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Non-pharmacological interventions and tracing-testing strategy proved insufficient to reduce SARS-CoV-2
spreading worldwide. Several vaccines with different mechanisms of action are currently under development.
This review describes the potential target antigens evaluated for SARS-CoV-2 vaccine in the context of both
conventional and next-generation platforms.

We reported experimental data from phase-3 trials with a focus on different definitions of efficacy as well as

factors affecting real-life effectiveness of SARS-CoV-2 vaccination, including logistical issues associated to vac-
cine availability, delivery, and immunization strategies. On this background, new variants of SARS-CoV-2 are

discussed.

We also provided a critical view on vaccination in special populations at higher risk of infection or severe
disease as elderly people, pregnant women and immunocompromised patients. A final paragraph addresses
safety on the light of the unprecedented reduction of length of the vaccine development process and faster

authorization.

1. Introduction

After the first outbreak of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) on December 2019 in the region of Hubei,
China, >2.1 millions people died and 98.2 millions have been infected
despite the unprecedented implementation of infection control mea-
sures worldwide [1]. Non-pharmacological interventions (e.g. social
distancing, face masking, hand washing, and ventilation) and
tracing-testing strategy cannot eliminate the viral transmission [2]. An
effective vaccination strategy based on efficacious vaccines could reduce
SARS-CoV-2-related morbidity, mortality, and infectiousness [3].
Numerous SARS-CoV-2 vaccines based on different mechanisms of ac-
tion are currently under development. The aim of the present review is
to describe the results of experimental studies on SARS-CoV-2 vaccines,
as well as the public health strategies to be implemented in national and
regional scenarios.

2. Potential target antigens for SARS-CoV-2 vaccines

SARS-CoV-2 is an enveloped, single-stranded RNA virus belonging to
the Coronaviridae family [4]. Its genome encodes for four structural
proteins: spike (S), envelope (E), membrane (M), and nucleocapsid (N)
[5]. The S proteins appear as spikes on the viral surface and its trimeric
form contains two subunits: S1 responsible for receptor binding (a
fragment called receptor-binding domain (RBD) binds ACE-2 receptor
on cellular surfaces) and S2 responsible for membrane fusion and cell
entry [6-8]. The S protein can trigger a cellular and humoral (neutral-
izing antibodies, NAbs) immune response [9,10]. NAbs titer is correlated
with the levels of anti-RBD IgG [9,11]. N and M proteins can induce
specific cytotoxic T lymphocytes, even if translational experiments
demonstrated that immunity induced by M protein did not protect
against the occurrence of SARS- CoV-2 infection [12-15]. On the con-
trary, vaccines expressing the N protein caused pneumonia following the
activation of eosinophils and TH2 cells [16]. E protein is poorly
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immunogenic owing to its small ectodomains for immune recognition
[14].

3. SARS-CoV-2 vaccine platforms

Vaccine platforms can be conventional and next generation (Table 1)
[17,18]. Conventional vaccine platforms are virus- or protein-based.
Virus-based vaccines can consist of inactivated or live-attenuated
virus. Since whole-inactivated viruses do not replicate, adjuvants are
required to stimulate the immune system [18]. Live-attenuated virus
vaccines are generated by passaging in cell culture until the virus loses
its pathogenic properties. Protein-based vaccines consist of a protein
purified from the virus or virus-infected cells, recombinant protein, or
virus-like particles. Virus-like particles lacks the genome.
Whole-inactivated virus and protein-based vaccines require multiple
vaccinations to induce protective immunity [18]. The majority of
COVID-19 vaccine clinical trials are based on a next-generation plat-
form, speeding up the vaccine development process [17,19].
Next-generation platform encompasses viral vector vaccines, nucleic
acid-based vaccines, and antigen-presenting cells vaccines. Viral vectors
vaccines consist of non-replicating or replicating virus vectors with a

