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Abstract

The ongoing pandemic of coronavirus disease 2019 (COVID-19) caused by the novel
virus severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has claimed many
lives worldwide. To combat the pandemic, multiple types of vaccines are under
development with unprecedented rapidity. Theoretically, future vaccination against
COVID-19 may fall into long-term costly guerrilla warfare between SARS-CoV-2 and
humans. Elimination of SARS-CoV-2 through vaccination to avoid the potential long-
term costly guerrilla warfare, if possible, is highly desired and worth intensive con-
sideration. Human influenza pandemics emerging in 1957, 1968, and 2009 established
strong global herd immunity and led to the elimination of three human influenza viruses,
which circulated worldwide for years before the pandemics. Moreover, both clade 7.2 of
subtype H5 highly pathogenic avian influenza virus and subtype H7N9 avian influenza
virus circulated in poultry in China for years, and they have been virtually eliminated
through mass vaccination in recent years. These facts suggest that the rapid estab-
lishment of global herd immunity through mass vaccination using an appropriate vac-
cine could eliminate SARS-CoV-2. The coming 2 years are a golden time for elimination
through vaccination, which requires tremendous national and international collabora-
tion. This review also prioritizes the efficacy of vaccines for COVID-19 and eluci-

dates the importance of the development of more live vaccines for COVID-19.
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warfare between SARS-CoV-2 and humans. First, after the pan-
demic, COVID-19 could be as mild as human diseases caused by

The pandemic of coronavirus disease 2019 (COVID-19) caused by
the novel coronavirus severe acute respiratory syndrome cor-
onavirus 2 (SARS-CoV-2) has claimed many lives worldwide. To
combat the pandemic, multiple types of vaccines are under devel-
opment with unprecedented rapidity.” However, scientists have
cautioned that possibly multiple years are needed to develop a safe
and effective vaccine for COVID-19.?

Even if a safe and effective vaccine can be marketed in months,

vaccination against COVID-19 may fall into long-term guerrilla

other human coronaviruses, or as severe as the coronavirus
diseases in swine, chicken, feline, and murine, which are all more
burdensome than influenza.®> Second, SARS-CoV-2 could escape
vaccination through its rapid mutation including site substitutions,
genomic recombination, and open reading frame shift.” Third,
SARS-CoV-2 could move swiftly through the movement of infected
people, and hide in some people for weeks without symptoms.”
Fourth, the hidden SARS-CoV-2 could unpredictably attack sus-

ceptible humans who have not been infected or vaccinated, or have
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no sustainable immunity induced by the infection or vaccination, or
have innate or acquired immunodeficiency.

Vaccination could accelerate the mutation of viruses through
natural selection, and SARS-CoV-2 could diverge into distinct linea-
ges through its rapid mutation, both of which could escalate the
guerrilla warfare between SARS-CoV-2 and humans. Accordingly, the
vaccine should be updated promptly to match the mutated virus, and
multiple vaccine strains or antigens should be used to match the
major diversified lineages of the virus. Vaccination, update of the
vaccine, and addition of vaccine strains or antigens could be all highly
burdensome. Difficulty in vaccine development, rapid mutation of
coronaviruses, long-term guerrilla warfare between viruses and hu-
mans, and heavy disease burden have been demonstrated in animal
coronavirus diseases.®

The above information suggests that elimination of SARS-CoV-2
through vaccination to avoid potential long-term costly guerrilla
warfare, if possible, is highly desired and worth extensive discussion
and intensive consideration. Moreover, the elimination initiative is
inspired by the interesting history, wherein multiple influenza viruses
have been eliminated through natural pandemics or mass vaccina-

tion, as explained below.

2 | HISTORY

During the past seven decades, three human influenza viruses
(HulVs) disappeared coincidently with the emergence of three in-
fluenza pandemics.” First, the HIN1 subtype HulV, which circulated
in humans for many years before 1957, disappeared during the
pandemic of H2N2 subtype HulVs emerging in 1957. Second, the
above H2N2 subtype HulV, which circulated for approximately
10 years after 1957, disappeared during the pandemic of H3N2
subtype HulV emerging in 1968. Third, the HIN1 subtype HulV,
which circulated after its re-emergence in 1977, disappeared during
the pandemic of swine-origin HIN1 subtype HulV emerging in 2009.

