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Supplementary Figure 1: Comparison of daily incidence estimates for Scotland using the incidence
correlate derived from GInPipe (blue line, median estimates) and Epilnf (green line, median estimates)
vs. the reported cases (red line, seven day rolling averages).
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Supplementary Figure 2: From left to right: Probability of being tested, conditional probability that a
tested individual is infected, and probability of being infected over time. From top to bottom: Denmark,
Scotland, Switzerland, and Victoria (Australia).
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Supplementary Figure 3: Incidence reconstruction for additional countries. The graphic depicts
the genome-based incidence reconstruction (in blue) using the proposed method (left axis) vs. the 7 days
rolling average of newly reported cases in red (right axis). Blue dots depict ¢, point estimates of the
incidence correlate, where the size of the dot is related to the number of sequences used to infer ¢,. The
solid and dashed blue lines denote the median smoothed trajectories and their 5th and 95th percentiles.
Upper left. Japan (n = 49.986 sequences) Upper right. Chile (n = 3.261 sequences) Lower left. India
(n = 19.979 sequences) Lower right. South Africa (n = 3.347 sequences)
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The graphic depicts the runtime of executing the entire GInPipe pipeline on a standard laptop (2.3 Ghz,
2 cores) for different data sets.



Supplementary Note 1

The aim of Supplementary Note 1 is to evaluate, based on in silico simulated outbreaks, whether
GInPipe can infer the number of infected individuals solely from viral genetic data. Moreover,
we want to study the robustness of the method to missing data, unbalanced, time-dependent or
biased sampling, introduction of unrelated sequence variants, its ability to reconstruct non-smooth
dynamics, as well as its sensitivity to changes in the pathogen mutation rate and selective pressure.

SN.1 In Silico evaluation of GInPipe

As a proof of concept, we set up a simulation of a virtual outbreak: We formulate a stochastic
epidemiological process by which a population of infectious agents progress with a time-dependent
replication rate. This generates the number of infected individuals at each time step (‘ground
truth’). In our simulations, each infected individual can contribute to the pandemic and is asso-
ciated with one viral genome. These genomes can be transmitted and randomly mutated in every
time step. The set of genomes constitutes the data source for GInPipe. More precisely, we use
the in silico generated viral genomes to compute the incidence correlate ¢(t) using GInPipe. The
derived ¢(t) estimates are then compared with the number of infected individuals N(¢) at each
time step.

SN.1.1 Summary and Limitations

We thoroughly tested the performance of our method and probed its weaknesses based on the in
silico simulations. We found that the method’s ¢ estimates linearly correlate with the infectious
population size Niue. Different binning strategies, which are used to reconstruct the temporal
incidence profiles yield complementary results. However, ¢ estimates can become inaccurate when
the population of infectious individuals is small. ‘Outliers’ are however eliminated through appli-
cation of a convolutional filter (smoothing). The ¢ estimates are unbiased in the case of missing
data. However, the method becomes less accurate when too little viral sequences are available
and when the “evolutionary signal” vanishes. Time-dependent changes in the sampling propor-
tion have no effect on GInPipe. Evolutionary biased sampling (e.g. over representation of closely
related sequences) decreases the evolutionary signal. This could, in principle, be problematic, if
drastic changes, e.g. from a representative- to a biased sampling occur.

The importation of variants (introductions) that subsequently are community transmitted, do not
affect the performance of the method. The same applies to introductions which are not community
transmitted. In the extreme case of persistently large frequencies of non-transmitted introductions,
however, the slope of the linear correlation function may change. Yet, a linear relationship between
the incidence estimate ¢ and the infectious population size N;,ye is retained and the reconstruction
of the pandemic trajectory is still possible.

GInPipe is able to reconstruct very steep increases and decreases in the population dynamic. Se-
lective pressure has no effect on GInPipe’s incidence reconstructions. With regards to applying
GInPipe to other respiratory viruses, low mutation rates decrease the “evolutionary signal”, but
may be compensated by increasing the bin sizes, at the expense of temporal resolution.



SN.1.2 Outbreak simulation

For the evaluation of the method, we simulate the evolutionary dynamics of a viral outbreak. We
simulate a time-discrete (generation-wise) population growth, where each simulation starts at time
to and ends at tg,, = 120 (below, we also evaluate the corresponding continuous-time process).
At tg, the outbreak starts with Nin;y = 50 identical sequences of length L = 1000.

The nucleotides of the initial sequence are chosen randomly. In each of the tg,, generations, the
current population of size N(t) replicates with replication rate p and mutates with mutation rate
. To simulate non-monotonic outbreak trajectories, we chose a sinusoidal rate, depending on

time ¢:
_sin(t x0.11)

p(t) = 15

The number of sequences in the new generation ¢ 4+ 1 is sampled from the Poisson distribution
with

+1.02 (SN.1)

N(t+1)~P(N(t)- p(t)) (SN.2)
The sequences for the next generation are chosen randomly with replacement.

The sampled sequences of the new generation are mutated with mutation rate p = 0.0001. Analo-
gous to the previous step, the total number of positions to be mutated is sampled from a Poisson
distribution:

Nt ~ P N(t+1)- L) (SN.3)

These mutations are randomly chosen across all sequences and positions without replacement
(below, we also simulate selection pressure). Each nucleotide is mutated according to the Kimura
substitution type model [1] with fixed rates for transitions (A + G, C + T with a = 0.6) and
both types of transversions (A <> C, G <> T with 8 = 0.2, as well as A & T, C « G with
~v = 0.2). During the course of simulation, each position could in principle be mutated several
times.

This procedure results in a sequence set for each generation, which is written into a fasta file. The
header of each sequence contains an ID and a date (arbitrary start date + ¢ days) to conform with
the format required for the computational pipeline (https://github.com/KleistLab/GInPipe).
We ran 10 simulations with the settings stated above. The trajectory of the population dynamics
are depicted in Figure [SN.5|

Moreover, we sub-sampled the the generation-wise data set in different scenarios (section
and created fasta files for the respective scenarios.

SN.1.3 Execution of the method

For each of the generated (sub-)samples we ran the whole pipeline as described in the Methods
section (main manuscript). ‘Temporal bins’ were spanning 2, 4, 6, 8, and 10 days (here days
correspond to generations) and ‘equal size bins’ were created comprising 2, 5, and 7 percent of all
sequences. We evaluated the normalised ¢, estimates for each bin b according to eq. (1) in the
main manuscript.

SN.1.4 Incidence estimate ¢, correlates linearly with infectious popula-
tion size Nirye

As depicted in Figure (left), the bin-wise ¢, estimates show a strong linear relationship to
the ground truth Ni,, with high significance (Pearson correlation coefficient r = 0.98, p < 10716).
More specifically, we observe a linear scaling c¢ of the incidence estimate ¢ with Ny.ue of the form

Nirue(t) = ¢ ¢(t) + error. (SN.4)


https://github.com/KleistLab/GInPipe
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Figure SN.5: Trajectories for 10 simulations of population growth showing Nirue(t).

The deviation grows for larger values, because the considered evolutionary model is a Poisson
process with error = \/¢(¢) - €, where € is a zero-centered, symmetric, additive error.

In Figure (right), we compare the percent deviation from the linear regression ¢(t):

Yideviation = 2olfe) = ¢lte) 100, (SN.5)

o(ts)

with ¢, denoting the mean date of all sequences in bin b. The deviation measure allows to center
the approximation errors and henceforth analyse how distinct parameters may affect the method’s
performance. However, below, we also assess differences in the true vs. GInPipe reconstructed
effective population sizes R..

We can see that the majority of the point estimates are quite accurately approximated with low
percent deviation. Moreover, the estimation seems unbiased (symmetrically dispersed around 0%
deviation) and large deviations are rare. Outliers are most prominent when we bin sequences by
equal amounts of days, scattering in both directions, hence under- and overestimating. Creating
bins of equal size, however, is slightly more prone to underestimating of ¢ - Niyye.

SN.1.5 Effect of binning strategies

Next, we investigated the sources of outliers. In Figure[SN.7] we show violin plots that colour-code
the spanned days per bin (left) and the number of sequences per bin (right). Large deviations
from the linear fit are particularly occurring for very small infectious population sizes Nipye, which
is indicated by the smaller markers in Fig.

Moreover, overestimation for the ‘equal size’ binning is caused by bins spanning large temporal
windows, around 20 days (see red dots in (left), third violin plot). The outliers that occur
for binning with equal amounts of days, to the contrary, are mainly caused by bins containing only
very few sequences (red dots in the central violin plot in Figure (left)). In these cases, the
true population size is already small (small dots) and hence the amount of sequences used to infer
the parameter are also low. Therefore, it may happen that the time until the next mutational
event lies outside the particular bin, and not enough information is given to infer the (very low)
population size.

We can conclude, that the choice of the binning strategy is important for accurate results. On
the one hand, the bin has to be large enough in order to contain mutational information, but on
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Figure SN.6: Linear relation between Nirue and ¢. Left: Dotplot showing Niue versus the
estimated point estimates ¢, per bin (full data set). The red line shows the linear fit. Right: Violin plot
of the percent deviation of ¢, from the linear fit for the different binning types (i) calendar week, (ii) equal

amount of days and (iii) equal number of sequences per bin.
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Figure SN.7: Deviation of ¢ from the linear correlation to Nirue. Incidence correlate ¢ was
calculated for the different binning types, i.e. by calendar week, equal days and equal bin size. The size
and dispersion of data points indicate the value of Niue. Left: Colour and transparency indicate the
days spanned per bin, with blue and transparent for low values, red and solid for large values. Right:
Colour and transparency indicate the number of sequences per bin (in log,,), with blue and transparent
for large bin sizes, red and solid for small bin sizes.

the other hand not too large such that the population dynamics can still be temporarily resolved.
Moreover, prediction accuracy declines with decreasing population size Nipye-

SN.1.6 Smoothing corrects for outliers

The point estimates are smoothed using a convolution filter with a window size of 7 (days). To
infer statistical uncertainty in ¢ profiles, we conducted a sub-sampling procedure of the ¢ point

estimates (details in the Methods section, main article).
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In Figure (left), we show the smoothed reconstruction ¢es; of the simulated dynamics of Niyye,
which we saw in Figure Figure [SN.§| (right) also shows, in a representative simulation, that
the incidence correlates ¢ (blue dots and line) yield a proportional estimate of Niyye (red line) and
reflects the overall epidemiological dynamic quite accurately.
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Figure SN.8: Reconstruction of outbreak dynamics. Left: The solid lines denote the smoothed
median of the ¢ estimates for the 10 stochastic simulations of population growth. The coloured shades
present the area between the 5th and 95th percentile derived from sub-sampling over ¢, point estimates.
Right: The blue line shows the smoothed median of the sub-sampled ¢ estimates (points) for one of the
simulations. The red line shows true incidence per generation Nirye.



