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ABSTRACT

The sharp increase in the number of new COVID-19 cases in late 2021 and early 2022, which
occurred even in countries with high vaccination levels, has raised the question about the possibility
of overcoming the pandemic only through vaccination. Averaged daily numbers of new COVID-19
cases and deaths per capita and their ratio were used to find links with the percentages of fully
vaccinated people and boosters and the tests per case ratio. The datasets for European and some
other countries and regions corresponding to February 01, 2022 were used. Simple linear and non-
linear statistical methods showed that vaccinations can significantly reduce the likelihood of deaths
and the increase in the tests per case ratio diminishes the number of infections. These conclusions
are consistent with the previous study based on the data from September 01, 2021 (before the
advent of the Omicron). However, the numbers of new daily Omicron cases per capita increase with
the increase of the percentage of fully vaccinated people and boosters. It looks that removal of
restrictions on the movement of vaccinated persons and the abolition of many quarantine restrictions
have led to a sharp increase in the number of infections. To overcome the pandemic, the increase of
the tests per case ratio and extension of quarantine restrictions are necessary.

Introduction

To investigate the infectivity of new strains of SARS-CoV-2, effectiveness of
quarantine, testing and vaccination, different relative characteristics (calculated
per capita) can be used. In particular, averaged numbers of new daily cases DCC and
deaths DDC per million are regularly reported by COVID-19 Data Repository by the
Center for Systems Science and Engineering (CSSE) at Johns Hopkins University
(JHU) [1]. The percentages of fully Vaccinated People (VC) and Boosters (BC) and
Daily Tests per Case ratios (DTC) can be also found in [1]. The daily characteristics
DCC, DDC, DTC, etc. allow us to investigate the recent situation in comparison with
accumulated numbers of COVID-19 Cases (CC), Death (DC) and Tests (TC) per capita
[2,3].

Vaccinations and successes in vaccine logistics management can reduce the
mortality caused by SARS-CoV-2 [3-7]. Nevertheless, the Omicron waves in Europe
were characterized by very high DCC values [1]. This characteristic and the daily
numbers of new Deaths per Capita (DDC) are very important in order to investigate
the efficiency of vaccinations and testing. In particular, it was shown in [3,8] that
rather high numbers of VC did not prevent new pandemic waves in the summer
and autumn of 2021. In this paper we will try to update the correlations between
DCC, DDC, DDC/DCC and VC values for Omicron waves (based on the JHU datasets
corresponding to February 01, 2022). The rather high BC values in Europe allow

()

Check for
updates

jelsciences.com/articles/jbres1484.pdf

SCAN ME

*Corresponding author

Igor Nesteruk, Institute of Hydromechanics,
National Academy of Sciences of Ukraine,
Kyiv, Ukraine

Tel: +380-662-554-904
E-mail: inesteruk@yahoo.com

DOI: 10.37871/jbres1484

Submitted: 16 May 2022
Accepted: 23 May 2022
Published: 24 May 2022

Copyright: © 2022 Nesteruk |, et al. Distributed
under Creative Commons CC-BY 4.0 @®

OPEN ACCESS

Keywords

» COVID-19 pandemic

Omicron waves

Epidemic dynamics in Europe
Vaccination efficiency
Testing level

YV V V V V

Statistical methods

MEDICINE GROUP

VOLUME: 3 ISSUE: 5 - MAY, 2022

How to cite this article: Nesteruk I, Rodionov O. Omicron Waves of the COVID-19 Pandemic and Efficacy of Vaccinations and Testing.
J Biomed Res Environ Sci. 2022 May 24; 3(5): 588-594. doi: 10.37871/jbres1484, Article ID: JBRES1484, Available at: https://www.



Lif&¥4ture

finding the links between boosters and DCC, DDC, DDC/
DCC values. The linear and non-linear correlations between
the testing level DTC and DCC, DDC, DDC/DCC will also be
investigated.

The data sets regarding the relative characteristics (per
capita) reported by JHU as of February 01, 2022 [1] will be
used. The figures corresponding to the version of the JHU
data available on February 06, 2022 are presented in table
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1. The characteristics VC, BC and DTC are taken without
smoothing. Since daily characteristics DCC (new cases per
million) and DDC (new deaths per million) are very random
and demonstrate some weekly periodicity, the smoothed
(averaged) values will be used. These values are calculated
and displayed by JHU with the use of figures registered
during the previous 7 days. This smoothing procedure differs
from one proposed in [9-11], where the values registered in
the nearest 7 days were used.