Table 1
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gene encoding SARS-CoV-2 antigen [17]. The antigen is produced by
transduced host cells. Nucleic acid-based vaccines are based on DNA o
mRNA fragments transduced or translated in the human cells [20]. Once
injected into the muscle or skin, DNA plasmids enter human cells by
electroporation. Subsequently, the plasmid DNA induces the host cell to
produce temporarily the target protein via a sequential transcription-to-
translation process [21]. Similarly, the mRNA vaccine temporarily in-
duces the cell to produce the antigen protein coded by the mRNA [22].
Unlike DNA, RNA must be transported in various ways to enter the
human cell. In the COVID-19 vaccines under development the mRNA is
carried by lipid microvesicles [23,24]. Artificial antigen-presenting
cells, previously explored for cancer vaccines, are used to stimulate T
cell responses [25]. They are produced with lentiviruses to effectively
mimic antigen-presenting cells [26]. However, this latter approach
seems unaffordable for mass vaccination strategies owing to specific and
complicated cold-chain requirements and onerous infusion procedures
[19]. Fig. 1 summarize the mechanism of action of the vaccine
platforms.

The main mechanisms of action and characteristics of the major types of vaccines [17-28].

Type Mechanism of action

Advantages

Disadvantages

Classical platforms

eLow-cost manufacturing.

Procedure to attenuate the virus is time-

consuming.
Pre-existing cross-reactive immunity may limit
the potency.

e Stimulate long-lasting immunity. e Large quantities of virus would need to be grown

e Traditional and used technology (pre-
existing infrastructure for several licensed

under BSL3 conditions.
Potential side effects related to regression to
virulence strain.

human vaccines).

Whole live- Virus is attenuated by in vitro or in vivo passage or
attenuated reverse- genetic mutagenesis.
vaccine

Whole Viruses is physically or chemically inactivated but
inactivated preserve the integrity of the virus particle.
vaccine

eSafer compared to live attenuated vaccines.

Impaired immunological immunity memory.
Short duration of immune response (booster
doses likely needed).

Viral subunit

Recombinant viral proteins induce immune response
that elicit neutralizing antibodies without a cell-
mediated response.

Next-generation platforms

RNA Vaccines

DNA Vaccines

Viral vector

Antigen-
presenting cells

Fragments of mRNA (isolated or genetically engineered)
producing viral antigen(s) in the cytoplasm through
direct protein translation in vivo.

Viral antigen(s) encoded by a recombinant DNA plasmid
are produced in host cells via a sequential transcription-
to- translation process.

A replicating or non-replicating virus vector transports
virus gene.

Vector systems are used to express viral proteins and
immune modulatory genes in order to modify aAPC
stimulating T cell responses.

Naturally stimulates the immune system
without adjuvants.

Traditional and used technology (pre-
existing infrastructure for several licensed
human vaccines).

Elicits antibody responses.

Technology already in use for many viral
diseases.

Cheaper to manufacture as only parts of
the pathogen need to be produced.

eEasy to manufacture.

Elicits both antibody and cytotoxic T-
lymphocyte responses.

Translation of mRNA in the cytosol and
not in the nucleus of the host cell.

Easy to manufacture.
Temperature-stable (no cold chain
required).

Elicits both antibody and cytotoxic T-
lymphocyte responses.

Single dose possible.

Easy to manufacture.

Elicits both antibody and cytotoxic T-
lymphocyte responses.

Single dose possible.

Frequently safety tests are required to ensure
live-attenuated viruses do not easily revert to
wild type.

Low production titer.

eBooster doses likely needed.

Adjuvants are required to stimulate the immune
system.

Booster doses likely needed.

Include modified nucleosides to prevent
degradation because mRNA is unstable.

A carrier molecule is necessary to enable entry of
the mRNA into cells.

o Cold-chain required.

Expensive.
Booster doses likely needed.

Potential integration to human genome.

The Vector is considered a GMO that carries a
potential risk to the environment.

Potential safety concerns in
immunocompromised patients.

Host immunity to the viral vector (people with
pre-existing antibodies) may reduce vaccine
efficacy.

Time- consuming.

Expensive.

Impractical for mass vaccination campaigns.

Legend: BSL3: biosafety level 3.GMO: Genetically modified organism. aAPC

: artificial antigen presenting cells.
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Fig. 1. Mechanism of action of each vaccine platforms.

4. Phase-3 trials on SARS-CoV-2 vaccines

Currently, phase-3 trials are published for 4 vaccines [23,24,28,29]
(Table 2).

