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Abstract

Objectives: The COVID-19 Omicron wave in Romania, Bulgaria and Germany is considered
in retrospective till begin of March 2022. The aim is to describe both country specific features
and common trends related the same underlying pathogen as well as to compare shortly the
results and derived parameters to those from a similar application to few strongly affected
countries in the beginning of 2022: the USA, the UK and France.

Methods: The main novelty of the approach used to describe the Pandemic is the dynamical
tracking of successive generations of infected people instead of treating in time the evolution
of few large compartments within which the total population is partitioned.

Results: The daily observed new infection cases are described over a large time scale in a
reasonable way after normalization and the derived model parameters in all cases are
consistent. The position of the calculated Pandemic peaks in time in Romania and Bulgaria
indicates a transition from the second to the third generation of infected people while in the
larger countries the transition is from the third to the fourth generation.

Conclusions: The rapidly acquired temporary immunity and vaccination effects reinforced
the expectation of eventually control/stop the COVID-19 Pandemic soon. However, lifting
restrictions should have been done carefully and country specifically, and of course at the
right time. Later developments after March 2022 have shown that the expectations were too
optimistic and Omicron waves generated by another virus sub-variants did complicate the
situation.
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1. Introduction

In the beginning of 2022, the importance of the COVID-19 Pandemic’s issue does not need any
argumentation [1]. Since the first signals for the seriousness of that Pandemic worldwide in
the beginning of 2020 [2], much has been learned about the SARS-CoV-2 virus itself, though
this process is not finished because new virus variants/ mutations appear with time, with
different properties, including much increased contagiousness in some cases. This is the case
with the Omicron variant identified in late November 2021 [3]. The present work is concerned
with some mathematical aspects of addressing and modeling the Omicron-stage of the
Pandemic which is now dominating or will be soon dominating in most countries of the
world [4]. However, one should never forget that dealing with the development of Epidemics
is a multidisciplinary subject. Epidemiologists, specialists in infections, virologists, medics
with different specializations, pharmaceutics, immunologists, molecular biologists etc.
naturally participate by addressing the issues relevant to them. Thus, the modeling remains
just a more or less reliable quest for mathematical apparatus able for short and/or long-term
forecasting. In this way, it is possible to address more efficiently the issue of the health, social
and economic price that societies must pay to stop/control the Pandemic.

In particular, when in the beginning of March 2022, the Omicron wave has reached in many
countries its maximum and decreasing trends are observed, the question of lifting different
restrictions arises again. This time, there are objective and real preconditions which are met,
and which make reasonable such a program of “return to the normal”. However, this general
trend cannot be a basis for automatism in dealing with the problem, within about the same
nature and tempo of lifting restrictions everywhere. On the contrary, this should be done by
considering the specific features of the situation at every place (country or even region,
maybe). The present work illustrates that latter need by showing the necessity of more precise
modeling and observed effects of (fortunately small) changes in the decreasing trends, which
are obviously related to lifting restrictions, in few European countries. The concrete cases
investigated are the developments related to the Omicron wave in Romania, Bulgaria and
Germany in the period 30.11.2021 (shortly after the first identification of that variant) till
beginning of March 2022. Thereby, some text and illustrations from two previous publications
of ours [5,6] are widely used for support.

2. The Method Employed for the Calculations

The possibility of describing an Epidemics over the full-time range of its duration is very
suitable indeed. However, this may be difficult for cases where an Epidemics can become
endemic, pathogens undergo evolution or immunity (acquired by recovering from illness or
given by vaccination) has a limited duration. To solve such problems, if possible, a class of
involved Epidemics models, based so far mainly on reference [7], were developed and
applied, also including many additional features and attempts to take into account more
complex effects that originally done in [7]. Since their basic idea is to partition the population
into compartments (groups), these models are commonly denoted as “compartmental” ones.
Following the logic of the infection propagation, transition rates describe the probability for
individuals to move from one compartment to another. Thus, within the simplest version of
the model considered, namely the so-called SIR model, there exist three compartments
consisting of the people susceptible to infection (S), the infected people (I) and the number of
recovered people (R). The number of people in each of them is a function of the time ¢t. Other
variants upgrading SIR contain more compartments including people with other, different
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status in the propagation of the infection and the corresponding transition rates. Thereby, in
some cases immunity with limited duration is also considered. This seems to be the case of
the Covid-19 Pandemic, at least for a part of the population.

