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Summary
At the end of December 2019, epidemic cases of pneumonia of unknown cause in Wuhan, China were re-

ported to the World Health Organization (WHO). A novel species of coronavirus was identified as the causa-
tive agent and named SARS coronavirus type 2 (SARS-CoV-2) because its genome sequence was found to be
similar to that of SARS coronavirus (SARS-CoV), which caused the outbreak of severe acute respiratory syn-
drome (SARS) from 2002 to 2003. The WHO has designated the official name of SARS-CoV-2 infection as
coronavirus disease 2019 (COVID-19) and declared it a pandemic on March 11, 2020. As of this writing
(March, 2022), there are about 480 million people who have been infected with SARS-CoV-2 and more than 6
million killed worldwide, and the pandemic is inflicting a huge negative impact on various aspects of human
life. Six species of coronavirus, which cause human diseases, had been identified before the outbreak of
COVID-19. Four of them cause the common cold, and the other two cause severe respiratory disease with
high case fatality rates. In this paper, the possible origins and phylogenetic properties of these human coro-
naviruses are summarized, and the future of the COVID-19 pandemic will be speculated based on the charac-
teristics of pre-existing human coronaviruses.
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Introduction

On December 1, 2019, a patient developed pneumo-
nia of unknown cause in Wuhan, China1). Since then,
similar cases had continued to increase in Wuhan1) and
were officially reported to the World Health Organiza-
tion (WHO) on December 312). Meanwhile, a Chinese re-
search group revealed by analyzing the specimens col-
lected from a patient on December 30 that the causa-
tive agent was a novel coronavirus (CoV)3). By January
10, 2020, the entire genome sequence of the virus was

determined and found to be similar to that of SARS-
CoV4), which caused the severe acute respiratory syn-
drome (SARS) from 2002 to 2003. As a result, the Inter-
national Committee on Taxonomy of Viruses (ICTV)
named the new virus as SARS-CoV type 2 (SARS-CoV-
2), and the WHO designated the official name of SARS-
CoV-2 infection as CoV disease 2019 (COVID-19), de-
claring it a pandemic on March 112). About two years
later, at the time of writing this article (March 2022),
the cumulative number of infected people in the world
is about 480 million, and the death toll is over 6 million.
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Table　1　Human pathogenic coronaviruses isolated and identified so far.

Genus Species
First 

identified in
Natural 
host

Intermediate host Disease

Alphacoronavirus Human coronavirus 229E 1966 Bats Camelids? Common cold
Human coronavirus NL63 2004 Bats Unidentified Common cold

Betacoronavirus Human coronavirus OC43 1967 Rodents Bovines Common cold
SARS coronavirus 2003 Bats Palm civets Severe acute respiratory 

syndrome (SARS)
Human coronavirus 

HKU1
2005 Rodents Unidentified Common cold, pneumonia

MERS coronavirus 2012 Bats Dromedary camels Middle East respiratory 
syndrome (MERS)

SARS coronavirus 2 2020 Bats Pangolins? Coronavirus disease 2019 
(COVID-19)

At the same time, Japan is amid the sixth wave of the
outbreak, and its enormous impact on social life and
the economy is continuing.

Prior to the outbreak of COVID-19, six species of
CoVs responsible for human diseases had been identi-
fied. In this article, I would like to outline the origin
and evolution of SARS-CoV-2 by comparing it with
those pre-2019 human CoVs (HCoVs) and speculate the
future of the COVID-19 pandemic.

Probable Zoonotic Origin of HCoVs Includ-
ing SARS-CoV-2

Official classification of viruses is determined by
ICTV based on molecular biological properties such as
the structure of virus particles and the similarity of
the nucleotide sequences of viral genomes. Viruses in
family Coronaviridae have a single-stranded RNA
genome in the nucleocapsid and the lipid bilayer enve-
lope on the surface, and are divided into two subfami-
lies, Letovirinae and Orthocoronavirinae. The latter in-
cludes more than 40 species of viruses that can infect
mammals and birds, and is further divided into four
genera; alpha, beta, gamma and delta. There are six
species of HCoVs isolated and identified before 2019
(Table 1), and two of them are classified as alphacoro-
navirus whereas the other four belong to betacoronavi-
rus. From the viewpoint of viral pathogenicity, four
species of HCoVs, 229E, OC43, NL63 and HKU1, mainly
cause common cold with benign prognosis whereas the
other two cause severe respiratory diseases with high
case fatality rates (CFRs). One of the highly pathogenic
HCoVs is SARS-CoV identified in 2003 as the cause of