4.1. ChAdOx nCoV-19 vaccine [29]

The first report provides an interim pooled analysis of four ongoing
randomized trials carried out in three countries which enrolled 11,636
participants aged >18 years randomized 1:1 to receive the ChAdOx1
nCoV-19 vaccine or a control intervention (meningococcal vaccine or
saline). The ChAdOx1 nCoV-19 vaccine was developed at Oxford Uni-
versity and consists of a replication-deficient chimpanzee adenoviral
vector ChAdOx1, containing the SARS-CoV-2 structural surface spike
protein gene. Two doses of the vaccine were administered at least 4
weeks apart. However, timing of priming and booster vaccine admin-
istration significantly varied. Furthermore, some of the participants
received a low dose which contained half of standard dose, followed by a
standard dose (LD/SD). The primary outcome was virologically
confirmed COVID-19 disease, defined as a SARS-CoV-2-positive swab
combined with at least one qualifying symptom (fever >37.8 °C, cough,
shortness of breath, or anosmia or ageusia). The majority of the study
sample (86.7%) were aged 18-55 years. 30/5807 (0.5%) and 101/5829
(1.7%) developed COVID-19 disease in the vaccine and in the control
arm, respectively, resulting in a vaccine efficacy of 70.4%. Vaccine ef-
ficacy was 62.1% in participants who received two SD vaccines in
comparison with 90% of the LD/SD group. Serious adverse events were
equally described in both study arms. A case of vaccine-related trans-
verse myelitis was reported 14 days after ChAdOx1 nCoV-19 booster
vaccination.

4.2. BNT162b2 vaccine [23]

BNT162b2 is a lipid nanoparticle-formulated, mRNA vaccine
administered intramuscularly. Adults recruited in the trial were >16

years of age, healthy or with stable chronic medical conditions (e.g.,
HIV, hepatitis B, hepatitis C). Key criteria for exclusion from the trial
included a previous diagnosis of COVID-19, immunosuppression, preg-
nancy and breastfeeding women status. A total of 43,548 participants
were randomized to receive either the vaccine or a saline placebo. Me-
dian age at vaccination was 52 years (16-91) and 21% had at least one
concomitant medical condition. The primary endpoint was efficacy
against COVID-19 disease with onset >7 days after the second dose. A
total of 8 COVID-19 cases was recorded among participants assigned to
receive BNT162b2 and 162 cases among those assigned to placebo;
BNT162b2 was 95% (95% credible interval, 90.3 to 97.6) effective.
Protective effect was observed by 12 days after the first dose when the
cumulative COVID-19 incidence among placebo and vaccine recipients
began to diverge. Similar vaccine efficacy was observed in stratified
analyses by age, sex, race, ethnicity, baseline body-mass index, and
comorbidities. Ten cases of severe Covid-19 with onset after the first
dose occurred in placebo (9 cases) and BNT162b2 (1 case) recipients.
Severe systemic events were reported in <2% of vaccine recipients after
any dose, whereas fatigue (3.8%) and headache (2.0%) were more
frequent after the administration of the second dose. No deaths were
recorded. Systemic events were more often reported in younger (16-55
years) vaccine recipients and more often after dose 2.

4.3. MRNA-1273 vaccine [24]

mRNA-1273 vaccine was developed by Moderna and Vaccine
Research Center at the National Institute of Allergy and Infectious Dis-
eases (NIAID), within the National Institutes of Health (NIH). The main
study enrolled 30,420 participants aged >18 years with no documented
history of SARS-CoV-2 infection. The first dose was followed by a second
injection 28 days later. Saline placebo was given to the control group.
The primary outcome was the occurrence of symptomatic COVID-19
disease starting 14 days after the second injection. 11 cases of COVID-
19 occurred in the vaccine group (3.3 per 1000 person-years) and 185
cases in the placebo group (56.5 per 1000 person-years), indicating an



