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In an effort to control the COVID-19 pandemic, large-scale vaccination is being implemented in various
countries using anti-SARS-CoV-2 vaccines based on mRNAs, adenovirus vectors, and inactivated viruses.
However, there are concerns regarding adverse effects, such as the induction of fever attributed to mRNA
vaccines and pre-existing immunity against adenovirus vectored vaccines or their possible involvement
in the development of thrombosis. The induction of antibodies against the adenovirus vector itself con-
stitutes another hindrance, rendering boosting vaccinations ineffective. Additionally, it has been ques-
tioned whether inactivated vaccines that predominantly induce humoral immunity are effective
against newly arising variants, as some isolated strains were found to be resistant to the serum from
COVID-19-recovered patients.
Although the number of vaccinated people is steadily increasing on a global scale, it is still necessary to

develop vaccines to address the difficulties and concerns mentioned above. Among the various vaccine
modalities, live attenuated vaccines have been considered the most effective, since they closely replicate
a natural infection without the burden of the disease. In our attempt to provide an additional option to
the repertoire of COVID-19 vaccines, we succeeded in isolating temperature-sensitive strains with unique
phenotypes that could serve as seeds for a live attenuated vaccine.
In this review article, we summarize the characteristics of the currently approved SARS-CoV-2 vaccines

and discuss their advantages and disadvantages. In particular, we focus on the novel temperature-
sensitive variants of SARS-CoV-2 that we have recently isolated, and their potential application as live-
attenuated vaccines. Based on a thorough evaluation of the different vaccine modalities, we argue that
it is important to optimize usage not only based on efficacy, but also on the phases of the pandemic.
Our findings can be used to inform vaccination practices and improve global recovery from the COVID-
19 pandemic.

� 2021 Elsevier Ltd. All rights reserved.
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1. Introduction

In 2019, an infectious disease named coronavirus disease 2019
(COVID-19) emerged in Wuhan, China. Severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), a novel coronavirus related
to SARS-CoV, was identified as the pathogen responsible for this
disease [1]. As of March 2021, more than one hundred million
cases and more than two million deaths due to COVID-19 have
been reported worldwide [2]. Even those who recover from
COVID-19 report long-term sequelae, such as fatigue, loss of taste,
and olfactory disorders [3].

SARS-CoV-2 is an enveloped, positive-sense, single-stranded
RNA virus of the Betacoronavirus genus, with a genome length of
approximately 30 kb. The genome encodes a large polyprotein
(ORF1ab), four structural proteins, and several other open reading
frames. ORF1ab is cleaved into 16 nonstructural proteins [4]. The
structural spike (S) glycoprotein consists of a head subunit S1
and a stalk subunit S2, and forms trimeric structures on the surface
of SARS-CoV-2 virions. The receptor-binding domain (RBD) is
located in the S1 subunit and facilitates viral attachment to the
human angiotensin-converting enzyme 2 (hACE2), the known
SARS-COV-2 receptor in humans [5]. Following attachment, the S
protein is cleaved by host cell proteases, such as transmembrane
serine protease 2 (TMPRSS2) and cathepsin, thereby inducing the
fusion of the viral and cell membranes [6–8]. Because the RBD is
critical for cell attachment and entry, it is considered an ideal tar-
get for vaccines that trigger the production of neutralizing antibod-
ies [9]. Various types of SARS-CoV-2 vaccines have already been
developed and evaluated worldwide (Fig. 1). Some of these vacci-
nes, including adenovirus vectored vaccines, mRNA vaccines, and
inactivated vaccines, have been approved for clinical use. However,
new SARS-CoV-2 variants have recently been detected in the Uni-
Fig. 1. SARS-CoV-2 vaccine candidates under development. SARS-CoV-2 infects host c
Therefore, the spike protein is considered a target antigen for vaccine development. Reco
protein-based vaccines. Inactivated vaccines are treated with chemical reagents such as
genome damage (indicated by the dotted line), respectively. Virus-like particles are com
structurally similar to the wild type particles, but the nucleocapsid proteins which bind t
spike-encoding gene into the cells include DNA plasmids, encapsulated RNAs or virus vec
or temperature-sensitive strains, or by codon de-optimization.
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ted Kingdom (B.1.1.7), South Africa (B.1.351), Brazil (P.1), the Uni-
ted States (B1.1.429), and India (B.1.617) among other countries
[10–12]. These variants have several amino acid changes in the S
protein, some of which are in the RBD.

