
Agostino Riva

Il punto sui 
vaccini anti-
SARS-CoV-2

http://www.asst-fbf-sacco.it/


I received speaker’s honorarium from the following
companies:

• Gilead
• VIIV
• MERCK
• MSD
• Sanofi
• Glaxo
• Novartis 
• Roche

Conflict of Interest Disclosure



Challenges facing the Covid-19 
vaccine field 

• It has been estimated that global Covid-19 
vaccination saved approximately 20 million 
lives during the first year of the vaccine 
rollout

• Inequitable vaccine distribution

• Vaccine hesitancy

• Waning immunity

• The emergence of highly transmissible viral variants that 
partially escape antibodies.



World vaccination coverage

• 68.2% of the world population has received at 
least one dose of a COVID-19 vaccine

• 12.8 billion doses have been administered 
globally

• 3.65 million doses are now administered each 
day

• Only 22.9% of people in low-income countries 
have received at least one dose



World vaccination coverage



Italian vaccination coverage



Italian vaccination coverage

IV dose

3.621.125
18.94% della platea

6.11% della popolazione



Immune Responses for Protection against 
SARS-CoV-2

Protective Efficacy of Covid-19 Vaccines against the Ancestral Viral Strain in the US 
and against the Omicron Variant in South Africa



Protective Efficacy of Covid-19 
Vaccines in the United States



The relationship between anti-spike SARS-
CoV-2 antibody levels and risk of breakthrough 

COVID-19 among fully vaccinated adults 

Multivariate analysis of association between antibody levels and risk of 
COVID-19 infection 

Michael Asamoah-Boaheng,et al.



Vaccini autorizzati in Italia

• Vaccini a m-RNA nella formulazione bivalente:
– Original/Omicron/BA.4-5 di Comirnaty - il 12 settembre 2022 è stato 

autorizzati dall'EMA e il 14 settembre dall'AIFA
– Original/Omicron BA.1 di Spikevax e Comirnaty - il 1° settembre 2022 

sono stati autorizzati dall’EMA e il 5 settembre dall’AIFA

• Vaccino Nuvaxovid (Novavax) - il 20 dicembre 2021 è stato 
autorizzato dall’EMA e il 22 dicembre dall'AIFA.

• Vaccino Janssen (Johnson & Johnson) - l'11 marzo 2021 è stato 
autorizzato dall'EMA e il 12 marzo dall'AIFA

• Vaccino Vaxzevria di AstraZeneca - il 29 gennaio 2021 è stato 
autorizzato dall’EMA e il 30 gennaio dall’AIFA.

• Vaccino Spikevax (Moderna) - il 6 gennaio 2021 è stato autorizzato 
dall'EMA e il 7 gennaio dall'AIFA 

• Vaccino Comirnaty di Pfizer-BioNtech - è il primo vaccino ad essere 
stato autorizzato in Unione Europea: il 21 dicembre 2020 dall'EMA 
e il 22 dicembre da AIFA



after two doses of either Pfizer or Moderna against the omicron variant

after two primary doses of Pfizer vaccine followed by a booster dose of Pfizer against 
the omicron variant

after two primary doses of Pfizer vaccine followed by a booster dose of Moderna against 
the omicron variant

Vaccine effectiveness 



Vaccine effectiveness 
after two primary doses of Moderna vaccine followed by a booster dose of Moderna
against the omicron variant

after two primary doses of Moderna vaccine followed by a booster dose of Pfizer 
against the omicron variant

after two primary doses of AstraZeneca vaccine followed by a booster dose of Pfizer 
against the omicron variant

after two primary doses of AstraZeneca vaccine followed by a booster dose of Moderna
against the omicron variant



Neutralization of SARS-CoV-2 Omicron BA.2.75
after mRNA-1273 Vaccination

Emi Takashita et al.



COVID-19 Update: Bivalent Pfizer and Moderna
COVID-19 Vaccines for Booster Immunization

• The FDA has amended its EUAs for the mRNA COVID-19 vaccines manufactured 
by Pfizer/BioNTech and Moderna to permit use of bivalent formulations of the 
products as a single booster dose in persons ≥12 years old (Pfizer) or ≥18 years 
old (Moderna) whose most recent COVID-19 vaccine dose was a monovalent 
product given ≥2 months previously as a booster or for completion of a primary 
series. 

