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Abstract:

Aims: To describe and analyze Shannon and structural (MST) entropy of COVID-19 pandemics
in Germany for 61 months (2020 — 2021).

Material and Methods: The officially published number of infected persons, incidence and
number of corona — associated deaths in the Federal Republic of Germany during the period
February 28, 2020 — March 15, 2021 underwent thorough verification and detailed
computation in relation to the involved public health center, date of publication, and
consistency of data. Shannon entropy and structural (MST) entropy were derived from these
data and associated with the health center’s location, covered population and week of
publication. Python programs and self - written programs based upon DIAS (Digital Image
Analysis Software (1)) served for information analysis of the COVID pandemics.

Results: A total of 2,444,615 infected persons were included in the study, and 70,104 persons
died because of or in association with the infection. Distance analysis between the different
health centers revealed a time delay of 10 weeks of potential virus jump between the centers.
The ‘hot spots’ of the infection were associated with the distance of the health centers from
the Republic boundaries to its neighboring countries. No association of spread velocity and
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death rate was found with the size of the health centers’ community and their environment
(big cities, rural towns, etc.).

Interpretation: The results indicate that the well-known general features of COVID
pandemics, namely distance related risk factors play a major role at the country’s borders.
Population density and life conditions are of lower impact. The entropy model is a useful tool
to describe and analyze ‘distance —associated alterations of social entities’ such as pandemics
and related hazards.

Keywords: COVID pandemics, Federal Republic of Germany, Shannon entropy, structural
(MST) entropy, incidence, death rate.

Introduction: COVID pandemics is a mRNA virus transmitted infection of the upper and
lower airways (2-4). Different strains of virus are known and can be isolated by reduplicated
Polymerase Chain Reaction (PCR) and associated antibody detection (5-8). Several
protective agents (injections) are available, and approximately 60% of the adult population
in Germany have received a principal protection (vaccination) in summer 2021 (3, 9, 10).
COVID pandemic is a disease induced by an organism which involves the lowest biological
structures in our body, i.e., compartments of cellular membranes and genetic material
(nuclei, RNA, DNA). Therefore, direct virus inhibition, protection and treatment such as
effective vaccination work at this level (3, 11-14).

In addition and without any doubt, COVID pandemic is a socially directed disease too.
Protection against COVID infection also relies on the ‘behavior’ of the citizens, which is hard
to direct and to arrange appropriately in Western democratic countries (3, 14-16). In
addition to infected human body cells and organs of individual persons higher order ‘social’
structures such as labor, communication, trade, etc. are also seriously damaged (14, 17-19).
Therefore, is seems to be of advantage to search for tools that accurately describe and
analyze the damages of social structures. One promising tool is the principal entity in nature
called entropy (20-24).

Theory of entropy application: Nature occurs in structures and functions (events)
which can be embedded in a four dimensional space. It includes three reversible (spatial)
and one irreversible (time) coordinates (22). The principle separation of descriptive
coordinates from the content permits a highly independent projection of the space on the
coordinates. For example, it permits calculations of the nature’s likely development.
Entropy (S) is considered to be the principal entity that measures the direction of any
systems development and the ‘distance’ form its final stage (23-26). It is a theoretical
statistical measure of a system which consists of distinguishable individual elements
(events) and distribution of their associated features.

Such a system has reached its final stage if its entropy (S) becomes a maximum. The

principal (Shannon) formula holds S = - X(p In p) (23-26).
The general prerequisites to apply entropy calculations of the system are minimum, and
commonly only include only a limited set of distinguishable individual elements (21).
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One might add the distance between neighboring elements to Shannon’s Formula in order
to calculate the internal ‘heterogeneity’, or spatial distribution of existent ‘structures’ during
the period of ‘observation’ (measurement). One measure might be the distance to the
nearest neighbor. It can be described by the corresponding formula

S(MST) =-k* Z(dis* Pi In p.) dis = {(di-(:lmean)/dmean:'r2 .