B.1.1.7, B.1.351 and P.1 variants have been spreading since the
end of 2020. All these variants exhibit an N501Y substitution in
the RBD. Deep mutational scanning of this domain has shown that
this substitution increases the affinity of the RBD for hACE2, thus
increasing the infectivity of the virus [13]. Additionally, there are
amino acid substitutions at K417 and E484, such as those detected
in the B.1.351 and P.1 variants, which have been reported to
change virus antigenicity and to decrease susceptibility to neutral-
ization by sera from recovered COVID-19 patients [14,15]. Further-
more, the B1.617 variant that was detected in India has been
spreading quickly, replacing the B.1.1.7 variant of England as the
most abundant strain. [16,17]. This variant exhibits L452R and
E484Q substitutions, in addition to K417N and E484K, which also
change the antigenicity and decrease the neutralization suscepti-
bility to sera of infected or vaccinated individuals [18]. Thus, there
is a concern as to whether the currently approved vaccines are
effective against these SARS-CoV-2 variants.

2. Approved vaccines

2.1. mRNA vaccines

mRNA vaccines have been approved in many countries for
emergency use in response to the COVID-19 pandemic, and their
efficacy has been confirmed in humans. Therefore, such nucleic
acid vaccines are becoming recognized as the mainstay of next-
generation vaccines. mRNA vaccines are known to induce a highly
effective humoral and cellular immune response because trans-
ells through the binding of the spike protein with hACE2 that serves as receptor.
mbinant spike protein, inactivated virus and virus-like particle vaccines are used as
formalin and b-propiolactone. These treatments lead to the fixing of proteins or to
posed of structural proteins only, and do not contain the viral genome. They are

o the viral genome, are not positioned correctly. Different approaches to deliver the
tors. Moreover, live attenuated viruses can be developed by generating cold-adapted



Table 1
Approved vaccines.

Developers Efficacy Modality Countries where approved References

Pfizer Inc.
BioNTech SE

95% mRNA USA, E.U., Canada
Japan and other countries

[78,79]

Moderna, Inc 94.1% mRNA USA, E.U., Canada
Japan and other countries

[80,81]

AstraZeneca plc 70% Adenovirus vector India, E.U., U.K., Japan and other countries [82]
Johnson & Johnson 66.3% Adenovirus vector USA., E.U

and other countries
[83]

The Gamaleya Center 92%* Adenovirus vector Russia, Argentina
and other countries

[84]

CanSino Biologics Inc’s 65.7%* Adenovirus vector China, Mexico
and other countries

[85]

Sinopharm Group Co., Ltd. 79%* Inactivated virus China
and other countries

[86]

Sinovac Biotech Ltd. 50% Inactivated virus China
and other countries

[87]

*These efficacies were reported on the REUTERS website.
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fected mRNAs express antigen proteins in vivo, and antigen-
presenting cells capture the synthesized antigens and present
them to CD4+ helper T cells via MHC class II or to CD8+ cytotoxic
T cells via MHC class I. Delivery of mRNAs to the cytoplasm of cells
for protein expression has been difficult due to their instability.
However, introducing several chemical modifications in the
nucleotides used for their synthesis has been shown to improve
stability and decrease the innate immune response, leading to
higher levels of antigen expression [19]. Additionally, encapsula-
tion of RNA within lipid nano particles (LNPs) improves the trans-
fection efficacy and protects RNA from degradation during delivery
[20].

Moderna Inc., a pioneering mRNA biotechnology company,
started the first clinical trial for a SARS-CoV-2 vaccine in March
2020, and the vaccine’s efficacy was reported to be 94.1% based
on a phase III trial [21]. BNT162b2, another mRNA vaccine devel-
oped by BioNTech SE, in collaboration with Pfizer Inc., showed
95% efficacy in a phase III clinical trial [22]. These two mRNA vac-
cines have been approved and are being administered in many
countries (Table 1).

So far, more than three hundred million mRNA vaccine-doses
have been inoculated in the Unites States of America only, and
their safety has been confirmed [23]. In addition to their efficacy
as vaccines, they also possess an advantage in terms of their devel-
opmental process. Even if changes in the sequence information of
the antigen encoded by the mRNA vaccines are required, non-
clinical studies and clinical trials can be executed quickly, because
they have been established as a solid vaccine platform. Therefore,
mRNA vaccines can be implemented as a first line of defense
against emerging infectious diseases in the future.