The disappearance of the above three HulVs can be explained
only by the broad and strong herd immunity induced by the relevant
pandemic viruses, in statistics and in biology.” This means that the
pandemics provided natural, rapid, global, and highly effective vac-
cination, which eliminated three HulVs having circulated in humans
for years. The pandemic viruses harbored multiple genes from the

eliminated viruses, or shared the same HA and NA subtypes with the
eliminated viruses (Table 1).2 They, thus, shared various T and/or
B cell epitopes with the eliminated viruses, and so the immunity
induced by the pandemic viruses exerted the elimination effect.

The above elimination events demonstrated that the pandemic
viruses, although disastrous, induced broader and stronger herd
immunity rather than commercial influenza vaccines, which could
reduce infections caused by limited clades of HulVs within the same
HA subtype.

The pandemic of swine-origin HIN1 HulV in 2009 did not
eliminate the H3N2 subtype HulV, which has circulated since 1968,
possibly because these two viruses did not harbor any genomic
segments (Table 1), although the PB1 gene of the pandemic virus was
from H3N2 subtype HulVs circulating approximately 10 years before
20092 and they thus shared less T and/or B cell epitopes. In 1977,
the HIN1 HulV which circulated in the 1950s re-emerged worldwide
possibly due to a laboratory incident, and most infected people were
under 23 and had not encountered the HIN1 HulV before 1977.°
Therefore, re-emergence of the HIN1 HulV induced lower herd
immunity than the above pandemics, and thus did not eliminate the
above H3N2 HulV either.

Deliberate vaccination has also eliminated an avian influenza
virus (AIV).'° H5 subtype highly pathogenic AIV (HPAIV) emerged in
China in the early 2000s, and the virus was well controlled in 2005
with the inactivated vaccine termed Re-1. A variant of the virus es-
caping from the Re-1 vaccination emerged in 2006 in northern China,
and diverged into the distinct clade 7.2 of H5 HPAIVs in China.'!
Therefore, during the years from 2006 to 2013, two or more vaccine
strains were used to control H5 HPAIVs in China. Clade 7.2 was well
controlled through vaccination until 2013, when a distinct vaccine-
escaping variant of this clade caused multiple outbreaks in chickens
in northern China.’? This clade has not been identified for 6 years
after the relevant vaccine strain was updated and widely used in
chickens in northern China in 2014, as suggested through multiple
times of mass surveillance.'® The elimination of Clade 7.2 is relatively
easy because it circulated exclusively in northern China in chickens
without reservoirs in ducks and other birds.*°

The H7N9 subtype AIV emerging in China in 2013 has been
virtually eliminated through vaccination.'® This low pathogenic AV
caused much more human cases than H5 HPAIVs. During the period
from October 2016 to May 2017, human H7N9 cases increased by

TABLE 1 Genomic segments shared by

Pandemic Cocirculating Shared genomic Shared T - -
Year virus virus segments subtype Outcome pandemic virus and cocirculating HulVs
1957  Hybrid H2N2 HIN1 Hulv PB2, PA, NP, None Eliminated
MP, NS
1968  Hybrid H3N2 H2N2 HulV PB2, PB1, PA, NP, NA Eliminated
MP, NS
2009 Swine HIN1 H1IN1 HulVv None HA, NA Eliminated
2009  Swine HIN1 H3N2 Hulv None None Survived