SN.1.7 Missing data does not affect incidence reconstructions

In the evaluation above, we have used all sequences that emerge in the evolutionary process. For a
more realistic setting, we evaluated the estimation of ¢ by taking sub-samples of the total sequence
set: We sub-sampled a certain fraction of all sequences (WSREL = proportional sub-sampling),
and drew the same amount of sequences per generation (WSABS = unbalanced sub-sampling).
For the sub-sampling schemes, we tested the following parameters:

e WSREL: fraction of sequences used for inference rg,p € {0.9,0.7,0.5,0.3,0.1}

e WSABS: fixed amount of sequences at each generation (up to) asu» € {500, 350, 150,50}

The sequences are randomly chosen without replacement at every time point (below we also
evaluate other sampling schemes).

In Figure we show violin plots of the percent deviation, akin to Eq. for the raw
point estimates (yellow) and the smoothed estimates (green) for different sub-sampling schemes.
We can generally observe that ¢ is strongly correlated with the population size Niye (1 > 0.94),
even in scenarios with significant under-sampling. Moreover, ¢ is an unbiased predictor of the
incidence (median deviation centered around 0). The deviation from the linear correlation line
slightly increases with more severe under-sampling, i.e. the ¢ estimates are still linearly correlated
with Nipue, but the ¢ estimates become less accurate.
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Figure SN.9: Split violin plot showing the percent deviation of the linear fit for ¢ estimates
for respective levels of subsampling. The box indicates the interquartile range (IQR) with the median.
The left, yellow part shows the deviation for the point estimates, the right, green part depicts the deviation
for the smoothed estimates. On each side of the violin plot, the r value indicates the respective level of
linear relationship of ¢ and Nirue. Top: Proportional sub-sampling. Bottom: Absolute sub-sampling.
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SN.1.8 Effects of time-dependent sampling rate on incidence recon-
struction

In order to further investigate whether there are any effects of the sampling proportion on inci-
dence reconstruction, we assessed the prediction for a quasi-constant population size with different
scenarios of changing subsampling over time. For this, we chose the growth rate p(t) = 1, i.e. the
population of infected individuals will stochastically fluctuate around its initial value, Fig.
upper left.

First, we inspect the incidence reconstructions without temporal changes in sub-sampling. In
Fig. |SN.10| (upper right), we show the incidence reconstructions for which 100% of the data is
available for GInPipe. In Fig. [SN.10| (lower left and right), the median reconstructions are shown
for sub-sampled data.
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0 01 0 30 60 90 12 4 30 60 S
%0 ) % ) o number of generations number of generations
number of generations number of generations subsampling — 0.1 — 0.5 — 0.9 — 1 subsampling 50 — 100 — 300 — 500

Figure SN.10: Simulations for pandemic dynamics with no apparent trend. Left: True pop-
ulation size over time for 5 simulations starting with 3000 sequences and no increase/decrease in the
population of infected individuals other than stochastic noise. Center left: The solid lines denote the
smoothed median of the ¢ estimates for the stochastic simulations. The shaded areas denote the 90%
confidence interval. Center right: Smoothed median of the ¢ estimates with relative sub-sampling of
sequences with proportions indicated below the graphic. Right: Smoothed median of the ¢ estimates
with absolute sub-sampling with number of sequences as indicated below the graphic.

We observe that the sub-sampling does not affect our estimates drastically. However, the sub-

sampling is not time-dependent in these simulations.
Next, we inspect the effect of drastic changes in the sampling rate. For this, we evaluate oscillating
changes in the sampling rate, Fig. (upper right panels), as well as a sudden increase from
a sampling rate of 0.1 to 1.0 Fig. lower left panels) and from 0.5 to 1.0 Fig. (lower
right panels).

In essence, we observe no systematic effect of temporal changes in the sampling proportion
on the incidence reconstructions. This suggests that sudden increases of genomic surveillance of
SARS-CoV-2, as observed in many countries after the appearance of the alpha variant (B.1.1.7),
do not impact incidence reconstructions using GInPipe. For the extremely low sampling rates in
the oscillating case (around generation 45 and 105) we observe inaccuracies and large variance.
Therefore, we conclude that temporal changes in the sampling rate do not introduce systematic
biases for incidence reconstruction. In line with previous observations (Fig. SN.4), we can however
conclude that very low amounts of data increase uncertainty in the incidence reconstructions.
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Figure SN.11: Incidence reconstructions with steady population size and time-dependent
sub-sampling. Incidence reconstruction shown as smoothed median of the ¢ estimates (solid lines). The
coloured shades present the area between the 5th and 95th percentile derived from sub-sampling over the
point estimates. The panels below the incidence reconstruction show the number of sampled sequences for
the prediction. Top left: Simulated population dynamics (5 simulations). Top Right: Reconstructed
incidence history when the sampling proportion is oscillating. Bottom left: Reconstructed incidence
dynamics when the sampling proportion abruptly increases from 0.1 to 1.0. Bottom right: Incidence
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reconstructions when the sampling proportion abruptly changed from 0.5 to 1.0.

12



SN.1.9 Incidence reconstruction when sequences are sampled by simi-
larity

In the previous sections, we assumed that sequence sampling is representative, i.e. that the
sub-sampled sequences are randomly selected. In this section, we evaluate if GInPipe is able
to reconstruct incidence histories when sequences are sampled with an similarity-bias. This is
supposed to emulate extreme events when sequencing is entirely unbalanced, e.g. there is a large
under-detection and detection is driven entirely by contact tracing. For example, after an infected
individual is detected, any forward and backward contacts are investigated and positive cases are
sequenced. At the same time, there would be very little diagnosis without a known contact. The
sequenced samples would then be highly similar to the sequence from the first detected case, if
they are linked by transmission events.

For the sequence sub-sampling process, instead of choosing the sequences randomly with the same
probability, we assign a similarity value d;(s) for each sequence s to the previous generation, which
is used as a probability measure for being sampled in the next generation. The similarity measure
is given by the hamming distance (number of differing nucleotides) to the preceding sequence. If
the previous generation contains various sequence types, the minimum distance is chosen:

di(s;) = min (d(s;, s5)), Vs; € St, s € S_1, (SN.6)

Sj

with S; being the sequence population at time ¢, and S;_;1 the sequence population in the preceding
generation t — 1.

We chose to half the chance of being sampled with every nucleotide difference. The probability p;
of each sequence s; to be chosen at time ¢ is given by

1 ,
pilsi) = 5 - g~ de(si) (SN.7)

. o 1 . ..
with D =" jeS, 3aGT being a normalising factor.

Figure (top left) shows the simulated population dynamics. Fig.[SN.12| (top center) shows
the respective incidence reconstructions without sub-sampling (full data set), i.e. the sequences
are not sampled by similarity yet. As expected, the incidence estimations with the full data set
yields good results (r = 0.98 for the smoothed estimates).
When the sequence set is sub-sampled by similarity as described above, we can see a scaling effect,
Fig. |SN.12| (upper right). Le., the smaller the sequence set (in terms of the proportion of the
entire sequence set), the lower the ¢ values. Interestingly, the profiles are maintained Fig. [SN.12
(upper right, Pearson correlations r > 0.95), while the slope between the populations size and the
smoothed incidence estimate decreases with a decreasing proportions of sub-sampled sequences.
Therefore, although a strong linear relationship can be maintained with proportional sub-sampling,
the scaling factor is affected, Fig. (top right and bottom).
This observation is explained by a decrease in the ‘evolutionary signal’ when sequences are sampled
by similarity. This effect is most pronounced if the sampled sequence set becomes small.
Sampling non-proportional subsets over time, i.e. taking the same amount of sequences in-
dependent of the population size at each generation (50-500 sequences), leads to a irregular re-
scaling of the underlying dynamic. The linear relationship of the incidence correlate and the true
population size is debilitated (Pearson correlation ranging from 0.85 to 0.95 for the smoothed ¢
estimates). This effect is depicted in Fig. [SN.13] where the smoothed ¢ estimates for different
levels of similarity-biased sub-sampling for one of the simulations are shown. On the left, the
different shades of purple indicate the proportion of sub-sampling. As can be seen, the scaling
factor decreases with the amount of sequences, but the dynamic can be retained. However, when
non-proportional amounts of sequences are drawn, indicated by the shades of green in the right
panel, the sub-sampling-driven scaling effect is uneven over time and the dynamic of the incidence
correlate can become distorted. For the case of 500 and 350 sequences per generation, the esti-
mates reach similar values for the first wave (around ¢ = 30) compared with the entire data set
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Figure SN.12: Incidence reconstruction when sequences are sampled by similarity. Top
left: Simulated population dynamics. Top center: The solid lines denote the smoothed median of the
incidence reconstructions with GInPipe using all available genetic data (no biased sub-sampling). The
coloured shades present the area between the 5th and 95th percentile. Top right: Smoothed median
of the re-sampled ¢ estimates with relative sub-sampling biased by similarity. Bottom Population size
Nirue vs. incidence correlate ¢ for different sub-samplings from the top right panel.

(the black dashed line). However, the second wave (around ¢ = 90) is down-scaled and does not
reflect the different magnitudes of the two waves.