Before addressing the issue of the model employed in the present work, we shortly present
some details on previously developed models for modeling Epidemics with the aim to ensure
a basis for comparison of all these approaches in the context of advantages and disadvantages.
The dynamics of the SIR model is governed by two transition rates. The first one, also logically,
is related to the transition rate from the compartment of the susceptible people to the one of
the infected people (S — I). It is usually denoted by f and represents the product of the the
average number of contacts per person per unit time and the probability for disease
transmission in a contact between an infected individual and a susceptible one. Thus, the
infection spreading transition rate is evaluated as /N where I/N is the fraction of contacts
involving an infected individual for the group I and N is the total population (i.e sum all
compartments). The I — R transition rate is denoted by y end represents the inverse of the
mean duration of the infection 7z or mean time needed for recovery (i.e., y=1/7z. The
assumptiom that the distribution of the time spent in the infected state (a random variable) is
an exponential distribution leads to the possibility to formulate mathematically the problem
without the so-called vital dynamics (births and deaths, also the demography) as:

ds@) BIOS(D)
ar TN

di®) _ BIOSW)

— = N —yI(t) (1]
RI(t)

T Vi)

where N = S(I) + I(t) + R(t) = const. This system of non-linear differential equations can be
solved with respect to S(t):

S(t) = S(O)e‘RO(R(t)—R(o))/N )

Further, the dynamics of the Epidemics within the model depends strongly on the so-called
basic reproduction number R,

Ro = - [3]

An epidemic outbreak occurs if Ry > 1 since then dI(0)/dt > 0. In the opposite case of Ry < 1,
dI(0)/dt < 0, and an epidemic outbreak is not observed. Later, R, (also in the context of its
practical determination for a given infection disease) will be discussed. In 2014, Harko et al.
found an exact analytical solution of the SIR model [8]. In the context of the COVID-19
Pandemic case, however, the SIR model cannot predict the late future developments because
it is not clear at all how long the resistance to new infection (acquired immunity) of the once
recovered people will last as well as because the appearance of new variants of the virus is
not considered. Further developments within the SIR (e.g., SIR with vital dynamics or
demography) and beyond have been developed and applied:
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e A model called SIS is used when any lasting immunity is not observed, for example
cold and influenza. Here, the differential equations include only the I and §
compartments, which permanently “communicate” with each other.

e The MSIR model includes a maternally derived immunity compartment (M) for the
newborn whose immunity lasts some time.

e The SEIR model is used in the case of infectious diseases with long incubation period
with absent infectiousness. The corresponding compartment is the one of the exposed

(E).

Similarly, other models as the SEIS with no acquired immunity, the MSEIR with some
passive immunity and a latency, the MSEIRS with temporary immunity in the R-
compartment leading again to a R — S transition.

By this short recapitulation of SIR-like models it becomes evident that only the MSEIRS model
could in principle describe the dynamics of COVID-19 by implementing second-infection rate
for recovered people after some not very well-defined time, individual for everyone.
However, effects of vaccination (with again unclear how long-lasting resistance at present)
and age-structure dependencies have to be considered. Additional complexity is added by
eventual vector transmission (e.g., infections resulting from viruses on open public surfaces).
Options to try to solve these problems by modifying the transition rates between
compartments in simple models as the one which is used in the present work have been
discussed. Season dependences have also to be considered and reflected in the S—I transition
rate which thus depends on time and has some period T (8(t)=£(t + T)). An illustration of
such an approach can be found in reference [9] (see also the papers quoted therein) where the
authors utilize statistical analysis of data and mixing of sinusoidal epidemic waves of season
character.

In addition, they are a multitude of works dedicated to the issue of Epidemics which are not
based on SIR-like models and ideas but still are keeping a relation to them. Apart the purely
numerical approaches (for details see e.g., reference [10]) based on calculation of a mean
growth rate, one can enumerate,

e Applications of the Science of networks [11].

e Complexity Science where complex systems are better described when introducing
feedback loops, instabilities, and cascade effects [12] (these cascades may be associated
with the infection spreading).

e Unification of the above in Studies of Epidemics in complex networks [13].

e Statistical Physics in Epidemiology, namely in investigating the impact of
vaccination [14]. Such studies focus on the roles of individual behavior and
heterogeneous contact patterns.