Abbreviation: HulV, human influenza virus.
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over 300% compared with previous years, and the virus mutated into
HPAIV,'® which is one of multiple events where a virus increases its
pathogenesis greatly after it has become prevalent in the host po-
pulation. To control the dangerous changes of the H7N9 AlVs, the
dual-value vaccine containing one strain against H5 HPAIVs and one
strain against H7N9 AlIVs was employed from October 2017
throughout China targeting all species of domestic birds including
ducks. Although ducks infected with the H7N9 AIV did not show
clinical symptoms, they could support asymptomatic circulation of
the virus.'® Therefore, ducks were also vaccinated with the bivalent
vaccine for eliminating the H7N9 virus. The relevant mass vaccina-
tion started in the middle of 2017, and the prevalence of H7N9
almost declined to zero thereafter as indicated through mass sur-
veillance of poultry. Also, human cases of H7N9 declined dramatically
from 713 during the period from October 2016 to May 2017, to
three after October 2017 (two in 2018 and one in 2019)."® These
data indicate that the virus has been virtually eliminated, and the
virus has the possibility of being eliminated completely with
the vaccine strain updated in 2019. Theoretically, this virus could not
be eliminated if the elimination had not been considered from the
beginning and ducks had not been covered in the mass vaccination
because ducks support the asymptomatic circulation of the virus.
Therefore, this example showed the importance for the world to
consider now elimination of COVID-19, so that more efforts and
resources could be given toward this highest goal of mass

vaccination.

3 | APPLICATION

The mechanism of elimination of the three HulVs and two AlVs

was that strong immunity was induced in almost all susceptible hosts

MEDICAL VIROLOGY

in the affected areas against the targeted virus through natural or
deliberate vaccination in a relatively short time,’* and the estab-
lished herd immunity blocked the circulation of a targeted virus
completely. These events indicate that elimination of COVID-19,
which is also a respiratory infectious disease caused by an RNA virus,
is possible and should be based on the rapid establishment of global
herd immunity through mass vaccination.

Theoretically, the coming 2 years are a golden time for elim-
ination of SARS-CoV-2 through vaccination, because SARS-CoV-2
will likely have not diversified into distinct lineages during this per-
iod, and thus one vaccine strain or antigen could match all lineages of
SARS-CoV-2 circulating worldwide.® Moreover, many people
will have been infected in the coming months by SARS-CoV-2, which
aids in establishing strong herd immunity for elimination.

Elimination of COVID-19 through vaccination should be a great
project requiring tremendous national and international collabora-
tion (Figure 1), and the elimination project is of the vital inter-
est for all countries as it saves much money and lives. Moreover,
most people in the world have known the risk of COVID-19 and
could actively aid or involve in the elimination. The Chinese govern-
ment has pledged to donate two billion USD to the world to fight
COVID-19, and such donations could support strongly this elimina-
tion project. We assessed preliminarily that the benefit/cost ratio of
the elimination could be over 10, because elimination through vac-
cination requires about threefold efforts for common vaccination in a
year, and elimination could remove over 30 years of heavy burden
caused by COVID-19. Even if the disease has not been eliminated
through tremendous efforts, the elimination efforts should remain
highly valuable because it could be beneficial for better control of the
disease.

The relevant international cooperation mechanism should be

established for the global elimination project. All countries should

National and international collaboration
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FIGURE 1 The framework for the
elimination of severe acute respiratory
syndrome coronavirus 2 through mass

Possibility suggested by the fact that multiple

influenza viruses were eliminated
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collaborate with unprecedented solidarity to fully discuss this issue,
rationally design the route map, and actively deploy resources to
implement the project. Lessons and experiences of the past in vac-
cination against other viral infectious diseases should be well con-
sidered in the project design.

The vaccine for the elimination project should be carefully se-
lected. The vaccine should be safe, effective, inexpensive, rapid in
production, easy for storage, and convenient for vaccination, but few
vaccines meet all these requirements.” Table 2 shows the presumed
advantages and disadvantages of major types of vaccines with ex-
ceptions (eg, some live attenuated vaccines [LAVs] including those for
poliomyelitis and mumps are safe for use).*

Critically, sometimes a higher vaccine efficacy means lower
safety risk due to lower morbidity. For example, vaccine B should be
superior to vaccine A, if vaccine A is 100% safe and reduces symp-
tomatic COVID-19 cases by 60% from 5.0% to 2.0% of the vaccinated
population, and vaccine B reduces symptomatic cases caused by
natural infection by 100%, although 0.2% of the people inoculated
with vaccine B become symptomatic COVID-19 cases caused by the
vaccine. Moreover, almost all the few vaccine-associated cases can
be cured, like that of 99.84% of the cases in China beyond the pro-
vince Hubei, who were treated in time, successfully recovered.™®
Therefore, unlike the vaccines for rabies and polio, the efficacy of
COVID-19 vaccines could be prioritized.