Table 1: Accumulated and daily characteristics of the COVID-19 pandemic dynamics in European and some other countries and regions as of February 01, 2022
(figures corresponding to other days are specified in notes), [1].
Boosters per Hundred, Daily Tests per New Cases per New Deaths per Million,
%, Case Ratio, Million, Smoothed, Smoothed,
BC DTC DCC DDC

People Fully Vaccinated

per Hundred, %, VC

European countries
Monaco 58.982 no data no data 1420.619 3.615
Holy See (Vatican City) no data no data no data 351.865° 0
Malta 87.58 64.29 12.5 435.132 4.152
San Marino 64.03" 38.67° no data 4612.089 4.2
Netherlands 71.76" 49.74%° 1.9 4408.874 0.549
Belgium 76.28 54.18 2.3 3757.863 2.702
United Kingdom 71.06 54.8 16.6 1120.52 3.86"
Liechtenstein 68.15 46.03 2.9% 3226.553 0
Luxembourg 67.69"3 52.78'° 2.7 3298.379 1.8
Germany 73.46 52.88 2.5M 1954.813 1.778
Italy 76.5 56.11 7.4 2138.808 6.11
Switzerland 67.97 39.43 2.5 4098.219 1.442
Andorra 68.657 31.97° 1.am 2321.424 0
Denmark 81.38 61.48 3.9 7450.007 3.318
Czech Republic 63.3 35.19 4 3314.677 2.171
Poland 57.6 27.36 3.1 1288.5 5.053
Portugal 90.52 50.63 5.1 5317.142 4.313
Slovakia 48.83" 27.2" 3.5" 3000.612 3.985
Albania 40.26 7.15 1.6 481.539 1.691
Austria 74.75 49.51 22.6 3647.228 1.706
France 76.46 48.51 2.9 4777.277 3.861
Hungary 63.37 38.34 2.5 1656.679 6.717
Turkey 61.64 38 4.8 1061.634 2.209
Slovenia 58.25 28.54 1.3 6720.953 5.635
Moldova 2517 2.06* 428 982.563 3.55
Spain 81.94 46.89 3 1966.157 3.841
Serbia 47.23" 26.5412 2 2435.821 7.214
Romania 41.73 no data 3 1550.827 3.66
North Macedonia 39.77" 6.1 4.45 793.559 12.21
Greece 70.48 46.76 13.9 1865.908 10.414
Bosnia and Herzegovina 25.93" 41510 4.4° 543.464 15.846
Croatia 54.08 14.574 2 2001.638 13.685
Ireland 78.04 54.35 3.5 961.86 1.405
Ukraine 33.84 no data 2.6 695.986 3.415
Bulgaria 28.99 8.93 4.8 1231.073 11.103
Belarus 44.84" 2.925 15.1 221.845 1.634
Montenegro 44.25 14.28 no data 1269.233 8.644
Lithuania 69.22 33.01 2.4 3765.036 6.161
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Latvia 69.01 241
Estonia 62.68 no data
Sweden 73.94 39.67
Norway 73.08 49.7
Finland 74.53 44.94
Iceland 77.62° 65.53

Other countries and regions

United States 63.72 26.75
North America 60.46 19.59
Argentina 76.44 28.76
Brazil 70.11 22.53
South America 67.91 21.62
South Africa 27.69'2 0.99"
Africa 10.88 0.19
India 51.25 0.89
Israel 65.62 54.81
Japan 79.19 3.98
South Korea 85.76 53.13
Qatar 75.7" no data
Asia 59.45 10.86
Australia 78.44 31.77
World 51.9 12.53

Figures corresponding different days in 2021 (month-day): '09-11; 209-16; '311-29.
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2.8 4300.481 5.662
2.1 4576.386 2.587
1.9m 3668.671 3.768
1.6 3625.749 0.627
3.1 826.834 2.472
no data 3517.662 0.387
510 1308.321 7.643
no data 859.978 5.458
2 1209.927 5.67
no data 862.816 2.822
no data 803.738 3.428
10.1 53.341 212
no data 20.666 0.255
7.7 158.478 0.702
3.9 7087.935 6.519
3.1 608.804 0.357
15.2 337.83 0.465
no data 572.253 0.487
no data 14413 0.383
3 1553.788 3.357

no data 398.402 1.263

Figures corresponding different days in 2022 (month-day): 201-05; “01-09; °01-10; °01-16; 701-23; 801-24; °01-28;°01-29; '01-30; '201-31.