SARS originated in Guangdong Province, China, in
2002. The other one is MERS-CoV identified in 2012 as
the cause of Middle East respiratory syndrome
(MERS), which originated in the Middle East region
centering on Saudi Arabia. It is generally understood
that those six HCoVs were generated by zoonotic
transmission of ancestral CoVs from the natural host
animals, such as bats and rodents, to humans either di-
rectly or through other animals (Table 1).

SARS-CoV-2, which causes COVID-19, was identified
in 2020 as the seventh pathogenic HCoV. Its genome
sequence was found to be 79.6% and 89.1% similar to
those of SARS-CoV and bat-derived SARS-like CoV
(SL-CoV), respectively3). In addition, a higher similarity
(96.1%) was found between SARS-CoV-2 and RaTG13
CoV isolated from a wild bat in Yunnan Province in
China5). More recently, it has been reported that the
genome sequences of the bat CoVs designated as BA-
NAL found in northern Laos are more similar to that
of SARS-CoV-2 than RaTG13 is. It was also shown that
the amino acids in the receptor binding site of the
spike (S) protein of BANAL CoVs are almost identical
to that of SARS-CoV-26). Moreover, it was experimen-
tally demonstrated that the S protein of a BANAL
CoV can facilitate the viral entry into human cells by
using the same receptor, ACE2, as SARS-CoV-26).
Therefore, it is strongly suggested that bats are in-
volved in the emergence of SARS-CoV-2 and that the
BANAL CoV may be the most closely related ances-
tor. Although additional studies are necessary, it is
very much likely that bats were involved in the emer-
gence of SARS-CoV-2.
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Mutation of Coronavirus Genome

The human genome is comprised of the chromoso-
mal double-stranded DNA. On the other hand, the nu-
cleic acids comprising viral genomes vary, i. e., DNA or
RNA, and single-stranded or double-stranded. The CoV
genome consists of a single-stranded RNA molecule
built up with approximately 30,000 bases, and its repli-
cation is catalyzed by RNA-dependent RNA polym-
erase (RdRp) whose gene is encoded in the viral
genome. Generally, genome replication of RNA viruses
is said to make more errors, or mutations, than that of
DNA viruses partly due to the low fidelity of RdRp.
Particularly, frequent mutations are anticipated in rep-
lication of CoV’s large genome and might negatively
affect virus propagation. To circumvent this problem,
CoV has evolved to make an enzyme called nsp14 that
contributes to correction of RdRp’s errors7). The nsp14
has an exonuclease activity for removing the nucleo-
tides misincorporated by RdRp during viral RNA syn-
thesis and enables proofreading. Thanks to nsp14, the
error rate of CoV genome replication is reduced by 1/
20, resulting in the mutation probability of about 1 in
1,000,000 for each base per genome replication8). If one
parent virus with a 30,000-base genome produces
about 1,000 progeny viruses by single round of replica-
tion, the progeny population will always contain mu-
tated viruses8). Some of these progeny viruses have
mutations that are detrimental to their growth, and
they are culled out and disappear. On the other hand,
those mutants that happen to acquire mutations favor-
able for proliferation will survive and become domi-
nant in the virus population. Therefore, the observed
speed of virus mutation can be influenced not only by
the biochemical properties of RdRp and nsp14, but also
by the selective pressure from the host and the envi-
ronment in which the virus propagates.