In conclusion, when sequences are sampled by similarity, the ‘evolutionary signal’ decreases and the
scaling between the true population size and the incidence estimate decreases. If this biased sam-
pling is not changing through time, incidence histories can still be reconstructed. If the sampling
strategy would change over the time course of the pandemic (e.g. from biased to representative
sampling), difficulties with GInPipe-based incidence reconstruction may arise. Most other meth-
ods (e.g. phylodynamics) are likely to encounter similar difficulties when the data is systematically
perturbed. For GInPipe, and likewise for any other method that utilizes pathogen genome data,
a representative sampling of the population is important to guarantee that meaningful results are
obtained.
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SN.1.10 Incidence reconstructions for a continuous-time population dy-
namic

In the previous sections, we used a minimalistic approach for simulating the outbreak dynamics.
In particular, we performed a time-discretisation, i.e. for each discrete time ¢ € (0,1, ...,120), the
population size was estimated by sampling from a Poisson distribution, N (t+1) ~ P(N(t)- p(t)).
Here, to verify that the time discretisation has absolutely no effect on the in silico assessment of
the GInPipe method, we also provide simulations using the time-continuous birth-death process.
We introduce the two reactions:

Ry: 1 I1+1 ; Ry: I (SN.8)
where R; denotes the ‘birth’ reaction, where an infected individual infects another individual.
Reaction Ry denotes the ‘death’ reaction, where an infected individual becomes non-infectious.
The reaction rates of the model above are given as r1(t) = 8(t) - I(t) and ro(t) = I(t) - 6. Further-
more, we set § = 0.5 (1/day) and then derive 3(t) = p(t) - §, where p(t) is given in eq. (SN.1)).
We then simulate the time-continuous model using the Gillespie algorithm, which draws the time
At to the next event (firing of reaction Ry or Rs) from an exponential distribution. After each
population dynamic event, we update the number of sequences (either cloning or deleting one
sequence) and place Nyt ~ ’P(u -N(t+ At) - L- At) mutations onto the set of sequences.

After simulating a few outbreaks, Fig. (left), we use GInPipe to reconstruct the incidence
dynamics using the standard setting, as shown in Fig. |SN.14| (middle and right). As can be seen,
the choice of modelling approach (discrete time vs. continuous time) has no effect of GInPipe’s
ability to reconstruct incidence dynamics.

While the population dynamics may also be modelled by more complex S(E)IR-type models, the
model above (eq. ) can be easily deduced from such models by assuming that a sufficient
number of susceptibles is available. However, the choice of structual model does not affect any of

the analyses made in Supplementary Note 1.

0 20 40 60 80 100 120 0 30 60 90 120 0 20 40 60 80 100 120
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Figure SN.14: Simulations with birth-death-process. Left: True population size. Middle: The
solid lines denote the smoothed median of the ¢ estimates for the stochastic simulations. The shaded
areas denote the 90% confidence interval. Right: An example simulation of the epidemic (red curve) vs.
the reconstructed incidence history.

SN.1.11 Comparison of R, estimates

GInPipe allows to infer the effective reproduction number R., based on the Wallinga-Teunis
method, as described in the Methods section in the main manuscript. In the Results section,
we assess the accuracy of GInPipe by comparing the R, values inferred from smoothed ¢ esti-
mates with R, values calculated from the simulated pandemic Nypue. In Figure we see the
individual log(R.) profiles for the 10 simulations from Section inferred with Ngue (bold
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cyan lines) and the according smoothed ¢ estimates (red lines). The identity plot in Fig. 1 in
the main manuscript shows the log(R.) values inferred with Ny.e vs. ¢, with the respective pro-
portion of qualitatively agreeing or disagreeing predictions in the four quadrants. The accuracy
is given by the proportion of qualitatively agreeing R, values, yielding a value of 0.92 using the
complete data set.
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Figure SN.15: Individual R. profiles. Individual R. profiles for 10 simulations estimated from the
true population sizes (thick cyan lines) and from ¢ estimates inferred with GInPipe (thin red lines).

Complementing the evaluations in the main manuscript, we additionally assess the accuracy for the
sub-sampled data (Fig. |SN.16)). Here, we also observe good results, achieving accuracies between
0.89 and 0.92. In the case of very low sub-sampling proportions (10%), however, the accuracy
declines to 78%, due to noisy (“wiggly”) dynamics.
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Figure SN.16: Dotplot showing the true log(R.) values (x-axis) vs. the R. values estimated
using GInPipe for different levels of sub-sampling. Left: Relative sub-sampling (10, 30, 50, 70 or
90% of the data sampled.) Right: Absolute sub-sampling (a fixed number of either 50, 150, 350 or 500
sequences are sampled per time point, irrespective of the actual population size).
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SN.1.12 Introductions of new sequences do not affect prediction accu-
racy

Above, we evaluated an isolated outbreak, where the diversity of mutants is emerging solely
through evolution, i.e. reproduction and mutation. However, in case of a widespread epidemic,
several outbreaks at different locations could lead to populations which evolve in parallel, causing
different strains to emerge. Foreign strains may then be introduced into a local epidemic at any
point in time.

To test whether the introduction of foreign strains affects the proposed method, we added z; €
{50,100, 500, 1000} ‘introduction sequences’ at random time points to the initial outbreak. In all
simulations, the ‘introduction sequences’ have 3% of the genome randomly mutated with regards
to the founder sequence of the local outbreak. We performed 5 simulations that began with 1-10
start sequences. All sequences were considered to evolve with the same replication and mutation
rates.

For a representative simulation, Figure (left) shows the simulated epidemiological dynamics
for different numbers of introductions. On the right, we see the corresponding correlations of the
incidence estimate ¢ with the true population size Ni;y.. The inferred ¢ estimates show a strong
linear correlation with Ny, across all simulated scenarios (r = 0.99, p < 10*16).

9000
2000

8 6000 2
zZ <
1000
3000
O 0
0 20 40 60 80 100 120 0 5000 10000 15000
number of generations Ntrue
introductions — 0 — 50 — 100 — 500 — 1000 introductions ® 0 ® 50 ® 100 ® 500 ® 1000

Figure SN.17: Simulations with foreign sequence introductions. Left: True population dynamics
for the original outbreak (0 introductions) and after introduction of new sequences, each in a representative
simulation. The total amount of introduced sequences at random time points is colour-coded. Right:
Dotplot showing Nirue versus the point estimates ¢ using 5 simulations per ‘number of introductions’
scenario. The colours indicate the number of introduced foreign sequences to the original outbreak. The
black line shows the linear fit.

In Figure[SN. 18 we evaluate how the relative amount of introductions affects the percent deviation,
akin to Eq. (SN.5). We can see that for the majority of the simulations the deviation is around
zero with no apparent trend of increasing dispersion (prediction inaccuracy), when large numbers
of foreign variants become introduced.

In summary, the predictions are not perturbed by introductions of foreign sequences. Potential
biases from single introductions are compensated by ongoing local evolution (community trans-
mission) of the imported sequences.

To investigate the effect of introductions without the compensating effect of community transmis-
sions, we simulated an extreme scenario, where the introduced sequences are only added to the
local outbreak and do not replicate or mutate. They simply occur as additional haplotypes in the
population. In reality this would be the case, if infected people from a different region get tested,
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Figure SN.18: Deviation from linear correlation for smoothed ¢ with introduced sequences.
Boxplots showing for each simulation the percent deviation of smoothed ¢ from the linear fit to Nirue
in comparison to the ratio of introductions and total amount of emerging sequences in the evolutionary
process. The box includes the interquartile range (IQR) with median, together with the lower and upper
1.5 x IQR whiskers. The colour indicates the number of introductions.

their virus sequenced and subsequent quarantine would completely prevent further transmission
of imported variants.

For illustration, Figure (top left) shows a simulation where introduced variants are not
onwards transmitted. Unlike in Fig. (left), where imported variants spread, we can see that
the outbreak dynamics are not affected by the non-replicating introductions.

The corresponding ¢ estimates in Figure (top right) show the following: In simulations,
where 50 or 100 variants where introduced, the corresponding ¢ estimate remain quantitatively
unchanged in comparison to a ‘zero-introduction’ simulation. In the extreme case, where 500, and
even 1000 variants were introduced, (pink and green lines in Figure top right), the dynam-
ical profile of the number of infected individuals is still very closely captured (highlighting the 2.5
waves of infection). However, quantitatively the ¢ estimates are slightly increased in comparison
to the ‘zero-introduction’ simulation. Thus, if one would like to compare a setting, where there
are many non-replicating introductions, to a setting with replicating- or ‘zero-’ introductions, the
quantitative interpretation of the ¢ estimates with regards to the true number of infected indi-
viduals Nipue might differ to some extend. There may be a slightly different slope for the linear
correlation function of ¢ vs. Nipye-

In Figure (bottom left), we systematically assess whether large relative amounts of non-
replicating introductions decrease prediction accuracy, i.e. increase deviation from the linear
regression function for the specific simulation. We do not discover a systematic trend, even if
there were more non-replicating introductions than regionally transmitting viruses. We monitor
the relative amount of introductions over time for the corresponding smoothed ¢ estimates in the
panel above (Fig. bottom right). Looking at the ratios of introductions vs. the effective
population size per generation for the case of 1000 introductions (green line), we observe that the
method is still able to reconstruct the dynamic and attain a linear relationship, despite having
consecutively more than 15% introductions during the first wave and partly almost reaching the
number of evolving sequences.
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Figure SN.19: Simulations for introduced variants that do not spread in the population. The
total amount of introduced sequences at random time points is colour coded. Top left: True population
size over time for the original outbreak (0 introductions) and after introduction of new sequences for a
representative simulation. Top right: The solid lines denote the smoothed median of the ¢ estimates
for one stochastic simulation with different amounts of introductions. The shaded areas denote the 90%
confidence interval. Bottom left: Dotplot showing the percent deviation of the smoothed ¢ estimates
from the respective linear fit to Nirye in relation to the relative frequency (log,,) of introductions per time
point. Bottom right: Relative amount of new introductions over time, corresponding to the simulated
trajectories in the top right figure.
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SN.1.13 Reconstruction of extreme (un-smooth) dynamics

To further test the limits of GInPipe, we set up two experiments with population dynamics that
resemble step-functions. Obviously, these dynamics are quite unlikely to happen in reality and are
therefore considered as extreme cases to push the pipeline to the limit.