Table 2
A summary of available phase-3 trials on SARS-CoV-2 vaccines on date February 5th, 2021.
Vaccine Type of Phase  Patients Country Median Primary outcome Results Safety Efficacy on severe cases
vaccine enrolled follow-up
time
ChAdOx1 Viral 2/3 23848 United 3.4 Occurrence of 30 (0.5%) cases among 5807 Serious adverse events and adverse events of No cases of severe COVID-19 in the
nCoV-19 vector Kingdom, months virologically- participants in the vaccine arm special interest balanced across the study arms. ChAdOx1 vaccine group. In the
[29] Brazil, and confirmed, and 101 (1.7%) cases among 5829 A case of transverse myelitis was reported 14 control group there were 10 cases
South Africa symptomatic COVID- participants in the control group days after ChAdOx1 nCoV-19 booster hospitalized for COVID-19; 2 were
19. resulting in vaccine efficacy of vaccination as being possibly related to classified as severe COVID-19,
70.4%. vaccination, with the independent neurological including one death.
committee considering the most likely diagnosis
to be of an idiopathic, short segment, spinal cord
demyelination.
mRNA- RNA 2/3 43548 152 sites 2 months Occurrence of COVID- 8 cases (0.04%) of Covid-19 More BNT162b2 recipients than placebo 1 case of severe COVID-19 in the
BNT162b2 worldwide 19 starting 7 days among participants assigned to recipients reported any adverse event (27% and BNT162b2 vaccine group. In the
[23] (mostly United after the second receive BNT162b2 and 162 12%, respectively) or a related adverse event control group there were 9 cases of
States) injection of the (0.86%) cases among those (21% and 5%). severe COVID-19.
vaccine assigned to placebo resulting in BNT162b2 recipients reported more local
vaccine efficacy of 95%. reactions than placebo recipients (mild-to-
moderate pain at the injection site was the most
commonly reported local reaction, with less than
1% of participants reporting severe pain).
Four related serious adverse events were
reported among BNT162b2 recipients (shoulder
injury related to vaccine administration, right
axillary lymphadenopathy, paroxysmal
ventricular arrhythmia, and right leg
paresthesia).
mRNA-1273 RNA 3 30420 United States 64 days Occurrence of COVID- 11 cases in the vaccine group (3.3  The frequency of medically attended adverse No cases of severe COVID-19 in the
[24] 19 starting 14 days per 1000 person-years) and 185 events (9.7% vs. 9.0%) and serious adverse vaccine group. In the control group
after the second cases in the placebo group (56.5 events (0.6% in both groups) were similar. there were 30 cases of severe
injection of the per 1000 person-years), indicating ~ Adverse events at the injection site occurred COVID-19, including one death.
vaccine 94.1% efficacy of the mRNA-1273  more frequently in the mRNA-1273 group than
vaccine. in the placebo group after both the first dose
(84.2%, vs. 19.8%) and the second dose (88.6%,
vs. 18.8%). However, these events were of low
severity.
Gam-COVID-  Viral 3 21977 Russia 48 days Occurrence of PCR- 16 (0.1%) cases among 14.964 The most common adverse events were flu-like No cases of moderate or severe
Vac [28] vector confirmed COVID-19 participants in the vaccine arm illness, injection site reactions, headache, and COVID-19 in the Gam-COVID-Vac

starting 21 days after
the first dose.

and 62 (1.3%) cases among 4902
participants in the control group
resulting in vaccine efficacy of
91.6%.

asthenia. 30 adverse events were grade 3
(0.38%). None of the serious adverse events were
considered associated with vaccination.

vaccine group. In the control group
there were 20 cases of moderate or
severe COVID-19.
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efficacy of 94.1%. Vaccine efficacy was similar across pre-determined
groups of interest, including those who already had antibodies against
SARS-CoV-2 at the time of enrollment and among those who were 65
years of age or older. Severe Covid-19 occurred in 30 participants, with
one death, exposed to the placebo group. Moderate-to-severe systemic
adverse events (fatigue, myalgia, arthralgia, and headache) were
described in ~50% of participants in the mRNA-1273 group after the
second dose. Adverse events occurred ~15 h after vaccination and
resolved by day 2, with no sequelae. The incidence of serious adverse
events was similar in mRNA-1273 and placebo arms. Adverse events at
the injection site occurred more frequently in the mRNA-1273 group
after the first (84.2% VS. 19.8%) and the second dose (88.6% VS.
18.8%). In the mRNA-1273 group, local events were mainly grade 1 or 2
in severity and lasted a mean of 2.6 and 3.2 days after the first and
second dose, respectively. The most common injection-site event was
pain (86.0%).

