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Abstract
The global COVID-19 pandemic continues to claim victims worldwide, representing a health and socioeconomic challenge 
with few precedents in human history. The therapeutic agents used to treat COVID-19 infection are mostly aimed at avoiding 
the most serious complications and organ damage that in a percentage of cases can be fatal. Recently, the first COVID-19 
vaccines have been authorised, starting a massive vaccination campaign worldwide. The COVID-19 vaccines authorized or 
under testing use different methods of action such as mRNA, DNA vaccine, viral vector, protein subunit, and virus inactivated 
immunization strategies. The mRNA vaccines are the first authorised vaccines with this new method of action, initiating a 
new era of preventive medicine. To date, data indicate that they may be effective against the newly identified SARS-CoV-2 
variants. Short-term studies indicated an acceptable safety profile but long-term immunity as well as safety is not yet avail-
able. In this article, we briefly describe mRNA vaccines and highlight some aspects yet to be fully defined.
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Introduction

In November 2019, a new RNA Coronavirus (SARS-CoV-2) 
responsible for a severe acute respiratory syndrome was 
identified in China; the disease was defined as COVID-19 
(Coronavirus disease 2019) (Zhu et al. 2019; Wang et al. 
2020a). The rapid and exponential increase in the num-
ber of cases suggested the possibility of human-to-human 
transmission (Huang et al. 2020) (Li et al. 2020) (Zhu et al. 
2019) (Gorbalenya 2020). The World Health Organization 
(WHO) declared this new viral disease a global public health 
emergency on January 30, 2020, and subsequently declared 
global pandemic status SARS-CoV-2 (COVID-19) on March 
11, 2020 (Guarner 2020). To date, data record approxi-
mately 106 million infected individuals and 2.32 million 
deaths due to COVID-19, worldwide (https://​www.​who.​int/​

emerg​encies/​disea​ses/​novel​coron​aviru​s2019/​situa​tion-​repor​
ts) (WHO 2021).

COVID‑19, clinical symptoms and treatments

The main mode of transmission COVID-19 is human-to-
human through inhalation of droplets generated by cough-
ing and sneezing of positive patients (Harrison et al.2020). 
SARS-CoV-2 infection in most cases has an asymptomatic 
or mildly symptomatic course (Oran et al. 2020). The most 
common symptoms are elevation of body temperature, 
fatigue, coughing loss of sense of smell (Hoang et al.2020). 
In a percentage of patients, especially elderly individuals 
with pre-existing conditions, COVID-19 infection can cause 
severe organ damage that in some cases is fatal (Vitiello 
et al. 2020a, b; Ferrara 2020). Since the onset of the COVID-
19 pandemic, numerous pharmacological treatments have 
been tested to treat the viral infection, mostly directed at 
avoiding the most severe complications (Vitiello and Fer-
rara 2020a; Wang et al. 2020b). There is a scarcity of proven 
clinical data related to therapeutic agents to combat COVID-
19 and the urgency to act quickly have suggested the use of 
pharmacological agents already on the market used for other 
therapeutic indications which include anti-inflammatory, 
antiviral, and anticoagulants. The antivirals Remdesivir and 
Lopinavir/Ritonavir (Vitiello and Ferrara 2020b; Al-Tawfiq 
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et al. 2020; Ferrara et al. 2020a) have shown anti-COVID-19 
efficacy in some studies (Chu et al. 2004; Vitiello and Fer-
rara 2021; Cao et al. 2020). Several immunomodulators have 
been used to reduce the generalized hyperinflammatory state 
caused by cytokine storm, such as Tocilizumab, colchicine, 
eculizumab, dexamethasone (Somers et al. 2020; Campochi-
aro et al. 2020; Reyes et al. 2020; Deftereos et al. 2020). 
Other experimental pharmacological approaches are directed 
at limiting cardiac, pulmonary, and hepatic damage(Wijnsma 
et al. 2019; Horby 2020; Ferrara et al. 2020b). Authorised 
monoclonal antibodies such as Casirivimab, Imdevimab, 
Bamlanivimab inhibit viral entry into host cells and are 
used in SARS-CoV-2 positive patients with a high risk of 
being hospitalized and having severe complications (Vitiello 
and Ferrara 2020b, 2021; Ferrara and Vitiello 2021). The 
COVID-19 patient, particularly with pre-existing comorbidi-
ties, is a complex patient; the safety of the therapeutic treat-
ments used must also be carefully monitored (Vitiello et al. 
2021a). Recently, the first COVID-19 vaccines have been 
authorised, representing the most powerful weapon available 
to stop the pandemic.

