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ABSTRACT
This paper is split in two separate, yet essentially interrelated parts. In the PART II of this paper
we attempt to objectively assess the effect of the use of public health intervention measures, as a
tool to mitigation of the spread of SARS-CoV-2 virus. Our analyses are based on observed
epidemiological data submitted to the World Health Organization (WHO). We noted that the use
of strict non-pharmaceutical interventions (NPIs) was only one of two options at the beginning of
the world pandemic public health authorities had at their disposal in order to mitigate the spread
of the novel disease. Governments at large chose the implementation of severely restrictive
interventions. However, as the pandemic progressed our scientific knowledge base indicated that
COVID-19 was a predominantly mild disease. In addition, here we document quite early
establishment and progress of the global (herd) immunity throughout affected populations, which
the epidemiological data in all countries we looked at clearly indicated. The continuous
implementation of strict NPIs therefore became redundant and unnecessarily imposed enormous
social hardships and economic costs, which far exceeded their benefits. Moreover, with time it
became obvious that the use of lock downs, various social distancing measures and confinement
met with various degree of success falling short of expectations, yet their implementation widely
continued.
Using publicly available mortality data we also followed the temporal development throughout
the pandemic of the COVID-19 Infection Fatality Ratio (IFR) in number of selected countries. It
started up very high only during the first several months of the pandemic, then mortalities
commenced continuous consistent slide as the pandemic continued, in many countries dipping
towards and staying below 0.1%. The COVID-19 IFR observed in twenty two countries followed
up throughout 2021 averaged 0.17% (median 0.145%) and poorly correlated with incidence.

Due to the undeniable progress of natural herd immunity within all human populations
throughout the pandemic, and because of the inherent difficulty interpreting confounded
epidemiological data, without carefully designed relevant longitudinal studies we question the
generally accepted notion of effectiveness of COVID-19 vaccines. Much of the evidence in
support of vaccine effectiveness is blurred by the underlaying immunological history of, by now
substantial proportion of the population already exposed to the pathogen hence mounting its own
natural immune response. Using publicly accessible epidemiological and mortality data we found
little evidence to suggest that present vaccination efforts would be effective. However, our
analyses seem to suggest that population resilience to COVID-19 might be related to the intensity
of exposure of population in question to the pathogen regardless of current vaccination efforts.
In the PART I71 of the manuscript we present a concise overview of the SARS-CoV-2 virus
biology. Here we point out the two possible mammalian cell internalization pathways, explore
virus replication and the potential genetic and epigenetic predisposition of certain vulnerable
human population groups. We also discuss the virus transmission and the resulting broad range
of clinical outcomes particularly in relation to some described variants of the coronavirus.
After almost two years of the pandemic, in humans COVID-19 turned into a predominantly mild
disease with asymptomatic presentation in ~ 40% or more of the general population. In Canada
asymptomatic, mild symptomatic to moderate symptomatic presentations of the disease were
noted in 99.5% of the population. Only 0.5% of Canadians exposed to the coronavirus required
hospitalization.
The adaptive immunity to COVID-19 is reviewed. We point out that likely due to the robust
innate and cell-mediated immune response to the coronavirus in most patients re-infections by
the same strain of the virus are rare. If they do occur, they might be exhibited by an
asymptomatic or mild disease presentation. This may not be the case during exposures to a
different strain of the SARS-CoV-2 virus however. In addition, we noted that the level of
seropositivity at the population level might not be informative of a population immuno-protective
potential as it likely reflects only the instantaneous rate of infection incidence, which in mild
cases is associated with this virus relatively rapid clearance.

INTRODUCTION

The severe acute respiratory syndrome coronavirus 2, initially named novel coronavirus 2019
(2019-nCoV), was first reported in December of 2019 in Wuhan city of Hubei province in China.
Due to its peculiar biology resulting in its very high pandemic potential and today’s human
populations’ interconnectedness the virus has spread rapidly and uncontrollably throughout the
globe. The still ongoing pandemic has since been reported from over 200 countries, territories
and areas. By June 13, 2021 in its weekly epidemiology report World Health Organization
(WHO) documented total of 175 333 154 officially reported cases and 3 793 230 deaths
attributed to this respiratory disease.
The 2019-nCoV, (now SARS-CoV-2) virus belongs to enveloped β-coronaviruses exhibiting
genetic similarity to SARS-CoV virus, an agent causing SARS (Severe acute respiratory
syndrome) and MERS-CoV responsible for MERS (Middle eastern respiratory syndrome). All
three coronaviruses have previously been suggested to originate from bats and might have been
transferred to humans through an intermediate animal host 1,2,5. As opposed to previous human
respiratory disease pandemics however, since the beginning of the world COVID-19 emergency
SARS-CoV-2 virus has polarized societies and divided the scientific community itself. This is
likely due to the coronavirus peculiar etiology, which results in wide range of clinical disease
presentations ranging from predominantly asymptomatic and mild through moderate to severe
and even fatal outcomes. In addition, given that both SARS-CoV-2 and Influenza viruses have
demonstrated their ease of person-to-person transmission through the respiratory droplet route
with both diseases also sharing similar clinical presentation, including fever and respiratory
symptoms that range from mild forms such as cough, to severe lung infections, many tended
comparing COVID-19 to a trivial seasonal flu3. On the other hand, because of the agent’s
relatedness to SARS-CoV and MERS-CoV viruses, both severe pathogens with their
demonstrated case fatality ratios (CFR) of 9.6% and 34% respectively4, the WHO was prompted
to declare the coronavirus disease 2019 (COVID-19) a public health emergency of international
concern on January 30, 2020.

As the first COVID-19 cases began appearing in many places all around the world, most

respective countries responded swiftly. With no known safe and effective pharmaceutical
treatment available, no vaccine developed and with rapid escalation of the epidemic under way
leading to shortages of medical supplies, hospital beds and ICUs filling rapidly, following
China’s example most countries resorted to implementing strict public health measures in the
form of non-pharmaceutical interventions (NPIs) to control the spread of the disease. These
efforts however, often greatly politicized, were associated with unparalleled costs to societies, yet
met with various degrees of disease mitigation success. As the pandemic has dragged on, and in
many countries still with no end in sight, there is an urgent need to review COVID-19
epidemiological data based on population-level incidence, the spectrum of the disease, and the
proportion of the community with protective herd immunity to SARS-CoV-2 virus acquired so
far.

In order to address this need we present this paper in two separate, yet interrelated parts.
The PART I is a concise overview of SARS-CoV-2 virus biology, which offers comprehensive
background information for interpretation of data analysis presented here. In this PART II of the
paper, which is supported by analysis of observed epidemiological data we will attempt to
highlight some frequently unappreciated biological factors such as the role of the global (herd)
immunity in this pandemic mitigation process in addition to emphasizing more realistic aspects
of COVID-19 morbidity.

