
Approfondimento 
scientifico sulle diverse 
tipologie di vaccini anti 
COVID-19

Carlo Federico Perno

Ospedale Pediatrico Bambino Gesù



Potential endpoints of an 
efficacious COVID-19 vaccine

Hodgson SH et al., Lancet Inf Dis 2020



Vaccine platforms being employed for 
SARS-CoV-2 vaccine design

Flanagan KL et al., Front Imm 2020



Various candidate 
vaccines are being
developed and tested

•Nucleic acid vaccines

• Inactivated virus vaccines

• Live attenuated vaccines

•Protein or peptide subunit vaccines

•Viral-vectored vaccines
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Anti-SARS-CoV-2/COVID-19 
vaccines in Italy
1. Nucleic acid vaccines

• Pfizer/BioNtech: lipid nanoparticle-formulated, nucleoside-modified 
mRNA vaccine encoding the RDB of Spike protein.

• Moderna: sequence-optimised mRNA encoding the Spike glycoprotein
encapsulated in lipid nanoparticles.

• Curevac: non-chemically modified mRNA, encoding the prefusion-
stabilized full spike protein of the SARS-CoV-2 virus.

2. Viral-vectored vaccines
• Oxford/AstraZeneca: chimpanzee adenovirus-vectored vaccine 

encoding the spike glycoprotein of SARS-CoV-2. 
• Janssen Pharmaceutical Companies of Johnson & Johnson: 

adenovirus serotype 26-vectored vaccine, expressing full-length spike 
glycoprotein.

3. Protein vaccines
• Sanofi/GSK: adjuvanted recombinant protein-based vaccine.



https://info.vaccinicovid.gov.it/

Vaccinazione anti-SARS-CoV-2/COVID-19 
PIANO STRATEGICO 



Nucleic acid vaccines



Advantages of mRNA Vaccine 
Platform

FDA Vaccines and Related Biological Products Advisory Committee, Dec 2020

https://www.fda.gov/media/144325/download





• Phase 1/2 trial in 45 participants with BNT162b1 and BNT162b2 
vaccines.

• The participants, aged 18-55 years, were randomly assigned to 
receive two intramuscular doses, separated by 21 days.

FDA Vaccines and Related Biological Products Advisory Committee, Dec 2020

https://www.fda.gov/media/144325/download



• Early results indicate that two vaccines elicited RBD-binding IgG
and neutralising antibodies.

• Mostly mild side-effects (eg, injection site pain, fatigue, 
headache, chills, muscle pain, and joint pain).



First COVID-19 Occurrence From 7 
Days After Dose 2 
Phase 2/3 Efficacy – Final Analysis

Subjects WITHOUT Evidence of Infection Prior to 7 days after Dose 2

FDA Vaccines and Related Biological Products Advisory Committee, Dec 2020

https://www.fda.gov/media/144325/download



Cumulative Incidence of COVID-19 
After Dose 1

FDA Vaccines and Related Biological Products Advisory Committee, Dec 2020

https://www.fda.gov/media/144325/download





• Studies in non-human primates have shown the vaccine’s 
immunogenicity and protective efficacy after two doses (10 μg or 100 
μg) given 4 weeks apart.

• In two phase 1, dose-escalation trials, this vaccine induced both spike 
glycoprotein binding and virus-neutralising antibody responses in 
recipients aged 18–55 years and >65 years.

• These humoral immune responses were similar to those observed in 
convalescent plasma from patients who had recovered from COVID-
19. 
• Vaccine recipients also developed cellular responses, mainly biased towards 

CD4+ Th1 cells. 
• CD8+T-cell responses were marginal, except for those in recipients of two 

vaccinations with the higher dose (100 μg). 

• No important safety concerns were noted with this vaccine, with mild 
local and systemic side-effects including pain at the injection site, 
chills, fatigue, myalgia, and fever occurring within a few days of 
vaccination. 



Despite a slight decline in titers of binding and neutralizing antibodies, 
mRNA-1273 has the potential to provide durable humoral immunity

Widge AT et al., NEJM 2020





• CVnCoV demonstrated dose-dependent activation of the 
humoral immune system in mice at doses of 0.25, 1 and 4µg. 

• Strong IgG1 and IgG2a binding antibody titers were observed at 
all doses and translated efficiently into neutralizing antibodies. 

• Neutralizing antibodies started to develop 3 weeks after the 
first vaccination and increased after the second vaccination.