• The bivalent formulations are not authorized for primary immunization.
• Monovalent Pfizer and Moderna COVID-19 vaccines are no longer authorized 

for use as booster doses in persons ≥12 years old.
• The bivalent vaccine formulations contain equal amounts of two mRNA 

strands. One strand, which codes for the spike protein of the original (Wuhan-
Hu-1) strain of SARS-CoV-2, is identical to that used in the monovalent 
vaccines. The other strand codes for the spike protein common to the BA.4 and 
BA.5 

• No randomized trials of the new bivalent vaccine formulations are available. 
• Their authorization was based on clinical data with the monovalent products 

and on the results of randomized immunogenicity studies that compared 
bivalent formulations of the vaccines containing mRNA from the original and 
BA.1 Omicron strains of SARS-CoV-2 (not authorized in the US) with their 
respective monovalent formulations



COVID-19 Update: Bivalent Pfizer and Moderna
COVID-19 Vaccines for Booster Immunization

• The immunogenicity studies included 610 adults ≥55 years old (Pfizer) and 594 adults ≥18 years old 
(Moderna) who had no history of SARS-CoV-2 infection and had previously received two primary-
series doses and one booster dose of the applicable monovalent vaccine. 

• Subjects received either a second booster dose of the same monovalent vaccine or a booster dose 
of the corresponding original/BA.1 bivalent vaccine. 

• In both studies, at ~1 month after the second booster dose, the geometric mean neutralizing 
antibody titer level and the seroresponse rate against the BA.1 variant were higher with the 
bivalent vaccine than with the monovalent vaccine 

• It is presumed that the newly authorized bivalent formulations of the Pfizer and Moderna vaccines 
will induce a similar immunogenic response against the BA.4 and BA.5 variants of SARS-CoV-2.

• ADVERSE EFFECTS – In the immunogenicity studies, adverse effects of the original/BA.1 bivalent 
Pfizer and Moderna vaccines were similar to those with the corresponding monovalent products

• DOSAGE AND ADMINISTRATION – CDC guidelines recommend that adolescents and adults who 
have completed a primary immunization series with any COVID-19 vaccine receive a booster dose 
of either the bivalent Pfizer vaccine (≥12 years old) or the bivalent Moderna vaccine (≥18 years old) 
≥2 months after their most recent monovalent vaccine dose



• Phase 2–3 study
• Comparison of the 50-μg bivalent vaccine mRNA 

1273.214 (25 μg each of ancestral Wuhan-Hu-1 
and omicron BA.1 spike mRNAs) with the 
previously authorized 50-μg mRNA-1273 booster

• mRNA-1273.214 or mRNA-1273 as a second 
booster in adults who had previously received a 
two-dose (100-μg) primary series and first 
booster (50-μg) dose of mRNA-1273 (≥3 months 
earlier)



Neutralizing Antibody Titers against
Ancestral SARS-CoV-2 (D614G)



Neutralizing Antibody Titers against
Omicron Variant



Reduced humoral response to a third dose of SARS-
CoV-2 mRNA vaccines by concomitant methotrexate
therapy in elderly patients with rheumatoid arthritis

Elderly patients with RA (> 65) Younger RA patient (< 64.5)

David Stahl, et al.



Limited humoral and specific T-cell responses after SARS-
CoV-2 vaccination in PLWH with poor immune reconstitution 

Susana Benet,  et al.

Vaccine-
induced 
humoral 
immune 
responses



Vaccine-induced T-cell immune responses against the S1 and S2 
subunits 23 from the SARS-CoV-2 Spike protein in ‘High and Low 

neutralizers’ from HIV<200 group 

"High neutralizers" 

"Low neutralizers‟ 



Comparison of vaccine-induced T-cell 
responses at w8 between ‘High and Low 

neutralizers’ from HIV<200 group 



Oncology

• 195 consecutive cancer patients and 20 healthy controls were enrolled.
• 31 cancer patients had a previous exposure to SARS-CoV-2. 
• Cancer patients previously exposed to the virus had significantly higher median levels of 

anti-S1 and anti-RBD IgG, compared to healthy controls and to cancer patients without a 
previous infection

• Vaccine type, comorbidities negatively affected the antibody response.
• Vaccine immunogenicity in cancer patients with a previous exposure to SARS-CoV-2 seems 

comparable to that of healthy subjects.
• Clinical variables of immune frailty negatively affect humoral immune response to 

vaccination

Anticorpi anti-S1 (MFI)

Media (DS)

Mediana

(Q1-Q3)

Min - Max

Responder

3003.1 (1533.0)

2590.0

(1731.8-4253.0)

663.0 - 5961.0

19 (95.0)

1957.7 (2018.3)

1322.0

(473.0-2733.0)

5.0 - 10038.5

110 (66.7)

7374.6 (4370.0)

8279.8

(4288.0-11936.0)

95.0 - 15649.0

28 (93.3)

SOGGETTI

SANI

PAZIENTI ONCOLOGICI

no pre esp

SARS-CoV-2

pre esp

SARS-CoV-2



Oncology

Immunogenicity of three doses of BNT162b2 and 
mRNA-1273 vaccines for solid cancer patients

Ab anti-S e anti-RBD al T2 n (%)

Responder: Ab ≥700 MFI 98 (99.0%)

Non responder: Ab <700 MFI 1 (1.0%)



Factors associated with IgG anti-RBD and anti-S1 
SARS-CoV-2 vaccine response in cancer patients



Maternal Vaccination and Risk of 
Hospitalization for Covid-19 among Infants

Effectiveness of Maternal Two-Dose mRNA Vaccination against Hospitalization for 
Covid-19 among Infants, Stratified According to Vaccination Timing, Variant, and 
Type of Admission

N.B. Halasa, et al.