Public Health Intervention Measures

The initial implementation of non-pharmaceutical interventions (NPIs) in the spring of 2020 was
the only option the world community had at its disposal in order to respond to the deepening
COVID-19 public health crisis, which at the time appeared to be propagated by a severe
pathogen. The social distancing measures, as they were called, resulted in unprecedented widespread lock downs, the implementation of severe travel restrictions or in the international and
domestic travel being completely banned. Stay-at-home orders, limitations of gatherings,
curfews, closures of schools, businesses and halt of all non-essential services in many countries
was enforced. In addition in many countries wearing of personal protective equipment (PPE)

such as face masks anywhere outside one’s residence was recommended or enforced. In many
countries entire cities or communities were shut down and border control with symptom
screening conducted. For many travellers in numerous countries or provinces this was followed
by the requirement, once upon reaching their destination, of costly isolation and lengthy
quarantine regardless of presence or absence of COVID-19 symptoms. In China for example, the
sheer scale of cordon sanitaire across Hubei Province in the early 2020 was unprecedented. On
January 23, a series of major actions were taken by the Chinese government, shutting down entire
cities or communities, banning international or domestic travel, conducting border control with
symptom screening, and implementing mandatory isolation often times with a 28-day long
quarantine fully, or in part in designated health care facilities60,61,63. Following China’s example
by March 2020 similar drastic measures began to be implemented in other countries and areas
like Spain, northern Italy and throughout much of Europe.

In the early stages of the COVID-19 pandemic such measures did show some promise flattening
first wave incidence curves in the US, Canada (Fig.1), Czech Republic (Fig.12), UK26, just to
name a few. In the US, Ayanian JZ, (2020)66 reported that between March 19 and April 7, 2020,
42 states and the District of Columbia issued statewide public health measure orders. These
orders have included stay-at-home or shelter in place order, closure of nonessential businesses,
closure of public schools, and prohibition of large social gatherings.67 To promote physical
distancing, the state orders have been coupled with federal guidance for individuals to remain 6
feet or more apart and wear face coverings while outside their homes, as well as practising
consistent hand hygiene. In two bordering counties of 2 contiguous states - Illinois and Iowa Lyu
and Wehby (2020)68, compared cumulative cases of COVID-19 infections. Illinois implemented a
statewide stay-at-home order on March 21, whereas Iowa did not issue such order. During the
week prior to Illinois’ stay-at-home order, the bordering counties in Illinois and Iowa had similar
rates of COVID-19 infections. One month after the Illinois order was implemented, the Illinois
counties were estimated to have significantly fewer cases of COVID-19 than the adjoining
counties in Iowa.66,68. The investigators estimated that the Iowa counties with a population of
approximately 462000, without a stay-at-home order, after 1 month experienced up to 217 excess
of COVID-19 cases68.

In Wuhan, vigorous and multifaceted measures of containment, mitigation, and suppression were
temporally associated with improved control of the COVID-19 outbreak in that almost 12 million
city. Pan et al.63 suggest that this series of measures resulted in substantial reduction of incidence
where the daily confirmed case rate per million people increased from 2.0 before January 10, to
162.6 by the end of January when strict measures began to be implemented. The rate then
decreased to 77.9 between February 2 and 16 and to 17.2 after February 1664, and the Rt of the
epidemic declined to below 1 within weeks65. When Rt decreases below 1 for a given disease in a
given place, disease spread slows and the epidemic has the potential to be controlled in that area.

The choice of public health intervention measures is typically based on research and experience
gained in the 20th century Influenza pandemics. In the US, for example, earlier and more
sustained school closures and cancellations of public gatherings were associated with
significantly lower mortality during the 1918/1919 H1N1 Influenza Strain A pandemic69,70. It
must be pointed out however, that the much feared and in mainstream media in relation to
COVID-19 frequently publicised 1918/1919 Influenza pandemic was estimated to be associated
with substantially higher mortalities (IFR of 0.8%)72 across wide, primarily younger socially and
economically active age population spectrum73. On the other hand COVID-19 mortalities are
documented to be much lower, seriously affecting mostly much smaller proportion of vulnerable
primarily older individuals with comorbidities. In their early New Zealand modelling study
Wilson et al., (2020)72 with remarkable accuracy projected COVID-19 IFR to fall somewhere
between 0.17 and 0.29%. Indeed, twenty two selected countries between January 3 and October
3, 2021 reported data yielding a mean IFR estimate of ~0.17% (Table 1). In addition, morbidity
of some SARS-CoV-2 virus variants of concern (VOC) such as the feared British strain B.1.1.7
(Alpha) with its demonstrated increased morbidity and hospitalization rates for more diverse
younger patients did not increase the strain-induced COVID-19 infection fatality ratios over 0.3%
in Canada (Fig.5), Czech Republic (Fig.13) or in the UK (Fig.15).

As severe and complete, as the public health interventions during the first wave in many
countries were, after their relaxation COVID-19 positive cases still continued trickling in
throughout the summer. In Czech Republic, for example, after gradual reopening of the society in

Country

Mean IFR %

Min

Max

SD

Norway
Denmark
Netherlands
Finland
Sweden
UK
France
Belgium
Austria
Canada
Czech Republic
USA
Iran
Italy
Philippines
Germany
Spain
Brazil
Ukraine
Slovak Republic
Hungary
Poland

0.03
0.04
0.05
0.06
0.08
0.09
0.11
0.11
0.12
0.12
0.14
0.15
0.15
0.18
0.20
0.21
0.24
0.27
0.29
0.33
0.35
0.35

0
0
0.01
0
0
0.01
0.02
0.02
0
0.05
0
0.08
0.07
0.04
0.06
0.05
0.02
0.10
0.14
0.02
0.04
0.16

0.17
0.16
0.14
0.18
0.41
0.3
0.29
0.32
0.26
0.31
0.28
0.24
0.33
0.34
0.52
0.45
0.9
0.42
0.46
0.79
0.78
0.88

0.035
0.046
0.040
0.046
0.084
0.088
0.077
0.082
0.076
0.057
0.064
0.039
0.050
0.077
0.110
0.128
0.211
0.084
0.086
0.191
0.177
0.148

Mean IFR
Median IFR

0.167%
0.145%

0.04%
0.02%

0.41%
0.32%

:
:

Table 1 - The comparison of COVID-19 Infection Fatality Ratio (IFR) in 22 selected countries
between January 3, 2021 and October 3, 2021. The official weekly incidence and mortality
statistic submitted to WHO was compiled and used in the present analysis (see text for discussion
and methodology).