Vaccines mRNA against COVID‑19

The authorised or under testing COVID-19 vaccines use 
different methods, messenger RNA (mRNA), viral vec-
tor, DNA vaccine, protein subunit, and virus inactivated 
immunizations (EMA 2021). The mRNA vaccines against 
COVID-19 are the first mRNA vaccines to be authorised, 
representing the beginning of a new era for preventive medi-
cine (Dai et al. 2021). The mRNA vaccines have several 
advantages over traditional and conventional vaccines, such 
as the ability to develop and manufacture quickly and at low 
cost, efficacy and to date acceptabler safety profile (Locht 
et al. 2020; Wang et al. 2020c). This rapid production meth-
odology has allowed for COVID-19 vaccines in a very short 
time. In COVID-19 mRNA vaccines, the mRNA molecule is 
encapsulated in lipid nanoparticles, which facilitate mRNA 
uptake and endocellular penetration which appear to pro-
tect against degradation (Zhang et al. 2020). The vaccine 
mRNA is delivered at the level of the muscle deltoid, the 
encapsulated mRNA enters the muscle cells, transits into 
the cytosol, and the ribosomes perform cellular transla-
tion producing the spike protein (S), which when released 
into the circulation stimulates the immune response. The 
spike protein (S) is critical for endocellular entry of SARS-
CoV-2 (Vitiello et al. 2021b, c, d), It is also responsible 
for the induction of neutralizing antibodies. Some studies 
have demonstrated antibody and cell-mediated immune 
responses induced by mRNA vaccines (Laczkó et al. 2020; 
Lederer et al. 2020). However, the duration of persistence 
of the antibody response against SARS-CoV-2 remains to 
be elucidated and to be identified by clinical studies; it is 

probably dependent on the individual host response. Recent 
evidence, however, shows that the antibody response is not 
the only one produced by mRNA vaccines and argues that 
another important weapon to defend against Sars-Cov-2 is 
cellular immunity through the development of specific T 
lymphocytes (Sewell et al. 2020). A most critical question 
is, how long does cell-mediated immunity protect people 
from a new COVID-19 infection? Furthermore, does the 
action of T lymphocytes prevent transmission of the virus 
to other individuals? Certainly, the decrease in the number 
of people with severe COVID-19 infection, mediated by vac-
cination, will also decrease the duration time of transmission 
and contagiousness, indirectly reducing also the contagion 
between men. In addition, evidence shows also a reduction 
in the number of asymptomatic cases in vaccinated individu-
als (Tande et al. 2021). Moreover, new variants of SARS-
CoV-2 have recently been identified in the United Kingdom 
and South Africa (Conti et al. 2021; Giovanetti et al. 2021). 
These new variants share the N501Y substitution, which 
affects the spike (S) protein and the viral receptor binding 
site for cell entry. Early epidemiological evidence shows that 
mRNA vaccine-induced immune responses may be effective 
in neutralizing these novel variants (Bleier et al. 2021; Holm 
et al. 2021).