Biological Clock of Viral Evolution

The genome mutation speed can be used to estimate
when viruses with different genome sequences di-
verged from a common ancestor. For example, if the
genome of a certain virus, whose mutation speed is es-
timated to be 1 base per month, differs from that of
the reference virus by 120 bases, it is estimated that
those viruses diverged about 10 years ago. Thus, by

utilizing the mutation rate as a biological clock, it is
possible to trace the evolution of viruses. In using the
clock, however, it should be taken into consideration
that its speed might not be constant but could be af-
fected by various factors. For example, the mutation
rate might be higher shortly after cross-species trans-
mission because there is a strong selective pressure
for adapting to a new host. When the virus is success-
fully adapted to the new host, additional mutations
may become unnecessary, and the mutation rate can
be lowered. Therefore, it is generally important to ana-
lyze viral mutations for a sufficiently long period for
determining how fast the biological clock is ticking.

Of the four genera of CoVs, alphacoronavirus and
betacoronavirus infect mammals, while gammacoro-
navirus and deltacoronavirus mainly infect birds. It is
estimated that these genera diverged from the com-
mon ancestral virus about 300 million years ago9), con-
sistent with the time of separation between mammals
and birds in animal evolution. Therefore, it is likely
that CoVs have co-evolved with the host animals. In
addition, CoVs are thought to have evolved by cross-
species transmission from one host animal to another
followed by adaptation to the new host through ge-
netic mutation.

Suggested Derivation of Common-cold HCoV
OC43 from Bovine CoV, Which may have

Caused the Russian Cold Pandemic
in 19th Century

It is estimated that HCoVs are responsible for 10-
15% of common cold cases only second to rhinovirus
responsible for 30-50% cases10). So far, four species of
HCoVs, namely, 229E, NL63, OC43 and HKU1, have
been identified as causes of common cold and are de-
tected all over the world (Table 1). The former two are
classified as alphacoronavirus and the latter two as
lineage A of betacoronavirus (Table 1 and Fig. 1). Phy-
logenetic analysis based on the entire genome se-
quences reveals that for each common-cold HCoV, evo-
lutionarily related animal CoV can been found (Fig. 1).

For example, HCoV OC43 discovered in the 1960s11)

is evolutionarily close to bovine CoV (BCoV) (Fig. 1),
which causes respiratory tract infection in cattle12-14). As
it also causes severe diarrhea in newborn calves12,14),
posing a problem in the livestock industry, BCoV sam-
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Figure　1　Phylogenetic tree of HCoVs and their putative ancestral animal CoVs. Complete genome sequences of SARS-CoV-2 
(Genbank accession no. NC_045512), as well as 4 common cold HCoVs, 229E (NC_002645), OC43 (NC_006213), NL63 
(NC_005831), and HKU1 (NC_006577), 2 highly pathogenic HCoVs, SARS-CoV (NC_004718) and MERS-CoV 
(NC_019843), and 7 animal CoVs, alpaca CoV CA08-1/2008 (JQ410000), BCoV ENT (NC_003045), bat CoV FO1A-F2 
(KT253270), murine hepatitis virus A59 (NC_048217), civet CoV SZ3 (AY304486), camel CoV KSA-CAMEL-363
(KJ713298) and bat CoV BANAL-20-52/Laos/2020 (MZ937000), were aligned and trimmed by Clustal Omega 
(https://www.ebi.ac.uk/Tools/msa/clustalo/) and TrimAl (http://phylemon.bioinfo.cipf.es/), respectively. By using 
the generated data, the evolutionary history was inferred by using the Maximum Likelihood method and General 
Time Reversible model56). The tree with the highest log likelihood is shown. Initial tree(s) for the heuristic search 
were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix of pairwise distances esti-
mated using the Maximum Composite Likelihood (MCL) approach, and then selecting the topology with superior 
log likelihood value. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5 
categories ( + G, parameter = 1.6388)). The rate variation model allowed for some sites to be evolutionarily invari-
able ([ + I], 12.78% sites). The tree is drawn to scale, with branch lengths measured in the number of substitutions 
per site. This analysis involved There were a total of 36118 positions in the final dataset. Evolutionary analyses 
were conducted in MEGA1157).