4.4. Gam-COVID-Vac vaccine [28]

Gam-COVID-Vac is a heterologous recombinant adenovirus (rAd)-
based vaccine. The randomized, double-blind, placebo-controlled, phase
3 trial is ongoing at 25 hospitals in Moscow, Russia. Participants were
randomly assigned (3:1) to receive vaccine or placebo, with stratifica-
tion by age group. However, the interim efficacy analysis was published
on 2 February 2021 based on almost half of the planned patients. The
first dose was followed by a second injection 21 days later. Key inclusion
criteria were: age 18 years or older; negative anti-SARS-CoV-2 IgM and
IgG antibody and SARS-CoV-2 PCR tests; no contact with anyone with
COVID-19 in the preceding 14; negative urine pregnancy test (for
women of child-bearing potential); no history of vaccine-induced re-
actions; and no acute infectious or respiratory disease in the 14 days
before enrolment. The primary outcome was the occurrence of PCR-
confirmed COVID-19 starting 21 days after the first dose. 16 (0.1%)
COVID cases among 14.964 participants occurred in the vaccine arm
and 62 (1.3%) COVID cases occurred among 4902 participants in the
control group resulting in vaccine efficacy of 91.6%. Notably, vaccine
efficacy was 91.8% (67.1-98.3) in participants older than 60 years. No

Phase 1 candidates
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cases of moderate or severe COVID-19 occurred in the Gam-COVID-Vac
vaccine group whereas 20 cases of moderate or severe COVID-19
occurred in the control group there were 20 cases. Most of the re-
ported adverse events (94%) were mild. The most common adverse
events were flu-like illness, injection site reactions, headache, and
asthenia. None of the serious adverse events were considered associated
with vaccination.

Other vaccines are currently under study, of which candidates with
ongoing phase-1-2-3 trials are shown in Fig. 2.

5. Efficacy of SARS-CoV-2 vaccines in experimental studies

The definition of vaccine efficacy is challenging. From a clinical
perspective the endpoints are heterogenous. Phase 3 trials demonstrated
efficacy against COVID-19 disease (effective immunity), although data
concerning the reduction of viral circulation among vaccinated people
are not yet known (sterilizing immunity) [23,24,28,29]. The WHO
document on the preferred and minimally acceptable profiles of human
vaccines against SARS-CoV-2 recommended an ideal 50% cut-off against
several outcomes, including disease, severe disease, and/or viral trans-
mission [31]. The primary outcome adopted by the clinical trials per-
formed until now is the occurrence of COVID-19 disease [23,24,28-30].
Whether first-generation vaccines will be effective on viral transmission
or can prevent severe clinical manifestations is still a matter of debate.
An effective vaccine which prevents severe disease might reduce mor-
tality in high-risk groups and relieve pressure on health-care systems
[3]. Severe COVID-19 cases were significantly lower in the experimental
vaccinated groups, although clinical trials were not designed to assess
the impact on severe disease [23,24,28,29]. However, clinically effec-
tive vaccines could not prevent SARS-CoV-2 transmission. Preliminary
studies show that nasal shedding of SARS-CoV-2 was not different when
vaccinated animals are compared with a control group, even if viral load
in lower airways of vaccinated decreased [32,33]. Furthermore, the
route of administration of COVID-19 vaccines currently under devel-
opment is intramuscular, which predominantly produces a systemic IgG
response and a poor mucosal response [34]. Data on humans are lacking
and future studies should prove if a vaccine which elicits the mucosal

Legend

 Live-attenuated mRNA

Inactivated DNA
Protein subunits . Viral vector

Antigen-presenting cell

Fig. 2. Phase-1-2-3 trials on COVID-19 vaccines (last update 29 January 2021).
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immunity can reduce upper airway viral shedding and, then, viral
transmission. The assumption that mass vaccination will result in suc-
cessful control of SARS-CoV-2 infection with acceptable social costs is
currently not supported by any scientific evidence. Recently, a set of
clinical endpoints has been proposed to standardize evaluation and
comparison of efficacy among vaccine candidates, overall and across
relevant subgroups [35]. The proposed clinical endpoints are:
SARS-CoV2 infection; COVID-19 symptomatic infection; asymptomatic
infection; severe COVID-19; non-severe COVID-19; and burden of dis-
ease (BOD). SARS-CoV2 infection is defined by positive RNA PCR result
or SARS-CoV2 seroconversion. COVID-19 symptomatic infection is
defined by a protocol-specified list of COVID-19 symptoms with viro-
logic confirmation of SARS-CoV-2 infection. Asymptomatic infection is
defined by SARS-CoV-2 seroconversion without prior diagnosis of the
COVID-19 disease. Severe COVID-19 is defined by virologic confirma-
tion of SARS-CoV-2 infection and at least one of the following criteria:
respiratory failure; evidence of shock; clinically significant acute renal,
hepatic, or neurologic dysfunction; admission to an intensive care unit;
and death. Non-severe COVID-19 is defined by virologic confirmation of
SARS-CoV-2 infection, absence of criteria for severe COVID-19 and the
presence of at least one of the following criteria: fever or chills; cough;
shortness of breath or difficulty breathing; fatigue; muscle or body
aches; headache; new loss of taste or smell; sore throat; congestion or
runny nose; nausea or vomiting; and diarrhea. Finally, BOD is an
endpoint based on a score that weights the disease severity. The score is
0 for no COVID-19, 1 for non-severe COVID-19, and 2 for severe
COVID-19.

