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Abstract

A massive COVID-19 vaccination campaign is underway worldwide. Epidemiological data from studies indicate excellent
efficacy and safety profile for COVID-19 vaccines. However, there are few data from studies on the effect of decreasing the
probability of infection of vaccinated subjects compared to unvaccinated subjects. In this short communication, we describe
some evidence on this important and current topic providing useful personal reflections.
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Vaccines and virus transmission

The global COVID-19 pandemic is currently underway
(Khan et al. 2020). Pharmacological treatments for the
treatment of COVID-19 infection are mostly directed at
avoiding severe complications of the disease (Vitiello and
Ferrara 2021a, 2021b, 2021c; Ferrara and Vitiello 2021a).
To date, there are no antivirals directed against SARS-
CoV-2, good efficacy has been demonstrated for some
antivirals, authorized for other infectious diseases, such as
Remdesivir(Vitiello et al. 1971; Vitiello and Ferrara 2020;
Ferrara et al. 2020; Ferrara and Vitiello 2021b). Since
December 2020, a massive vaccination campaign has begun
worldwide. The vaccines in use, using different methods,
mRNA, viral vector, to date the clinical evidence in the epi-
demiological data post-authorization show excellent efficacy
and safety profile (Vitiello et al. 2021a; Polack et al. 2020;
Knoll and Wonodi 2021). However, probably what has been
poorly studied in the phase 3 pre-registration studies and in

> A. Vitiello
antonio.vitiello2 @uslumbrial .it

F. Ferrara
ferrarafr@libero.it

V. Troiano
valentinaelisaaa@gmail.com

R. La Porta
raffaele.laporta@sanita.marche.it
Pharmaceutical Department, USL Umbria 1, Perugia, Italy

2 Pathology Department, ASUR Marche, Area Vasta 1,
Urbino, Italy

the post-authorization clinical trials, is whether the vacci-
nated subject infects with the same frequency and probabil-
ity as an unvaccinated subject, and, if the vaccinated subject
can be equally contagious as an unvaccinated and COVID-
19-positive subject. Pre-registration phase 3 clinical trials,
as is traditional for vaccines, evaluate therapeutic efficacy
by investigating the vaccinated subject’s protection from the
disease. Even for COVID-19 vaccines, preregistrative phase
3 studies have evaluated the protection of subjects from dis-
ease, albeit with different results among vaccines (Lurie
et al. 2020; Voysey et al. 2021). However, it is certain that
protection from severe disease by vaccines is of enormous
importance, but probably of equal importance is understand-
ing whether vaccination also decreases virus transmission
and the number of people infected (Wiersinga et al. 2020).
These goals are made even more important given the cur-
rent lack of antiviral drugs directed against SARS-CoV-2
(Vitiello et al. 2021b, 2021c¢).

Different COVID-19 vaccines and delta
variant

Several vaccines against COVID-19 are currently licensed,
using different modes of action. Epidemiological data also
show different efficacy, which may also indirectly influence
the ability to decrease virus transmission. The BioNTech/
Pfizer BNT162b2 mRNA method vaccine conferred 95%
protection against COVID-19 in persons 16 years of age
or older (Polack et al. 2020). The Astrazeneca viral vec-
tor vaccine has demonstrated 70.4% efficacy in preventing
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severe COVID-19 (Knoll and Wonodi 2021). The J&J/Jans-
sen COVID-19 Vaccine was 66.3% effective in preventing
COVID-19 infection in people who received the vaccine
and had no evidence of being previously infected (Sadoff
et al. 2021). Recently, a new SARS-CoV-2 variant, named
Delta variant, has been identified and is responsible for a
strong wave of epidemic with high incidence of deaths and
infected in India. Delta variant appears to be about 60%
more transmissible than the already highly infectious Alpha
variant (also called B.1.1.7). Delta is moderately resistant to
vaccines, particularly in people who have received a single
dose. One study shows that a single dose of vaccine from
AstraZeneca or Pfizer reduced a person’s risk of developing
COVID-19 symptoms caused by the Delta variant by 33%,
compared with 50% for the Alpha variant. A second dose of
the AstraZeneca vaccine increased protection against Delta
to 60% (compared with 66% against Alpha), while two doses
of the Pfizer vaccine were 88% effective (compared with
93% effective against Alpha).

Clinical evidence and decreased
transmission of SARS-CoV-2

Recent evidence shows a decrease in contagiousness among
vaccinated people. In a study carried out in Israel, the viral
load present in the nasal mucosa of a sample of healthcare
workers was evaluated on a weekly basis. The conclusion of
the study showed that in vaccinated and COVID-19-positive
persons, the viral load was 2—4 times lower than in unvac-
cinated persons (Callaway 2021). Another study, evaluating
the amount of viral RNA present in approximately 16,000
nasal swabs showed that the viral load of SARS-CoV-2 in
COVID-19-positive and vaccinated subjects is 1.6-20 times
lower than the viral load present in infected and unvacci-
nated subjects (Levine-Tiefenbrun et al. 2021). Another
study performed in the United States was conducted on
a sample of 3950 health care workers examined between
December 14, 2020 and March 13, 2021. The results showed
that vaccines had an efficacy in preventing infection of 90%
14 days after the second dose and 80% 14 days after the first
dose (Krause et al. 2021).

Discussions

The scientific interpretation of the results of these clinical stud-
ies clearly demonstrates the correlation between the decrease
in SARS-CoV-2 viral load and probability of infection, and
vaccinated subjects. The molecular hypothesis underly-
ing these results, suggest that in the vaccinated subject and
COVID-19 positive may be present the virus, structurally
intact, but immediately covered with antibodies of the subject,
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which make the virus unable to infect other people. Probably
this may also be related to the fact that asymptomatic COVID-
19-positive individuals are less contagious than individuals
with severe infection, precisely because in asymptomatic indi-
viduals the immune system has an excellent response, immedi-
ately attacking the virus, slowing its replication and decreasing
its potency and the likelihood of infecting other people (Petter
et al. 2021; Thompson et al. 2021; Wang et al. 2020; Yu and
Yang 2020; Huff and Singh 2020). This hypothesis is further
reinforced by the evidence showing that people with lower
viral load in circulation transmit are less contagious, further
suggesting that asymptomatic infections are less likely to infect
other individuals. However, it would be essential to be able to
vaccinate the largest number of the world’s population in a
short time, avoiding huge differences between the countries.

Conclusions

Current clinical evidence shows that COVID-19 vaccination
protects against severe symptoms of the disease but is also
an important tool to decrease the spread of the virus and the
rate of infection. At this point in time, the global COVID-19
pandemic is complex, some countries have vaccinated a large
portion of their population, others have difficulty accessing
vaccination, and there is a wide variety of measures put in
place and closures between the countries. These discrepancies
may bring out variants of the virus, and prolong the global
pandemic phase. Vaccinated individuals are likely to be less
likely to transmit the virus; however, it remains critical to con-
tinue to maintain responsible behaviors.
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