May of 2020 following very mild COVID-19 first wave, that country continued reporting on the
average 992 cases per week prior to the August 30, 2020 run up to a very high first peak of the
second wave (Fig.11,12). Therefore through the initial implementation of very strict health
intervention measures the SARS-CoV-2 virus from the Czech population was never eliminated.
Spain was another European country, which opted for the implementation of very intensive
public health intervention measures in the form of complete lock downs and severe restriction at

the great social and economic cost to its populace. The Spanish State of Emergency finally ended
on May 9, 2021, yet after 17 months of hardships in Spain SARS-CoV-2 virus continues to be
firmly established (Fig.16), the same holds for the UK (Fig.14). Similarly, during their
epidemiological assessment of the situation in Brazil, William Marciel de Souza et al., (2020)20
noted that the implementation of non-pharmaceutical interventions in that country offered only
mitigation at best, the sought suppression of the pandemic in Brazil using painful NPIs was never
accomplished. Finally, Since the pandemic debut in Wuhan, China has imposed very strict,
almost draconian measures on its citizens. Almost two years later China is still smoldering,
continuously coping with isolated outbreaks averaging around 150-300 or more cases per week,
which are likely to continue for many more years, if not decades to come. In reality, through the
almost two-year implementation of non-pharmaceutical interventions to mitigate COVID-19 little
was accomplished.
Discussing the biology of SARS-CoV-2 virus in the PART I of this paper71 we pointed out
notable peculiarities in this virus etiology. In particular, its predominantly asymptomatic and mild
symptomatic expression complicates the typical syndromic identification of cases, and in addition
to its pre-symptomatic and early symptomatic viral shedding confounds input variables for
routine modelling and interpretation of epidemiological data. This makes efficient
implementation of NPIs difficult31 or unrealistic. Hellewell et al. (2020)75 found that the
possibility of controlling COVID-19 through isolation and contact tracing decreased with
increasing proportion of transmission that occurred before symptom onset. The results of that
study were aligned with conclusions of Hao-Yuan Cheng, et al., (2020)31. In their study the
investigators suggested aggressive social distancing and proactive contact tracing might be
necessary to block the transmission chain of COVID-19. However, Nande et al. (2021)76 showed
that it is very difficult for interventions which only target transmission outside the house to
effectively control the COVID-19 outbreaks. This is because social distancing confines
individuals to their households without additional precautions. Unless these interventions reduce
the vast majority of contacts, ongoing transmission in households combined with occasional
spillover to other households means that the epidemic may continue to increase long after social
distancing begins. They also found that the relative contribution of household and external

contacts to transmission was a critical determinant of the overall outcome of social distancing
interventions, and that number of contacts alone was not very informative for predicting
intervention efficacy. They concluded that it is not possible to predict the effect of an intervention
that differentially affects household and external contacts by simply estimating the proportional
reduction in the total Rt.
The Costs of Interventions

The continuous drastic social distancing measures so heavily relied upon throughout the world
come at a cost however, very high cost. They are inevitably linked to economic destruction,
enormous stress and psychological traumas imposed on citizens through isolation resulting in
many forms of social disharmony, often even in increase of suicides in addition to resulting loss
of education opportunities for children and youth, and enormous hardships imposed on country's
population by reduction of access to, or even complete closure or elimination of essential
services. Unlike the obvious and frequently in mainstream media publicized numbers from the
hospital ICUs the silent hardships and suffering of vast majority of citizens in countries enforcing
such measures have largely gone unnoticed and unreported. The shattered lives, relationships,
livelihoods and artificially induced starvation of millions around the globe cannot possibly be
completely documented.

Based on lock down experiences that were recorded in response to previous epidemics, a
relatively recent review of the literature concluded that quarantine measures could have negative
psychological effects, including symptoms of posttraumatic stress, stress, anxiety, and
depression77. Marielle Wathelet et al. (2020)78 based on a large nationwide study found high
prevalence of self-reported suicidal thoughts and severe self-reported distress, depression,
anxiety, and stress among quarantined students in France. Wang et al (2020)79 found that students
in China were at a greater risk of stress, anxiety, and depression in response to the COVID-19
outbreak than older adults. The rates of mental health disorders among students in France
however, were consistent with preliminary data reported among the Chinese general population
during the initial stage of the COVID-19 epidemic79 indicating that this problem is not limited to

young people. Serious psychological distress was reported by 13.6% of US adults in April 2020
vs 3.9% in 201880. The reported prevalence of serious psychological distress among US adults
was 13.6% in April 2020 and 13% in July 2020. Persistent distress increases risk of psychiatric
disorders. High prevalence at both time points suggests that the pandemic’s longer-term
disruptions are important drivers of distress81.

Secondary consequences of social distancing may increase the risk of suicide. A substantial body
of evidence demonstrates that loneliness and social isolation present major risks for premature
mortality comparable with other risk factors. This includes excess deaths through surge in stressrelated diseases in addition to increased risk for premature mortality through suicides84. Variety
of economic, psychosocial, and health-associated risk factors may be involved, such as economic
stress, social isolation, decreased access to community and religious support in addition to
imposed barriers to mental health treatment82. Trauma and abuse are well-established risk factors
for suicide83. In Quebec, Canada suicide-prevention billboards were put up throughout the
Montreal subway system (Fig.18) during the past year of COVID-19 pandemic because of
increased risk of suicide attempts in that city’s public transit system. During COVID-19
pandemic stay-at-home orders have led to major concerns about increases in domestic violence83.
Indeed, by March 25, 2021 seven women had been murdered in seven month as a result of
domestic violence in the Canadian province of Quebec alone - a notable acceleration of domestic
violence from the pre-pandemic years likely due to confinement.

As if chronic stress and anxiety due to confinement were not enough, in addition the economic
impact due to the implementation of public health measures is severe. Pandemic-related job
losses especially in travel-related industry, sector traditionally employing migrant workers
supporting their families in poorer countries, means less money is being sent home. This
compounds already bleak situation in many countries of South America, and Asia. In the
Caribbeans where entire island communities relied on tourism for sustenance situation is
catastrophic. Acute hunger was expected to affect 270 million people worldwide by the end of
2020, an 82% increase since the coronavirus disease 2019 pandemic began, according to the
United Nations World Food Programme (WFP)85.

At the beginning of the pandemic apparently WHO was aware of this, and in its Epidemiology
Report #50, appropriately cautioned the governments against taking disproportionate measures as
part of their non-pharmaceutical interventions:

"WHO reiterates that measures that restrict the movement of people during this outbreak should
be proportionate to the public health risk, short in duration and reviewed regularly as more
information about the virus, the disease epidemiology and clinical characteristics becomes
available."

The initial stand of WHO was in accordance with International Health Regulations (IHR)
proscribing unnecessary interference with international travel and trade, while also requiring
respect for the human rights of travellers. States must impose the “least restrictive” measures
necessary to safeguard public health86. In addition, as Gostin and Wiley (2020)87 pointed out
physical distancing raises profound questions of culture, faith, and family. Coming together
affords comfort during times of crisis. At the same time, physical distancing affects rights,
including liberty, privacy, and freedoms of speech, religion, and assembly. How are the
fundamental values of health and human rights balanced in times of crisis? 87 They asked.

As the COVID-19 pandemic progressed through the first wave, with time it became clear that
SARS-CoV-2 virus was not so severe pathogen as initially feared. Nevertheless despite of the
clear recognition by the scientific community that in 80-91%37,38 of the population COVID-19
produces only mild or asymptomatic courses, in reality severe restrictions on citizenry all around
the world continued being enforced. In Canada for example, according to the Public Health
Agency of Canada, by January 23, 2021 Canada recorded cumulative 743058 confirmed positive
cases of which only 39819 (5.3%), required hospitalization. In other words, total of 94.7% of
official COVID-19 cases in Canada were mild or asymptomatic. This however does not include
the estimated ten times more individuals (i.e.~7430500 of Canadians) who were by January 23,
2021 exposed to the virus yet because of mild or asymptomatic course of their COVID-19, or
thinking it was just another seasonal flu chose not to be tested. It follows that in Canada only

about 0.5% of COVID-19 infected individuals required hospitalization and 99.5% of Canadians
exposed to the coronavirus passed through the COVID-19 disease either completely
asymptomatic or with predominantly mild symptoms. Canadians showing moderate symptoms
still successfully recovered from their disease at home with no extra burden to the Canadian
medical system. At the same time however, this same large number of coronavirus-exposed
individuals played an exceedingly important role in the formation of nations' global (herd)
immunity. Through their exposure to the disease they began mounting their own immune
response to the SARS-CoV-2 virus.

