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Highlights from this report:

Our models evaluate the present situation as stable. The reproduction number acting from Septem-
ber 1 is estimated to be 1.06 (median), with a rather narrow 95% confidence interval (0.95 - 1.14).
Compared to a week ago, the estimated reproduction number is similar, with less uncertainty. The
estimated probability that the reproduction number Ry is larger than 1 is 89 %.

This is the first national report which uses test data in addition to hospitalisation data. Until now,
we have calibrated our model to daily hospital incidence. These data are reliable, as the need to
be treated in hospital can be assumed to have been unchanged over time. In addition, as our main
alm is precisely to provide good predictions of the hospitalisation incidence, it is advantageous
to calibrate to the hospitalisation incidence. However, hospitalisation data are subject to a delay
between transmission and hospitalisation, up to 14-16 days. Laboratory-confirmed cases are now
also included in our calibration procedure. In this way, we include more information, in particular
for the recent period, as the delay between transmission and testing is much shorter than the delay
between transmission and hospitalisation. In practice, the calibration is done by simulating the
number of positive tested individuals, and comparing this to the laboratory-confirmed COVID-19
cases.

To use the test data in our report, we need to model the probability that an infected individual is
detected as positive by testing. In our simulations, we assume that the number of positively tested
cases can be modelled as a binomial process of the simulated daily total incidence of symptomatic
and asymptomatic cases, with a time-varying detection probability which we estimate. This prob-
ability depends on the total number of tests made, both the ones resulting positive and negative.
In this way we try to include in our model the time-varying efforts which have been made to find
positive cases.

There is a delay between onset of symptoms and testing, which we estimate from the data in our
calibration procedure.

What are the consequences of using also test data? With the additional information, the confidence
intervals for the estimated parameters should in general become smaller. We should also be able
to estimate the dynamic of the epidemic in the last two weeks better.

The hospitalisation incidence and the number of positive and negative tests are subject to a re-
porting delay, meaning that in the data we have today, the incidence for the last couple of days
is under-reported and will be updated a few days later. The delay in reporting is stronger during
the weekends. We therefore correct for the reporting delay in our simulations, by imputing the
number of missing hospitalisations and missing tests. This is done by using the information about
the delay from the past data. In this way, we avoid that our estimates are biased downwards in
the last days because of this reporting delay. Details are provided at the end of the report.

The model estimates the total number of infected individuals to be between 81.000 and 106.000,
with a mean of ca. 93.000. In one week, the number of new cases per day is ca 450 (median) and
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will remain at that level in three weeks. The predicted number of infected individuals in a week is
about 2 750 (median) with substantial uncertainty.

e Note that the SMC model still uses only the hospitalisation incidence data. We are working on
extending it to use also the test data. The SMC model estimates the 7-days averaged reproduction
number two weeks ago to be 1.06 (0.53-1.78); the estimated probability that the daily reproduction
number two weeks ago was larger than 1 is 52%.

e The probability that the total number of new infections exceeds 20 per 100.000 is increasing, and
is for the first time above 100% in all counties.

e Hospitalisation is expected to increase, and we expect 68 (median) COVID-19 patients to be in
hospital in a week. Our model currently overestimates the number of COVID-19 patients in hospital
and the number of these requiring ventilation treatment. We are working on this aspect. We believe
in the increasing trend.

e Long term predictions for the next 12 months, assuming that the reproduction number Rg remains
as now, show a likely increasing hospitalisation until the spring next year. The probability that at
peek there is a need for more than 500 ventilator treatment beds is estimated to be zero.

e Inter-municipality mobility, measured as mobility of Telenor mobile phones out from each munici-
pality is increasing compared to the last weeks, in most counties.

e Caveat on results per county in this report: as usual, this national report uses aggregated hospitali-
sation data and test data to estimate common reproduction numbers for the whole of Norway. The
total number of infected individuals, hospitalised individuals and individuals requiring ventilator
treatment are then distributed to the various counties in the model simulations through use of
the Telenor mobility data and age-structured demography of every municipality. The results on
county level are therefore different from the ones in our regional report, where we assume that re-
production numbers can vary between counties, and where we estimate them using county-specific
hospitalisation incidence and test data. We will therefore soon merge the two reports, to avoid
confusion.