In the first experiment, the population of infected individuals stochastically fluctuates around its
initial value of ~ 2000 for 60 generations, after which the population suddenly decreases by a
factor 10 (N(t = 61) = P(N(¢t = 60) - 0.1), Fig. and henceforth remains around around
a value of ~ 200 for the remaining time points. In the second experiment, the population of
infected individuals stochastically fluctuates around its initial value of ~ 100 for 60 generations,
after which it increases by a factor five (N (¢t = 61) = P(N(t = 60) - 5), Fig. [SN.21)).

Fig. [SN.20| (upper left) shows 10 simulations where the population sizes suddenly decrease by
a factor 10. Fig. |SN.20| (upper right) shows the corresponding smoothed median ¢ estimates
and Fig. |SN.20| (lower panels) shows two individual simulations and the corresponding incidence
reconstructions.

Notably, while GInPipe generally reconstructs the population dynamics quite well, we do observe a
“smearing out” when the population size changes drastically at generation 60, Fig. [SN.20| (upper
left vs. upper right). This “smearing out” is likely due to the binning of temporally adjacent
sequences, and may be overcome by defining bins that do not span the region of abrupt change
(if the latter was known).

Likewise, for the case of the step-function that increases the population size, Fig. (upper
left), we observe reasonable good incidence reconstructions, Fig. (upper right). However,
while many reconstructed incidence histories map the population dynamics reliably (example in
Fig. lower left), we can also observe more drastic delays in some simulations Fig. [SN.21}
lower right). This effect appears to be stronger for the step function increasing the populations size
(Fig. , than for the step function decreasing the population size (Fig. . We believe
that this effect is mainly due to a sampling bias with regards to the number of new mutations
(i.e. in some simulations the new mutations appear later than the population size increases). In
fact, such extreme dynamics could in theory appear if a single super-spreading event is responsible
for the vast majority of new infections. In view of the spatial scales we analysed (countries or
federal states) it is however unlikely that a single event dominates the pandemic. Our assessments
of GInPipe for non-smooth population dynamics (step-wise changes of the number of infected
individuals) revealed that the pipeline, with default setting may “smear out” abrupt changes
in the number of infected individuals. For sudden changes that increase the number of infected
individuals, temporal delays may be encountered. However, we have to note that this technical test
may have limited relevance to a real-world application where the population of infected individuals
changes rather smoothly over time.
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Figure SN.20: Simulations for a drastic decline of infected individuals. Top left: Simulated
pandemic trajectories (5 simulations) starting with 3000 infected individuals that drop by a factor of = 10
after 60 generations. Top right: The solid lines denote the smoothed median of the ¢ estimates for the
respective stochastic simulations. The shaded areas denote the 90% confidence interval. Bottom left
and right: Two individual simulations (red lines) and the corresponding incidence reconstructions (blue
dots, lines (median) and shaded areas (90% confidence interval))
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Simulations for a drastic increase of infected individuals. Top left: Simulated
pandemic trajectories (5 simulations) starting with 100 infected individuals that increase by a factor of
~ 5 after 60 generations. Top right: The solid lines denote the smoothed median of the ¢ estimates for
the respective stochastic simulations. The shaded areas denote the 90% confidence interval. Bottom left
and right: Two individual simulations (red lines) and the corresponding incidence reconstructions (blue



SN.1.14 Effect of selective pressure on incidence reconstruction

In next scenario, we wanted to analyse if selection pressure affects GInPipe’s ability to reconstruct
the incidence history. To this end, we assign a fitness value f(i,m;) to each mutation m; at position
i. We then compute the fitness of a sequence fs as the product of the fitness of all mutations
contained in that sequence. Sequences s are then chosen to replicate based on their fitness, i.e.
with probability fs/ >, fr. The mutations can either be beneficial (fitter than the wild type) or
deleterious (lower survival chance than the wild type).

Individual fitness values were drawn from a log-normal distribution. To assess different levels of
stochasticity and yet derive comparable simulations, we considered £ € N C L positions to affect
fitness (with f(¢,m¢) # 1). The remaining positions k € L \ Ny were considered to be neutral
(f(k,my) =1 = wild type fitness). We chose the single fitness values according to

f(,myg) = eX, with X ~ N(0,0?) (SN.9)

The fitness of a sequence s is given by the product the position-wise fitness values f(i,m;) in the
respective nucleotide state m;.

L
fs = Hfs(iami) (SNlO)
zzl
= [[exn(xi) (SN.11)
=1 B
=exp() X)) (SN.12)
i=1

Our total variance, which denotes the convolution of all mutation-wise variances, was set to o2, =
0.2. This setting was chosen, such that the overall change in fitness remains within a realistic range
(e.g. the fitness advantage of the SARS-CoV-2 Delta variant over the wild type is assumed to be ~

2
2). Consequently, the variances of the individual fitness values f(¢,m;) were set to 02 = UA‘[—‘? For

selective positions
~ 4 4 5

10

4 50

100
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mean fitness

Figure SN.22: Population-average fitness for 10 simulations respectively with Ny € {5, 10,50, 100, 500}
selective sites.
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illustration purposes, Figure shows the population average fitness for 10 simulations each,
using the evolutionary setting as above, with N; = {5, 10, 50, 100, 500} non-neutral sites. With the
choice of a normalised variance, smaller numbers of non-neutral sites correspond to larger fitness
changes per site, making the simulations with e.g. Ny = 5 more stochastic. On the contrary, with
Ny = 500, each non-neutral mutation confers very small changes with regards to fitness, making
the evolutionary adaptation more transient. The plot shows that the composition of the sequence
set is driven by selective pressure: IL.e. the sequence composition is changed such that the average
fitness increases over time.

Fig. top left) shows the simulated population dynamics using the evolutionary setting with
Ny = 50 non-neutral sites. Fig. top right) shows the GInPipe reconstructed incidence
histories and Fig. lower panels) shows the reconstructed incidence histories with different
sub-sampling schemes (relative vs. absolute sub-sampling). As can be seen in Fig,. GInPipe
can reconstruct incidence histories very well when particular positions are under selective pressure.
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Figure SN.23: Simulations with selective pressure. Top left: Population dynamics with selection
pressure. Top right: The solid lines denote the smoothed ¢ estimates using all sequence data. The
shaded areas denote the 90% confidence interval. Bottom left: Smoothed ¢ estimates with relative
sub-sampling. Bottom right: Smoothed ¢ estimates with absolute sub-sampling.
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SN.1.15 Effect of mutation rate on incidence reconstruction

In this section we assess how changes in the mutation rate affect the incidence reconstruction with
GInPipe. Note that a severely lowered mutation rate would decrease the evolutionary informa-
tion contained in any sequence set and increase stochasticity, by turning evolutionary events into
rare events. We performed simulations with the same setting as in section but this time
increased or decreased the mutation rate 10-fold.

10-fold lowed mutation rate. Simulations using a low mutation rate of p = 0.00001 are
depicted in Fig. (upper row, left most panel). Reconstructed incidence dynamics using
GInPipe with default settings are shown in Fig. using the full data set (upper row, center
left panel), as well as sub-sampled data sets (upper row, the two panels on the right). For the full
data set, GInPipe can still reconstruct the dynamics (Pearson correlation of = 0.9), but for the
sub-sampled data sets the reconstructions worsen (Pearson correlation coefficients of r = 0.7—0.9).
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Figure SN.24: Incidence reconstructions with a 10-fold lowered mutation rate (x = 0.00001).
Top row: Original binning strategy. Bottom row: Adjusted binning strategy. Left: Simulated pan-
demic trajectories (5 simulations). Center left: The solid lines denote the smoothed median of the ¢
estimates for the respective stochastic simulations using all sequences. The shaded areas denote the 90%
confidence interval. Center right and rightmost panel: Smoothed median of the ¢ estimates for the
respective stochastic simulations using subsets of the sequences (center right: relative subsampling, far
right: uneven subsampling). The transparency of the curve indicates the level of subsampling.

Work-around: Increasing bin sizes. As mentioned above, for very low mutation rates, the bin-
ning strategy may produce sequence sets that contain no evolutionary information. Consequently,
GInPipe may not robustly infer incidence estimates on these data sets. However, increasing the
bin sizes may revert this situation. To demonstrate this presumption, we changed the binning
strategy (compare to Methods section in the main manuscript) such that the bin sizes increase.
In particular, we set: (i) the days per bin to {10, 15,20,25,30}, (ii) the sequences per bin to
{5,10,15,20} percent of the entire sequence set and adjusted the (iii) constraints, such that each
bin must span at least 5 days and not more than 30 days and contain at least 20 sequences.

As can be seen in Fig. this helped to recover the original dynamics (Pearson correlation
of r = 0.95 (full data set), and 0.87-0.94 for the sub-sampled data sets), however at the cost of
temporal resolution (e.g. the final increase in incidence cannot be recovered).

A comparison of the original binning strategy with the adjusted binning strategy (larger bins)
is shown in Fig. for one simulation. As can be seen therein (top left panel vs. bottom
left panel), the original binning strategy has a much finer time resolution (number of blue dots).
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As mentioned before, lowering the mutation rate increases stochasticity, and consequently de-
creases the signal-to-noise ratio. When sub-sampling the data using the original binning strategy
Fig. |SN.25| (top center and right panel), this can lead to scenarios where certain bins produce
outlier dynamics (large shaded areas). When increasing the bin sizes Fig. [SN.25| (bottom center
and right panel), these large fluctuations due to extreme outliers could be eliminated.
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Figure SN.25: Example of incidence reconstructions for one simulation with a 10-fold de-
creased mutation rate (u = 0.00001) using different binning strategies. Top row: Original
binning strategy as stated in Section Bottom row: Adapted binning strategy (larger bins).
Left: Simulated population dynamics (red line) and GInPipe reconstructed incidence dynamics using all
available data (blue dots: ¢ estimates, blue line: smoothed estimate). Center: Incidence reconstructions
using relative sub-sampling. The transparency of the lines indicate the level of sub-sampling. Right:
Incidence reconstructions using absolute sub-sampling. The transparency of the lines indicate the level of
sub-sampling.