• In December, CureVac launched a Phase 3 trial, recruiting up to 
36,500 volunteers in Germany. 



Viral-vectored vaccines



Mode of Action of the Viral-
Vectored Vaccine Candidates

Adenoviruses are common viruses that typically
cause colds or flu-like symptoms.

• The Oxford-AstraZeneca team used a modified
version of a chimpanzee adenovirus, known as
ChAdOx1.

• The J&J team used an attenuated adenovirus
serotype 26.

Both viruses can enter cells, but they can’t
replicate inside them.

The gene for the coronavirus spike protein (in the form of double-stranded
DNA) is included within the capsid of another virus, usually an adenovirus.



Mode of Action of the Viral-
Vectored Vaccine Candidates

• These vaccines are more “resistant” than the mRNA 
vaccines. 

• DNA is not as fragile as RNA, and the adenovirus’s 
tough protein coat helps protect the genetic 
material inside. 

• As a result, these vaccines do not have to stay 
frozen. 





• March 2020: pre-clinical efficacy in monkeys.

• April 2020: Phase 1/2 trial. Induction of humoral responses, characterized by anti-spike 
glycoprotein IgG and neutralising antibodies, and IFNγ T-cell responses in most 
recipients after the first dose of vaccine and an additional increase in humoral immune 
outcomes after the second dose of vaccine (28 days).

• Sept. 6, 2020, AstraZeneca halted global trial of the vaccine for a case of transverse 
myelitis.

• Within a week, the trials began in all countries except the United States. 
• On Oct. 23, the F.D.A. authorized the restart of the U.S. trial.

• Nov. 19, 2020, researchers published the first findings from the Phase 2/3 trials in the 
United Kingdom. Encouragingly, the older volunteers produced about as many 
antibodies against the coronavirus as the younger ones. 

• Nov. 23, 2020, AstraZeneca and Oxford announced that the vaccine had good efficacy, 
based on a study of the first 131 cases of Covid-19 in the trials in the United Kingdom 
and Brazil.

• Dec. 11, 2020, AstraZeneca announced that it would collaborate with the Russian 
creators of the Sputnik V vaccine, to combine their and try to deliver a stronger 
protection.



There were 131 cases of symptomatic COVID-19 
more than 14 days after the second dose of vaccine

Vaccine 
efficacy=
70.4%

Voysey M et al., The Lancet 2020



Surprisingly, an initial half-strength dose led 
to 90% efficacy, while two standard-dose 
shots led only to 65.6% percent efficacy

Voysey M et al., The Lancet 2020



• The low dose was only tried out on volunteers 
under 55.

• The researchers speculated that the lower first 
dose did a better job of mimicking the experience 
of an infection, promoting a stronger immune 
response. 





• A single immunisation with this adenovirus serotype
26-vectored vaccine (1·0×10¹¹ viral particles by the 
intramuscular route without adjuvant) induces strong 
neutralising antibody responses and provides
protection against SARS-CoV-2 challenge in rhesus
macaques aged 6-12 years.

• The phase 3 trial of this vaccine started on Sept 23, 
2020.



Protein vaccines



• The Phase 1/2 clinical study is a randomized, double blind 
and placebo-controlled study designed to evaluate the 
safety, reactogenicity and immunogenicity (immune 
response) of the COVID-19 vaccine candidate in 441 healthy 
adults across 10 investigational sites in the United States.

• The participants received one or two doses of the vaccine 
candidate, or placebo at 21 days apart.

• Interim results showed a level of neutralizing antibody titers 
after two doses comparable to sera from patients who 
recovered from COVID-19, a balanced cellular response in 
adults aged 18 to 49 years, but insufficient neutralizing 
antibody titers in adults over the age of 50. 

• The Company will start a new Phase 2 trial in February with 
a different formulation.



Clear and Compelling Data Demonstrating 
Vaccine’s Safety and Efficacy

• Nonclinical data supports vaccine effectiveness and safety 

• Phase 1 and 2 data support safety and efficacy and duration of 
protection

• Meets all safety data expectations for follow up durations and 
subject number

• Vaccine Safety/COVID-19 outcomes in individuals with prior 
SARS-CoV-2

• Sufficient cases of severe COVID-19 to support low risk for 
vaccine-induced ERD 

• Final Analysis with a point estimate over 50% 

• Vaccine’s benefits outweigh its risks based on well-designed 
Phase 3 clinical trial 

• Consistent Manufacturing data with appropriate controls

• Plans for active follow up of safety under EUA