6. Factors affecting vaccine effectiveness in a real-world
scenario

Vaccine efficacy estimated during the clinical trials might not ac-
count for real-life conditions. Several factors might affect the effective-
ness of a mass vaccination and the herd immunity. It is assumed that
immunity is short-lived. Antibody titer can wane within weeks after
infection and the magnitude of the antibody neutralization in asymp-
tomatics decreases faster than in symptomatics [36]. Data from the
phase-1 trial of mRNA-1273 vaccine suggested that antibody titers
persisted for about 4 months in immunized individuals [37]. As a
consequence, SARS-CoV-2 infection can become endemic worldwide
[38]. However, in case of long-lasting immunity, a mass vaccination
campaign must face logistical challenges related to large-scale produc-
tion and distribution. The reduction of COVID-19 mortality strictly de-
pends on the high vaccine coverage of high risk groups (i.e., elderly
individuals and/or patients with concomitant diseases). Definition of the
priority groups is the cornerstone for a key change of the main epide-
miological indicators, fitting principles of social justice to mitigate dis-
parities and health inequities across ethnic minorities and geography.

The storage and transport, based on reliable cold-chains, require
adequate infrastructures: this organizational issue could result in het-
erogeneity of national immunization coverage [39].

Moreover, public acceptance plays a crucial role for a successful
vaccination campaign. A recent survey in 19 countries reported that the
acceptance rate of a SARS-CoV-2 vaccine is far from being universal
[40]. Vaccine hesitancy has recently increased ignoring overwhelming
scientific evidence on safety and effectiveness of vaccines. Clear and
transparent communication of both personal and public health advan-
tages, as well as on the risk of adverse events, must be promptly un-
dertaken by national and regional authorities and stakeholders.

New variants of SARS-CoV-2 might affect vaccine effectiveness.
SARS-CoV-2 belongs to the RNA viruses, that have a high mutation rate.
Genetic instability has long been considered to represent a challenge to
develop effective vaccines against RNA viruses. The spike N501Y sub-
stitution located within the RBD could become a global threat: it is
associated to a higher viral load and increased transmissibility (50-70%)
[41,42]. Variants detected in the United Kingdom and South Africa
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share this mutation. The E484K mutation in the RBD can help viral
escape from a highly neutralizing convalescent plasma [43,44]. This
variant has been recently described across several Brazilian regions (e.
g., Manaus city where the population natural immunity was higher than
50% [44,45]. However, immunity depends on antibodies and cellular
responses, which could surrogate or replace the poor antibody
neutralization.

6.1. Special populations

Clinical trials carried out until now demonstrated efficacy and safety
of vaccines in a homogeneous immunocompetent population [23,24,28,
29]. However, scientific concerns have been raised for the vaccination of
elderly people, pregnant women, people aged less than 16 years, and
immunocompromised patients. Those populations are at higher risk of
infection or severe disease [46-48]. Immunosenescence, immunodefi-
ciency, or pregnancy-related immune impairment could make the in-
dividuals more vulnerable to the viral infection and impair the immune
response following vaccination [46].

Efficacy of the mRNA-1273 SARS-CoV-2 vaccine was lower in in-
dividuals >65 years (86.4%) when compared with that of individuals
aged 18-65 years (95.6%) [23]. It is well known that aging is associated
with loss of immunological memory, reduced repertoire of immuno-
logical responses, and increased inflammatory tone [49,50]. A recent
phase-1 open label trial of mRNA-1273 recruited persons aged 56-70
years and those >71 years [51]. Notably, a slight reduction of the
antibody neutralization tests was detected in subjects older than 71
years [51]. However, the data from the Gam-COVID-Vac vaccine are
promising since they evidenced a vaccine efficacy of 91.8% (67.1-98.3)
in participants older than 60 years that is similar to the 91.6% of the
entire population analyzed [28].