The measure S(MST) has been reported to be a useful entity to predict the outcome of
several biological systems, for example the survival of lung cancer patients (27-29).

Material and Methods: We are very grateful to the Robert Koch Institute, Berlin, the
official Biomedical Research Facility of the Federal Republic of Germany to submit to us its
COVID case collection for the period February 28, 2020 until to March 15, 2021.

By definition, a COVID case represents an infected PCR proven human person with or
without presentation of symptoms.

The total of 401 registered public health centers was aggregated to 390 institutions because
of partly overlapping areas of influence.

The collection contains a total of 1.048.574 data sets. The data include basic population
census, location of the involved public health offices, areas of covered district, population
density, detected COVID cases and COVID associated deaths during the period of
investigation.

The collection data were analyzed using Excel / CSV data sheets, Python and self - written
program based upon DIAS (Digital Image Analysis System, published by Tower Soft, Jena,
1995) (1).

Neighborhood calculations included graph theory algorithms such as Voronoi’s tessellation
and Minimum Spanning Tree computations (MST) (1) .

The applied algorithms include basic statistics such as chi-Square, univariate and
multivariate correlation analysis, spatial applied time correlation / regression procedures
and entropy calculations and use

A) Shannon entropy S(SHA) = -k * Z(pi * In pi), and
B) Structural (MST) entropy  S(MST) = - k * Z(dis* pi In pi)
dis = {(di'dmean)/dmean}2

The basically negative entropy calculations were transformed into corresponding positive
data (multiplication by (-)) in order to allow an easier interpretation of the obtained graphs.
The principle of the calculations remains unchanged.

The geographic area of Germany was stereologically projected on a 2096 X 2094 digital pixel
matrix which served for visual presentation of the centers’ position and borders of the
Federal Republic of Germany.

The geographic location of all involved health centers was transferred in this representative
x-y map of Germany. It served for illustration of incidence and dynamic case rates during the
observation period.
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The included 390 different public health centers were grouped in five categories, which
include the cohorts

Big cities, population > 500,000 inhabitants (N=21)
Main cities, population > 300,000 inhabitants (N=45)
District government cities, population > 200,000 inhabitants (N=72)
Rural administration towns, population > 100,000 inhabitants (N=116)
Integrated villages, towns, population < 100,000 inhabitants (N=136).

Results: The total of registered COVID cases amounts to 2,444,615 citizens, and to 70,104
COVID associated deaths within a total population 82,776,353 inhabitants. The incidence of
COVID infections during the covered period is calculated 2,953 /100,000, the corresponding
mortality 84,7 /100,000. Three out of 100 infected persons died (2,868 %).

The development of COVID infections and COVID associated deaths during the investigated
period is depicted in <figure 1>. A delay of 5 — 8 weeks between the two curves is noted.

Fig. 2: Mean MST entropy of cases and deaths during the observation period
(February 28, 2020 — March 15, 2021).
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Figure 1: Crude numbers of cases (--)-; and deaths (---) during the observation period
(February 28, 2020 — March 15, 2021.
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The two associated MST entropy graphs display with the same delay <Figure 2>.

Fig. 2: Mean MST entropy of cases and deaths during the observation period
(February 28, 2020 — March 15, 2021).

Mean MST entropy of cases
Mean MST entropy of deaths

Figure 2: Mean MST entropy of cases (--)-; and deaths (---) during the observation period
(February 28, 2020 — March 15, 2021.

A weak increase of the MST entropy appears already in the first week, and a sharp increase
of infected persons after 10 weeks in a total of 61 weeks of investigation. The MST entropy
of the associated deaths starts at week 9. Thus, a measurable neighborhood influence of
public health centers (affiliation of infected persons) on the systems condition (pandemics
of the republic) requires 5 - 9 weeks. The system’s general condition does not change after
this barrier and seems to stay in a nearly constant ‘end stage’.

Which public health centers are involved, where are they located, and which type of public
health center signals specific features?

