Estimating the infection horizon of COVID-19 in eight countries with a data-driven
approach
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The COVID-19 pandemic has affected all countries of the world producing a
substantial number of fatalities accompanied by a major disruption in their social,
financial and educational organization [1]. The draconian social measures
implemented by China were very effective and thus were subsequently adopted by
most world countries to various degrees. The infection duration and number of
infected persons are of critical importance for the battle against the pandemic [2,3].
We use the quantitative landscape of the disease spreading in China as a benchmark
and utilize infection data from eight countries to estimate the complete evolution of
the infection in each of these countries. This analysis predicts both the expected
number of daily infections per country and, perhaps more importantly, the duration
of the epidemic in each country. Our predicted data shows that Italy and Germany
have passed the highest point of infection while Spain is close to it.
The epidemic spread of the new coronavirus (SARS-CoV-2 or COVID-19) first in the
Wuhan province of China and subsequently in the rest of the world has generated a
substantial response from states in an effort to contain the spreading and eventually
eliminate the threat [1]. The COVID-19 has induced substantial number of deaths in all
continents, although it appears that Europe and US in North America are the hardest hit
areas so far. The response of the medical profession to the challenge was fast and heroic,
but a large part of the responsibility for containment lies in the policy makers who are
forced to take critical decisions with limited factual information. Predictions about the
immediate future spreading of the epidemic and the resulting fatalities vary wildly
depending critically on models used and parameters estimated though the models. Thus, it
would be helpful for the immediate understanding of the epidemic evolution to resort, to
the extent possible, to data driven estimates [2,3]. The present analysis is based on the fact
that we have already significant, quantitative knowledge on the COVID-19 spread
dynamics and this comes for China. In China the virus appeared on December 23, 2020 in
the Wuhan region and after its fast-initial spreading, strict rules of social distancing were
imposed almost a month later. It appears that now, approximately three months after the
initially reported cases, the spreading in China has subsided. It is noteworthy, that most
countries in the world eventually applied strict or milder rules for social distancing in the
spirit of China. It is thus fair to say, that most countries, in one way of the other, expect
and definitely hope to follow the China pattern with a minimal loss of life.
The present work uses both the knowledge from the China experience as well as the hard
infection data from each country. We use China in the sense that we analyze the
distribution of the daily reported numbers of infected persons as a function of time and

find that, with the exception of some outliers, it follows a Gaussian distribution. Armed
with this knowledge and given the fact that most countries follow more or less the Chinese
approach of social distancing, we assume the evolution will be similarly qualitatively
Gaussian, although clearly with differences. The latter will be reflected in three parameters
of the individual country distribution, viz. its mean, standard deviation and peak value; we
thus surmise that these three numbers specify the details of the virus spreading in each
country. Based on this assumption we fit through a simulated annealing-like process
available country data and obtain a full predicted evolution of the spreading in each
country. The simple method we use has appealing features: it is easy to implement, uses
specific prior knowledge, i.e. that of China and being data driven it provides specificity.
We select eight counties, viz. Greece, the Netherlands, Germany, Italy, Spain, France, UK
and USA and use reported data on March 30, 2020. In Table 1, we show a comparison
between reported and predicted numbers of infected individuals; we note that the relative
error is reasonably small for most countries. In Figure 1, we show the quantitative
predictions of this analysis for the eight selected countries; we show two predicted curves
based on either all points prediction (using all days, red dashed line) or without the last
point predictions (using all days except the last one, green dashed dotted line) as well as
the available data (blue points and line). These two curves demonstrate to some extent the
degree of uncertainty of the predicted values and horizon. We observe that an effective
curve flattening has occurred in Greece while both UK and USA seem to be on the
infection rise with the later to be approaching a sharp maximum. It is noteworthy that
based on this analysis Italy and Germany seem to have passed the highest point of
infection while Spain is about to pass it as well.