ples have been isolated and reposited for many years.
Based on the nucleotide sequence analysis of the spike
(S) protein gene of those BCoV samples, whose date of
isolation was known, the mutation rate was calculated
to be approximately 4 × 10-4 substitutions per site per
year15). According to this mutation rate, the time of di-

vergence between BCoV and HCoV OC43 was esti-
mated to be around 1890, suggesting the possibility
that zoonotic transmission of BCoV to human took
place about 130 years ago. Zoonotic transmission of
BCoV to human may not be too rare an event because
a pediatric diarrhea case has been reported in which
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Figure　2　Graphs of deaths per 1,000 people in major cities during the Russian cold pandemic17). The peaks of death toll in St. 
Petersburg (A), Berlin (B), Paris (C) and London (D) were in the last week of November 1889, the last week of De-
cember, the first week of January 1890, and the second week of January, respectively, demonstrating that the en-
demic area expanded from Russia to the west. In each city, only a single peak was observed, and the epidemic pe-
riod appears to have been only up to 2 months.

BCoV was isolated from feces of the patient16). The esti-
mated time of the zoonotic transmission of BCoV to
human around 1890 coincides with the period of the
Russian cold pandemic from 1889 to 1891. The Russian
cold has historically been considered as an influenza
pandemic, and a British doctor, Richard Sisley, de-
scribed the situation at that time in his book17). It
seems that flu-like cases first became apparent in 1889
in Central Asia of the inland Russia and spread to
Western Europe in 1890 in the order of Germany,
France and England. At major cities, a surge of excess
deaths were recorded for one to two months (Fig. 2).
Then, the outbreak spread to the United States and
Asia, arriving in Japan around April 189018). Description
on the situation in Japan at that time can be found in
the official report on the Spanish flu compiled by the

Hygiene Bureau of the Japanese Ministry of Home Af-
fairs in 192218). The record says, “Various schools had
to be closed due to a large number of patients. There
is no doubt that the disease has caused significant
damage not only to health but also to education” com-
parable to the drastic influence of COVID-19 on school
education. The description also suggests that the Rus-
sian cold may have affected many children and young
people. In those days, the elderly population was small,
and the aged patients may not have been conspicuous.
Nonetheless, it seems to be comparable to the current
situation that many children and young people are
found to be infected with the Omicron strain of SARS-
CoV-2. Although there was no technology of vaccina-
tion or antiviral medication, the Russian cold epidemic
in Japan subsided after a few months, and the world-
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wide pandemic appears to have ended in 1891. It is
reasonable to speculate that zoonotic infection of BCoV
to human developed into the Russian cold pandemic
and that the virus was finally adapted to human, be-
coming established as common-cold HCoV OC43.

Emergence and Evolution of Other
Common-cold HCoVs

Like OC43, HCoV 229E is a common-cold virus found
in the 1960s19). Search and analysis of the CoV RNA in
the feces of bats in Ghana revealed presence of the vi-
rus whose genome sequence was similar to that of
229E20). By tracing back the evolutionary clock based
on the sequence data, it was estimated that the bat
CoV and HCoV 229E diverged about 200 years ago.
Later, CoVs with genome sequences more similar to
that of the 229E were found in other bats and alpacas
(Fig. 1)21,22), and it is possible that these animals became
intermediate hosts for zoonotic infection to human, al-
though it is unknown exactly when it took place and
whether there was any pandemic of respiratory dis-
ease at that time. Through adaptation to the human
hosts, the zoonotic virus possibly became established
as HCoV 229E.

Similar analysis suggests that HCoV NL6323), which
belongs to alphacoronavirus, and the CoV found in
bats in the Appalachian Ridge of the United States di-
verged from a common ancestor about 500 to 800
years ago24). It is unclear whether the zoonotic infection
to human occurred directly from the Appalachian bats
or indirectly via some other animals that served as the
intermediate hosts. The HCoV HKU125) belongs to the
lineage A of betacoronavirus (Fig. 1). The natural host
of the lineage A virus is thought to be rodents rather
than bats. Therefore, the rodent CoV transmitted to
human directly or via some intermediate host is likely
the origin of HKU1. Although the exact timing of the
zoonotic infection to human is unknown, analysis of
mutations in the S protein gene suggests that the com-
mon ancestor of extant HKU1 strains existed in the
1950s26). Due to the limited number of HKU1 strains
subjected to the analysis, it is possible that the vari-
ation of the S gene sequences is underestimated, and
that the zoonotic infection occurred further back in
time. For both NL63 and HKU1, it is unclear whether
there was any disease pandemic that might corre-

spond to the initial timing of zoonotic transmission to
humans.