10-fold increased mutation rate. Simulations with a 10-fold increased mutation rate of
w1 = 0.001 are shown in Fig. [SN.26| (left) together with GInPipe’s incidence reconstructions using
the full data set (center left), as well as sub-sampled data sets (the two panels on the right). For
a large mutation rate GInPipe can reconstruct the incidence very well (Pearson correlation of
r =0.996). For relative sub-sampling the incidence reconstructions are similarly good (r > 0.95),
Fig.|SN.26| (center right). For absolute sub-sampling Fig. [SN.26| (rightmost panel) reconstructions
are still very good (r > 0.92), except for the lowest absolute sub-sampling (50 sequences), where
we observed r = 0.81.

Observations and Outlook

In summary, our simulations show that, particularly for low mutation rates, the ‘evolutionary
signal’ decreases and that the emergence of novel haplotypes becomes more stochastic. In essence,
this means that the signal-to-noise ratio decreases. The loss in evolutionary information can be
circumvented by increasing the bin sizes, at the cost of temporal resolution. While the binning
strategy presented in the Methods is well adapted to SARS-CoV-2, application of GInPipe to
other respiratory infections would likely require to adapt the binning strategy to the data. As
an outlook, we plan to build filters that automatically adapt binning strategies to the amount of
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Figure SN.26: Incidence reconstructions with a 10-fold increased mutation rate (1 = 0.001).
Leftmost panel: Simulated pandemic trajectories (5 simulations). Center left: The solid lines denote
the smoothed median incidence reconstructions using all sequences. The shaded areas denote the 90%
confidence interval. Center right and rightmost panel: Smoothed median incidence reconstructions
using subsets of the the data (center right: relative sub-sampling; right most: absolute sub-sampling).

The transparency of the curve indicates the level of sub-sampling.

evolutionary information in a given data set, and which mark temporal periods where insufficient

information is available.
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Supplementary Note 2

In this Supplementary Note all parameters used in the phylodynamic inference are stated, such
as (i) change dates where major non-pharmaceutical measures were introduced or lifted (these
intervals are used to calculate the piece-wise constant R.(7) values); (ii) All final parameter
estimates, as well as (iii) ‘lineage-through-time’ plots for phylodynamic reconstruction.

Birth-death-sampling rate change dates

Date Non-pharmaceutical interventions
28 April 2020 Start of easing of restrictions: Opening of primary
schools, later public places

15 June 2020 Further easing of restrictions: bigger private and
mass gatherings allowed, home office partially rec-
ommended

22 August 2020 Protective masks: Face masks mandatory in closed

public spaces

26 October 2020 Reimplementation of light restrictions: private gath-
erings
26 December 2020 Start of lockdown: closure of schools, restaurants and

entertainment venues

Table SN.1: Denmark: Intervention measures used to set the birth-death-sampling rate change dates
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Date

Non-pharmaceutical interventions

24 March 2020

29 May 2020

15 July 2020

23 September 2020

17 November 2020

05 January 2021

Start of national lockdown: Closure of shops, restau-
rants etc, stay-at-home order

First lifting of restrictions: Phase 1 of route map out
of lockdown

Phase 3 of route map out of lockdown: Opening
restaurants, hairdressers etc.

Reimplementation of restrictive measures: Restric-
tions on household visits and national curfew

Further restrictions: Update on COVID-19 protec-
tion levels and travel regulations

Start of second lockdown for mainland Scotland:
stay-at-home order

Table SN.2: Scotland: Intervention measures used to set the birth-death-sampling rate change dates

Date

Non-pharmaceutical interventions

16 March 2020

11 May 2020

15 June 2020
20 August 2020

19 October 2020

Start of national lockdown: Closure of shops, muse-
ums, restaurants, other gathering places and borders

Lifting of stricter lockdown measures: Opening of
i.a. schools, shops and museums

Second step in reopening the borders
Unspecified
Reimplementation of restrictions: home office rec-

ommendation, restrictions on private gatherings and
for restaurants

Table SN.3: Switzerland: Intervention measures used to set the birth-death-sampling rate change dates

Date

Non-pharmaceutical interventions

16 March 2020
11 May 2020

19 July 2020

13 September 2020

26 October 2020

State of Emergency and first restrictions
First easing of restrictions

Reimplementation of restrictions, especially around
Melbourne

First step in roadmap for reopening

Zero new cases recorded

Table SN.4: Victoria, Australia: Intervention measures used to set the birth-death-sampling rate change

dates
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Phylogenetic and epidemiological parameter estimates

median 95% HPDI
become non-infectious rate &, 2.5625e+01 [2.3626e+01, 2.7618e+01]
become non-infectious rate &, 4.8634e+01 [4.6664e+01, 5.0612e+01]
become non-infectious rate &; 4.9078e+01 [4.7126e+01, 5.1035e+01]
become non-infectious rate 8, 5.0413e+01 [4.8636e+01, 5.2326e+01]
become non-infectious rate & 5.7918e+01 [5.6189e+01, 5.9674e+01]
become non-infectious rate 8 5.6963e+01 [5.5201e+01, 5.8822e+01]
reproductive number Re;  1.9810e+00 [1.7938e+00, 2.1807e+00]
reproductive number R, 7.8879e-01 [6.4151e-01, 9.2349e-01]
reproductive number Re3 9.8603e-01 [9.2555e-01, 1.0466€+00]
reproductive number Re4 1.0571e+00 [1.0197e+00, 1.0928e+00]
reproductive number Res 1.1692e+00 [1.1397e+00, 1.2008e+00]
reproductive number Res 1.0611e+00 [1.0354e+00, 1.0884e+00]
sampling proportion s; 0.0000e+00 [0.0000e+00, 0.0000e+00]
sampling proportion s, 2.6598e-03 [1.0540e-03, 4.8091e-03]
sampling proportion s; 3.2960e-04 [1.4211e—-04, 5.7886e-04]
sampling proportion s, 2.0136e-03 [1.3163e-03, 2.8224e-03]
sampling proportion ss  8.8009e-03  [8.2494e-03, 9.0000e-03]
sampling proportion s 7.9828e—-03  [7.9259e-03, 8.0000e-03]
sampling proportion s; 1.2953e-02 [1.2798e-02, 1.3000e-02]
frequency parameter T, 2.9857e—-01 [2.9799e-01, 2.9912e-01]
frequency parameter T  1.8344e-01 [1.8295e-01, 1.8389e-01]
frequency parameter Tz  1.9603e—01 [1.9552e-01, 1.9649e-01]
frequency parameter T 3.2197e-01  [3.2140e-01, 3.2255e-01]
transition/transversion bias 6.0220e+00 [5.5656e+00, 6.5410e+00]
gamma shape parameter 6.5450e—-01 [1.3687e-03, 3.0386e+00]
clock rate 8.0000e-04 [8.0000e—-04, 8.0000e—-04]

Table SN.5: Denmark: Median and 95% highest posterior density interval (HPDI) of the posterior sample
of the model-specific phylogenetic and epidemiological parameters. Subscript of the latter indicates the
interval for which it is inferred. Intervals are labelled numerically from the start of the process to the date
of the last sample with boundaries as specified in Table
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median 95% HPDI
become non-infectious rate 8; 2.6001e+01 [2.4104e+01, 2.8018e+01]
become non-infectious rate &, 4.9892e+01 [4.8056e+01, 5.1859e+01]
become non-infectious rate &; 4.8036e+01 [4.6171e+01, 5.0075e+01]
become non-infectious rate 8, 5.0577e+01 [4.8539e+01, 5.2410e+01]
become non-infectious rate 8; 5.7387e+01 [5.5567e+01, 5.9139e+01]
become non-infectious rate 8 5.4086e+01 [5.2269e+01, 5.6012e+01]
become non-infectious rate &; 4.9587e+01 [4.7647e+01, 5.1547e+01]
reproductive number Re;  2.3968e+00 [2.1690e+00, 2.6398e+00]
reproductive number Re> 9.6825e-01 [9.3264e-01, 1.0074e+00]
reproductive number Re 3 8.8451e-01 [8.0327e-01, 9.6796e-01]
reproductive number Re4 1.4277e+00 [1.3730e+00, 1.4844e+00]
reproductive number Res 9.5832e-01 [9.2419e-01, 9.9162e-01]
reproductive number Rgs  1.2506e+00 [1.2013e+00, 1.2968e+00]
reproductive number R 7 1.2581e+00 [1.1723e+00, 1.3468e+00]
sampling proportion s; 0.0000e+00 [0.0000e+00, 0.0000e+00]
sampling proportion s, 4.3825e-02 [3.1846e—02, 5.7429e-02]
sampling proportion s; 4.2829e-02 [3.6254e—02, 5.0000e-02]
sampling proportion's, 7.2367e-03 [5.6379e-03, 7.9998e-03]
sampling proportion ss 3.9707e-02 [3.3169e-02, 4.6317e-02]
sampling proportion s 9.9777e-03  [9.9019e-03, 1.0000e-02]
sampling proportion s; 5.4729e-03 [5.3869e-03, 5.5000e-03]
sampling proportion sg  7.3337e-03 [6.5973e—03, 7.6000e-03]
frequency parameter T, 2.9858e-01 [2.9802e-01, 2.9907e-01]
frequency parameter T 1.8353e-01 [1.8309e-01, 1.8396e-01]
frequency parameter T;  1.9605e-01 [1.9564e-01, 1.9659e-01]
frequency parameter Ty 3.2184e-01 [3.2130e-01, 3.2241e-01]
transition/transversion bias 6.0886e+00 [5.6013e+00, 6.6120e+00]
gamma shape parameter 7.1777e-01 [1.5681e-03, 3.0007e+00]
clock rate 8.0000e-04 [8.0000e—-04, 8.0000e—-04]