e There are several new figures in this report. Figure 3 shows how our model follows the reported
daily number of positive cases. The fit is very good. In this figure we do not correct for the
reporting delay in the last four days, so that the decay in the end is only due to such delay.

e Figure 7 shows an estimate of the probability to detect a positive case. As seen in the last weeks,
this probability is very stable since August, and is approximately twice higher than in April and 30%
higher than in May. In the same figure we also plot the estimated number of positive individuals
infected in each month, and estimated by our model. We see that there are much less infections
now compared to the spring. This is important, and shows that we are in a very different situation
today compared to the last spring, despite the number of daily lab-confirmed cases is comparable.
This is because we have a much better testing capacity and strategy today.

e Figure 8 is our best estimate of the probability to detect a positive case. This is estimated to
be about 35% today. This means that every detected positive case, hides two additional ones,
which we do not test. This detection probability has increased after the summer and has slightly
decreased recently. There is however so much uncertainty, that these trends are not significant,
only an indication. The detection probability is estimated to be 30% than in May.

What this report contains:

This report presents results based on a mathematical model describing the geographical spread of COVID-
19 in Norway. The model consists of three layers:

e Population structure in each municipality.
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e Mobility data for inter-municipality movements (Telenor mobile phone data).
e Infection transmission model.

The model produces estimates of the current epidemiological situation at the municipality, county (fylke),
and national levels, a forecast of the situation for the next three weeks, and a long term prediction.

How we calibrate the model:

The model is fitted to Norwegian COVID-19 hospital incidence data from March 10 until yesterday, and
data on the laboratory-confirmed cases from May 1 until yesterday. We seed the model with infections
imported to Norway from February 26 until yesterday.

How you should interpret the results:

The model is stochastic. To predict the probability of various outcomes, we run the model many times
in order to represent the inherent randomness. We present the results in terms of mean values, 95%
confidence intervals, medians, and interquartile ranges. We emphasise that the confidence bands might
be broader than what we display, because there are several sources of additional uncertainty which we
currently do not fully explore: firstly, there are uncertainties related to the natural history of SARS-
CoV-2, including the importance of asymptomatic and presymptomatic infection. Secondly, there are
uncertainties related to the timing of hospitalisation relative to symptom onset, the severity of the
COVID-19 infections by age, and the duration of hospitalisation and ventilator treatment in ICU. We
will update the model assumptions and parameters in accordance with new evidence and local data as
they become available. Results can change also significantly. See more details at the end of this report.

The mobility data are updated until October 17™. They account for the changes in the movement
patterns between municipalities that have occurred since the start of the epidemic.

Because in this report we calibrate our model using national hospitalisation and test data, the predictions
at county level can only be taken as an indication.

We assume six reproduction numbers for Norway:

e Ry active until March 14;

R, active from March 15 to April 19;

Ry active from April 20 until May 10.

R3 active from May 11 until June 30.

Ry active from July 1 until July 31.
e Ry active in August.
e Rg active from September 1

When we forecast beyond today, we use the last reproduction number for the whole future, if not explicitly
stated otherwise.

The basic reproductive numbers are calibrated to hospital incidence data until yesterday. Estimates of all
reproduction numbers are uncertain, and we use their distribution to assure appropriate uncertainty of
our predictions. Uncertainties related to the model parameters, as well as the transient period in weeks
11 and 17, imply that the reported effective reproductive numbers should be interpreted with caution.
Because patients admitted to hospital have been infected long before, there is a necessary delay of about
two weeks in the estimation of reproductive numbers.

In this report, the term patient in ventilator treatment includes only those patients that require either
invasive mechanical ventilation or ECMO (Extracorporeal membrane oxygenation).



= NIPH

Norwegian Institute of Public Health

1 Estimated Reproductive Numbers

Calibration of our model to hospitalisation and test data leads to the following estimates provided in
figure 1 and table 1. For details on the definitions of the parameters, see the Model section at the end of
the report.