Although the mRNA vaccines have been demonstrated to be
highly efficacious in clinical trials and large-scale inoculations,
there are still some concerns, mainly over adverse effects. It has
been reported that 58.89% of mRNA-vaccinated healthcare workers
experienced fatigue, and 21.99% had fever. These adverse effects
may lead to an increase in vaccine hesitancy [24]. Another serious
concern related to mRNA vaccines is their specific storage require-
ments. BioNTech SE and Moderna Inc. guarantee their vaccines’
effectiveness when stored at �80�C or �30�C, respectively. There-
fore, dedicated freezers are necessary prior to the implementation
of a large-scale mRNA vaccination program, in addition to ade-
quate means of transport under the same conditions. Although this
does not constitute a major concern in large, wealthy cities, fulfill-
ing these requirements is difficult in rural and less populated areas,
and in developing countries. Therefore, it may be difficult to con-
trol SARS-CoV-2 infection on a global scale by mRNA vaccination
only.
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2.2. Adenoviral vectored vaccines

Recombinant viruses are constructed by inserting the coding
sequence of an antigen into a viral genome, or by replacing a part
of it. Upon infection, the antigen’s coding sequence can be deliv-
ered to the cytoplasm or the nucleus of the infected host cell, lead-
ing to expression. Adenoviruses are non-enveloped double-
stranded DNA viruses, some types of which infect humans and
may cause various symptoms such as common cold, pneumonia,
encephalitis, or gastroenteritis. Adenoviruses are commonly con-
sidered backbone vectors for gene therapy. The deletion of essen-
tial genes for replication, such as E2A and DNA polymerase,
creates replication-incompetent strains [25–27] that have already
been used in clinical trials. For example, recombinant
adenovirus-p53 has been approved and used against human can-
cers in China [28].

A number of replication-incompetent adenovirus-based SARS-
CoV-2 vaccines have been developed and are under evaluation
worldwide [29–31]. Adenovirus vectored vaccines from AstraZe-
neca Plc, Johnson & Johnson and Gamaleya, and CanSino Biologics
were approved and used in clinical settings. These vaccines were
reported to induce robust humoral and cellular immune responses,
similar to those reported for mRNA vaccines [32]. Therefore, this
type of vaccine may be effective against new SARS-CoV-2 variants
such as those isolated in India, Brazil, South Africa, and UK. Another
advantage this vaccine modality has over mRNA vaccines is its sta-
bility, which makes it easier to handle and store.

On the other hand, there are serious concerns about the adverse
effects related to adenovirus vectored vaccines. For example,
thrombosis was reported after ChAdOx1 nCov-19 vaccination in a
range from 1 case per 26,000 to 1 case per 127,000 doses [33].
The mechanism of this effect remains unknown, but some
hypotheses were proposed that the vaccination induced platelet-
activating antibodies against platelet factor 4, causing symptoms
resembling autoimmune heparin-induced thrombocytopenia.
Additionally, it was suggested that the transcription of S protein
variants enabled alternative splicing events, giving rise to C-
terminal truncated soluble forms with the capacity to bind to
ACE2-expressing endothelial cells in blood vessels, triggering the
development of severe side effects [34,35]. The European Medici-
nes Agency has already registered thrombosis as a serious disorder,
and Denmark has stopped vaccinating with adenovirus vectored
vaccines. Additionally, there is another concern that the efficacy
might be impaired by pre-existing immunity against other aden-
oviruses [36]. To avoid this problem, various adenoviruses, such
as chimpanzee adenoviruses, have been used for vaccine develop-
ment. However, people immunized with these vaccines may gen-
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erate antibodies targeting the vector, thus reducing the efficacy of
additional or boosting inoculations.
2.3. Inactivated vaccines

Viruses can be inactivated using chemical reagents, such as for-
malin and beta-propiolactone, without significantly affecting their
antigenicity. Thus, whole virus particles or parts of the virus can be
used for vaccines. Aluminum hydroxide adjuvants are commonly
added to enhance the immune response induced by this type of
vaccine, such as those for influenza virus, Japanese encephalitis,
and poliovirus, which are controlled by neutralizing antibodies.
Inactivated vaccines for these viruses have been used for a long
time in several countries, and are considered to be highly safe [37].