Table SN.6: Scotland: Median and 95% highest posterior density interval (HPDI) of the posterior sample
of the model-specific phylogenetic and epidemiological parameters. Subscript of the latter indicates the
interval for which it is inferred. Intervals are labelled numerically from the start of the process to the date
of the last sample with boundaries as specified in Table
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median 95% HPDI
become non-infectious rate 8, 2.6673e+01 [2.4635e+01, 2.8638e+01]
become non-infectious rate &, 4.9550e+01 [4.7621e+01, 5.1421e+01]
become non-infectious rate &; 4.8491e+01 [4.6607e+01, 5.0447e+01]
become non-infectious rate 8, 4.9093e+01 [4.7222e+01, 5.1156e+01]
become non-infectious rate 8 5.4159e+01 [5.2311e+01, 5.5945e+01]
become non-infectious rate s 5.3518e+01 [5.1617e+01, 5.5328e+01]
reproductive number Re;  3.7731e+00 [3.4827e+00, 4.0733e+00]
reproductive number Re> 6.0013e-01 [5.4912e-01, 6.5069e—01]
reproductive number Re 3 1.0066e+00 [9.1301e-01, 1.0976€+00]
reproductive number Re 4 1.0697e+00 [1.0268e+00, 1.1102e+00]
reproductive number Rgs 1.2218e+00 [1.1859e+00, 1.2583e+00]
reproductive number Res  1.2443e+00 [1.2194e+00, 1.2701e+00]
sampling proportion s; 0.0000e+00 [0.0000e+00, 0.0000e+00]
sampling proportion s, 2.8901e-02 [2.2041e-02, 3.6251e—02]
sampling proportion s; 1.2186e—02 [1.0287e-02, 1.3000e-02]
sampling proportion s, 5.6926e-03 [3.3451e-03, 8.4517e—03]
sampling proportion ss 2.1886e—02 [1.7928e-02, 2.5921e-02]
sampling proportion ss  1.0948e-02 [1.0777e-02, 1.1000e—02]
sampling proportion s; 1.9905e-03 [1.9590e—-03, 2.0000e-03]
frequency parameter T, 2.9853e-01 [2.9787e-01, 2.9914e—01]
frequency parameter T  1.8344e-01 [1.8286e-01, 1.8392e-01]
frequency parameter Tz 1.9598e-01 [1.9550e-01, 1.9656e-01]
frequency parameter T 3.2206e-01  [3.2144e-01, 3.2270e-01]
transition/transversion bias 5.1855e+00 [4.8250e+00, 5.5949e+00]
gamma shape parameter 7.7207e-01 [1.0269e—-03, 3.1043e+00]
clock rate 8.0000e-04 [8.0000e-04, 8.0000e—-04]

Table SN.7: Switzerland: Median and 95% highest posterior density interval (HPDI) of the posterior
sample of the model-specific phylogenetic and epidemiological parameters. Subscript of the latter indicates
the interval for which it is inferred. Intervals are labelled numerically from the start of the process to the
date of the last sample with boundaries as specified in Table
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median 95% HPDI

become non-infectious rate §; 2.6169e+01 [2.4199e+01, 2.8134e+01]
become non-infectious rate 3, 4.9617e+01 [4.7653e+01, 5.1587e+01]
become non-infectious rate ; 5.1130e+01 [4.9280e+01, 5.3008e+01]
become non-infectious rate 5, 5.3928e+01 [5.2086e+01, 5.5703e+01]
become non-infectious rate 8s 4.8734e+01 [4.6809e+01, 5.0700e+01]
become non-infectious rate 8, 4.8756e+01 [4.6749e+01, 5.0668e+01]
reproductive number Re; 1.4985e+00 [1.3534e+00, 1.6480e+00]
reproductive number R, 8.5330e-01 [7.5130e-01, 9.2257e-01]
reproductive number Res 1.5831e+00 [1.5003e+00, 1.6653e+00]
reproductive number R., 8.2566e—-01 [7.7671e-01, 8.7320e-01]
reproductive number Re5 2.3464e-01  [3.3521e-07, 5.6699e-01]
reproductive number Res  2.0824e+00  [1.3328e+00, 2.9249e+00]
sampling proportion sy;  0.0000e+00  [0.0000e+00, 0.0000e+00]
sampling proportion sy> 2.9634e-02  [1.9242e-02, 4.1241e-02]
sampling proportion sy3 1.7328e-01  [1.3147e-01, 2.1603e-01]
sampling proportion sq4 6.5030e-02  [4.3376e-02, 9.1276e-02]
sampling proportion sq5 2.2637e-01  [8.7877e-02, 4.1711e-01]
sampling proportion Sq¢ 1.6848e-01 [8.4786e-03, 4.3823e-01]
sampling proportion sq; 1.7360e-02 [2.1027e-08, 1.0043e-01]
sampling proportion sp 1 0.0000e+00  [0.0000e+00, 0.0000e+00]
sampling proportion sp,, 5.0018e-02 [4.0377e-03, 9.8919e-02]
sampling proportion sp,3 2.5750e-02 [1.6234e-07, 8.5113e-02]
sampling proportion Sp>4 9.9060e-02 [9.6127e-02, 1.0000e-01]
sampling proportion Sp,5 9.9453e-02  [9.7659e-02, 1.0000e-01]
sampling proportion sp 6 8.5009e-02  [5.6538e-02, 9.9999e-02]
sampling proportion sp»7 4.9863e-02 [1.6285e-06, 9.4899e-02]
frequency parameter T, 2.9860e-01 [2.9781e-01, 2.9947e-01]
frequency parameter .  1.8357e-01 [1.8284e-01, 1.8423e-01]
frequency parameter T;  1.9609e—-01  [1.9536e-01, 1.9677e-01]
frequency parameter T 3.2173e-01 [3.2082e-01, 3.2255e-01]
transition/transversion bias 6.3017e+00 [5.4814e+00, 7.2111e+00]
gamma shape parameter 7.1495e-01 [1.0263e-03, 3.0786€+00]
clock rate 8.0000e-04 [8.0000e-04, 8.0000e-04]

Table SN.8: Victoria: Median and 95% highest posterior density interval (HPDI) of the posterior sample

of the model-specific phylogenetic and epidemiological parameters. Subscript of the latter indicates the

interval for which it is inferred. Intervals are labelled numerically from the start of the process to the date
of the last sample with boundaries as specified in Table
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Identified Pango lineages and tree reconstructions
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m A0 L]
A15(57,2)
5. 1)

, NA)
-23.1 (4, NA)
AAL (1, NA)
AB1(102,6)
AD.1 (194, 13)
AD2(2,1)

8(9,2)
8.1 (1061, 57)
B.11(525,32)
BA11(21,1)
B.1.1100 (24,2)
11141 (2, NA)
B.1.1144 (1, NA)
B.1.1153 (208, 11)
B.1.1.150 (39, NA)
B.1.1163 (1, NA)
8.1.1170 (196, 10)
B.1.1.189 (40, NA)
B.1.1.191 (199, 4)
B.1.1192 (1, NA)
B.1.1198 (4, NA)
8.1.1204 (7, NA)
B.1.1.209 (1, NA)
B.1.1216 (4, NA)
B11218(9,NA) M
B.11219(74,1) W

Pango
Lineage

Denmark

Full dataset

Subsampled dataset

B11221(1LNA) W
B.1.1.222 (1, NA)
B.1.1.224 (23, NA)
11,229 (1, NA)
B.1.1.231 (1, NA)
B.11.232 (16, 1)
B.1.1.241 (9, NA)
B.1.1.243 (8, NA)
B.1.1.25 (4, NA)
B.1.1.261 (36, 4)
B.11266 (1,NA) M
B.11269(41,3) W
B.11.272(163,10) M
B.1.1.277 (519,24) M
B1128(1LNA) W
B.11280(3, NA) M
B.11.288 (461, 26) M
B.1.1.294(127.8) M
B.11.208 (600,23) M
B.11301(1,NA) M
B.1.1.302(96,6) M
L]
L]
L]
L]
L]
L]
L]
L]
L]
[ ]

B.1.1.305 (4, NA)
B.1.1.306 (3, NA)
B.1.1.308 (1, NA)
B11311(7,1)

B.11315 (1, NA)
B11317(14, 1)
B.1.1.325 (20, 5)
B.1.1.326 (1, NA)
B.1133 (1, NA)

B.1.1.333 (1, NA)

B.1.1.346 (32, 3)
B.1.1347 (1, NA)
811351 (21,1)
B.1.1.353 (1, NA)
B.1.1.359 (6, 1)
B1.137(4,1)
B11371(6,1)
B.1.1374 (5, NA)
B.L.1377 (475, 22)
B.1.1.378 (1, NA)
8.1.1385 (2, NA)
B.1.139 (23, NA)
B.1.1.397 (4, NA)
B.1.1.411 (1, NA)
B.1.1.413 (1, NA)
£.1.1420 (18, 1)
811425 (6, 1)
811428 (8, 1)
B.1.1.429 (2, NA)
B.1.1431 (1, NA)
8.1.1433 (407, 15)
8.1.1434 (1, NA)
B.1.1.44 (11, NA)
B.1.1.458 (1, NA)
B1.147(6,1)
811485 (1, NA)
8.1.150 (9, NA)
B.1.1519 (2, NA)
B.1.1521 (16,3)
B.1158 (5, NA)
B.1.17 (4505, 234)

B.1.1.70 (512, 30)
B.11.90 (2, NA)

. , NA)
B.1.118 (98, 4)
B.1.127 (370, 12)
B.L131 (7, NA)
B.1.146 (2, NA)
B.1.153 (1, NA)

B.1.160 (2744, 134)

B.1160.16 (1, NA)

B.1160.17 (473, 20)

B.1160.24 (143, 9)
B.1.160.7 (1, NA)
B.1160.8 (233, 7)
B.1177 (897, 50)
B.1177.10 (1, NA)
B.1177.11 (1, NA)

B.1.177.12 (4760, 238)

B.1177.14(72,7)
B.L177.16 (2, NA)
B1177.2 (1, NA)

B.1.177.21 (5363, 277)
B.1.177.24 (623, 35)

B.1177.27 (96, 2)
B.1177.32 (7, NA)
B.1177.33 (1, NA)

B.1.177.35 (635, 31)

B.1177.39 (16, 1)
BL177.4 (7, NA)
B.1.177.40 (15, 3)

B.1.177.41 (111, 10)

B.12 (46, 2)