It should be mentioned that genome variations in
different species and strains of CoVs involve not only
point mutations, but also genome recombination be-
tween co-infected viruses. Therefore, it must also be
considered that the generation of each common-cold
HCoV may have involved multiple ancestral viruses
rather than a single event of zoonotic transmission of
one kind of virus.

Where did SARS-CoV and MERS-CoV
Come from?

SARS is a severe pneumonia (CFR: 10%) that origi-
nated in Guangdong Province, China in 2002. Via Hong
Kong where multiple guests were infected at a hotel, it
was spread all over the world. Approximately 8,000 in-
fected people were confirmed in 29 countries around
the world, and nearly 800 died. Its etiological agent,
SARS-CoV which belongs to the lineage B of betacoro-
navirus, was identified in 20034). At first, CoV whose
genome sequence was similar to that of SARS-CoV
was found in masked palm civets sold at a live animal
market in Guangzhou, China27). Then, viruses whose
genome sequences were remotely similar to that of
SARS-CoV were found in wild bats28,29). Thus, it was the
previous consensus that SARS-CoV originated from
bats and transmitted to humans through civets as the
intermediate host. More recently, SL-CoV that shares
the structure of an accessory gene, ORF8, with SARS-
CoV and civet CoV was found in bats in China30,31).
Therefore, alternative possibility is that the bat SL-
CoV was transmitted to humans and civets independ-
ently. Molecular evolution analysis estimated the time
of divergence between SARS-CoV and the bat SL-CoV
was in the range of 4 to 17 years before the SARS epi-
demic32-34). Unlike COVID-19, SARS outbreak did not be-
come a pandemic and ended in less than a year, al-
though there were sporadic cases of laboratory infec-
tions after 200335,36).

MERS-CoV, which belongs to the lineage C of beta-
coronavirus, was identified in 2012 as the cause of
MERS37). MERS is prevalent in the Middle East region
centering on Saudi Arabia, and 2,585 cases had been
confirmed with 931 fatalities (CFR: 35%) as of Septem-
ber 2021. Like SARS-CoV, the natural host of MERS-
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CoV is thought to be wild bats, but it seems to have
exploited dromedary as the intermediate host for
zoonotic transmission to humans38). MERS-CoV also
seems to efficiently cause human-to-human transmis-
sion, represented by the MERS outbreak in South Ko-
rea in 2015 with 186 laboratory-confirmed cases and 38
fatalities39). The outbreak involved a number of hospital
infection events but was ended by strict infection con-
trol strategies. Currently, there are sporadic cases of
MERS found mostly in the Middle East with no sign of
spreading to other areas.

Although both SARS-CoV and MERS-CoV are
highly pathogenic in human hosts, it is fortunate that
neither SARS nor MERS have developed into a pan-
demic like COVD-19. The exact reason for the failure
of those viruses to cause pandemic hasn’t been eluci-
dated. It is possible that the species barrier between
their natural host animals and human might be rela-
tively high, and they may not have been able to evolve
through subtle mutations to obtain such a high level of
human-to-human transmissibility as common-cold
HCoVs and SARS-CoV-2. However, we should keep it
in mind that various CoVs still exist in wild bats and
other animals and that they could serve as the natural
reservoir of highly pathogenic human pathogens.

How Could We Estimate the Virulence of
SARS-CoV-2?