An inactivated SARS-CoV-2 vaccine was first reported in July
2020 [38]. Gao et al. inactivated the virus with beta-
propiolactone, and the vaccine candidate was evaluated in mouse,
rat, and non-human primate models. This vaccine induced anti-S
and anti-RBD antibodies, and the serum from immunized animals
showed neutralizing activity. To date, four SARS-CoV-2 inactivated
vaccines (Sinopharm, Sinovac, Sinopharm-Wuhan, and Bharat Bio-
tech) have been approved and are being used in China, U.A.E, and
India. These inactivated vaccines are treated with b-
propiolactone, which damages the genome but not the proteins,
so the particles of these vaccines are like the authentic viruses. This
similarity may be effective for the induction of highly reactive anti-
bodies, but the lower stability of the unfixed proteins might be a
disadvantage over the formalin-treated inactivated vaccines.

In the development of SARS-CoV-2 vaccines, the S protein, espe-
cially the RBD, has been used for recombinant protein-based vac-
cine production. Taking into account the mechanism for SARS-
CoV-2 entry into the host, various recombinant protein vaccine
candidates have been generated by substituting amino acids or
modifying cleavage sites to stabilize the trimeric structure of the
S protein [39,40].

Variants containing E484K or L452R substitutions in the RBD
have been reported to be resistant to neutralization by sera from
recovered COVID-19 patients [41,42]. The immune response
induced by inactivated vaccines may not be fully effective against
the new variants with mutations in the RBD due to their altered
antigenicity. Optimization of inactivated SARS-CoV-2 vaccines is
therefore required to increase the efficacy against the variants.
For example, it may be necessary to update the vaccine seed
viruses against several variants every year, or to make a multiva-
lent vaccine. Alternatively, it may be more effective to induce cel-
lular immunity because CD4+ and CD8+T cell responses are known
to be critical for recovery from SARS-CoV-2 infection [43,44]. It was
reported that a recombinant protein-based varicella zoster vaccine
with AS01B adjuvant, induced cellular immunity [45]. So, by
selecting appropriate adjuvants, it may also be possible to develop
an inactivated vaccine against SARS-CoV-2 with broad efficacy
against mutant strains.
3. Live attenuated vaccines

Known live attenuated vaccines include those against the
measles virus, rubella virus, varicella zoster virus, and influenza
virus. The strains used for these vaccines were attenuated mainly
through adaptation to cold culture conditions, or through non-
human animals [46,47], resulting in viruses with slower prolifera-
tion rates in the human body, compared to the wild type virus
strains. Regardless of their slow replication, they can induce a
strong immune response. For example, the vOka strain of the vari-
cella zoster virus is an example of a live attenuated vaccine
obtained from passages in guinea pig embryonic fibroblasts [48].
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Furthermore, the influenza virus strains Ann Arbor 60 and 66, were
isolated by the passaging of the wild type virus at 25 �C. These
strains are used as master donor viruses for live attenuated intra-
nasal influenza vaccines. They can replicate more slowly than the
wild type strain at 37 �C and cannot proliferate at 39 �C [49–52].

To generate a candidate for a SARS-CoV-2 live attenuated vac-
cine, we isolated temperature-sensitive (TS) mutants from a Japa-
nese clinical isolate, which could replicate at low temperatures
(32 �C or 34 �C) but showed impaired proliferation at 37 �C [53].
This phenotype is similar to that of a live attenuated influenza vac-
cine strain used in clinical settings. Importantly, these TS mutants
showed lower pathogenicity than the wild type parent strain in
Syrian hamsters. We detected a similar amount of virus in nasal
wash specimens from TS- or wild type-infected hamsters, but the
virus titer was significantly lower in the lungs of TS-infected ham-
sters than in those of wild type-infected hamsters. Additionally,
TS-infected hamsters generated sufficient neutralizing antibodies
to protect them from re-infection with the wild-type virus. Whole
genome sequencing of these mutants and analysis of revertant
strains suggested that mutations in the nsp3 and nsp14 genes were
responsible for the TS phenotype. The mutations in nsp14 were
unique ones that, to our knowledge, have not been reported to
be associated with a TS phenotype. In contrast, mutations in the
nsp3 gene were reported to be responsible for the TS phenotype
in mouse hepatitis virus, a coronavirus that infects mice [54]. Seo
et al. obtained a cold-adapted SARS-CoV-2 mutant by passaging
at cold temperatures [55]. This cold-adapted mutant did not show
a well-defined temperature sensitivity, but induced protective
immunity in hACE2 transgenic mice and showed lower
pathogenicity compared to the wild type virus. Recently, codon
de-optimization has been used as a tool to attenuate viruses
[56,57]. One such strain of SARS-CoV-2 is being evaluated in a
phase I clinical trial [58].