,1.177.46 (29, 1)
B.L177.50 (8, NA)
B.L17751 (6, NA)
BL177.52 (5, NA)
B.1.17753 (10, 1)
B.1.177.56 (1, NA)
B.1177.57 (1, NA)
BL177.58 (2, NA)
B.1.177.60 (348, 18)
B.1177.62 (1, NA)
B.L177.64 (1, NA)
B.1177.69 (1, NA)
BL177.7 (4, NA)
B.1.177.70 (121, 7)
B.1177.73 (4, NA)
B.L177.75 (6, NA)
B.1.177.76 (253, 10)
B.1177.77 (215,6)
B.1.177.79 (89, 5)
B.1.177.8 (3, NA)
B.1.177.80 (49, 3)
B.1.177.81 (136, 6)
B.1.177.82 (172, 10)
8117783 (1,1)
B.1.177.86 (1186, 49)
B.L17787 (6,1)
B.1.179 (185, 9)

B.1177.42(661,35) M B.1213(3, NA) ]
B.1.177.43 (1, NA)

B.1.214.4 (56, 4)
B.1.218 (74, 5)
B.1.219 (1, NA)
B.122(7,1)
B.1.221 (1331, 62)
B.12213(984,53) W
B.1.222 (1, NA)

B.1.234 (3, NA)
B.1.236 (28, 1) u
B.1.240 (1, NA)
8.1.243 2, NA)
B.1.258 (1596, 67)
B.1.258.10 (1, NA)
B.1.258.11 (1679, 78)
B.1.256.14 (3, NA)
B.1.256.15 (23, 1)
B.1.258.16 (474, 29)
B.1.258.17 (22, NA)
B.1.256.19 (111, 2)
B.1.256.22 (39, 2)
B.1.2563 (2, NA)
B.1.256.9 (163, 6)
B.1263(17,1)
B.1.264 (1, NA)
B.1.281 (1, NA)
B.1.332 (4, NA)
B.1.343 (33, 2)
B.1.350 (3, NA)
B1351(1LNA) W
B.1.354 (8, 1) | |

B.1.358 (19, 1)
B.1.36 (172, 3)
B.136.1(34, 1)
B.1.36.10 (2, NA)
B.1.36.17 (5, NA)
A

, NA)
B.136.22 (10, 1)
B.1.36.23 (1, NA)
B.136.24 (7, NA)
B.1.36.25 (295, 18)
B.13631(14,1)
B.1.36.33 (93, 5)
B.1.36.35 (11, NA)

B.1.36.8 (43, NA)
B.L369 (8,2)
B.1.3622 (3, NA)
B.1.367 (56, 5)
B..372 (82, 4)
B.1.389 (25, 1)
B.1.39 (202, 9)
B.1.391 (2, NA)
B.1.398 (109, 3)
B.1.406 (28, 3)
B.1.408 (4, NA)
B.1.416 (1, NA)
B.1.416.1 (4, NA)
B.1.427 (3, NA)
B.1.428 (275, 21)
B.1.429 (20,2)

B.1438(15,NA) M B.18(7,NA)
B1441(4 NA) W B.1881(140,8)
B.1463(LNA) M B.19.4(5 NA)
B.1465(9,NA) M B.195(11, 1)
B.1466 (1,NA) W B.191(L NA)
B.1.4661(3,NA) M B.193(2 NA)
B.1469(19,2) M B.11(2NA)
B.1471(12,2) M B3 (25 NA)
B1474(24,4) W B4 (2 NA)
B.1480(55,3) M B.4.8(LNA)
B1498(4 NA) [ B.49(18,1)
B.1510(4,NA) M B55(L NA)
B1513(2,NA) M C11(18,1)
B1523(41,1) W C.16(14,NA)
B1525(75,1) M C.18(1,NA)
B1527(3,NA) M C19(251)
B.1530(2,NA) M C2(4,NA)
B.1534(59,2) M C20(1,NA)
B1536 (16, NA) M C23(2.1)
B.1555(LNA) M C30.1(101,6)
B.1562(LNA) M C32(1,NA)
B.1564(LNA) M C35(104,3)
B1565(5,NA) Il C.36 (15 NA)
B15751(3, NA) M C7(28,3)
B1576(3,1) M D5(1,NA)
B1577(LNA) M P2(12,NA)
B.1582(11,1) M RI1(LNA)
BL596 (LNA) W U2(71,8)

B.1610(4,1)
B.1613 (36, 3)
B.1619 (2, NA)

125

»n 100+
0}
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c
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0-
Year
— A15.(2) — B11191.(4) ~— B11346.(3) = B.1160.17.(20) = B.1177.40.(3) — B.L177.82.(10) — B.1258.16.(29) — B.1372.(4) ~— B.L613. (3)
— AB1.(6) — B11261.(4) — B.I1377.(22) — B.L16024.(9 ~— B1177.41.(10) — B.1177.86.(49) — B.1258.19.() — B139.(9) — B.L8B.L (8)
. —  AD.L(13) — B11269.(3) = B.11433.(15 = B.L1608.(7) = B.1177.42.(36) = B.1.179.(9) — B1258.22.(2) — B1398.(3) ~— C30.1.(6)
A roxim ate —  B.1-0.(21) — B11272.(10) = B.11521-0.(2) = B.1177.(50) — B117760.(18) = B.12.(2) — B.12589-0.(5) = B.1406.(3) = C.35.(3)
p p —  Ba1-1.(36) — B11277.(4) — B.117.(234) = B1177.12.(238) — B.1177.70.(7) = B.12144.(4) — — B1428.(21) — C7.(3)
— B11.(32) - 288, — B1170-0.(4) = B1I7714(7) — — B.1218.(5) - - 429.(2) = U2.(8)
CIUSter — B11100.() ~— B11294.(8) — BLL70-1(26) — BLI77.21.(277) — B.L. — B1221.(62 — B.136: —  B.1469.(2)
— B11153.(11) =— B11298.(23) = B.L118.(4) — B1177.24.(35) = B.L177.79.(5) = B.12213.(53) ~— B.13633.(5) ~— B.L474.(4)
— B11170-0.(7) = B.11302.(6) = B.1127.(12) = B.1177.27.(2) = B.1177.80.(3) = B.L258.(67) = B.1369.(2) = B.1.480.(3)
— B11170-1.(3) — B.L1 — B1160.(134) = B.1177.35.(31) =— B.L177.81.(6) ~— B.1.258.11.(78) — B.1367.(5) —  B1534.(2)

Figure SN.27: Denmark: Top:

Pango lineages identified in the full (left) and subsampled (right)

data set with the coloured area being proportional to the size of the specific lineage. Values in brackets
next to the lineage name in the legend represent the number of sequences identified in the full (left) and
subsampled (right) data set. Bottom: Lineage-through-time plot, counting the number of phylogenetic
tree branches over time, of maximum clade credibility tree for all identified approximate clusters. Pango
lineages that were split due to a longer period without any sample are denoted numerically using a dash
Vertical dotted lines represent the dates at which birth, death and

separator, e.g. B.1-0 and B.1-1.

sampling rate were allowed to change. The number of sequences included for each approximate cluster in
the analysis are given in brackets next to the cluster name in the legend.
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Scotland

Full dataset Subsampled dataset

m oAQLY B8.11.184 (3, NA) B11277(256) M B114(45,9) M B1160(85,16) M B1215(41,7) W B12585(1,1) M B1441(11,1) W B29(LNA)
B AL(,NA) B.11.189 (5, 3) B11279(9,3) M B1143(43,7) M B1168(33,7) M B1218(LNA) M B1282(13,2) M B1457(1,1) M B3(10,3)
M A23(82,11) B.11.197 (2, NA) B.11.28 (7, 4) M B1144(154,20) M B1177(3371,675 M B1220@NA) M B1351(122) M B1460(1LNA) M B32(27,3)
B A3(153) B.1.1.20 (12, 5) B.1.1282(40.5 M B.1146(6 1) B B117710(1LNA) M B1221(16,4) B B136(10,2) W B1469(1L,NA) M B33(L1)
M A5(31,6) B.11.210 (1, NA) B11285(1,NA) M B115(NA) M B1177.11(343,75) M B12211(33) W B13612(1,NA) B BL47L(3,NA) M B.34(43 10)
W B (206, 44) B B11216(1,NA) M B11286(8,1) M B1151(651) M B117716(21) M B1222(170,45 M B13617(52) M B1512(1,1) M B.35(2NA)
M B1(1200,246) M B11217(3NA) M B11288(21) M B1153(L,NA) M B1177.17(10,3) M B.1223(40,6) M B13620(,1) M B1523(@NA) M B39(9,2)
M B11(29.8) B B1121821) M B1129(.3) M B115432 M B117718(LNA) M B1229(.NA) W .23(14,2) M B169(18,5 M B.40(50,11)
M B111(17233) M B11219(LNA) M B11202(2NA) M B1164(32 M Bl177.19(1) M B1232(7L15) M 26(4,2) M B170(18,1) M B45(186,32)
Pan go B B1.1.10(44,15) B.1.1.220 (1, NA) B.1.1.204(1,NA) M B1167(1,NA) M B11772(2,NA) B B.1.235(24,7) B B1369(L1) M B.179(12,3) B BS52(1LNA)
. M B11104(21) B.11237 (2, 1) 8.11296(1,NA) M B.117(1676,340) M B1177.20(11,3 M B1236(4,NA) M B1362(31) M B18(LNA) M B54I(41)
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— B11119.(80) = B1128.(4) = B1144.(29) = B.LI77.(675) =— B.1215.(7) — B1256.(10) — B.1.389.(4) —  B198.(4)

Figure SN.28: Scotland: Top: Pango lineages identified in the full (left) and subsampled (right) data
set with the coloured area being proportional to the size of the specific lineage. Values in brackets next to
the lineage name in the legend represent the number of sequences identified in the full (left) and subsampled
(right) data set. Bottom: Lineage-through-time plot, counting the number of phylogenetic tree branches
over time, of maximum clade credibility tree for all identified approximate clusters. Pango lineages that
were split due to a longer period without any sample are denoted numerically using a dash separator, e.g.
B.1-0 and B.1-1. Vertical dotted lines represent the dates at which birth, death and sampling rate were
allowed to change. The number of sequences included for each approximate cluster in the analysis are
given in brackets next to the cluster name in the legend.
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Figure SN.29: Switzerland: Top: Pango lineages identified in the full (left) and subsampled (right)
data set with the coloured area being proportional to the size of the specific lineage. Values in brackets
next to the lineage name in the legend represent the number of sequences identified in the full (left) and
subsampled (right) data set. Bottom: Lineage-through-time plot, counting the number of phylogenetic
tree branches over time, of maximum clade credibility tree for all identified approximate clusters. Pango
lineages that were split due to a longer period without any sample are denoted numerically using a dash
separator, e.g. B-0 and B-1. Vertical dotted lines represent the dates at which birth, death and sampling
rate were allowed to change. The number of sequences included for each approximate cluster in the
analysis are given in brackets next to the cluster name in the legend.
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Victoria