The considerations made so far of the achievements in the field of modeling and predicting
the development of Epidemics, it becomes clear that a new approach should present features
which improve the treatment of some aspects of the Pandemic spreading and even better, if
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possible, provide new tools for the description of this complicated and complex process. An
important fact is that till now the dynamics of the Epidemic process was described mainly as
transitions between several large compartments of the population (the SIR models), without
considering the sequence of “human to human to human to...” contacts i.e., without detailed
tracking of the different generations of infected people. Recently, we published [5] a new and
simple method for describing Epidemics including consecutive ways where this problem was
solved. In this method, a decomposition of the group (compartment) of infected people into
the different generations of infected individuals appearing in the chain of the “human to
human to human to...” transmission is employed. These generations are tracked as well as the
whole process of the infection propagation and this represents the most important novelty of
the model. Such tracking is not possible within the SIR-like models as already mentioned.
When successive generations are considered, it is easier to take into account changes in Rq
occurring during the Epidemics due e.g., to changes in social behavior caused by decisions of
sanitary authorities (confinement, deconfinement, reconfinement,...), season-dependent
changes, appearance of new virus variants with different contagiousness than the initial one,
etc. This is also a new feature. Some additional newly open possibilities for studying the
spread of the Epidemics process as e.g., associating the start of the impact of new virus
variants with a particular moment in time are also available. While the above new features
may be presented as components of the model which make it superior in the corresponding
concrete aspects to previous models in the field, this does not mean, of course, a superiority
in all aspects. For example, within the model used in the present work the very simple
compartmentalization into only two groups of infected and recovered people does not reflect
the very complex structure of the general population. Another limitation is the approximation
of the existence of an inexhaustible reservoir of susceptible to infection which is not valid in
all possible cases and at all time-stages of the Pandemic. Therefore, it might be better to make
the statement that the present work is only a useful and necessary complement to this type of
study.

As already mentioned, within the model [5] the first of group (or compartment) of infected
people is decomposed into different generations of infected individuals appearing
successively. The other main structure are the generations of recovered people who leave the
corresponding generation of infected individuals after some interval of time needed for
recovery (see below). In the model, linear differential equations are solved [5] while e.g., the
SIR-like models require the solving of non-linear differential equations. The processes of
infection spread, and recovery are governed by two transition rates, A (rate of recovery) and
Ac (rate of infection or spreading rate). The rates are assumed to be constant in time when a
single Epidemics wave is described. Here, one comes to one of the limitations of the model,
namely that the infection spread, and recovering are supposed to occur while obeying
statistical laws, within large enough population which provides an inexhaustible source of
susceptible people. In the same way, the time for recovery can be treated as a random variable
deciding the “fate” of each infected individual among all of them. Similar to most of the
models describing Epidemics, the distribution of the recovery times used represents an
exponential distribution with mean recovery rate Az=1/1; (with 7z being the mean time
needed for recovery). Concerning the rate 4. of the infection spreading, it is also considered
to remain constant for a given Epidemics wave. However, it may be very largely influenced
by measures as confinement, reduction of social contacts, reconfinement, lifting restrictions,
appearance of new virus variants etc. and then another consecutive wave has to be included
in the considerations as done e.g., in [5]. Studies of these effects are presented in references [15-
17] and references therein.
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As already mentioned in Section 1, the Omicron variant of SARS-CoV-2 is characterized by
higher contagiousness than the other dominant previous variants (in different time periods),
the -one “possessing” the previous record. Although in some countries mixing of the § and
Omicron waves is observed by mid January 2022, in others a very strong effect of increase of
the daily new cases indicates the forthcoming dominance of Omicron. The very simple
mathematics in Zhang et al., 2022 [5] opens the possibility to forecast the development of
Epidemics in time for different infection and recovery rates. This is quite relevant for getting
a fast idea for cases related to the appearance of strongly contagious infection pathogens as
Omicron and the considerations in that model which is used in the present work are not
limited to the time of the Epidemics outbreak. The main point is, as it is in many scientific
disciplines, that when one factor dominates all other factors which influence somehow a
phenomenon, scientists consider such a case as a testing ground for checking a particular
model and simultaneously learn more about the overwhelmingly dominant factor. Simply,
the picture at an early stage is quite pure and not obscured by later developments which are
likely to occur because of some desynchronizations in the otherwise globalized world.

The relevant data sets of points for Romania, Bulgaria and Germany were taken from the site
[18] and is displayed in Figures1-3 with open diamonds. As matter of fact the site
http:/ /www.ourworldindata.org/ provides valuable research and data on 297 topics (by
27.05.2023) in order to help solving global problems. The data points for the three countries
considered here cover the time range from 30.11.2021 to about 05.03.2022. As discussed in
Zhang et al., 2022 [5], the total population is, of course, not tested every new day. Also, the
number of people tested fluctuates each day, sometimes (e.g., on weekends) drastically. A
more realistic picture may be obtained using data rolled (smoothed) on the basis of the 7 or
14 days numbers. It is much better to perform a normalization of the above raw data for
following better in time and compare the absolute number of new daily cases of infections for
the same constant fraction of the total population. There are factors, however, which may bias
the normalization as e.g., possible concentration of tests in regions of the country with higher
number of new cases or within clusters of enhanced transmission, several tests for one
individual in the period considered, the very nature and sensitivity of the tests as diagnostic
tools etc., and these factors may vary with time. The explicit use of the normalization
discussed above is another novelty in our approach to describe/reproduce the new infection
cases per day.