Table 1: Calibration results

Parameter ~ Mean  Median  Confidence interval (95 %)

RO 4.03 4.04 (3.38—4.82)
R1 0.54 0.54 (0.44—0.63)
R2 0.45 0.44 (0.17—0.73)
R3 0.82 0.84 (0.51—1.07)
R4 0.92 0.91 (0.38—1.33)
R5 1.02 1.01 (0.87-1.19)
R6 1.05 1.06 (0.95—1.14)
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Figure 1: Estimated densities of the eleven parameters.
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Our changepoint model estimates the number of COVID-19 patients admitted daily to hospitals, plotted
in figure 2 with blue median and interquartile bands, which are compared to the actual true data,
provided in red. The uncertainty captures the uncertainty in the calibrated parameters in addition to
the stochastic elements of our model and the variability of other model parameters.
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Figure 2: True total number of hospital admissions (red) and predicted values (blue)
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The changepoint model is also calibrated to the number of laboratory-confirmed COVID-19 patients from
May 1. We do not use data before May 1, as the testing capacity and testing criteria were significantly
different in the early period. Figure 3 shows how our simulated number of positive cases, with blue median
and interquartile bands, fits the actual true number of positive cases, provided in red. The uncertainty
captures the uncertainty in the calibrated parameters, in addition to the stochastic elements of our model
and the variability of other model parameters. Note that we do not capture all the uncertainty in the
test data—our blue bands are quite narrow. This is likely because we calibrate our model parameters on a
7-days moving average window of test data, instead of daily. This is done to avoid overfitting to random
daily variation. Moving averages over 7 days are less variable than the daily data.
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Figure 3: True total number of laboratory-con rmed cases (red) and simulated values (blue)
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In figure 4, we show how our model fits the hospital prevalence data, which are not used to estimate the
parameters, and can therefore be seen as a validation of the model assumptions.
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Figure 4: True total number of hospitalisations (red) and predicted values (blue)

Finally, in figure 5 we compare the true daily number of patients receiving ventilator treatment (red)
with the model estimates (blue).
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Figure 5: True total number on ventilator (red) and predicted values (blue)
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1.1 Time-varying reproduction number

1.1 Time-varying reproduction number

In addition to the changepoint model, we introduce an alternative model of the Norwegian COVID-19
pandemic, which is based on Sequential Monte Carlo, and is therefore called the SMC model. In this
alternative model, we allow for a daily varying reproduction number, so that we estimate a different
reproduction number for each day ¢t. In order to reduce spurious fluctuation, we report a 7-days moving
average, so that R(t) represents the average reproduction number for the whole week before day t. Until
March 8 we keep the reproduction number constant. (The SEIR model remains unchanged, except for
the daily reproduction number, which replaces the piece-wise constant reproduction number assumed
before.) By assuming a time varying reproduction number R(t), we can detect changes without having
to introduce explicit changepoints, which means that we can easier detect unexpected changes. However,
this model requires additional parameters to be estimated, one per day. Estimating all these parameters
is a difficult task, which we solve by using a method called Sequential Monte Carlo, see the Methods
section at the end for details.

We use the hospitalisation incidence data to estimate all parameters. A patient hospitalised today was
infected on average two weeks ago. Hence, hospitalisation data of today carry mainly information about
the transmissibility 14 days ago. The estimated reproduction number of 14 days ago is thus the last one
which is based on sufficient data. The estimated reproduction numbers of the days thereafter are based
on diminishing information, and in particular there are no data to inform the reproduction number of
today. Therefore, the uncertainty of the estimates of the reproduction numbers for the last 14 days is
very large. This is also true for the reported 7-day-average reproduction numbers R¢. In the changepoint
model, we are keeping the reproduction number constant after the last change point. In this way, there
are more hospitalisation data points to inform the estimate of Rg. For this reason, the confidence intervals
were more narrow. In addition, Rg is also informed by the test data, as opposed to the current daily
varying estimate.

The figure below shows the SMC estimate of the 7-day-average daily reproduction number R(t) until
today. We observe that R(t) dropped below 1 in the middle of March, corresponding to the lockdown.
It remained stable around 0.5 until the end of April, when it increased to 1 in the beginning of May. It
then kept oscillating below and above 1, in accordance with increases and decreases of the number of new
hospitalisations. R(t) is sensitive to these oscillations in the data. An increase in hospital admissions
indicates a daily reproduction number (14 days before on average) above 1. A decrease in hospital
admissions suggests that the reproduction number was below 1 (again 14 days prior). In the figure we
plot the 95% confidence interval and several quantiles of the estimated posterior distribution of R(t).
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