<Figure 3 and figure 4> indicate the incidence (cases / health center class) <figure3> and
mortality (deaths / health center class) <figure 4> grouped according to the type of health
center during the period of investigation.
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= Fig. 3: COVID incidence and level of public health care center
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Figure 3: COVID incidence and level of public health care center.

Despite a slightly increased mortality in rural areas (class 5) the graphs display without
significant differences between the different types of the health centers and permit the
conclusion that the population density / environment are of no remarkable influence on
incidence and mortality during the investigated period.

Fig. 4: COVID mortality and level of public health care center
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Figure 4: COVID mortality and level of public health care center.
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The location of the public health centers in the Federal Republic of Germany and the
measured COVID data are shown in <Figure 5 and figure 6>.

COVID cases

Figure 5: Map of German Public Health Centers and crude COVID case numbers, indicated, by
gray value depth. (Note the clusters close to the Eastern and Western border.

The number of reported cases is indicated by the gray value (darkness) and the covered
geographic area by the size of the marked circles.
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COVID deaths

Figure 6: Map of German Public Health Centers and crude COVID deaths numbers, indicated

by gray value depth. (Note: The clusters in Figure 5 close to the Eastern and Western border
are less significant.
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COVID case dynamic MST entropy

Figure 7: Map of German Public Health Centers and weekly difference of crude case numbers

(dynamic development of pandemic during the observation period). Note the aggregation at
the east — southern border (Czech Republic).
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COVID deaths dynamic / week

Figure 8: Map of German Public Health Centers and weekly difference of crude number
deaths (dynamic development of pandemic deaths during the observation period). Note the
‘shift’ of the east — western aggregation to the north.

The most affected centers are grouped along the boundary of the Federal Republic, which is
confirmed by calculation of MST- entropy and MST entropy dynamics between neighboring
weeks. Thus intensity and velocity of the pandemics are remarkably increased at some
border lines of the Federal Republic.
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Figure 9: Map of German Public Health Centers and weekly difference of case number
clusters (spatial movement of pandemic clusters during the observation period). Statistical
significant changes are indicated by small green center circles.

The weekly changes of distant related incidences and death rates <Figure 7 and figure 8> as
well as the computation of their hot spots <Figure 9 and figure 10> . display with the same
figures. They cluster along the Eastern and North — Western boundary of the German
Republic and leave the Southern (Alpine region) quite empty.
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clusters of COVID deaths’ MST entropy dynamics

Figure 10: Map of German Public Health Centers and weekly difference of death number
clusters (spatial movement of pandemic clusters during the observation period). Statistical
significant changes are indicated by small green center circles.

Discussion: The COVID pandemics might be considered a human hazard that affects all
countries worldwide (14). It is mainly a hazardous effect of human overpopulation in
combination with intensive communication and transportation (14). Therefore, it is not
accidentally that the first breakout was reported from the dense populated megacity
Wuhan / West China in direct neighborhood with tropical forests and continuous railway
connection to Europe (Western Industrial Region of Germany) (14).

Research to understand, investigate and develop effective protection against the pandemic
focuses on anti- virus agents including conventional antibodies and mRNA macromolecules
(30-33).

In addition, face masks and restrictive communication rules served for protection of the
societies against airborne transmission and distance related infection modes (34-36).

All these efforts could successfully protect individual citizens of the societies and save
numerous lives. However, a non-negligible percentage of citizens did not understand or
want to understand the live-threatening virus pandemics and, consecutively, did resist
against the strict administrative regulations [(37-42).

12
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We want to demonstrate the general principles of COVID pandemics in regards of destroy
and constant threat of human societies.

Our investigation period of the officially reported cases, incidence and death data covers 61
weeks, starting February 28, 2020 until March 15, 2021. During this period, 2,444,615
citizens were infected and 70,104 persons did not survive. The data were collected in 390
different public health centers which work under quite different individually organized and
under the head of independent state administrations. No general standards and no digital
communication did exist due to the very strict data protection law in Germany.

Therefore, the first challenge of this study was to detect potential inconsistencies and
doubtful data, and to transfer potentially deficient excel files in SQL and MCV files.