The fitting procedure to reproduce the normalized data is described in detail in [5]. The best
results obtained are presented in Figures 1-3 with a continuous line. The parameters derived
are also indicated. Before discussing the results, we remind the basic features of the new,
tracking method employed. The first step is the determination of the functions i, (t) which
represent the number of infected individuals in the different generations enumerated by n.
The logic is borrowed from the description of the time evolution of the population of excited
states in nuclear, atomic, and molecular physics which are interconnected by transitions
(mainly electromagnetic, photons and y-quanta). The main difference with the case discussed
in the present work (and in [5]) is that while in the analog situations many levels with very
different deexciting transition probabilities each are under consideration, here one has
successive generations of infected individuals each one populated by the previous generation
with probability per unit time (rate) A; and undergoing recovery with the rate Az. Hence a
modification of the formalism is needed [5]. Namely, the first generation (the so-called zero
patients) i; (t) simply obeys a differential equation similar to the radioactivity decay law of
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Rutherford-Soddy:

diy (t)
dt

= —2giz (t) [4]

with the solution i; (t)=Agi; (0)e ~*rt. For the next generations, the linear differential equation
for the derivative of i,,(t) contains on the r.h.s. the decrease of i,,(t) and the increase due to
infections from the previous generation i,,_;, always with the same rates i.e.,

di, (t)
dt

= —Agin(t) + Acin-1(t) [3]

The general solution (result) for the n" generation obtained as explained in [5] reads:

Cn—l il (O)tn—le—)lRt
(n—1)!

Q) =2 (6]

The total number of infected people as function of time is given by the sum over the different
generations:

LAk
(A—C) ny (0)x*te=*
R

(k- 1)!

i(t) = [7]

k=1,2,.Nmax

where Ny, 4, is the last generation appreciably reached at time t and x=Axt.

k—1
The expression resembles a sum of Poisson distributions weighted by the factors G—C) and

overall scaled by the factor i;(0). This formulation may not be fully correct from a
mathematical point of view when taking into account the discrete character of the Poisson
distribution and the resemblance is rather formal. The quantity defined as Ry=A./ Ay is the so-
called basic reproductive number in the framework of the present model [5]. This
reproductive number though widely used is somewhat model-dependent as discussed in
detail in [19-22]. Roughly, this is the number of people who will be infected by one contagious
individual up to the moment when this individual completely recovers from the infection. It
is easy to see the complexity of R, by considering the fact that the infection spread depends
not only on the transmission probability but also on the frequency of contacts etc. The quantity
R, is thoroughly discussed in [5] (starting around Equation 15 in Section 2 of [5] and later,
when the results in Table 1 there are discussed). Whatever it is, Equation 6 can be rewritten
as,

i1 (0)(Agt)" te ARt

(n—1)! 5]

in(t) = (Re)"™*

It is to be noted that in the formalism presented the dependence on R, is very strong, changes
with the generation number n and is different from that in the other models designed so far
to describe Epidemics in time. A more careful examination allows to conclude that the peak
(maximal) value of iy, (t) dominates the sum of all generations of infected people i(t) up to
Npjax- The only maximum of i, (t) occurs at,
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tmax = (0 — 1)//1R = - Drg [9]

If one considers i, (t) as a distribution over time, its expectation (mean) value M1= nty lies on
the time axis later (by 7z) than the maximum of i,(t). The expected time range of the
epidemics depends on 7z and n, and increases with n, of course.

Table 1: Summary of parameters derived by fitting the data on the new daily infection cases for the
countries considered in the present work. The initial date of the Omicron wave, which is treated as an
adjustable parameter, is displayed in the second column. The next three columns present the parameters
of the wave used to calculate the different generations of infected people i, (t) ( Ac, i1(0) and Ag) which
best the data. All rates are in days™. The mean recovery time Ty is shown in column 6 (in days). The
next column 7 present the time ty, 4, (in days) when the calculated maximum of the Omicron peak is
found. The corresponding generation number “n” and the basic reproductive number Ry are displayed
in columns 8 and 9, respectively.