Live attenuated SARS-CoV-2 vaccine candidates have different
characteristics (Fig. 2). SARS-CoV-2 wild-type strains spread
through droplets and replicate in the upper and lower respiratory
tracts and in the lungs. In contrast, cold-adapted and TS mutants
cannot do so [53]. Codon de-optimized virus strains proliferate
more slowly than the wild-type strain in the human body and
in vitro [57]. CODAGENIX Inc. has been constructing and evaluat-
ing codon de-optimized SARS-CoV-2 strain [59]. It is considered
that these low proliferation rates contribute to the attenuated
phenotype, but induce robust humoral and cellular immune
responses. The currently used mRNA vaccines and adenovirus
vectored vaccines encode only the spike protein, therefore limit-
ing the immune response against only this viral antigen. How-
ever, live attenuated vaccines can induce immunity to several
viral antigens, enhancing the chances of protection. For example,
it was reported that an adenovirus vectored vaccine coding for
the nucleocapsid protein was effective in mice and hamsters, sug-
gesting that T-cell responses to this protein might also contribute
to protect from infection [60]. The immune response against a
variety of antigens generated by live attenuated vaccines may
be an advantage over the current mRNA and adenovirus vectored
vaccines.

Additionally, intranasal administration of live attenuated SARS-
CoV-2 strains may stimulate the production of IgA, which is cap-
able of preventing infection even by variant strains. The live atten-
uated influenza virus vaccine, an intranasally-administered, cold-
adapted strain, induces IgA secretion and CD8+ T cell response
[61,62]. The secreted IgA contributes to cross-protection against
different strains of the influenza virus [63]. One study reported
that systemic neutralizing antibodies, passively administered or
induced by vaccination, could not protect the nasal cavity from
SARS-CoV-2 infection [64]. In contrast, mucosal IgA secretion has
been reported to enhance SARS-CoV-2 neutralization [65]. There-



Fig. 2. Live attenuated SARS-CoV-2 vaccine candidates. Cold-adapted mutants replicate more slowly in the lower respiratory tract and lungs, compared to the wild type
strain. Temperature-sensitive mutants cannot replicate at these locations. Codon de-optimized mutants show lower proliferation rates than the wild type strain, at any
location.
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fore, IgA induction by live attenuated vaccine candidates may con-
tribute to protection against SARS-CoV-2 variants.

Although live attenuated vaccines are among one of the most
powerful vaccine modalities, there are several problems related
to their use. The most serious problem is that there is a chance
of the viruses regaining their toxicity due to mutations after vacci-
nation. A possible solution to this problem is to combine multiple
responsible mutations. We have found mutations in different
genes, such as nsp3 and nsp14, to be responsible for the tempera-
ture sensitivity. Several reverse genetics methods for SARS-CoV-2
have been reported, such as BAC DNA and CPER methods [66,67].
Using these methods, it is possible to construct strains with various
mutations, and thus maintain live attenuation, even when one
responsible mutation is replaced by the wild type sequence.

In addition, adverse reactions due to the proliferation of the live
attenuated vaccine strains in the nasal cavity should be evaluated.
SARS-CoV-2 infection has been associated with the induction of
cytokine storm and thrombosis [68,69]. Moreover, olfactory dys-
function has been reported as a symptom and sequela of COVID-
19, although the detailed mechanism underlying it has not yet
been investigated [3]. The temperature-sensitive strains that we
isolated were able to proliferate in the nasal cavity as the wild-
type strain, thereby potentially disrupting the epithelial tissues.
Therefore, its effects need to be evaluated in detail.

