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Highlights today:

From today we estimate parameters in the model using hospital incidence data, instead of hospital
prevalence data. We use the daily number of new admissions to hospitals of lab-confirmed COVID-
19 patients, instead of the number of beds occupied. Incidence data carry a better signal of the
epidemic because it is not influenced by the length of stay in hospital for patients.

From today, we estimate several parameters from Norwegian data, instead of using reference values
from the literature. For example, the time spent under ventilator treatment is now estimated to be
on average 17 days, while previously it was assumed to be 12 days. The time spent in hospital for
patients not needing ventilator treatment is on average 6 days, while we previously used 8 days.

Based on a French study, we update the risk of hospitalisation to new values. This implies that
our estimate of the total number of individuals infected so far now has a 95% confidence interval
of ca. (32.000-40.000).

Assuming that reproduction numbers and mobility remain like now, in the next three weeks we
predict that the mean hospitalisation and the mean number of patients needing ventilator treatment
will decrease.

The reproduction number Ry acting from April 20 is estimated to have a mean equal to 0.71 with a
95% confidence interval (0.4-1.09). There is still large uncertainty. From the beginning of May, the
number of new admissions to hospitals of COVID-19 patients has been oscillating around a stable
level below 10, which can indicate that R could be close to 1 in this period. We monitor our fit
closely and are ready to modify the model if necessary.

There are many municipalities in Norway that we estimate to be free from SARS-CoV-2.

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

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:

Population structure in each municipality
Mobility data for inter-municipality movements (Telenor mobile phone data)

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.
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How we calibrate the model:

The model is fitted to Norwegian COVID-19 hospital incidence data from March 10 until today. We seed
new infections into the model using imported COVID-19 cases in Norway from February 26 until March
18.

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 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 May 15. They account for the changes in the movement patterns
between municipalities that have occurred since the start of the epidemic.

We assume three reproduction numbers for Norway:
e Ry active until March 14;
e R, active from March 15 to April 19;
e Ry active from April 20 until today.

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

The basic reproductive numbers are calibrated to hospital incidence data until today. Estimates of
Ry, Ry, and Ry 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 week 11
and week 17, imply that 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).
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1 Estimated Reproductive Numbers

Calibration of our model with hospitalisation data leads to the following estimates:

Table 1: Calibration results

Parameter Mean  Median  Confidence interval (95 %)
Amplification factor 2.05 2.02 (1.34-2.83)
Ro 3.04 3.03 (2.59-3.54)
R1 0.55 0.55 (0.49-0.61)
R2 0.71 0.72 (0.4-1.09)

Estimated densities of these four parameters are plotted below:
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Our model estimates the number of COVID-19 patients admitted daily to hospitals, plotted below with
blue median and interquartile bands, which are compared with the actual true data, in red. The uncer-
tainty 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 1: True total number of hospital admissions (red) and predicted values (blue)
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Below we show how our model fits to 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 2: True total number of hospitalizations (red) and predicted values (blue)

Finally, in the figure below we compare the true daily number of patients receiving ventilator treatment
(red) with the model estimates (blue).
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Figure 3: True total number on ventilator (red) and predicted values (blue)
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2 Estimated cumulative number of infected individuals

Table 2: Estimated cumulative number of infections, 2020-05-14

Region Total Symptomatic No. con rmed Fraction reported Min. fraction

Norway 36247 (32421; 40313) 22414 (20041; 24804) 8197 23% 20%

Agder 2263 (1708; 2797) 1399 (1052; 1726) 336 15% 12%
Innlandet 1865 (1380; 2527) 1142 (841; 1555) 477 26% 19%

M re og Romsdal 725 (467; 989) 454 (296; 618) 132 18% 13%
Nordland 583 (347; 954) 359 (205; 567) 117 20% 12%

Oslo 8352 (7180; 9637) 5129 (4367; 5922) 2551 31% 26%
Rogaland 4860 (3730; 5886) 3006 (2271; 3619) 438 9% 7%
Troms og Finnmark 1049 (516; 1870) 644 (325; 1137) 251 24% 13%
Tr ndelag 1603 (1161; 2127) 994 (718; 1298) 525 33% 25%
Vestfold og Telemark 2951 (2181; 4540) 1815 (1345; 2809) 281 10% 6%
Vestland 3927 (2985; 5055) 2420 (1839; 3101) 879 22% 17%
Viken 8069 (6909; 9179) 5053 (4333; 5706) 2209 27% 24%

Fraction reported=Number con rmed/number predicted; Minimal fraction reported=number con rmed/upper CI
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3 Predicted incidence of infected individuals, next three weeks

Predicted incidence (asymptomatic and symptomatic) for Norway per day, with confidence intervals.
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Table 3: Predicted incidence per day.
Region 1 week prediction (21 May) 2 weeks prediction (28 May) 3 weeks prediction (04 June)
Norway 66 (7-194) 58 (3-223) 52 (2-232)
Agder 5 (0-17) 4 (0-19) 4 (0-20)
Innlandet 5 (0-18) 5 (0-23) 4 (0-23)
M re og Romsdal 2 (0-8) 2 (0-6) 2 (0-6)
Nordland 2 (0-8) 2 (0-6) 2 (0-9)
Oslo 11 (0-34) 9 (0-38) 8 (0-39)
Rogaland 9 (0-26) 7 (0-35) 7 (0-39)
Troms og Finnmark 2 (0-9) 2 (0-8) 2 (0-9)
Tr ndelag 3 (0-11) 3 (0-14) 3 (0-10)
Vestfold og Telemark 6 (0-22) 5 (0-24) 5 (0-27)
Vestland 8 (0-25) 7 (0-29) 7 (0-28)
Viken 18 (1-57) 16 (0-68) 14 (0-77)
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4 Predicted hospitalisation, next three weeks, including pa-
tients in ventilator treatment

Table 4: Number of hospitalisation beds occupied by Covid-19 patients.

Region 1 week prediction (21 May) 2 weeks prediction (28 May) 3 weeks prediction (04 June)

Norge 31 (12-60) 26 (6-57) 22 (3-68)

Agder 2 (0-7) 2 (0-7) 1 (0-7)
Innlandet 2 (0-8) 2 (0-8) 2 (0-9)

M re og Romsdal 1 (0-4) 1 (0-3) 1 (0-3)
Nordland 1 (0-4) 1 (0-4) 0 (0-3)

Oslo 5 (0-12) 4 (0-14) 3 (0-12)
Rogaland 4 (0-11) 3 (0-9) 2 (0-12)
Troms og Finnmark 1 (0-5) 1 (0-5) 1 (0-5)
Tr ndelag 1 (0-5) 1 (0-5) 1 (0-5)
Vestfold og Telemark 3 (0-10) 2 (0-10) 2 (0-9)
Vestland 4 (0-11) 3 (0-10) 3 (0-10)
Viken 7 (0-19) 6 (0-17) 6 (0-20)

Yesterday’s real value for Norway: 58

Predicted daily number of COVID-19 patients in hospital in Norway (95% confidence intervals and
interquartile range), next three weeks, including patients ventilator treatment.
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