Country 0-start day Ac i1(0) Ag TR Gz Numbern R,

USA 25 6.57 2 0.116 8.6 47 4 57
25.12.2021 16.01.2022

UK 19 7.29 1 0.1865 5.4 34 4 39
19.12.2021 03.01.2022

France 32 5.87 1 0.095 10.5 62 4 62
05.01.2022 30.01.2022

Romania 49 6.7 3 0.098 10 70 3 68
18.01.2022 08.02.2022

Bulgaria 37 5.41 1 0.082 12.2 61 3 66
06.01.2022 29.01.2022

Germany 45 4.96 1 0.104 10 64 4 48
14.01.2022 02.02.2022

The most often used data for monitoring Epidemics consists of the sequence of newly infected
people per day normally established by tests. It can be calculated as,

Kmax

C@t) = A Z iy (©) [10]

n=2

The upper limit K, of the generation numbers depends on the Epidemics status at time t.
When a particular data set is considered K, is treated as a fitting parameter ensuring the
best description as explained in [5]. By trying to reproduce the normalized data on the new
cases per day, the function C(t) was used to fit the data in Figures 1-3 for the specified cases.
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01.12.2021 01.01.2022 01.02.2022  01.03.2022 01.04.2022 01.05.2022 01.06.2022

_.. 40000
_cé Omicron, Romania, \c=6.7, i5(0)=3, \zg=0.098
Start day 49 max
5 35000 y A™ -~ 20 days
o @ Data normalized to 25.01.2022 (day 56)
72}
S;)) 30000 ¢ Original data 7
8 Mean recovery time 7g=1/Ag ~ 10 days
8 25000 A = (n-1)7g ~ 20 days
k5
2 20000
E n=3 ---> Transition to the 3rd generation of
@) Omicron infected people
> 15000
1
K
S 10000
o
= 5000
B
(5} -
Z 0 ) #ased on PPetkoy, Stud. Appl. Math 2021; https://doi.org/10.1111/sapm.12477

0 20 40 60 80 100 120 140 160 180 200
Time since 30.11.2021 [days]

Figure 1: The Omicron wave of the COVID-19 Pandemic in Romania. All data were taken from the
site [18]. The original raw data on the newly registered cases per day and the corresponding normalized
data points are represented by open diamonds and filled circles, respectively. The plateau-like part of
the data before the effect of increase is considered as a constant (averaged) background and reflecting
the previous stage of the Pandemic. The calculations (fits) according to Equation 10 are represented by
a continuous line. A maximum of the peak is predicted about February 4*". The derived parameters are

also indicated. The infection and recovery rates are in days™?.

01.12.2021 01.01.2022 01.02.2022  01.03.2022 01.042022  01.05.2022 01.06.2022

>
< . .
< 10000 - N Bulgaria, \c=5.41, ig(0)=1, Ag=0.082
B At ~ 23 days
o Omicron,
% Start day 37 .
% 8000 | © Data normalized to 25.01.2022 (day 56).
o fhé
Original data
5 .
8 6000 + A™ = (n-1)7y ~ 23 days
0]
"‘a Mean recovery time 7p=1/Ag ~ 12 days
-O: o n=3 ---> Transition to the 3rd generation of
= 4000 - - i) Omicron infected people
) % o
K : N\
> o
o 2 Festivities by beginning of March
S 2000 .
2 Based on P.Petkov, Stud. Appl. Math 2021; https://doi.org/10.1111/sapm.12477
0

0 20 40 60 80 100 120 140 160 180 200
Time since 30.11.2021 [days]

Figure 2: The same as in Figure 1 but for Bulgaria. Here, the maximum of the peak is predicted about
January 29",
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Figure 3: The same as in Figure 1 but for Germany. Here, the maximum of the peak is predicted about
February 12", A vertical line indicates the date 14.02.2022 when a three-step relaxing restriction did
start and a few days later the expected decreasing trend was suddenly transformed into an opposite,
increasing one.

3. Discussion of the Results for the Daily New Cases of Infections

The data points in Figures 1-3 display a quite complicated behavior with time, especially for
the normalized points in the beginning of December 2021 and for the raw data by beginning
of January. The simplest version of the model presented in [5], i.e., without considering
consecutive waves and infected people entering the investigated system from outside, cannot
describe all the data set. Therefore, we decided to take into account the contribution of the
Pandemic before Omicron by subtracting a constant background determined by averaging
over a subset of points with similar behavior with time. In this way, in the beginning of
January 2022 an effect of increase is definitely observed. However, a purer Omicron effect is
observed later, preceded by a period where there is some mixed role of earlier variants (§ on
top, of course) and the incoming Omicron wave. Thus, the time position of the start of the
latter wave was treated as an adjustable parameter allowing a reproduction of the fast increase
accompanied by a change of the slope of splines passing through a set of successive data
points toward higher value. After that, calculations using Equation 10 were performed in
order to reproduce the data. In the next sections, we consider specifically the data for the three
countries considered.