Progress of Herd Immunity Throughout the Pandemic

Since the beginning of COVID-19 health crisis in numerous publications function of the global
(herd) immunity in relation to this novel respiratory disease was surmised. Few attributed any
major significance to it however. It is our understanding that initially even some countries like
UK and Sweden contemplated incorporating the attainment of herd immunity by their nations
into their national strategy to combat the epidemic. UK soon abandoned this approach in favour
of reliance on strong interventions such as severe restrictions and lock downs. Sweden remained
one of few countries successfully balancing public health with individual rights safeguarding the
fundamental values of health, human rights and dignity of its citizens thus minimizing damages
described above.

From the collection of national COVID-19 incidence data submitted to WHO the effect of
attained herd immunity in individual countries did not become evident until well into the second
wave of the epidemic. Of the several selected countries we looked at in this publication Czech
Republic (Czechia) together with Slovakia were the first countries whose epidemiological data
clearly demonstrated the effect of herd immunity in this pandemic. Both countries experienced
significant sharp peak of incidence on November 1st, 2020 (Fig.11,12), which was then followed
by a steep drop as the virus began hitting more and more individuals already immune to the strain
driving this first peak. Clearly, there was no “flattening” of the curve due to the implementation
of strict NPIs predicted by standard SEIR modelling. Interestingly, in Czech Republic and

Slovakia the run up of the second wave for unknown reasons was observed to be very steep
(Fig.11), and just as steep as the infection cycle became so was the Czech and Slovak
populations’ natural immune response to it.

In other countries natural population immune response to SARS-CoV-2 virus soon followed, in
Spain on November 8th, 2020 (Fig.16), in Sweden on December 20/January 10th, 2021 (Fig.6,9),
in the USA (Fig.1,2), and Canada (Fig.1,4) on January 10th, 2021, in Germany (Fig.6,7) on
December 20/January 10th, 2021 and in the UK (Fig.14) on January 10th, 2021. Importantly, in all
these countries sharp increases in COVID-19 confirmed cases at the end of the 2020 and the
beginning of 2021 were followed by sharp incidence declines not predicted by SEIR modelling.
In addition, few increases and crashes in COVID-19 incidence correlated with the
implementation of NPIs. Finally, all initial sharp declines of incidence occurred prior to any
initiation of government mass vaccination program, or in case of the January 10, 2021 incidence
crashes prior to any significant vaccination coverage (see below).

The evolution of COVID-19 epidemiology in Czech Republic is remarkable for two other
reasons. First, in Tilia Laboratories we have sequenced by Next Generation Sequencing (NGS) a
representative sample of positive cases from each of the three peaks of the second Czech
incidence wave. Our sequencing data confirmed that each of the three distinct peaks was driven
by a genetically different strain of SARS-CoV-2 virus. This in turn suggests the biological
mechanism of herd immunity formation within the Czech population in relation to the SARSCoV-2 virus. We propose specifically in the relation to the SARS-CoV-2 virus that the
acquisition of natural herd immunity in a population to one variant of the virus may not confer
resistance to other genetically distinct strains of the same virus. However, a continuous exposure
of a population to additional strains of the virus might lead to continuous evolution and
refinement of adaptive immunity within majority of individuals so that in the end during active
infection it forms sufficiently diverse clonal pool of memory CD4+/CD8+ T-cells and B-cells
together with IgG producing plasma cells for the organism to become completely protected
against more and more diverse strains of the pathogen. Such robustness of immune response
against COVID-19 can never be achieved by artificial vaccine alone because its neutralizing

antibody is developed against a single epitope (viral spike protein domain, for example) or in
case of polyclonal antibody vaccine to a limited number of epitopes. Achieving sufficiently
diverse set of polyclonal antibodies and polyclonaly diverse pool of activated CD4+/CD8+ Tcells is only possible through natural herd immunity and might be key in combatting the SARSCoV-2 virus, which was documented to be exploiting multiple internalization pathways8. This
appears to be clearly reflected in the pattern of the Czech COVID-19 second wave epidemiology
profile. In case of humoral response, there is no need for all IgG antibodies to be neutralizing. A
large naturally formed clonal pool of differentiated B-cell plasmablasts likely is a mixture of
neutralizing and non-neutralizing antibody producing cells. With each additional exposure to
different strain(s) of SARS-CoV-2 virus the natural diversity of produced neutralizing and nonneutralizing immunoglobulins increases and so does the capacity of an organism for semipermanent or possibly permanent resistance formation (Fig.11).

The second interesting observation gained from the Czech COVID-19 epidemiology stems from
its unusually elevated incidence profile (Table 2). Despite the implementation of very strong
NPIs by the Czech government throughout the entire second wave between September 2020 and
June 2021, after normalizing the raw incidence data in order to bring them to a common baseline
(see Fig.1, Table 2 for methodology), the comparison of Czech incidence with Sweden shows ~
29-fold higher Czech incidence over similarly populated Sweden. While we cannot explain the
reasons for this, the substantially higher incidence of COVID-19 cases in Czech Republic
apparently led to more intense exposure of the Czech population to SARS-CoV-2 virus. By July
2021 156% of Czech population (i.e. 56% of the population must have been exposed at least
twice) was exposed to multiple strains of the pathogen and likely began mounting its diversified
immune response to multiple strains of the coronavirus. It might be still too early arriving at any
conclusions at this time, but at the time of writing this paper it appeared that by July 2021 the
Czech population might have substantially approached its semi-permanent or permanent immune
protection through its herd immunity. This is in contrast to neighbouring Slovak Republic where
only 70% of its population was exposed to the coronavirus and began mounting its delayed
immune response. Despite similar epidemiological profiles both countries shared till July 2021
this appears to be evidenced by subsequent division and reversal in the evolution of Czech and

Slovak COVID-19 epidemiology profiles on September 5, 2021 (Fig.11).

Relative Incidence Magnitude
Mean Peak height

Relative Magnitude # of Peaks

Czech Republic

0.04027

503.4

3

UK

0.00183

22.9

2

Sweden

0.00139

17.4

3

Germany

0.00053

6.6

2

Spain

0.00047

5.9

2

USA

0.00008

1.0

1

Canada

0.00008

1.0

2

Table 2 - The second COVID-19 wave (September 2020 - June 2021) average incidence peak
magnitude comparison. The Mean Peak Height is expressed as the number of infections / 100000
of population / Km2. The raw number of cases is spread over territory with epidemiologically
significant population density. Hence sparsely settled areas of Canada, Sweden, UK and
continental USA are excluded. Only surface area of continental USA, and continental Spanish
territory is considered.