At the time of writing this article, more than two
years have already passed since the declaration of the
COVID-19 pandemic. However, it is still unclear when
the pandemic will end. In contrast, the Russian cold
pandemic which began in 1889 appears to have ended
in about two years. In those days, even the existence
of viruses as a pathogenic entity was not yet known,
and reasonably, there was no advanced medical tech-
nology available, such as diagnosis by PCR and preven-
tion by vaccination. Based on an assumption that the
Russian cold was caused by zoonotic BCoV, it might as
well be said that people in the 19th century were quite
adept, in a sense, in controlling the CoV pandemic
compared with us in the 21st century. Of course, even
if CoV is responsible for both the Russian cold and
COVID-19, it does not warrant the direct comparison
of these pandemics in the same line. Biological factors,
such as differences in transmissibility and replication

competency of the viruses and properties of the host
immune responses against the virus are important fac-
tors that determine the virulence. In comparing the
Russian cold and COVID-19, differences in the social
factors, such as population densities, proportion of eld-
erly people and frequency of cross-border global hu-
man migration, should also be taken into consideration.
In addition, a large number of asymptomatic and mild
cases of SARS-CoV-2 infection, which could not be
found for Russian cold in 19th century, can now be di-
agnosed by PCR and the antigen tests. Therefore, it
would be meaningless to simply compare the apparent
CFR of the Russian cold and that of COVID-19. In or-
der to estimate the virulence of SARS-CoV-2, it ap-
pears more realistic to understand the ongoing adapta-
tion of SARS-CoV-2 to human and compare its CFR
with those of the common cold CoVs in today’s same
social settings. Those analysis may also provide useful
insights into the argument whether COVID-19 should
be classified as the category II infectious disease of the
Japanese Infectious Diseases Control Law or as the
category V infectious disease.

Adaptation of SARS-CoV-2 to Human

As mentioned above, it is plausible that zoonotic
BCoV, which may have caused the Russian cold pan-
demic, evolved into common-cold HCoV OC43 through
adaption to human. Similarly, other common-cold
HCoVs 229E, NL63 and HKU1, are likely derived from
animal coronaviruses and adapted to human. Adapta-
tion of zoonotically infected animal viruses to human
hosts has been documented for other viruses, such as
influenza virus and human immunodeficiency virus, as
well40). The major factor that determines successful ad-
aptation of the virus is whether it can efficiently be
transmitted from human to human and replicate well
in the human body. In addition, if a sufficiently large
number of hosts are immunized by natural infection or
vaccination, the virus that can avoid their immunity
will be more advantageous for propagation in the
population. Therefore, it is not surprising that enhance-
ment of transmission, replication and immune evasion
is observed in the course of viral adaptation. At the
time of writing this article, Japan is in the midst of the
sixth wave of the COVID-19 outbreak due to the Omi-
cron mutant variant of SARS-CoV-2. This mutant
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strain is reported to cause human-to-human infection
more efficiently compared to the Delta variant, which
caused the fifth wave in Japan41). It is also reported
that the effects against the Omicron strain of vaccina-
tion and certain therapeutic antibodies have dimin-
ished42). On the other hand, several studies suggest that
the virulence of the Omicron variant is attenuated
compared with the previous strains43-45). In fact, a cohort
study in England indicated that the risk of severe out-
comes, such as hospitalization and death, is substan-
tially lower for Omicron than for Delta46). These obser-
vations could be explained by the animal studies show-
ing that the Omicron variant appears to have a re-
duced affinity to the lower respiratory tract than the
previous strains42). That is, once the Omicron variant
reaches the upper respiratory tract, it can replicate at
the site and cause symptoms, such as runny nose and
sore throat, and it doesn’t have to go down to the
lungs for efficient replication. If a virus only has to
travel from the nose or throat of an infected person to
the other person’s nose or throat, the virus would have
an advantage for human-to-human transmission over
the lung-tropic virus. Therefore, it is possible that the
Omicron variant has become more competent in
propagating in the human community at the price of
compromising its ability to cause severe disease of the
lower respiratory tract. In other words, SARS-CoV-2
may be in the process of evolving from the pneumonia
virus to the attenuated common-cold virus.