3.1. Romania

All data are normalized to the point at 25.01.2022 (both earlier or later registered). At this date,
77161 tests were performed in Romania [18]. The expected peak position of the fitted curve is
about February 4" (day 66). This corresponds roughly to 21 days after the “start” of the
Omicron wave and according to the relation At,,,,=(n-1) Tz (Equation 9), with 75=1/1z = 11
days, indicates n=3 i.e. this is the moment when the third generation of infected people is
dominant. But one should not forget that this generation provokes infections in the 4"
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generation and without some other effects on the Pandemic’s development one should arrive
to even higher numbers. This does not happen and will be discussed a bit later below. Also,
far beyond the maximum the raw data indicates a much faster decrease of the new infection
case per day than the calculated curve and the normalized points. This deviation deserves
attention when a program for gradually lifting the restrictions has to be made.

3.2. Bulgaria

The analysis presented in Figure 2 is similar to the analysis for Romania in Figure 1, with small
differences in the derived parameters. The normalization is made with respect to the data
point at 25.01.2022 when 30627 test were performed. A somewhat unexpected is the behavior
of the normalized point in the vicinity of the maximum which displays large fluctuations. This
is due to irregularities in the otherwise smooth behavior of the number of tests per day
according to the site [18]. Namely, the four points around February 1st which drop down are
characterized by number of tests around 40000, i.e., are larger by minimum 15% than the
neighboring ones, although also obtained by a 7-day rolled procedure. The opposite effect is
observed a bit earlier, just before the maximum of the calculated curve. It should be noticed
that the latter is very close to the position of the maximum indicated by the raw data as well
as the normalized points lie in a nearly perfect way on the calculated curve on the decreasing
side. They were not used for fitting. The raw data also indicates here a much faster decrease.

3.3. Germany

The analysis presented in Figure 3 is in general similar to what has been shown in Figures 1
and 2 for Romania and Bulgaria, respectively. However, there are features and differences in
the derived parameters which need some comments. First, the countries under comparison
are very different with Germany on the single one side, indeed. For example, the population
of Germany is much larger (about 80 million) against about 6 million for Bulgaria and 19
million for Bulgaria, the infection rate 1,=4.96 days™" is the smallest, the actual generation of
infected people is the n=4 one. The normalization in Figure 3 for Germany was made with
respect to the data point at 30.01.2022 when 364841 tests were performed. The most significant
and may be important effect is the tendency for increase shortly after the maximum on
February 12t". In Figure 3 a vertical line indicates the date 14.02.2022 when a three-step
relaxing restriction did start and a few days later the expected decreasing trend was suddenly
transformed into an opposite, increasing one. Another difference is the drop of the new daily
infection cases around Christmas 2021 which cannot be completely corrected even by the
normalization on a day per day basis. This may be an indication that for the specific case of
Germany the proposed way of normalization is biased by some factors which remain to be
investigated. Also, large fluctuations in the behavior of the normalized points are observed in
the vicinity of the maximum. Different from the case of Bulgaria (Figure 2), they cannot be
associated with deviations from the smooth behavior of the time evolution of the number of
tests per day. In this way, the behavior of the data in Figure 3 appears as the most complicated
one among the considered in this work. It may also suggest that the process of lifting
restrictions began a bit too early. An investigation of the effects of vaccination level and
acquired temporary immunity, which are discussed below for some other countries, may
clarify the situation.
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3.4. Comparison with data from other countries

The parameters of the fitted curves in Figures 1-3 require some comments. First of all, the
infection rates 1c=5 + 6.2 days™! are very large. They can be compared to the value of 0.71
days™! derived in [5] for the first wave in the USA and Europe in spring of 2020 related to the
original Wuhan virus. In Table 3 of reference [5], the rates of transmission are compared in
relative units with respect to contagiousness (i.e., for the Wuhan virus one has 1.0, for a : 1.4 +
1.9, for §: = 3). In addition, in calculations according to the model of [5] the ratio Ry=A;/Ag
participates with ever increasing effect, at the power of (n — 1) for every next generation
number n. Therefore, is no wonder that the Omicron wave becomes so fast the dominant one
(in the period discussed). For larger 75 (smaller Ay) the effect is complementary enhanced. For
comparison, we present in Figure 4 data for three other countries where the Omicron wave
had a strong effect on the Pandemic in the beginning of 2022: the USA, the UK and France.
The figure is taken from the investigation performed in [6] and modified for the present work
by adding more data points closer to present. The reproduction of the data by the calculations
in Figure 4 is reasonable in the region of increase and in the vicinity of the maximum in all
three cases. The role of the normalization is also clearly seen, and in the cases of the UK and
France is quite dramatic. There are indications that the decreasing part of the data after the
peak maximum can be also well described after normalization by the calculations (as it is
clearly seen in the cases of the UK and France). After the maxima, the raw data for the USA
and France decrease much faster than the calculated curves. This difference is related to a
gradual decrease of the daily tests once the peak value has been reached. In general, after the
maximum only a decrease may be expected in principle. However, a realistic estimate of its
actual speed and state (i.e., when a sufficiently low level will be reached) is of importance for
the control of the Pandemic and eventually lifting restrictions, for example. This is strongly
suggested by the development in the UK after the initialization of such lifting measures about
21.01.2022 (Figure 4B). Large fluctuations of the new infection cases per day are observed both
in raw and normalized data although on average the decreasing trend is conserved and that
lifting of restrictions finally seem to be made not too early. It has also to be mentioned that the
Omicron wave has started a bit earlier in the UK. In the case of the Omicron wave, the
evolution downwards is related to the existence of a very large fraction of the population
possessing protection against Covid-19 due to vaccination and natural (temporary) immunity
acquired after recovery from being infected. The case of the USA (Figure 4A) probably is a
very good illustration of these circumstances with both raw and even normalized data lying
below the calculated curve after mid-February. The role of the acquired immunity within the
Omicron wave is supported by estimates that in 3-4 months about the same number of people
are (or will be) infected as in the nearly 2 previous years of the Pandemic. The UK was the
first country where such effects have been discussed and intentions of lifting gradually all
restriction measures were declared, soon followed by others.