Full dataset

Subsampled dataset
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Figure SN.30: Victoria, Australia: Top: Pango lineages identified in the full (left) and subsampled

(right) data set with the coloured area being proportional to the size of the specific lineage. Values in

brackets next to the lineage name in the legend represent the number of sequences identified in the full
(left) and subsampled (right) data set. Due to the lineage-specific subsampling procedure, the relative
lineage compostion is different between the full and the subsampled dataset. Bottom: Lineage-through-
time plot, counting the number of phylogenetic tree branches over time, of maximum clade credibility tree
for all identified approximate clusters. Vertical dotted lines represent the dates at which birth, death and
sampling rate were allowed to change. The number of sequences included for each approximate cluster in

the analysis are given in brackets next to the cluster name in the legend.
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Supplementary Note 3

This Supplementary Note contains all weblinks that point to the primary data depicted or dis-
cussed in the main manuscript. For example, the data related to (i) changes in non-pharmaceutical
interventions, which are used in BEAST?2; (ii) case reporting data which is depicted in Fig. 3 (main
article); (iii) the number of tests performed and the proportion of positive tests, which are used
to calculate the proportion of detected cases; and (iv) changes in testing strategies, which are
depicted in Fig. 4 (main article).

Supplementary Links

Changes in non-pharmaceutical interventions

The data sources stated herein are used to determine change dates for phylodynamic reconstruc-
tion. The latter is used to compute R, values that are depicted in Fig. 2 (main manuscript).
Denmark and Switzerland (Phylodynamics). WHO Coronavirus (COVID-19) Dashboard.
Link: https://covid19.who.int/tablel (accessed: 2021-03-10)

Victoria (Phylodynamics). Victorian coronavirus (COVID-19) data. Link: https://www.
dhhs.vic.gov.au/victorian-coronavirus-covid-19-data, accessed: 2021-03-10)

Scotland (Phylodynamics). Coronavirus (COVID-19): trends in daily data. Link: https://
WwW.gov.scot/publications/coronavirus-covid-19-trends-in-daily-data, (accessed: 2021-
03-10)

Case reports

Reported SARS-CoV-2 infections are depicted in Fig. 3 (main manuscript) alongside the recon-
structed incidence histories using GInPipe.

Denmark and Switzerland. Daily new reported cases. Link: https://github.com/owid/
covid-19-data/tree/master/public/data, (accessed: 2021-04-27)

Scotland. New reported cases by date. Link: https://coronavirus.data.gov.uk/details/
download, (accessed: 2021-04-27)

Victoria (AU). Daily new reported cases by state. Link: https://public.tableau.com/
profile/vicdhhs#!/vizhome/Cases_15982342702770/DashCasesGSG, (accessed: 2021-04-27)

Number of tests performed and the test positivity

This data is used in Fig. 4 (main manuscript) to compute the case detection rate as outlined in

the Methods section.

Denmark. A cross-country database of COVID-19 testing. Link: https://covid.ourworldindata.
org/data/owid-covid-data.csv, (accessed: 2021-03-11)

Scotland. Coronavirus (COVID-19): trends in daily data. Link: https://www.gov.scot/
publications/coronavirus-covid-19-trends-in-daily-datal (accessed: 2021-03-11)
Switzerland. A cross-country database of COVID-19 testing . Link: https://covid.ourworldindata.
org/data/owid-covid-data.csv, (accessed: 2021-03-11)
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Victoria. Testing for COVID-19. Link: https://www.covidi9data.com.au/testing, (accessed:
2021-03-19)

Testing Strategy

Data on major changes in testing strategies are depicted in Fig. 4 as vertical dashed lines.
Denmark. Policy responses for Denmark. Link: https://www.covidiShealthsystem.org/
countries/denmark/livinghit.aspx?Section=1.5%20Testing&Type=Section, (accessed: 2021-
03-11)

Scotland. Timeline of Coronavirus (COVID-19) in Scotland. Link: https://spice-spotlight.
scot/2021/03/12/timeline-of-coronavirus-covid-19-in-scotland, (accessed: 2021-03-11)
Switzerland. Policy responses for Switzerland (Covid-19 Health System Response Monitor).
Link: https://www.covidl9healthsystem.org/countries/switzerland/livinghit.aspx?Section=
1.5%20Testing&Type=Section, (accessed: 2021-03-18)

Victoria. Updates about the outbreak of the coronavirus disease (COVID-19). Link: https:
//www.dhhs.vic.gov.au/coronavirus/updates, (accessed: 2021-03-11)
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EPLISL 1040684, EPLISL_1040695 Hanover Park CHC we HPH NHLSIUCT rash anzaceh, eslan Docabh Ly Tyers, Bina Gava, Innocert Muda, Mand sia,KrogerVatas, iaa Hard, Sicphen Korsman, Caroyn
Willams
EPLISL 1040096, EPLISL 1040007 Groote Schuur Hospital e GSH NHLSIUCT Ash anzadeh.Deelan Doolabh, Ly Tyers. B G, onocent Mo, Marvi Hsiao, KrugerMaras, Diana Harde, Steghen Krsman, Caroy
EPIISL 1040695, 1040699, Willams
50 L0015
EPLISL_1040701 Mowbray Materrity Hospital we MMH NHLSIUCT ‘Arash ranzadieh, Deelan Doolabh, Lynn Tyers, Bruna Galvao, Innocent Mudau, Marvin Hsiao, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn
Willamson
EPLISL_1040702 Lentegeur Hospital we LGH NHLSIUCT Aash fanzadeh,Decla Doolabh, Ly Tyers, Bruna Gavao, nnocent Mot Marvi Hsiad, Kruger Marals, Diana Hard, Stephen Krsman,Caroy
Willams
EPLISL_1040703 Nieuveldpark Ciinc we NV NHLSIUCT Aash fanzadeh, Daclan Doolbh, Ly Tyers, B Gaivao, onocent Mot Marvi Hsiad, KIugerMares, Diana Harte, Stephen Krsman, Caroy
Willams
EPLISL_1040704, EPI_ISL_1040705, Groote Schuur Hospital vc GSH NHLSIUCT Arash ranzadeh, Deslan Doolabh, Lynn Tyers, Bruna Galvao, Innocent Mudau, Marvin Hiao, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn
EPLISLi040706,EPLisL 1040707, Willamson
EPLISL_1040709 Lentegeur Hospital we LGH NHLSIUCT Lynn Tyers, B e Marvin Hsiao, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn
Willamson
EPLISL_1040710 Guguletu CHC we GDH NHLSIUCT Aash anzadoh,Doclan D0olabh, Ly Tyers,Bruna Gaao, nnocent Mudau, Marvi Hsiad, Kiuger Marals, Diana Hard, Stephen Krsman,Caroy
Willams
EPLISL_1040711 Groote Schuur Hospital we GSH NHLSIUCT ‘Arash ranzadeh, Deelan Doolabh, Lynn Tyers, Bruna Galva, Innocent Mudau, Marvin Hsiao, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn

EPLISL_1040712 Mowbray Matemity Hospital we MMH NHLSIUCT Arash ranzadeh,

EPLISL_1040713 Guguletu CHC we GDH NHLSIUCT Arash ranzadeh,

EPLISL_1040714 Groote Schuur Hospital vc GSH NHLSIUCT Arash ranzadieh,

EPLISL_1040715 ‘Guguletu CHC we GDH NHLSIUCT

Deelan Daolabh,

Deelan Doolath,

Deelan Doolabh,

Lynn Tyers,

Lynn Tyers,

Lynn Tyers.

Lym Ty

Willamson

Bnuna Gava,Inocent Mucda, MarvHsiad, KugerMras, Dlana arde, Sephen Korsman, Caroyn
Willams

Bruna Gava,Inocent M, MarvinHsisd, KugerMras, Dlana e, iephen Korsman, Caroyn
Willams

Bruna Galvao, Innocent Mudau, Marvin Hsizo, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn
Willamsor

& e Marvin Hsiao, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn

EPLISL_1040716 Groote Schuur Hospital we GSH NHLSIUCT Arash ranzadeh,

EPLISL_1040717 Hanover Park CHC we HPH NHLSIUCT Arash ranzadeh,

EPLISL_1040728 ‘Guguletu CHC we GDH NHLSIUCT Arash ranzadeh,

EPLISL_1040729 Heideveld CDC we HVP NHLSIUCT Arash ranzadeh,

EPLISL_1040720 Groote Schuur Hospital wc GSH NHLSIUCT Arash ranzadieh,

EPLISL_1040721 Guguletu CHC we GDH NHLSIUCT

Deelan Doolabh,

Deelan Daolabh,

Deelan Daolabh,

Deelan Doolabh,

Deelan Doolabh,

Lynn Tyers,

Lynn Tyers,

Lynn Tyers,

Lynn Tyers,

Lynn Tyers.

Lym Ty

Willamson

Bruna Galvao, Innocent Mudau, Marvin Hsiao, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn
Willamson

Bruna Galvao, Innocent Mudau, Marvin Hsiao, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn
Willamson

Bnuna Gava,Inocent Mucda, Marvi Hsiad, KugerMras, Dlana arde, Sephen Korsman, Caroyn
Willams

Bruna Gava,Inocent Mo, MarvinHsisd, KugerMras, Dlana e, iephen Korsman, Caroyn
Willams

Bruns Gava,Inocent Muda, MarvnHsao. KugerMeras, Dlana e, Siephen Korsman, Caroyn
Willams

& e farvin Hsiao, Kruger Marais, Diana Hardie, Stephen Korsman, Carolyn
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