4. Discussion

Smallpox is one of the most harmful infectious diseases known
to affect humans [70]. Jenner isolated a less pathogenic poxvirus
and revealed that infection with this virus prevented the develop-
ment of smallpox [71]. This was the first live attenuated vaccine,
and the smallpox virus was eradicated because the vaccine was
highly effective and easily preserved, even with the resources
available at the time. Similarly, the number of poliovirus cases
has decreased by over 99% since the late 1980 s [72], thanks to
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the use of vaccines. The orally administered vaccine against polio-
virus is another live attenuated vaccine used to further reduce glo-
bal polio case counts after the initial implementation of a policy to
use an inactivated vaccine against poliovirus in the 1950 s [73,74].

Although the live attenuated oral polio vaccine is still used for
the global poliovirus eradication program in some countries, it
has been eventually replaced by the inactivated vaccine in devel-
oped countries. In countries where the live attenuated vaccine is
still in use, its drawbacks have become more evident as the num-
ber of infected people decreases. The live attenuated virus in the
oral polio vaccine is able to replicate in the subject, and thus
mutate, giving rise to vaccine-derived polioviruses (VDPV) that
can reacquire neurovirulence and cause vaccine-associated para-
lytic poliomyelitis (PAPP). Although this rarely occurs, this is a seri-
ous adverse event and the number of reported cases of VDPV
causing PAPP has recently caught the attention of the healthcare
system. In order to avoid the occurrence of pathogenic VDPV,
next-generation live attenuated viruses with safer and more stable
genetic designs have been developed, and their practical imple-
mentation is expected [75].

For developing live attenuated SARS-CoV-2 vaccines, we also
need to take into account the same issues that cause VDPV. For
example, the introduction of multiple mutations, which are
responsible for the attenuation mentioned above, is one of the
methods to decrease the risk of reversion to a virulent phenotype.
In addition, several factors involved in pathogenicity have been
identified and described. For example, ORF8 has been reported to
be a virulence factor associated with inflammation, and the furin
cleavage site of the spike protein is important for virulence as well
[76,77]. The combination of these mutations may contribute to
develop safer live attenuated vaccines.

New technologies have been developed and improved since the
development of these vaccines, and a wide range of vaccine modal-
ities are currently available. A comprehensive understanding of
each type can help policymakers decide which are the most appro-



Fig. 3. Differential vaccine selection for specific pandemic stages. Vaccine characteristics that are optimal for specific pandemic stages are described. Rapidly developed
vaccines, such as nucleic acid and recombinant virus vaccines, can impede the rise in cases of infection in the early stages of a pandemic. Humoral and cellular immunity
targeting several antigens induced by live attenuated vaccines should be more effective during periods of high morbidity and mortality. After most of the population is
immunized, highly safe vaccines, like recombinant protein-based vaccines, would be more appropriate to be administered as boosters.
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priate for a specific stage in a pandemic, such as that of COVID-19
(Fig. 3). For example, nucleic acid and recombinant viral vectored
vaccines, which are based on an antigen’s coding sequence, can
be rapidly developed owing to advances in sequencing technolo-
gies. These vaccines should be adequate for the early stages of
the pandemic, in combination with immediate social measures,
such as lockdowns and containment of infected populations, to
minimize or prevent further spread. Live attenuated vaccines take
more time to develop because they rely on the amplification and
weakening of the pathogenic attributes of the original virus. How-
ever, they can induce an immune response similar to that induced
by a natural infection targeting several viral antigens, and are thus
presumably more effective than the other vaccine types, although
further studies are needed to provide the necessary evidence.
Therefore, live attenuated vaccines are expected to be one of the
most effective vaccines against different variants that may arise.
Finally, although inactivated vaccines take longer to produce and
may be less effective against variants, they may be a viable vaccine
option for boosting immunizations due to their milder side effects,
as the one for the seasonal influenza virus.

Overall, a strategy comprising the use of different types of vac-
cines, depending on the stage of a pandemic outbreak, could help
improve control measures against the spread and survival of a
pandemic-causing virus in the human population. COVID-19 has
put humanity in an unprecedented situation. The acquired infor-
mation and knowledge gained by testing different vaccine modal-
ities in the COVID-19 pandemic will pave the way for improved
and better strategies to combat future pandemics.

mRNAs have demonstrated to be highly effective, but limita-
tions such as the requirement of a particularly strict cold-chain
for their preservation, make it difficult to control SARS-CoV-2
infection on a global scale, relying mainly on this vaccine modality.
Live attenuated vaccines using strains like the ones we isolated,
would add an important modality to complement current ones.
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