SARS-CoV-2 in Comparison to the Common
Cold CoVs

Even if SARS-CoV-2 is attenuated and the CFR is
lowered, the actual number of fatal cases may not nec-
essarily be decreased because the elevated transmissi-
bility could drastically increase the total number of in-
fected people. That is, the apparent virulence of the vi-
rus can be influenced not only by the biological proper-
ties of the virus itself, but also by social factors such as
frequency of human-to-human contacts and the level of
medical service systems. Thus, it is generally difficult
to define virus virulence only from a virological point
of view. For example, HCoV-HKU1 (Table 1), generally
designated as a common-cold virus, was originally iso-
lated from a 71-year-old male patient hospitalized for
pneumonia in 200447). Also, HCoV-HKU1 was retrospec-

tively detected in the clinical specimens collected in
2003 from a 35-year-old pneumonia patient with no un-
derlying disease47). In addition, fatal cases of pneumonia
caused by HCoV-HKU1 have been reported48,49). There-
fore, HCoV-HKU1 could cause pneumonia even in a
young healthy individual and could be lethal despite its
label as a common-cold virus. Quite a few cases of se-
vere or fatal pneumonia of “unknown etiology” may
have actually been caused by HCoV-HKU1 and possi-
bly by other common cold HCoVs. Since four common
cold HCoVs are detected all over the world including
Japan, they can be regarded as“pandemic”viruses in
a sense. However, since there has been no systematic
effort made to detect them by PCR or the antigen test,
it is practically impossible to evaluate their potential
pathogenicity or CFR accurately.

SARS-CoV and MERS-CoV with their high CFRs
can easily be discriminated from the common-cold
HCoVs. However, SARS-CoV-2 doesn’t appear to be in
the same category as these highly pathogenic viruses.
Since the majority of people infected with SARS-CoV-
2, especially the Omicron strain, are reported to have
mild symptoms or be asymptomatic, it seems that the
line for distinguishing the common-cold HCoVs and
SARS-CoV-2 is drawn only arbitrarily, but not objec-
tively.

How Could Immunity Play a Part
in Controlling COVID-19?

When the mRNA vaccines against SARS-CoV-2
were put into use, it was categorically and optimisti-
cally stated that the pandemic of COVID-19 would end
if herd immunity was to be established. However, it
has long been known that life-long immunity cannot be
generated against common-cold HCoVs. For example, a
previous study showed that volunteers challenged
with common cold HCoV 229E were shown to main-
tain protective immunity for a limited period of time
and that they could be re-infected after a year al-
though the symptoms were none or mild50). Compara-
bly, the currently available SARS-CoV-2 vaccines ap-
pear to require serial booster vaccinations for main-
taining high levels of antibody titers. Since the vac-
cines are designed based on the S gene sequence of
the original Wuhan strain, it is not surprising that they
demonstrate limited effects against mutant strains,
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such as Omicron. Although the vaccination may have
a certain level of efficacy in preventing aggravation of
COVID-19, it cannot be expected to prevent SARS-
CoV-2 infection per se. Even if the vaccination rate
reaches 100%, SARS-CoV-2 will unlikely be eradicated,
but rather the emergence and propagation of novel
mutant strains, which avoid the vaccine-induced immu-
nity, might end up being enhanced. Results from a pre-
vious epidemiological survey in Beijing showed that
most people are naturally infected with all four
common-cold HCoVs by the age of 14, and more than
70% of adults have significant levels of antibodies
against them51). Since the common-cold HCoVs can be
detected all over the world, the immunological status
of people is likely similar in other regions including Ja-
pan. It is plausible that thanks to the immunological
memory acquired in the childhood from natural infec-
tion with the common-cold HCoVs, many of us are
spared from severe pneumonia which these viruses
might potentially cause. Cases of SARS-CoV-2 infection
in children are usually mild or asymptomatic with CFR
of essentially zero. The natural infection with the ap-
parently attenuated strain of SARS-CoV-2 might lead
to formation of the solid immunological memory, which
could protect them from the severe or fatal case of
COVID-19 even if they are re-infected at older ages. Of
course, it goes too far to say that children and young
people are encouraged to get infected with SARS-CoV-
2 because their risks of aggravation and sequelae can-
not completely be denied. However, in light of the
pathogenicity of SARS-CoV-2, especially the Omicron
strain, it does not seem appropriate to be occupied
with the stereotyped idea that the virus infection is
the absolute evil. Depriving the chance of SARS-CoV-2
infection in childhood more than necessary might lead
to loss of the opportunity for acquiring the immu-
nological memory in a natural way. For example, in
China where the extremely strict zero SARS-CoV-2
policy has been in effect, the number of COVID-19
cases is now increasing abruptly. As for SARS-CoV-2,
it seems to be inevitable to take controlling measures
on the premise that we have to live with them. For
that purpose, it may be realistic to wisely tolerate
some cases of infection while developing the appropri-
ate medical system.