Pregnant women have been systematically excluded from clinical
trials on Covid-19 interventions, although several therapies are
considered safe during pregnancy (e.g., systemic steroids and hydroxy-
chloroquine). A review on international clinical trial registries found
155 COVID-19 trials, with 80% excluding pregnant women [52]. This
imbalance should be immediately interrupted to decrease in equal ac-
cess to health resources. Recently, the SOLIDARITY trialists extended
inclusion also to pregnant women, paving a new way in the Covid-19
research [53].

The majority of the vaccine trials excluded children and adolescents
[23,24,28,29]. It is currently unknown if they develop the same effective
immunity of the adult population, whether a reduced dose can be
beneficial, or age-related safety issues could occur. Furthermore, epi-
demiologists and public health specialists have suggested that COVID-19
cannot be defeated without a global childhood and adolescent vacci-
nation [54]. Clinical trials on children aged 12 years or older are
currently ongoing [55,56].

6.2. Safety issues

To address the clinical and public health threat of the COVID-19
pandemic, the vaccine development process has been reduced from
the conventional 10-15 years to 1-2 years [19]. This unprecedented
achievement depended on a faster authorization process and on new
manufacturing platforms. Safety is a prerequisite for a vaccine to be
administered. Indeed, a vaccine is not a drug for critically ill people, but
rather a treatment that is given to those who are well to prevent the risk
of a severe disease. Safety is determined by the vaccine platform, the
adjuvant, the mode and route of vaccine administration, the age of
vaccinees and the pre-existing vaccine immunity [57].

One of the main potential barrier to the development of safe and
efficacious COVID-19 vaccines is the risk that insufficient titres of
neutralizing antibodies might trigger antibody-dependent enhancement
(ADE) of disease [32,58]. ADE depends on an increased Fc-mediated
cellular entry of the virus or excessive immune complex formation
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with subsequent inflammation [59]. In individuals challenged by
homotypic or heterotypic serotype viruses, the antibodies will recognize
viral antigens and mediate antibody-dependent disease exacerbation in
two ways [60]. First, virus-antibody complexes might enter Fc receptor
(FcR)-bearing cells, such as dendritic cells and monocytes, by
FcR-mediated internalization, which is termed ‘antibody-dependent
enhancement’ (ADE) resulting in increased viral replication [61-63].
After entering in the host, the virus may activate a harmful immune
response, resulting in the release of proinflammatory cytokines. The
activated TH2 cells contribute to the activation of antibody production.
However, they release interleukin-4 (IL-4), IL-13 and IL-5, as well as
eosinophil chemoattractant, thus resulting in eosinophil infiltration and
proinflammatory cytokine production in the lung [62,63]. Safety con-
cerns were initially based on experimental data showing that immuni-
zation against SARS-CoV-2 may result in enhanced viral replication in
vitro and diffuse alveolar damage in vivo in a population of non-human
primates [63,64]. However, this effect is supposed to be limited to
inactivated or viral vector vaccine formulations. Clinical data on
humans are currently lacking and vaccine trials did not report any severe
events related to ADE [23,24,28,29]. However, clinical trials might be
unpowered to detect rare severe adverse events: safety profile of
SARS-CoV-2 vaccines should be carefully adjusted following the infor-
mation retrieved from post-marketing drug monitoring programs.

7. Conclusions

The announcement of new vaccines readily available for the immu-
nization of individuals at risk and general population is only an inter-
mediate step in the battle against SARS-CoV-2. The limitations we
described may potentially affect vaccine efficacy and effectiveness, as
well as its ability to generate herd immunity. The logistical issues
associated to vaccine availability, delivery, and immunization strate-
gies, and the occurrence of new variants fully or partially resistant to
vaccine-induced antibodies represent the main concern in low-, middle-,
and high-income countries. However, the marketing of new vaccines,
achieved after an unprecedented rapid development process based on
new technologies and platforms, could represent the key momentum for
the control of the Covid-19 pandemic.
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