Linear and Non-linear Regressions

The linear regression will be used to calculate the
regression coefficients r and the coefficients a and b of
corresponding best fitting straight lines [12,13]:

y=a+bx )

where x are VC, BC, DTC values and y are DCC, DDC, and DDC/
DCC values.

To find links between DCC and DTC values, the following
non-linear correlation will also be applied:

y=a+b(x+c)y, azo,b>0,x>-c (2)

at y = 1 relationship (2) reduces to (1) and can be rewritten
as follows:

z=log|y-al=log(b)+ylog(x +c) (3)

Then for new random variables z and w=log(x+c), a
linear regression similar to (1) can be applied. The constant
parameters y, log(b) and corresponding best fitting lines
can be found with the use of standard formulas for the linear
regression for every fixed values of constant parameters a
and c.

Fisher Tests

The F-test for the null hypothesis that says that the
proposed linear relationships (1) or (3) fit the data sets

will also be applied. The experimental values of the Fisher
function can be calculated with the use of the formula:

r’(n-m)

") (m-1) ()

where n is the number of observations (number of countries
and regions taken for statistical analysis); m = 2 is the
number of parameters in the regression equation [13]. The
corresponding experimental values F have to be compared
with the critical values F,(k,k,) of the Fisher function at a
desired significance or confidence level (k, =m - 1,k, =n -
m [14]). If F/F (k ,k,)<1, the null hypothesis is not supported
by the results of observations. The highest values of
F/F (k,,k,) correspond to the most reliable hypotheses [15]. In
the case of non-linear regression (2) the values of additional
parameters a and ¢ must be chosen in order to ensure the
maximum of the correlation coefficient r or the highest
values of F/F (k,k,) (similar to the parameter identification
methods used in [9]).

Results and Discussion

The results of the linear regression application
are presented in table 2 and figures 1-3. The data sets
corresponding to the European countries and complete
datasets with the information about some other countries
and regions listed in table 1 have been used. Thus, we have
two different numbers of observations n for every application
of the linear relationship (1). Due to the lack of some data,

Nesteruk |, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1484
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Figure 1 Smoothed daily characteristics of the COVID-19 pandemic vs. percentage of fully Vaccinated People (VC).

New cases per million (DCC, blue), new deaths per 500 million (DDC x 500, black), daily mortality rate (DDC x 10%/DCC, red). Best fitting lines (1) are solid for
European datasets and dashed for complete datasets. “Crosses” represent the European datasets, “circles” - figures for other countries and regions. Bold lines
and large markers correspond to February 1, 2022; thin lines and small markers — to September 01, 2021, [3].
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Figure 2 Smoothed daily characteristics of the COVID-19 pandemic vs. percentage of Boosters (BC) as of February 1, 2022.
New cases per million (DCC, blue), new deaths per 500 million (DDC x 500, black), daily mortality rate (DDC x 10%/DCC, red). Best fitting lines (1) are solid for
European datasets and dashed for complete datasets. “Crosses” represent the European datasets, “circles” - figures for other countries and regions.
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Figure 3 Smoothed daily characteristics of the COVID-19 pandemic vs. tests per case ratio (DTC) as of February 01, 2022.
New cases per million (DCC, blue), new deaths per 500 million (DDC x 500, black), daily mortality rate (DDC x 10%/DCC, red). Best fitting lines (1) are solid for
European datasets and dashed for complete datasets. “Crosses” represent the European datasets, “circles” - figures for other countries and regions.
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the numbers n are different for different relationships.
Corresponding values of n, the regression coefficients r,
coefficients a and b; values of the Fisher function F,F (k k,)
and F/F (k,k,) are listed in table 2. The best fitting lines (1),
calculated with the use of corresponding values a and b are
shown in figures 1-3 by solid lines for European datasets and
by dashed lines for complete datasets. The DCC, DDC, and
DDC/DCC values are represented by “crosses” for European
countries and by “circles” for other countries and regions.

Table 2 and figure 1 illustrate that there are correlations
between DCC, DDC, DDC/DCC values and the percentage
of fully vaccinated people VC, since F/F(k,k,)>1 for all 6
calculations (see the rows in table 2 corresponding to figure
1). The correlations were revealed for the relationships
versus BC (there is only one exception for the global DDC
values, see the rows in table 2 corresponding to figure 2).