The fitted infection rates A; in Romania, Bulgaria and Germany are compatible within the
range of values derived for the USA, the UK and France. The adjustable “start days” of the
first group of countries are about 20 days later than those of the second group (except for
France to some extent). It may seem unexpected, but from the present perspective lifting
restrictions in Romania and Bulgaria looks much more timely and reasonably than in the case
of Germany and to some extent in France. In this context, the example, and the experience of
the development in the UK may be very useful. It is not our intention to formulate rules for
lifting restrictions, but a criterion on how much the data and fits are above the acceptable
"background” at a given planned time may be also useful. Thereby, mathematical modeling
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has still to be employed along other guiding lines of social, health and economics character,
in general.
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Figure 4: Part A (top): The Omicron wave of the COVID-19 Pandemics in the USA illustrated by the
normalized newly registered cases per day and the original raw data (without normalization) are
represented by filled circles and open diamonds, respectively. All data, including the number of tests
per day used for a normalization (correction), were taken from the site [18]. The plateau-like part of the
data before the effect of increase is considered as a constant (averaged) background which reflects the
previous stage of the Pandemic related developments to future. The most successful calculation (fit)
according to Equation 10 is represented by a continuous line. The derived parameters are also indicated,
with the infection and recovery rates in days™*. The effect of normalization is clearly seen and is rather
large. An inspection of the data on the number of tests done daily shows a non-interrupted reduction
trend after reaching the maximum which correlates partly with the very fast decrease of the raw new
daily cases. A reduction of the latter cases is predicted also by the calculation, but it has a much slower
character. Parts B, C: The same as in part A, but for the UK and France, respectively. For discussion of
specific features seen in each of the three panels (some of them shortly indicated in the figure).
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4. Conclusion

The COVID-19 Omicron wave in Romania, Bulgaria, and Germany till begin of March 2022 is
considered within a new approach [5] for modeling Epidemics and a short comparison is
made of similar application to few strongly affected countries in the beginning of 2022: the
USA, the UK and France. Because of the much larger contagiousness of Omicron, its wave
starts to dominate the Pandemic at some time moment, after which the simplest version of the
model [5] is employed (without consecutive waves and incoming infected from outside the
system). The daily observed new infection cases are described in a reasonable way after
normalization. The position of the calculated Pandemic peaks in time in Romania and
Bulgaria indicates a transition from the second to the third generation of infected people. For
comparison, in the USA, UK and France the transition is from the third to the fourth
generation. The parameters derived by reproducing the data in the three countries considered
are consistent with those derived earlier for the USA, the UK and France (i.e., infection and
recovery rates). Due to the high contagiousness of Omicron, a large part of the population
goes through a contact with the virus in a relatively small period of time (3-4 months), and
the resulting number of infected people is comparable with the cumulative effect of nearly
two years of since the start of the Pandemic. Therefore, some temporary acquired immunity
seemed to be realized. Adding the very serious effects of vaccination, a general hope appeared
that controlling/stopping the COVID-19 Pandemic would be realistic soon. However, lifting
restrictions should have been done carefully and country specific, and at the right time, as
illustrated by the examples of the UK and Germany and to some extent in France. Indications
that the load on the health systems was weaker in the late stage of the Omicron wave though
the number of new cases remained relatively high has also encouraged a faster but gradual
lifting. Later developments after March 2022 have shown, however, that the above
expectations were too optimistic and Omicron waves generated by another virus sub-variants
did complicate the situation.