Herd Immunity and Artificial Vaccinations

Since the beginning of the world health crisis many hopes were placed on the development and
administration of vaccines, so much so that number of countries states and provinces rapidly implemented
the use of “vaccine passports”. This confidence in artificial vaccination programs in relation to SARSCoV-2 virus is surprising however, since due to the peculiar biology of this pathogen the use of vaccines
is wrought with risks and uncertainties. Apart from numerous anticipated side effects of vaccines, which
might be experienced by some individuals, the most obvious challenge a vaccination program might
encounter is due to the well known SARS-CoV-2 virus rate of mutagenesis. The second, frequently
overlooked, uncertainty stems from the administration of vaccine to individuals who have already
unknowingly mounted their natural immune response due to prior exposure to the pathogen. Typically

vaccines are developed for disease prevention, and thus tested on naïve subjects. Vaccines are not
intended to be administered to already exposed and naturally immunized individuals. Rarely have they
been deployed at such a grand scale in the face of expanding epidemic where much of the target
population have already been exposed to the pathogen and began forming its own immune response to
it, as it is the case with the SARS-CoV-2 coronavirus.

The Canadian vaccination program began on December 14, 2020. By December 27, 2020 ~5393000
Canadians have already been exposed to COVID-19 infection however. Substantially delayed by the
Canadian NPIs, through the exposure to the pathogen circulating within the general population by August
1, 2021 in Canada ~14290000 individuals have already begun forming their natural immune response to
COVID-19. It is logical, and has been widely documented that most of exposures to SARS-CoV-2 virus
primarily occur in dense urban centres20,63. Yet, it is the residents of these large cities, already mostly
naturally immunized through prior exposure, that are being encouraged, sometimes by the threat of
implementation of “vaccine passports” coerced to undergo additional artificial vaccination. This way
the Canadian vaccination program has largely focussed primarily on immune individuals within its cities.

With the administration of vaccine to individuals who have already mounted their adaptive immune
response to a pathogen through their previous exposure the possibility of antibody cross-binding and
antigen competition is real88. Outcomes of such interactions at the molecular level were not clinically
tested and are difficult to predict especially at such high virus mutation levels as we experience with
SARS-CoV-2. In addition, as we know, in vast majority of asymptomatic and mild symptomatic COVID19 outcomes recovery and virus neutralization might be accomplished without the formation of
neutralizing antibodies likely due to extensive involvement of naturally robust innate and cell-mediated
immune response71. The potential interference of vaccine-produced monoclonal antibodies with T-Cell
Receptors (TCRs) on surface of activated CD4+/CD8+ T-cells, Dendritic Cells (DC) and other Antigen
Presenting Cells (APC) have never been evaluated.

In Canada with its population of 38 million inhabitants, between December 14, 2020 and July 3, 2021,
there were 18.4 million partial vaccinations and 5.5 million full vaccinations carried out89. During this
period there were 551243 COVID-19 positive cases involving unvaccinated individuals, 27461 cases of

SARS-CoV-2 infections, which occurred to individuals receiving one single dose of vaccine and 2811
individuals were infected after receiving both vaccine doses (Table 3)89. It follows that full vaccination
with two doses of vaccine might not protect against SARS-CoV-2 virus infection. The interpretation of

Unvaccinated Single dose

Two doses

No. of confirmed cases

551243

27461

2811

No. of hospitalizations

27763

2280

217

No. of fatalities

5836

543

82

5%

8.3%

7.7%

1.06%

1.97%

2.91%

Proportion hospitalized
Proportion dying

Table 3 - Numbers of Canadian COVID-19 cases for unvaccinated, vaccinated with a single dose, and
fully vaccinated with two doses between December 14, 2020 and July 3, 2021. Also notice that
vaccination program in Canada predisposed individuals to more severe outcomes.
Data: Public Health Agency of Canada89

number of infections for vaccinated cases must be made with caution however. All 551243 of infected
unvaccinated individuals were at risk of infection throughout the entire period between December 14,
2020 and July 3, 2021. Not so for vaccinated individuals since they received their vaccination sometimes
between these two dates, hence the risk of exposure to SARS-CoV-2 virus for vaccinated individuals was
much shorter. It follows that the numbers of fully vaccinated, yet not protected and infected individuals
are much higher than officially reported. Moreover, as stated above, in Canada vaccination program
focuses on very high proportion of individuals already immunized through prior exposure to the virus.
It is difficult to separate the already naturally immunized, subsequently vaccinated individuals from the
vaccinated naïve subjects. Hence potentially this increases the number of failed vaccinations even further.

Misinterpretation of confounded epidemiological data by country’s health authority in relation to mass
vaccination program is not unique to Canada. For example, Athalia Christie et al. (2021)97 in their US
Morbidity and Mortality Weekly Report compared COVID-19 case incidence, hospital emergency
department visits, hospital admissions and deaths by age group during November 29 - December 12, 2020

(pre-vaccine) period with the same between April 18 - May 1, 2021 (vaccine) period for age stratified
sample of COVID-19 patients. The investigators concluded that comparing the 2-week pre-vaccination
period with 2 weeks in late April, declines in ratio for the four variables mentioned above for older (> 65
years) patients to younger (18-49 years) patients were significantly greater among older adults, who had
higher vaccination coverage, than among younger adults, who had lower coverage.

There are at least two serious problems with the interpretation of these observations however. First, the
choice of this age stratified patient sample intuitively suggests that comparison of much younger, socially
and economically active group of patients just after reopening of the society following several months of
restrictive health intervention measures will inevitably predispose the younger group to greater risks of
secondary attack through increased activity and exposure as opposed to much older, largely sedentary
seniors. Second, an interpretation of dropping incidence together with the other three variables in wake
of crashing January 10, 2021 incidence peak, which occurred in numerous other countries concurrently
despite differing vaccination efforts (and as we suggest in this paper, primarily due to the exposure of
large segment of the US population to the pathogen rendering majority of Americans by January 10, 2021
resistant to the prevalent strain through mounting of their own natural immune response) renders any link
to vaccination effort questionable. The development of the prevalent COVID-19 epidemiological profile
in North America throughout the pandemic (Fig.1) might clarify this situation better. Both countries in
parallel engaged in similarly intensive vaccination efforts, yet Canada has experienced a significant run
up to the second incidence peak of the second wave driven by the British strain (B.1.1.7) “Alpha” by April
18, 2021. The US peak was much reduced. While the vaccination efforts in both countries were similar,
by April 18, 2021 the US population has approached 95% natural population exposure to the pathogen
as opposed to only 30% exposure for Canadians. Lastly, not least importantly, neither of the US and
Canadian intensive vaccination efforts was able to prevent the third incidence wave in August of 2021.
The development of present epidemiological situation in the UK (Fig.14), a country engaged in one of
the most intensive vaccination efforts in Europe, adds even more uncertainty to the vaccination issue. It
follows that without additional well designed comprehensive studies, the present epidemiological
evidence does not support the notion of effectiveness of COVID-19 vaccination efforts.