LAVs have been used successfully in control of various infectious
diseases and are suitable for the elimination project, due to their high
efficacy, high production efficiency, and potential simple inoculation
(eg, oral administration),” all of which are important for the elim-
ination project. For these reasons, LAVs have replaced inactivated
vaccines and become the predominant vaccines for multiple viral
infectious diseases including measles, mumps, poliomyelitis, and
yellow fever. Of the 15 human viral infectious diseases controlled
with vaccines in the United States, 11 are controlled with LAVs and
one is controlled with a live pathogen vaccine (LPV).Y” However, the
development of safe and effective LAVs is usually time-consuming.
The current LAV under research for COVID-19 based on codon-

modification could reduce the pathogenesis rapidly, but whether the

LAV can be generated and propagate efficiently in cells is of concern
because it employs many rare codons.? Considering that LAVS
have multiple potential advantages and various successful applica-
tions, more types of LAVs should be developed for COVID-19.

The elimination history of the three HulVs suggests that LPV can
induce broad and strong immunity, because the relevant pandemic in-
fluenza viruses could be considered as LPVs which eliminate the re-
levant HulVs. The LPV strategy has been applied successfully in US
military recruits for nearly 40 years to control acute respiratory diseases
caused by types 4 and 7 adenoviruses, and reduced morbidity by over
99%. It avoids causing disease through oral administration of enteric-
coated capsules containing the LPV to bypass the pathogenic site of the
fragile lungs.”” Beyond inducing broad and strong immunity, LPVs have
no concerns regarding pathogenic reversion and inhibits indirectly the
mutation and diversification of the targeted virus through replacing
various virus mutants circulating in vaccinated regions.”® Although the
safety of the LPV strategy is a big public concern, safety has been well
guaranteed in the LPV of adenovirus used in US military recruits, and
can be further guaranteed with novel measures.”® As all the vaccines
under development for COVID-19 have known or unknown dis-
advantages,” the efficacy of COVID-19 vaccines could be prioritized, as
elucidated above, the LPV strategy for COVID-19 deserves investigation
as early as possible, to enhance the possibility to curb and eliminate the
pandemic earlier. If COVID-19 was caused by a novel adenovirus, the
LPV strategy would have been under investigation.

Detailed plans should be formulated to guide the global elim-
ination project. Over half the people worldwide should be vaccinated
in a relatively short time to establish strong herd immunity. Con-
sidering the rate of the vaccine production and risk factors of
COVID-19, elderly people and healthcare workers should be vacci-

nated first.?*

Mass vaccination is favorably conducted in warm or hot
seasons when the prevalence of many infectious viruses including
COVID-19 is lower and the human immunity is higher than in the
cold season.?? Moreover, an epidemiological monitoring system
should be well designed and established to identify potential pro-
blems associated with the global elimination project, and scientific

solutions to these problems should be prepared in advance.

TABLE 2 Presumed advantages/disadvantages of major types of vaccines with exceptions

Success Safety
Vaccines history assurance Efficacy
Live attenuated +H+++ +++ P
Inactivated +++++ ++++ s
Protein-based +++ +H++ 4+
DNA-based + ++++ ++
mRNA-based - ? ?
Nonreplicating vector = ++++ ++
Replicating vector + +++ +++

Note: -, nil; +, rare; ++, mild; +++, moderate; ++++, strong; ?, unknown.
Abbreviation: mRNA, messenger RNA.

Low Production Storage Inoculation
cost efficiency simplicity simplicity
-+ 4+ ++ 4+

++ ++ ++++ +++

++ ++ -+ 4+

++ ++ 4+ 4+

? ? ? ?

+++ 4+ -+ 4+

++++ ++++ ++ +++
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If successful, this global elimination project could pave the road for
the elimination of other viral infectious diseases. It will also greatly en-
hance global solidarity, which is the core welfare and challenge for

mankind.
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