The present work represents only a mathematical modeling of the Pandemic and does not
deal with any other aspect of health, social or economic character as well as throwing away
any possibility for unexpected developments. Though during the finalization of the present
work in May 2023, the WHO declared [23] that the COVID-19 pandemic “is now an
established and ongoing health issue which no longer constitutes a public health emergency
of international concern”.

Institutional Review Board Statement

This study was performed in a private company operated by the author.

Data Availability Statement

The data used in the study are public, taken from https://ourworldindata.org/coronavirus-
testing. The implemented software can be provided by the author at request.

139
Int ] Bioinfor Intell Comput, Vol 2, Issue 2, August 2023



ISSN 2816-8089

Acknowledgments

The author is grateful to Dr. I. Penev and Dr. C. Miiller-Gatermann for fruitful discussions
and comments as well as to Mrs. V. Kirova for a donation. The support of Mrs. V. Zamfir, Mrs.
M. Tabirtoi and Mr. N. Zamfir is also highly appreciated.

References

10.

11.

12.

13.

https:/ /www.who.int/emergencies/ diseases/novel-coronavirus-2019/ situation-
reports

https:/ /www.who.int/docs/ default-source/coronaviruse/situation-
reports/20200320-sitrep-60-covid-19.pdf?sfvrsn=d2bb4f1f 2

https:/ /www.who.int/news/item/26-11-2021-classification-of-omicron-(b.1.1.529)-
sars-cov-2-variant-of-concern

https:/ /www.who.int/publications/ m/item/enhancing-readiness-for-omicron-
(b.1.1.529)-technical-brief-and-priority-actions-for-member-states

Petkov P. New and simple mathematical description of epidemics including
consecutive waves. Stud Appl Math. 2021;148:1339-63.

Petkov P. Application of a new mathematical description of epidemics to the COVID-
19 omicron wave in few strongly affected countries by the beginning of 2022: USA, UK
and France. Research Square. 2022.

Kermack WO, McKendrick AG. A contribution to the mathematical theory of
epidemics. Proc Royal Soc A. 1927;115: 700-21.

Harko T, Lobo FSN, Mak MK. Exact analytical solutions of the susceptible-infected-
recovered (SIR) epidemic model and of the SIR model with equal death and birth rates.
Appl Math Comput. 2014;236:184-94.

Rosano A, Bella A, Gesualdo F, et al. Investigating the impact of influenza on excess
mortality in all ages in Italy during recent seasons (2013/14-2016/17 seasons). Int ]
Infect Dis. 2019;88:127-34.

Perc M, Miksi¢ NG, Slavinec M, et al. Forecasting COVID-19. Fron Phys. 2020; 8:127.

Fortunato S, Hric D. Community detection in networks: a user guide. Phys Rep.
2016;659:1-44.

Helbing D, Brockmann D, Chadefaux T, et al. Saving human lives: what complexity
science and information systems can contribute. ] Stat Phys. 2015;158:735-81.

Pastor-Satorras R, Castellano C, Mieghem PV, et al. Epidemic processes in complex
networks. Rev Mod Phys. 2015;87:925.

140

Int ] Bioinfor Intell Comput, Vol 2, Issue 2, August 2023



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

ISSN 2816-8089

Wang Z, Bauch CT, Bhattacharyya S, et al. Statistical physics of vaccination. Phys Rep.
2016;664: 1-113.

Chang SL, Harding N, Zachreson C, et al. Modelling transmission and control of the
COVID-19 pandemic in Australia. Nat Commun. 2020;11:5710.

Anderson RM, Heesterbeek H, Klinkenberg D, et al. How will country-based
mitigation measures influence the course of the COVID-19 epidemic? Lancet.

2020;395:931-4.

Weitz JS, Beckett SJ, Coenen AR, et al. Modeling shield immunity to reduce COVID-
19 epidemic spread. Nat Med. 2020;26:849-54.

https:/ /ourworldindata.org/coronavirus-testing

Delamater PL, Street EJ, Leslie TF, et al. Complexity of the basic reproduction number
(Ro). Emerg Infect Dis. 2019;25:1-4.

Diekmann O, Heesterbeek JAP, Metz JA]J. On the definition and the computation of
the basic reproduction ratio Ry in models for infectious diseases in heterogeneous
populations. ] Math Biol. 1990;28:365-82.

Fine PE. Herd immunity: history, theory, practice. Epidemiol Rev. 1993;15:265-302.

Dietz K. The estimation of the basic reproduction number for infectious diseases. Stat
Methods Med Res. 1993;2:23-41.

https:/ /www.who.int/news/item/05-05-2023-statement-on-the-fifteenth-meeting-
of-the-international-health-regulations-(2005)-emergency-committee-regarding-the-
coronavirus-disease-(covid-19)-pandemic

141

Int ] Bioinfor Intell Comput, Vol 2, Issue 2, August 2023