Herd Immunity and the IFR

True severity of a disease can be described by its Infection Fatality Ratio (IFR). It estimates the proportion
of deaths caused by the disease among all infected individuals. In situations where not all infections can
be accounted for, such as in the case of COVID-19, which is characterized by very high proportions of
asymptomatic and very mild disease presentations, a surrogate measure - Case Fatality Ratio (CFR) is
frequently used instead. Case fatality ratio (CFR) is defined as the proportion of individuals diagnosed
with a disease who die from that disease. It is therefore a measure of severity among detected cases90. CFR
cannot be assumed to reflect the true severity of COVID-19 disease however.

The COVID-19 incidence reported to WHO by individual countries' health authorities, as well as the
Canadian weekly reports referred to here, are based on officially reported cases only, thus substantial
proportion of the extent of the pandemic remains hidden and underestimated due to unreported
asymptomatic and mild cases. In order to convert Case Fatality Ratio (CFR) to Infection Fatality Ratio
(IFR) in our paper a multiplication factor of 10 is used. Factor of 10 is a conservative estimate derived
from numerous cross-sectional and serological studies and well approximates the true extent of the
epidemic within general population encompassing asymptomatic fraction of COVID-19 cases46,52,53,74.

The IFR calculations in this paper are based on the assumption that today's resulting COVID-19 fatality
is an outcome of a diagnosis reported three to four weeks earlier26,76, therefore to establish instantaneous
infection fatality ratio the following IFR model was used:

f(t)
FIFR =

x 100
(C(-28) + C(-21))/2 x 10

Where:
FIFR = this week’s Infection Fatality Ratio %
f(t) = number of new COVID-19 fatalities recorded in the past week
C(-28) = number of new cases recorded 28 days ago
C(-21) = number of new cases recorded 21 days ago
10 = asymptomatic / mild outcome multiplication constant

In scientific literature numerous approaches to calculation of IFR were noted. They were primarily based
on surveillance modelling of reported cases72,91,94,95, serological surveys92 or to a lesser extent on crosssectional population surveys24. Often the IFR estimates were marked with high variance ranging from
0.1% to 1.0%93. Besides the heterogeneity of population age structure encountered in these studies, like
SEIR modelling, many surveys based on reported cases and serological surveys may have been
confounded. Great degree of uncertainty exists due to underestimation of number of asymptomatic cases,
which in many populations were documented to reach as much as 50-85% of the COVID-19 cases26,71.
The extent of the pandemic was thus greatly underestimated, while its severity overestimated to yield
meaningful IFR estimates. Serological surveys are prone to similar degree of uncertainty since large
proportion of asymptomatic individuals recover without developing detectable antibody titers in addition
to frequent sampling bias of sub-sampled populations not being representative of the general population.
This initially might have led to overestimation of IFR in some general populations, for example in France
(IFR of 0.5-0.7%)95, in China (IFR of 0.66%)94. In addition, most of such IFR estimates attempted during
the initial stages of the pandemic were likely affected by increased COVID-19 mortalities due to initial
unfamiliarity with the disease leading to mis-diagnosis and/or subsequent mishandling of severe cases
within clinical settings (see below). It follows that initial COVID-19 severity estimates were much higher
than the pandemic mean, since the COVID-19 IFR did not remain constant throughout the development
of the pandemic and continued dropping with time.

In this paper, using a simple analysis of officially reported to WHO epidemiological data by seven
countries we document the general trend of IFR evolution throughout the pandemic. We assumed
improvement of the reliability of reported incidence to WHO by mid-March 2020 together with an
improvement of the reporting of COVID-19-related mortalities by the beginning of April 2020 yielding
consistent reliable epidemiological data suitable for our purpose. Two countries, Spain and UK were still
making some corrections to their reported data submission at a later date. We therefore omitted analysis
of Spanish data prior to June 28, 2020, and British data prior to August 23, 2020.

USA, Canada, Germany, Sweden, Czech Republic, UK and Spain show very similar pattern in their IFR
development throughout the pandemic. It generally can be separated into three distinct periods:

1) Excessive mortalities resulting from the initial exposure of naïve, vulnerable population to the
pathogen. The severity of COVID-19 in the early weeks of the first wave is documented for five countries
in their respective epidemiology profiles (Fig.2,4,7,9 and 12). Since April 5, 2020 notice in the US
(Fig.2), Canada (Fig.4), Germany (Fig.7), Sweden (Fig.9) and Czechia (Fig.12) the initial COVID-19
fatalities were excessive (blue dots). In the UK and Spain the pattern would have been similar, however,
due to the unreliability of initially reported incidence and/or mortalities in these two countries the data
were omitted from our analyses. In addition to mis-diagnosis, mishandling of severe cases and shortage
of crucial medical supplies and equipment during the first wave of the epidemic, the delays in hospital
admissions and overwhelming of the medical system are likely causes of these initially very high fatality
ratios. Furthermore, initial under reporting of cases within the first weeks of the health emergency have
diminished the denominator in our model resulting in artificially inflated IFR. Hence the IFR estimates
in this region of the graph (blue dots) are pictured for illustration purposes only and by no means represent
the actual morbidity of COVID-19.

2) Summer IFR bottoms out - during the second phase of the epidemic at the end of the first wave, in
most countries we examined with the exception of the USA, the COVID-19-related fatalities generally
showed bottoming trend in the summer of 2020 (Fig.4,7,9 and 12). In the autumn of 2020 this was
followed by a turn around with increasing COVID-19 mortalities during the run up to the first peak of the
second wave (red dots). During this period apparently still primarily vulnerable population only slowly
continued mounting its global immune response to SARS-CoV-2 virus through exposure to the pathogen.
In the US, likely due to super-spreading mass protests following the murder of George Floyd on May 25,
2020 since the summer the IFR trajectory remained more or less constant throughout the epidemic with
a slight continuous dropping trend (Fig.2,3).

3) Consistent continuous drop in IFR - in most of the seven countries past the first incidence peak of
the second wave the second wave IFR trailing edge became apparent (orange dots in Fig.5,8,10 and 13).
It was characterized by a continuous steady drop in IFR. Apparently the explosive incidence run up to the
first peak of the second wave resulted in equally robust population immune response. As the coronavirus
began hitting more and more resistant individuals within the respective populations, the increasing
population resilience was accompanied with a steep incidence decline (crash). The IFR began following

this decline commencing consistent continuous drop despite some subsequent occasional COVID-19
incidence increases. The steady progression of COVID-19 fatality ratio decline throughout the pandemic
in all countries we looked at lends support to the notion of advancing herd immunity within populations.

For unknown reasons in Spain the pattern of dropping IFR was delayed well until April 2021 (Fig.16,17)
Canada has experienced some up tick in IFR after June 23, 2021 (Fig.5). This is quite unusual since the
increase in the Canadian IFR was not matched by any corresponding increase in the COVID-19 incidence.
The same was true for the German IFR (Fig.8). This mysterious June irregularity in IFR was also
exhibited in the US (Fig.2,3), Sweden (Fig.9) and in Czech Republic (Fig.12,13) as a consistent increase
of IFR data scatter at times of low incidence. Unlike in Sweden, which otherwise exhibited strikingly
similar COVID-19 incidence pattern with Germany (Fig.6), in Germany the onset of dropping IFR past
the first peak of the second wave was substantially delayed. In addition, despite much lower magnitude
of the COVID-19 incidence in Germany (Table 2), we also see substantially elevated German infection
fatality ratios in comparison with Sweden (Fig.8). There might be several explanations for this, such as
much higher German population density, older population age structure, and/or different handling of cases
at the clinical level (higher propensity for intubation for critically ill patients in German hospitals, for
example).

