = COVIMOD Simple approaChrelative reduction

COVIMOD complex approach:

For the complex approach, we used the estimated reproduction number based on the COVIMOD data and

calculated the relative reduction compared to the basic reproduction humber:

26-X
COVIMOD Comp|EX appl’oaCh relative reduction_home = ( COVIM02D6complex_home) * 100

2.6 —X —
COVIMOD complex approach retative reduction_non-home = ( Lovinor ;oémplex_non home) * 100

We then computed a weighing variable (Wcovimop complex), SO that:
(COVIMOD complex approachreiative reduction_home + Wcovimop comples *COVIMOD complex approachetative

reduction_non—home)lz = COVIMOD Comp|eX approaChrelative reduction

STEP 3

In addition to the normalised weights, we allowed for an additional scaling factor per contact survey
approach, i.e. COVIMOD simple approach, COVIMOD complex approach and Google mobility data.

For this, we minimised the residual sum of squares across the four survey waves using the optim function

inR, i.e.:



4
Z ((a = weight_home x DATAyqpe,,,,, + Weight_non_home x a * W « DATAyqpe, . o ) /2

wave=1

2
- RKIrelative reduction; wave )

Where «is the scaling factor and DAT Anome/ DAT Anon-nome are either COVIMOD simple approachretative
reduction_homelCOVlMOD Simple approaChrelative reduction_non-home, COVIMOD Complex approaChrelative
reduction_homelCOVlMOD Complex approaChrelative reduction_non-home; Googlerelative reduction_home/GOOQIerelative reduction_non-

home and W iS WGoogIe or WCOVIMOD simple or WCOVIMOD complex:

The relative reduction including the scaling for home and non-home contacts/mobility is, therefore:
DAT Agcqieq = (Weight_home * DAT Apome * @ + weight_non_home * DAT Apon—nhome * W * @) /2

Where o is the scaling factor and DAT Anome/ DAT Anon-nome are either COVIMOD simple approach reiative
reduction_home/COV|MOD Simple approaChrelative reduction_non-home; COVIMOD Complex approaCh relative
reduction_homelCOVlMOD Complex approaCh relative reduction_non-home, GOOgle relative reduction_home/Google relative

reduction_home and W iS WGoogIe or WCOVIMOD simple or WCOVIMOD complex-

STEP 4
To compute confidence intervals, we run the optim function inside a bootstrap-routine with 1000

bootstrapped samples, i.e.

4
Z 1((weight_home * & * DAT Apootstrapped + weight_non_home * a * W
wave=

wavepome

* DATA_bootstrappedyave,,,_nome)/ 2

- RKI_bootstrapped relative reduction; wave )2

Where _bootstrapped denotes the bootstrapped COVIMOD simple approachieiaive reduction_home/ COVIMOD

simple approaChrelative reduction_non-home; GOOg|e relative reduction_home/ GOOg|e relative reduction_non-home, OF RKI relative reduction-

For the estimation of the reproduction number based on COVIMOD data (COVIMOD complex approach)
already 10,000 bootstrapped samples were drawn, we used those instead, i.e. we calculated the relative
reductions for each of the estimated reproduction numbers of the 10,000 samples and multiplied those by

the scaling factors for the COVIMOD complex approach in step 3.



6 Repeated measures ANOVA
Repeated measures ANOVA was used to assess differences between error rates provided by the
different data sources (COVIMOD, Google, Apple). The repeated measures ANOVA generated an
F-statistic used in determining the statistical significance. The F statistic is represented as

SSaat
F = MSgata _ k—ala
MSorror SSerror
n—-Dk-1)
SSaata = Xicami (% — %)
SSwaves =k * 2(71 - 7C)Z
SSwithin—group = Yailxin — X )2 + Yo(Xiz — X )2+...+ (X — X )2

SSerror = SSwithin—group — SSwaves
where MS,,04e1 @nd MS,,, are the mean sum of squares for data and mean sum of squares for
error between related data sources.
k is the number of data category (e.g., Google and Apple we are considering), n; is the number of
waves (wave 1, wave 2, wave 3, wave 4) under each (i) data category. x; is the mean score for
each (i) data category, X is the grand mean and ; is the mean of waves i.
The R aov function was used for this analysis.

R version 4.0.2 was used for all analyses [10]
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