What Could We Envision for the Future of
COVID-19 from the Viewpoint of

Viral Evolution?

If we are destined to live with SARS-CoV-2, the big-
gest concern would be the emergence of a highly
pathogenic mutant whose CFR can be as high as those
of SARS-CoV and MERS-CoV. How realistic might that
scenario be? So far, the major pandemic strains of
SARS-CoV-2 has shifted from the original Wuhan
strain → Alpha strain → Delta strain → Omicron
strain, and each transition seems to have been associ-
ated with increased transmissibility and enhanced im-
mune evasion. As mentioned above, these relatively
fast changes in the biological properties through muta-
tions likely represent adaptation of the zoonotic virus
to the human hosts and will continue until SARS-CoV-
2 evolves into a genuinely human-adapted virus. In the
course of the evolution, it is reasonable to expect that
the mutation rate and the genome diversity within the
same strain will decrease as the adaptation to a new
host species is accomplished. If the genomic diversity
of Omicron or the following mutant strain, which will
potentially emerge, is comparable to those of common
cold HCoVs, the findings could imply that the evolu-
tion of SARS-CoV-2 from bat CoV to human CoV is ap-
proaching the final stage and that the chances of
SARS-CoV-2 suddenly turning into a highly pathogenic
virus might be negligible. The advanced genome
analysis technology detects and identifies new variants
of SARS-CoV-2 one after another. Genome sequence
data of millions of SARS-CoV-2 samples determined all
over the world are being cumulatively registered in
the international databases such as GISAID. Although
these advanced technologies represent scientific pro-
gress, the obtained data ironically appear to be ex-
ploited for emphasizing that the end of the COVID-19
pandemic would be further ahead rather than for fas-
tening it. It is expected that the compiled data wisely
utilized in combination with the clinical information
and comparison with the common cold HCoVs may
provide useful insights into not only the evolution of
SARS-CoV-2 but also the strategy for building the
global consensus on the end of the COVID-19 pan-
demic.
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Conclusion

Viruses, especially pathogenic ones, are thought to
be troublesome for humans. However, humans, as well
as various other organisms, have undergone co-
evolution with viruses. In fact, there are remnants of
viral genes (endogenous viruses) in our chromosomes
as well52). Our immune system also seems to have
evolved partly through exposure to a variety of vi-
ruses53-55). In other words, from the perspective of the
evolution of living creatures, coexistence with viruses
is inevitable. State-of-the-art technologies provide mas-
sive scientific information about viruses. For tackling
the problem of infectious disease, however, other fac-
tors in different dimensions should also be considered.
Thus, declaration of the end of COVID-19 pandemic
will require the global consensus with political, eco-
nomic, and cultural factors, in addition to scientific evi-
dence, considered. At the same time, the declaration
should not unnecessarily be delayed by the influence
from commercialism or expedience. The COVID-19
pandemic is not only a contemporary problem, but also
a problem that could affect the future of children and
young people, who will lead the next generation soci-
ety. Thus, how we could minimize the negative impact
of the pandemic especially on education is an impor-
tant issue. One hundred years later, people might com-
pare us struggling against COVID-19 today and the 19
th century humans, who managed to terminate the
Russian cold pandemic in 2 years, and ask who were
more successful. Just like the risk of COVID-19 aggra-
vation is different from person to person, there are
considerable diversities between nations and individu-
als in the idea of how the COVID-19 problem should
be handled. With those differences kept in mind, it is
our mission to promote cooperation, but not confronta-
tion, at both local and global levels for overcoming the
pandemic in a timely manner.
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