As of September 01, 2021 no statistical significant
correlation was revealed for the relationship DCC versus
VC, [3] (Figure 1). The Omicron waves have changed the
situation even more unexpectedly. As of February 01, 2022,
the increase of vaccination levels (both VC and BC values)
increases the numbers of new daily cases DCC (see positive
values of parameter a in table 2 and bold blue lines in figures
1,2). This unexpected fact can be explained by the removal
of restrictions on travel and visits to crowded places for
vaccinated persons.

Duringthe Omicronwaves, thenumbers of newdeaths per
capita are much higher than DDC values in September 2021
(compare bold and thin black lines in figure 1). This fact can
be explained by a huge increase in the number of cases DCC
in Omicron waves. In comparison with DCC, the DDC values
always decrease with the increasing of vaccination levels VC
and BC (see black lines in figures 1,2). But the forecast for
Omicron waves is more pessimistic. As of September 01,
2021, the critical levels of VC that could stop new deaths were
estimated as 78.8% for the European dataset and 90.7% for
the complete one (see [3], thin black lines in figure 1). In five
months, no critical values are visible, i.e., new deaths will
appear even at 100% level of fully vaccinated people (see
bold black lines in figure 1). This result can be explained by
removal of restrictions for vaccinated persons.

The critical percentage of boosters x can be calculated by
putting y = o into eq. (1):

X, :_B (5)

Using the values a = 8.4891 and b = -0.1080 from table
2, one can conclude that DDC values in Europe could tend
to zero when the percentage of boosters exceeds 78.6%
(see black solid line in figure 2). For the complete data set
(the black dashed line in figure 2) no significant correlation
between the DDC and BC values has been revealed since
F/F (k,k,)<1(Table 2).

Table 2: Optimal values of parameters in eq. (1), correlation coefficients and the results of Fisher test applications.

Number . Optimal Values
. Correlation
Number of Figure, of " of Parameters
. T . Coefficient
Relationship Observations p a

n in eq. (1)

43 0.4772 -506.2878
1.DCCvs. VC

58 0.3797 -302.9176

43 -0.4591 10.7118
1.DDCvs. VC

58 -0.2964 7.6357

43 -0.5486 0.0139
1.DDC/DCCvs. VC

58 -0.5792 0.0179

39 0.4050 1.2413e+003
2.DCCvs. BC

53 0.5419 545.1300

39 -0.5173 8.4891
2.DDCvs. BC

53 -0.2259 5.4395
2.DDC/DCC 39 -0.5317 0.0092
vs. BC 53 -0.5013 0.0101

39 -0.2262 2.9997e+003
3.DCCyvs. DTC

47 -0.2693 2.9597e+003

39 0.0262 4.3211
3.DDCvs. DTC

47 -0.0522 4.4358
3. DDC/DCC 39 0.1470 0.0027
vs. DTC 47 0.2015 0.0026

Critical
Optimal Values Experimental Vallue of
of Parameters Value of the Fisher
b Fisher Function Function F (1,n-2)
in eq. (1) F, eq. (4), for the
m=2 Confidence
Level 0.1
49.9399 12.0921 2.85 4.24
40.4116 9.4337 2.80 3.37
-0.1011 10.9492 2.85 3.84
-0.0590 5.3922 2.80 1.93
-1.6856e-004 17.6502 2.85 6.19
-2.2089e-004 28.2766 2.80 10.1
38.7231 7.2595 2.86 2.54
52.4907 21.1972 2.82 7.52
-0.1080 13.5215 2.86 4.74
-0.0417 2.7419 2.82 0.97
-1.5478e-004 14.5839 2.86 5.1
-1.7835e-004 17.1166 2.82 6.07
-83.9947 1.9950 2.86 0.7
-107.8765 3.5178 2.84 1.24
0.0205 0.0255 2.86 0.01
-0.0398 0.1229 2.84 0.04
1.6337e-004 0.8173 2.86 0.29
3.0821e-004 1.9050 2.84 0.67

Nesteruk |, et al. (2022) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1484 m
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Fortunately, the mortality rate DDC/DCC always
decreases with the increase of vaccination levels VC and
BC (see table 2 and red lines in figures 1,2). The critical VC
values (calculated with the use of eq. (5) and corresponding
values a, b listed in table 2) are 82.5% and 81.0% for the
European and complete datasets, respectively. Very close
critical VC values yielded the statistical analysis of the
data corresponding September 01, 2021, [3] (compare bold
and thin red lines in figure 1). The critical BC values are
59.4% and 56.6% for the European and complete datasets,
respectively (see red lines in figure 2). As of September 01,
2021 the DDC/DCC values were approximately 40% and 27%
(for European and complete datasets, respectively) higher
than the corresponding Omicron figures (compare thin and
bold red lines in figure 1). This reduction of mortality rate
may be associated with both the weakening of the pathogen
and an increase in the number of people who have received
natural immunity.