Conclusions

To our knowledge this is the first publication, which using publicly available epidemiological data
attempts to document the role of the natural global (herd) immunity in the mitigation of the COVID-19
pandemic. Our analysis of epidemiological data from eight selected countries suggests that the first signs
of herd immunity were discernible as early as November, 2020 and that its progress towards achieving
broad population resilience against COVID-19 might depend on the magnitude of natural population
exposure to different variants of the pathogen.

We also characterized the dynamic nature of SARS-CoV-2 virus infection fatality ratio (IFR) since the
beginning of the health emergency. Using a relatively simple model and epidemiological data reported
by 22 countries we confirmed the SARS-CoV-2 virus infection fatality ratio to be ~0.17% (Median IFR

~ 0.145%) for majority of the general population during the last seven months of the pandemic (Table
1). This value is well aligned with conclusions of other IFR modeling72,91, as well as serological studies92.

From the overwhelming biological and epidemiological evidence we have examined in both parts of this
publication, it became evident that COVID-19 is a mild disease for vast majority of human population71.
For the minor segment of vulnerable population with comorbidities (~0.5%) who are at risk of developing
serious, severe or critical disease manifestations resulting in respiratory failure, septic shock, or multiple
organ dysfunction, failure and death it is a preventable disease since in most cases these vulnerable
individuals are easily identifiable and can easily be separated from the non-vulnerable majority.

At the beginning of the world COVID-19 health emergency in the spring of 2020 it was difficult to
ascertain the true morbidity of this pathogen and the reliance on non-pharmaceutical interventions was
logically the only option the world community had to mitigate the disease. Within a short span of time,
however, our knowledge base substantially expanded and it became evident that SARS-CoV-2 was a
predominantly mild pathogen. It became everybody’s personal experience that the lack of political will
often fueled by sensation-hungry mainstream media campaigns prevented this recognition. Reliance on
confounded modeling and ineffective severely damaging strict social distancing measures continued to
the detriment of humanity. With time, plethora of scientific literature pointed out the shortcomings of such
approach and highlighted the need for the use of randomized design cross-sectional and longitudinal
epidemiological studies and the use of multiplication factors in order to improve our understanding of
SARS-CoV-2 virus epidemiology and to determine the true extent of the pandemic. These rigorous and
promising scientific approaches, despite their utility were rarely attempted.
In October article published in JAMA,Cutler and Summers (2020)96 discussed the economic costs of the
coronavirus in their appropriately titled contribution, “The COVID-19 Pandemic and the $16 Trillion
Virus”. Now we would like to close our two-part review paper with a question: was the COVID-19 public
health emergency the result of a $16 trillion virus, or a $16 trillion response to a predominantly mild
respiratory disease?

FIGURES

Figure 1 - The evolution of COVID-19 epidemiology in North America between March 1st 2020 and
August 15th 2021 expressed as the weekly number of confirmed cases per 100000 per Km2. In Canada
and in the continental USA only the surface area with population density > 10 individuals per Km2 was
considered in the analysis. This highlights the epidemiologically significant population density in each
country bringing both populations to the same baseline making direct comparison and superimposition
of epidemiologically significant data possible. Notice in particular the similarity of the incidence profiles
in both countries clearly indicating the SARS-CoV-2 virus behaving as one single panmictic population
unit throughout the entire North-American continent. This apparent congruence ended on February 21,
2021 when marked separation in both curves occurred likely due to differences in level of attained herd
immunity in the US and Canadian populations. By April 18, 2021 95% of Americans had been exposed
to the coronavirus and began mounting their immune response to it as opposed to only 30% of Canadians.
Data: WHO weekly epidemiology reports

Figure 2 - The number of weekly reported new cases in the USA between March 22, 2020 and October
3, 2021 plotted together with superimposed evolution of the Infection Fatality Ratio (IFR) throughout the
COVID-19 epidemic. At the beginning of the pandemic unprepared and initially overwhelmed US
medical system exhibited very high COVID-19 mortality rates (blue dots). The 20.9% IFR on March 22,
2020 commenced consistent and continuous slide throughout the first wave however, finally stabilizing
at a summer and second wave equilibrium (red dots). Mortalities of 0.2% were reached sometimes around
July 12, 2020. Since then the IFR continued its slide as the US epidemic progressed exhibiting only minor
fluctuations following prevalent incidence rates (see Fig. 3). By October 3, 2021 already ~130% of the
US population had been exposed to the pathogen (excluding vaccinations) and began mounting its natural
immune response to a number of SARS-CoV-2 variants.

Figure 3 - Despite Black Lives Matter organised mass protests which resulted in super-spreading events
and increases in COVID-19 incidence across the US, the summer and second wave mortality remained
relatively stable. It fluctuated mostly below 0.2% throughout the rest of the pandemic. Interestingly, we
see a substantial increase in COVID-19 mortality scatter as the US vaccination program began at the end
of December 2020. In other countries some IFR scatter was seen to be associated with relaxation of NPIs
(Fig.12), however the magnitude of the mortality scatter seen in the US appears to be unique among all
countries we looked at.

Figure 4 - The COVID-19 incidence in Canada expressed as the number of weekly reported cases
between March 22, 2020 and October 3, 2021 (gray bars). Data is plotted together with superimposed
evolution of the IFR for the same period (blue, red and orange dots). The Canadian IFR was estimated
to be 5.58% on March 22, 2020 subsequently dropping to the Canadian summer and second wave
equilibrium of 0.19% on July 26, 2020. It then remained fluctuating around 0.2% for the remainder of the
pandemic. By October 3, 2021 ~43% of Canadians were already exposed to the SARS-CoV-2 virus and
began mounting their own natural immune response to it.

Figure 5 - This graph represents the progression of the Canadian IFR in the summer and 2nd wave,
between July19, 2020 and January 10, 2021 (red dots) and then throughout the continuation of the 2nd
wave, between January 17, 2021 and August 15, 2021 (orange dots). It ends in the third wave by October
3, 2021 (orange dots). Together with the US and Canadian incidence the Canadian IFR commenced
sustained drop in January of 2021 (orange dots). The COVID-19-linked fatalities falling trend was
maintained despite pronounced second incidence peak driven by the strain “Alpha” (B.1.1.7) at the end
of April 2021. The consistent rise in IFR in June/July 2021 is unexpected, as it is not matched by any
increase in incidence. It might be linked to the Canadian vaccination efforts (see Table 3 and text for
discussion).

Figure 6 - Two European countries with, for unknown reasons, strikingly similar evolution of COVID-19
epidemiology were Sweden and Germany. For direct comparison the raw reported epidemiological data
is expressed as the weekly number of cases per 100000 of population per Km2 of epidemiologically
significant population density. Only the second wave of the epidemic with its distinctive peaks and valleys
between August 2, 2020 and August 15, 2021 is imaged here.
Data: WHO weekly epidemiology reports.