Country
Greece
Netherlands
Germany
Italy
Spain
France
UK
USA

Total cases reported on
March 30
Reported [4]

Predicted

Error
(%)
#

1156
10866
57298
97689
78797
40174
19522
143025

1045
10802
55304
99708
82301
41352
19469
149005

9.6
0.6
3.5
2.1
4.4
2.9
0.3
4.1
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Predicted
Peak
date
04/06
04/07
03/28
03/26
03/31
04/11
04/17
04/01

Horizon
date
05/27
05/20
04/23
05/05
05/01
06/01
06/04
04/26

Total #
of cases
3716
42914
81719
144826
161940
164965
199045
333424

Table 1. Total number of infections reported on March 30, 2020 and the corresponding predictions
obtained from our model. The relative error varies and appears to be large for Greece possibly due
to small infection numbers. In the second part of the table we give the predicted dates for the peak
of the infection, its horizon (the date at 4σ of the distribution after the peak) and the total predicted
number of reported infections.

Figure 1. Country level estimates of daily number of infections based on the available country data
(blue points and line) reported on March 30, 2020 [4]. The red dashed lines give the predicted
evolution of the infection based on all available data up to and including the ones of the last
reported day while the green dashed dotted lines include the data up to a day earlier than the last
reported date. The difference in the two predicted curves, red and blue, reflects thus the relative
robustness of the phenomenon and gives an estimate of the fluctuations. A more complete
statistical analysis of the infection horizon will be presented as more data accumulate [5]. From the
figures we see that, for instance, in the case of Greece where strict rules were imposed early, both
the number of infections and the “flattening of the curve” is occurring in a rather controlled way
while, on the contrary, in Spain the peak is more sharp and with a vastly larger number of
infections.

We turn now to China that provides the basis for this analysis. In China 82463 cases have been
reported by March 30. If we ignore the extreme event of reporting 15141 infected cases in
February 13, 2020 China has 67322 cases in total. Our fit for China predicts 70270 total cases or
67044 excluding the prediction for the same day; this results to an error of 0.41% (or less than 280
infected cases). We note that the symmetry of the Gaussian function used in this work for the
prediction of the evolution of the pandemic is dictated directly by the Chinese data.

Figure 2. COVID-19 infected individuals in China during the period 31 December 2019 to 30
March 2020. We note the large reported outlier on February 13, 2020. If we exclude this singular
event the assumed compete circle of infection in China follows a Gaussian distribution with mean,
standard deviation and height equal to 40.5 days, 7.9 days and 3555 cases, respectively. The
infection horizon that could be defined at 4σ of the distribution is approximately equal to 2 months
from the onset of the infection.

The analysis presented is based on the historical behavior of the COVID-19 spreading in
China and the available data of infected persons in eight countries. It gives an estimate of
the infection horizon in each country as well as the expected number of infected persons.
While in countries like Greece that imposed early strict rules of social distancing the
infected numbers are relatively low, in other countries such as UK or USA we see much
larger numbers and different recovery horizons. Further analysis with a complete list of
countries will be presented elsewhere [5]. Τhis work uses the assumption that a behavior
similar to China will take place regardless of the time and severity of the measures
actually taken in different countries. The difference in the behavior amount countries is
reflected in the values of the fitted parameters for the individual countries’ distributions.
We hope that this work gives just an upper limit in the behavior of the COVID-19
pandemic since other factors such as ambient temperature rise, increase in the available
medical support and change of human behavior will hopefully assist in the faster
containment of the spreading.
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METHODS
For each one of the selected countries (eight countries plus China that is the benchmark country)
we approximate the number of new cases per day, NCPD(x), with a Gaussian function,
𝑁𝐶𝑃𝐷(𝑥) = 𝑎𝑒
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where x, counts the number of days since the first case in that country (day one is the day of the
first reported infected case in each country), and the three fitting parameters α, μ and σ determine
the height, the position of the peak and the width of the Gaussian, respectively. We initialize each
fitting parameters with a randomly assigned value within a reasonable range of values.
Subsequently, we use simulated annealing (SA) [6] to find the global minimum of the mean
absolute error (MAE) between the reported values (RV) [4] and the predicted ones by Eq. (1):
,
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In. Eq (2), N is the number of days from the first case in each country until “today”, i.e. till 30
March 2020. The minimization process is performed iteratively; a step where MAE reduces
compared to the previous step value is accepted and its relevant α, μ and σ parameter values
registered. Subsequently, Gaussian random numbers with these new parameters are used as
simulated infected data, compared with the available infected country data and the process of
MAE stochastic minimization is repeated. The iteration stops when the parameters converge to the
optimal ones.
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