These data files underwent statistical computation by both Python and DIAS — based self -
written programs. DIAS program package has been developed by K. Vol at the University of
Jena. DIAS is a powerful tool of several program components which cover image
presentation, object segmentation as well as advanced algorithms of descriptive and
analytical statistics (1).

<Figure 1> illustrates the registered cases and deaths. It took 4 weeks until the first 10 cases
were documented, and additional five weeks until 11 deaths occurred. The first maximum of
cases occurred at week 13 (36,617 cases) followed by a second peak at week 50 (173,517
cases). The associated graph of the registered deaths reveals maximum at week 13 (2,241
deaths) and at week 50 (6,091 deaths) too.

The congruent trend of both graphs indicates the weakness of the German public
documentation system: the obviously expected difference between onset of the pandemic
and associated deaths requires individual case follow up and not anonymous registration in
completely separated public health centers (43-47). Otherwise fast and significant
associations might not be detectable (43-47).

The associated graphs of (MST) entropy present with slightly different features (<Figure 2>).
The entropy values remarkably increase at week 10 in both graphs (cases and deaths) and
remain quite constant at that high level until they reach a second higher peak at week 50.
Taking into account the meaning of MST entropy, both graphs indicate continuous ‘nearly
stable’ characteristics of the system between week 10 and week 50. Thus, the forced or
inborn changes of the system’s characteristics remained unchanged and appeared to be
constant.

The characteristics of the health centers’ environment (offices in big cities or rural areas) do
not indicate that they might modify the characteristics of the COVID pandemic. The
relationship of documented cases and deaths between the five cohorts remained constant
during the study’s period (<Figure 3 and figure 4>).

Thus, the basic registration method does not depend on the different local conditions’ and
the reported data are not biased by individual public health center characteristics.

The geographic position of the health centers, however, displays with striking differences
(<Figure 5 and figure 6>). Both reported cases and associated dead persons are more
frequently reported from the eastern, northern and western borders of the German Federal
Republic in contrast to the southern parts which are less affected. In addition, the pandemic
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seems to be less intensive in ‘inner’ or central areas of the country when compared to the
mentioned boundary districts.

This fact raises the question whether the ‘open border strategy’ of the federal government
might explain the result. Germany joins these boundary areas with Denmark, Poland, The
Netherlands, Belgium and France in combination in combination with dense labor, trade
exchange and transportation. Different explanations such as lower population density inside
of Germany are less likely. For example the missing impact of the health centers’ type on
incidence and death data (<Figure 3 and figure 4>).

The observed differences of the reported cases and death between neighboring weeks are
depicted in <Figure 7 and figure 8>. Again, the most significant dynamics of (incidence / case
numbers) are noted at the western and eastern borders as well as at the east - southern
border of Germany (Czech Republic).The intensity of these dynamics seems to be shifted to
the southern and the mortality changes to the northern districts.

What is the reason?

The answer might be given in <Figure 9 and figure 10>. These figures exemplarily depict the
computed dynamic entropy clusters, indicated by ‘greenish circles’ within the involved
greyish health centers. The measured MST entropy changes dominate the south — eastern
and mid - west part of Germany and are close to the corresponding border. One might
speculate that the new COVID virus variant (Delta (B.1.617.2) might be one agent that
causes the significant entropy dynamics.

Conclusions: This study covers a period of one year (February 28, 2020 — March 15, 2021)
and describes the pandemics in terms of reported cases, deaths, and derived Shannon and
MST entropy calculations. The results indicate that COVID pandemics can be monitored by
mortality and morbidity data. Both develop closely associated in the Federal Republic of
Germany.

The reported data do not depend upon the type of any individual public health centers.
The observed gap between infected and dead persons amount to 4 — 9 weeks.

The dynamics of MST entropy and associated morbidity / mortality data aggregate along the
Eastern, Western and mid — west districts of the German border.

Entropy calculations are a useful tool to describe additional features of COVID — pandemic
associated features in the Federal republic of Germany.
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