Figure 7 - The evolution of COVID-19 pandemic in Germany between March 22, 2020 and October 03,
2021. Raw data of weekly reported new cases (gray bars) is plotted together with the log-transformed
course of the German Infection Fatality Ratio (IFR) (blue, red and orange dots). Germany experienced
very high IFR fluctuations throughout the pandemic despite the implementation of very strict nonpharmaceutical interventions possibly due to high strain on its medical system. Similar profile could also
be expected in countries with aging population structure, or engaging in particular clinical practices such
as intubation of critically ill patients. Germany shares with Canada the mysterious rise in mortalities
throughout the summer of 2021 (Fig. 5). This rise in fatalities coincides with low COVID-19 incidence
prior to the onset of the third incidence wave. Due to very strict public health intervention measures
implemented in Germany, by October 3, 2021 only ~ 51% of Germans were exposed to the pathogen and
began mounting their natural immune response to it.

Figure 8 - The course of the German COVID-19 IFR during the summer, second and third incidence
wave of the pandemic between July 5, 2020 and December 20, 2020 (red dots) and December 27, 2020
and October 3, 2021 (orange dots). In Germany the COVID-19 induced mortality tends to follow more
closely the prevalent disease incidence. In this densely populated country this possibly might be due to
the strain on the country’s medical system, yet the IFR exhibits consistent drop throughout the epidemic
dipping below 0.1% during the third incidence wave in the autumn of 2021.

Figure 9 - The evolution of COVID-19 epidemiology in Sweden between March 22, 2020 and October
3, 2021. The total number of weekly reported cases (gray bars) is plotted together with the logtransformed corresponding IFR for the period (blue, red and orange dots). As more Swedes mounted their
herd immune response to COVID-19 throughout the epidemic, the Swedish IFR continues its slide
towards 0 regardless of reported case incidence increases. For unknown reasons this trend is broken in
the summer and autumn of 2021. The rise in COVID-19 fatalities over summer of low COVID-19
incidence is shared by a number of countries engaged in intensive vaccination efforts. On October 3, 2021
~115% of Swedes have already been exposed to the coronavirus and began mounting their natural
immune response.

Figure 10 - Swedish COVID-19 Infection Fatality Ratio during the summer, second and third wave of
the pandemic. While its course shows some similarity to the German profile, it remained quite low often
fluctuating much below 0.1%. Data represent the IFR during the summer and the beginning of 2nd wave,
July 5, 2020 to January 3, 2021 (red dots). This is followed by the 2nd wave trailing edge between the
January 10, 2021 peak and October 3, 2021 (orange dots). The mysterious up tick in mortalities in the
summer and autumn of 2021 is clearly seen in Sweden as well.

Figure 11 - Czech Republic (population 10.7 million) shares remarkable temporal similarity of its
COVID-19 epidemiology with neighbouring Slovakia (population 5.5 million). In order to bring the
epidemiology in both countries to the same baseline for comparison both graphs are expressed as the
weekly number of confirmed cases per 100000 per Km2. Notice the magnitude of peaks closely matching
the population size of both countries. By September 5, 2021 (arrow) ~157% of the Czech population and
only ~72% of Slovaks became exposed to the coronavirus and began mounting their natural immune
response to the pathogen. Apparently the Czech high exposure level to the virus was sufficient to
significantly enhance the population resilience to the disease as evidenced by the reversal of the Czech
and Slovak incidence lines during the run up to the third incidence wave on September 5, 2021.
Data: WHO weekly epidemiology reports.

Figure 12 - The COVID-19 evolution throughout the pandemic in Czech Republic between March 22,
2020 and October 3, 2021. The raw weekly incidence data (gray bars) is plotted together with
corresponding log-transformed Infection Fatality Rate (IFR) (blue, red and orange dots). Notice the
persistent second wave incidence fluctuations despite maintenance of strict social distancing measures
in that country. Moreover, the second wave fluctuations in incidence are matched by only minor IFR
profile changes. The COVID-19 IFR began consistent continuous slide after the first 2nd wave peak on
November 1, 2020 (orange dots), see also Fig.13. By October 3, 2021 over 158% of Czechs became
exposed to the virus and began mounting their own natural immune response to a number of SARS-CoV2 virus variants.

Figure 13 - The evolution of the COVID-19 infection fatality rate (IFR) in Czech Republic (Czechia).
The data covers period between Aug 30 and November 1, 2020 (red dots) and the remainder of the 2nd
wave and its trailing edge between November 1, 2020 and October 3, 2021 (orange dots). Like in Canada,
Germany and Sweden in CR we can also notice the temporary mysterious up tick in COVID-19
mortalities associated with summer 2021 low incidence.

Figure 14 - The COVID-19 incidence and its corresponding infection fatality ratio (IFR)development in
the United Kingdom during the second and third wave of the pandemic between August 23, 2020 and
October 3, 2021. In the UK the second wave January 10 peak was ascribed to the British SARS-CoV-2
variant B.1.1.7. Interestingly, the January 10 incidence peak was seen in numerous other countries (see
Fig. 2,4,12) not reporting this variant at the time. Despite the variant B.1.1.7. being associated with more
severe clinical presentations of the COVID-19 disease the UK IFR did not exceed 0.3% (Fig.15).
Notwithstanding the intensive British vaccination efforts, after easing of the harsh NPIs in June of 2021
Britons experienced a run up to substantial and persistent 3rd incidence wave of COVID-19 cases rasing
doubts about the effectiveness of global vaccination efforts. By October 3, 2021 approximately 115% of
the UK population has already been exposed to a number of SARS-CoV-2 virus variants and began
mounting their natural immune response to them.

Figure 15 - The course of the British COVID-19 infection fatality ratio (IFR) between August 23, 2020
and October 3, 2021. The UK IFR commenced a sustained drop right after the second wave January 10
peak and remained very low even after all social distancing measures were lifted and the third wave
peaked on July 25, 2021.

Figure 16 - The developments of COVID-19 pandemic in Spain between March 1, 2020 and October
3, 2021. Here weekly incidence of confirmed positive cases (gray bars) is plotted together with logtransformed changing profile of the COVID-19 characteristic infection fatality ratio (IFR) (red dots) in
that country. Despite the repeated use of lock downs and severe restrictions including an intensive
government vaccination program the SARS-CoV-2 virus was never eliminated from the Spanish
population and continues to remain established. By October 3, 2021 approximately 107% of the Spanish
population has already been exposed to the coronavirus and began forming its natural global immune
response to a number of circulating virus variants.

Figure 17 - The profile of Spanish COVID-19 infection fatality ratio (IFR) between June 28, 2020 and
October 3, 2021. The plot comprise only the period for which reliable data was available. Despite the
implementation of very strict non-pharmaceutical interventions at very high social and economic costs
to citizens by the Spanish authorities, at the beginning of 2021 Spain had recorded one of the highest
mortalities in Europe.

Figure 18 - The implementation strict social distancing measures and confinement resulted in very high
social costs including an increase in the risk of suicide. In Canada during the COVID-19 pandemic
billboards were put up by the Montreal Transit Commission (STM) in a suicide prevention effort likely
in order to mitigate the heightened risk of suicides taking place in that city’s transit system.
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