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METHODS

Differential equations

Ż =− εZ/N,
Ṡ =− β

N−ZS(I + A) + εZ/N,

Ė = β
N−ZS(I + A)− γE,

İ =γpE − µ1I,

Ȧ =γ(1− p)E − µ2A,

Q̇ =µ1I − νQ,
Ṙ =νQ,

N = 107 population size
Z = Z(t) unaffected at time t
S = S(t) susceptible at time t
E = E(t) exposed at time t
I = I(t) reported infectious at time t
A = A(t) unreported infectious at time t
Q = Q(t) isolated reported infectious at time t
R = R(t) reported recovered or deceased at time t
ε = ε(t) rate of cluster growth at time t
p = p(t) ascertainment rate at time t
β = β(t) transmission rate at time t
γ = 1/4 reciprocal of the mean incubation period
µ1 = µ1(t) reciprocal of the mean infectious period of I
µ2 = 1/3 reciprocal of the mean infectious period of A
ν = ν(t) reciprocal of the mean quarantine duration
Optimization of ε(t): dependencies such as season-
ality, the degree of influence of government measures, or
changes in people’s behavior caused by fear or disinfor-
mation are included in the estimate of affected clusters
Estimation from data
β(t) - Google mobility report
p(t), µ1(t), ν(t) - ÚZIS dataset

Ascertainment rate estimate

The rate is based on the Bayes rule for con-
ditional probabilities and on the assumption
that the average infected person’s probability
of hospitalization is given or estimated.

p = P (Det) = P (Det|H)P (H)
P (H|Det)

P (Det|H) – the probability that a person admitted
to a hospital with COVID-19 was previously detected at
time t; to estimate this probability, we use the 7-day mov-
ing proportion of patients reported prior to admission to
the hospital from all patients hospitalized with COVID-19
(including those not detected prior to admission to hos-
pital) with respect to the date of the positive test report
P (H|Det) – the probability that if an individual was
detected at time t, he or she will be hospitalized; to es-
timate this probability we use the 7-day moving propor-
tion of all reported hospitalized patients detected before
admission to the hospital, from all that time already de-
tected subjects with respect to the date of the positive
test report, that is except those detected in the hospital
afterwards who are a part of the undetected compartment
at time t
P (H) – the probability that SARS-CoV-2 positive indi-
vidual is/was/will be hospitalized (regardless of whether
was detected or not) at time t; should be derived for each
community/country separately since it depends highly
on the population age structure, one possible estimation
method is described in the next subsection

Hospitalization probability age
structure dependence

Age structure in the Czech Republic attained 20% share
of the over 65 year-old population. Patients hospitalized
with COVID-19 over the age of 65 had a long-term ratio of
around 3/4 during the autumn 2020, so a rough estimate
of probability P (H65+) of hospitalization with COVID-19
for a person over 65 is around twelve times higher than
probability P (H65−) of hospitalization with COVID-19
for a person under 65.

P (H) = p+
65−P (H65−) + p+

65+P (H65+)

= P (H65−)
1 + 11p+

65+


= 1

160(1 + 11p+
65+),

where p+
65+ and p+

65− are 7-day moving averages of the
senior and non-senior population ratio in the reported
positive cases.

Retrospective data analysis shows that people under 20
were hospitalized with almost zero probability and three
age compartments (under 20, 20-65, and over 65) seems
to be enough for the basic improvement of P (H) estimate
in the form

P (H) = 1
160(1− p

+
20− + 11p+

65+),
where p+

20−, p+
20−65, and p+

65+ are 7-day moving averages
of the young, middle-aged, and senior population ratio in
the reported positive cases.

Spring and summer 2020

Simulation of a spring outbreak in the Czech Republic
with the constant growth rate of affected clusters copies
the real data due to the ascertainment rate estimate that
shapes the local outbreak in the OKD mines that was the
main source of the infected in the Czech Republic in July.
In August, the optimization of affected clusters abruptly
changes and is no longer constant as the real data start
to increase exponentially.
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Figure 1: Active cases - real data (circles), model with constant ε
from April (blue), and optimized ε (red)
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Figure 2: Ascertainment rate estimate

Fall 2020

Insufficience of tracing in the second half of September.
The peak of the second wave is marked at 2020-11-04.
Dates in chart denotes: 2020-09-01 – beginning of school
year, 2020-09-15–2021-10-01 – tracing overload, 2021-11-
04 – peak of the second wave, 2021-01-01 – new year.
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Figure 3: Ascertainment rate estimate

Spring 2020 - Summer 2021

Exposed are estimated using new cases divided by the as-
certainment rate estimate compared to the introduction of
NPIs: 2020-09-01 (beginning of the school year), 2020-10-
22 (partial lockdown), 2020-11-14 (announcement of the
first measure release after 2020-11-18), 2020-12-03 (shops
reopening), 2020-12-27 (a partial lockdown), 2021-01-11
(partial school reopening), 2021-02-23 (mandatory respi-
rators).
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Figure 4: Exposed

Acknowledgements

This work was supported by grants Online platform for real-time
monitoring, analysis and management of epidemic situations number
MUNI/11/02202001/2020 and Mathematical and statistical mod-
elling number MUNI/A/1615/2020.

References

[1] MAMES application,
https://webstudio.shinyapps.io/MAMES/

[2] ZSEIAR model (documentation in Czech),
https://is.muni.cz/www/98951/47857356/
mames/MAMES_ZSEIAR_metodika.pdf, 2021

[3] European Covid-19 Forecast Hub, https:
//covid19forecasthub.eu/community.html,
model MUNI_DMS-SEIAR, 2021

mailto:eclerova@math.muni.cz
mailto:pribylova@math.muni.cz
https://webstudio.shinyapps.io/MAMES/
https://is.muni.cz/www/98951/47857356/mames/MAMES_ZSEIAR_metodika.pdf
https://is.muni.cz/www/98951/47857356/mames/MAMES_ZSEIAR_metodika.pdf
https://covid19forecasthub.eu/community.html
https://covid19forecasthub.eu/community.html