Table 2 illustrates that almost no statistically significant
correlations were revealed for the daily tests per case ratio
DTC. The only exception is the global relationship of DCC
versus DTC, since F/F (k k,)>1 (see table 2, the dashed blue
line in figure 3). Similar correlation was revealed in [3] for
the ratio of accumulated numbers.

The absence of correlation for the European dataset
forced applying the non-linear correlation (2) between
DCC and DTC values. The optimal values of the additional
parameters a and ¢ were calculated (a = 219 and a = 214 for
the European and global data sets, respectively; ¢ = -1 in
both cases). Rather high levels of the F/F (k,k,) ratio (2.24
and 4.12 for the European and global data sets, respectively)
show that the hypothesis (2) (or (3)) is supported by the
results of observations (Table 1) at the confidence level 0.1.
The best fitting lines can be written as follows:

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issn:| 2766-2276

2196
DCC=219+ W (6)
2126.7
DCC=214+ (DTC—1)°57 (7)

for the European and complete datasets, respectively.

The relationships (6) and (7) are shown in figure 4 by the
solid and dashed lines, respectively. It can be seen that the
daily number of cases rapidly decreases as the increase of the
tests per case ratio. Thus the increase of the tests per case
ratio can be recommended as an effective tool to stop the
COVID-19 pandemic. For example, very high testing levels
allowed one to control the epidemic completely, (e.g., Hong
Kong, Australia in 2020, see [1,3]).

The values of DDC and DDC/DCC do not show any visible
correlation with the testing rate DTC (see table 2, black and
red lines in figure 3). Since the numbers of deaths reflect
the ability of patients to resist the captured strain and the
level of medical care, DDC and DDC/DCC may be independent
from the number of tests performed to identify one infected
patient.

The presented statistical analysis has supported once
more the fact that the vaccination itself cannot stop the
COVID-19 pandemic. Vaccinated individuals can become
re-infected and are just as dangerous to others as those
who have not been vaccinated, [3,8]. Lifting of quarantine
restrictions for vaccinated people has increased the number
of infections (especially in highly vaccinated countries).
The estimated number of persons spreading the infection
in the whole world in mid-February 2022 can be around 8
million [16]. This huge value and rather small reduction of
the mortality rate DDC/DCC makes it necessary to restore
quarantine restrictions for both vaccinated and non-
vaccinated persons.

10

[+ Europe
| =—European dataset | -

Smoothed daily numbers of new cases

| © Other regions
|===Complete dataset

i N | i

Tests per case ratio

Figure 4 Non-linear correlations between smoothed daily numbers of new cases and tests per case ratio as of February 01, 2022.
Best fitting lines (2) are solid for European datasets and dashed for complete datasets. “Crosses” represent the European datasets, “circles”-figures for other

countries and regions available in table 1.
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Conclusion

Linear statistical analysis of the pandemic waves caused
by SARS-CoV-2 omicron (B.1.1.529) in European and some
other countries and regions (datasets corresponding to
February 01, 2022) revealed that the numbers of new daily
cases per capita DCC increase with the increase of the
percentage of fully vaccinated people and boosters. For the
percentage of fully vaccinated people this correlation was
supported even at the confidence level 0.01. This result can be
explained by removal of restrictions for vaccinated persons.

The mortality rates DDC/DCC demonstrate opposite
trend and much higher confidence levels (e.g., 0.001). Thus,
high levels of vaccinations and boosters significantly reduce
the likelihood of a death for an infected person. Linear and
non-linear regressions were used to find links between
the DCC values and the tests per case ratio DTC. The non-
linear dependences (6) and (7) were obtained at rather high
confidence level. They show the significant decrease of the
daily numbers of cases as the DTC values increase. Summing
up, it can be argued that the COVID-19 pandemic can be
controlled by restoring quarantine restrictions for both
vaccinated and non-vaccinated persons and by increasing
the tests per case ratio.
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