Safety aspects

Every therapeutic, curative, prophylactic and preventive 
drug treatment, such as vaccines, is always subject to strict 
monitoring of the safety profile and of the benefit/risk ratio 
since the pre-registration studies. This is even more so for 
vaccines that are administered to healthy subjects. The 
mRNA vaccine development and manufacturing process 
does not require toxic chemicals or cell culture, and the short 
production time presents a very low risk of contamination 
of microorganisms (Wang et al. 2020c). The mRNA vac-
cines to date are considered a safe vaccine method. A clini-
cal trial shows that the most commonly reported systemic 
events after administration of COVID-19 mRNA vaccine 
were fatigue and headache, although fatigue and headache 
were also reported in patients taking placebo (Polack et al. 
2020). Serious systemic events were reported in less than 
2% of vaccine recipients. Fever (temperature ≥ 38 °C) was 
reported after the second dose by 16% of vaccine recipients 
(Polack et al. 2020). Systemic events including fever and 
chills were observed within the first 1–2 days after vaccina-
tion and resolved shortly thereafter (Polack et al. 2020). No 
deaths were considered by the investigators to be related to 
the vaccine or placebo (Polack et al. 2020).

Anaphylaxis to COVID-19 mRNA vaccines is currently 
estimated at 2.5–11.1 cases per million doses, largely in 
individuals with a history of allergy (Shimabukuro et al. 
2021). A large study investigated the incidence of an acute 
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allergic reaction after more than 60.000 administrations of 
the COVID-19 mRNA vaccine. Acute allergic reactions 
were detected in 1365 employees (2.10%). Anaphylaxis was 
confirmed in 16 employees (0.025%)The meantime to the 
onset of anaplylasxis was 17 min (Blumenthal et al. 2021). 
The viral vector vaccine (Astrazeneca) may be associated 
with very cases of blood clots associated with trombocy-
topenia, i.e., low levels of blood platelets with or without 
bleeding, including rare cases of clots in the vessels draining 
blood from the brain (CVST) (https://​www.​ema.​europa.​eu/​
en/​news/​covid-​19-​vacci​ne-​astra​zeneca-​benef​its-​still-​outwe​
igh-​risks-​despi​te-​possi​ble-​link-​rare-​blood-​clots) To date 
there are no similar cases with mRNA vaccines.

Discussions

Vaccines represent the most powerful weapon available 
to slow the growing pandemic of elucidated COVID-19. 
While early clinical data show efficacy even against new 
emerging variants and safety data of mRNA vaccines against 
COVID-19 are reassuring, some aspects need to be clari-
fied. Two mRNA vaccines (Pfizer and Moderna) involve 
two administrations a few weeks apart. The Johnson and 
Johnson mRNA vaccine has a single administration. It 
can be assumed that the duration of clinically significant 
antibody response induced by mRNA vaccines will need 
to be closely monitored in postmarketing clinical trials. In 
addition, for individuals who have been infected and have 
recovered with measurable antibodies, at what point in time 
would it be advisable to vaccinate? For vaccines that involve 
double dose administration, is it indicated to administer only 
one dose? In addition, should certain categories of patients, 
such as cancer or organ transplant patients and those on 
immunosuppressive therapy, receive the same doses at the 
same interval as healthy individuals, or can the interval 
between doses be shortened? To date, these questions have 
not been answered. And finally, how long will immunity 
last? Will widespread immunity limit the spread of the virus 
in the population? To the latter answer, early data suggest 
that there is a reduction in the number of infected. Preven-
tive vaccination is the safest and cheapest way to stop the 
COVID-19 pandemic, and mRNA vaccines represent the 
beginning of a new era of preventive medicine. To date, 
clinical data show very good efficacy and acceptable safety 
for mRNA vaccines against COVID-19. However, further 
clinical data are urgently needed to clarify these important 
questions.

Conclusions

This brief review, and these presented data indicate that 
mRNA vaccines are safe and effective, and represent a very 
viable weapon to stop the global COVID-19 pandemic. 
RNA-based vaccines are a promising new approach to pro-
tect humans not only from SARS-CoV-2 but from infectious 
diseases, with the advantage of rapid production and suf-
ficient resource investment.
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