IL-1RA Antibodies in Myocarditis
after SARS-CoV-2 Vaccination

• Neutralizing antibodies against IL-1RA and a 
hyperphosphorylated IL-1RA isoform were 
observed in young male patients with biopsy-
confirmed myocarditis after the receipt of SARS-
CoV-2 mRNA vaccine

• These antibodies 
– impaired IL-1RA bioactivity in vitro

– were associated with low circulating levels of IL-1RA

– were found in patients with biomarker evidence of 
cardiac damage and inflammation

Lorenz Thurner et al.



Frequency of Anti–IL-1RA 
Autoantibodies



Autoantibodies Targeting IL-1RA in 
Myocarditis after SARS-CoV-2 Vaccination



Second-dose mRNA COVID-19 vaccine safety in 
patients with immediate reactions after the first 

dose: A case series 

First-dose characteristics of 47 patients who had suspected allergic reactions after an mRNA 
COVID-19 vaccine 

Second-dose characteristics of 47 patients who had suspected allergic reactions after a first 
dose of mRNA COVID-19 vaccine 

• Suspected allergic reactions to COVID-19 mRNA vaccines occur in up to 2% of individuals. 
• These case series provides evidence that second COVID-19 mRNA vaccine doses can be given with 

a good safety profile in patients with suspected allergic reactions to the first dose.
• It is hoped that our safety data on second COVID-19 vaccine doses will lead to less vaccine 

hesitancy, increased numbers of second doses administered
Aled Iaboni,et al.

J ALLERGY CLIN IMMUNOL GLOBAL 



• MBCs generate rapid antibody responses upon secondary encounter with a 
pathogen

• Kinetics, avidity and cross-reactivity of serum antibodies and MBCs in 155 
SARS-CoV-2 infected and vaccinated individuals over a 16-month timeframe

• SARS-CoV-2-specific MBCs and serum antibodies reached steady-state titers 
with comparable kinetics in infected and vaccinated individuals

• Whereas MBCs of infected 47 individuals targeted both pre- and postfusion
Spike, most vaccine-elicited MBCs were specific for prefusion S, consistent 
with the use of prefusion-stabilized S in mRNA vaccines

• Furthermore, a large fraction of MBCs recognizing postfusion S cross-reacted 
with human 50 betacoronaviruses

• The avidity of MBC-derived and serum antibodies increased over time 
resulting in enhanced resilience to viral escape by SARS-CoV-2 variants, 
including Omicron BA.1 and BA.2 sub-lineages, albeit only partially for BA.4 
and BA.5 sublineages

• Overall, the maturation of high-affinity and broadly-reactive MBCs provides 
the basis for effective recall responses to future SARS-CoV-2 variants. 



Resilience to viral escape of VOC by high-avidity MBCs 
primed by SARS-CoV-2 infection and/or vaccination 

Cumulative MBC cross-reactivity between RBD from 
Wuhan SARS-CoV-2 and Beta, Delta, Omicron BA.1, 
BA.2 and BA.4/5 VOC 

Individual fractions of total and high-avidity 
SARS-CoV-2 RBD-cross-reactive MBCs that 
maintain binding with the RBDs of different 
VOC in convalescent and vaccinated donors 



A novel vaccine based on SARS-CoV-2 CD4+ and CD8+ T 
cell conserved epitopes from variants Alpha to Omicron

• Multiepitope vaccines based on 100% conserved epitopes of multiple proteins of all SARS-CoV-2 
variants, rather than a single highly mutating antigen, could offer more long-lasting protection. 

• A multiepitope multivariant vaccine was designed using immunoinformatics and in silico
approaches. 

• It is composed of highly promiscuous and strong HLA binding CD4+ and CD8+ T cell epitopes of the 
S, M, N, E, ORF1ab, ORF 6 and ORF8 proteins.

• Based on the analysis of one genome per WHO clade, the epitopes were 100% conserved among 
the Wuhan-Hu1, Alpha, Beta, Gamma, Delta, Omicron, Mμ, Zeta, Lambda and R1 variants. 

• An extended epitope-conservancy analysis performed using GISAID metadata of 3,630,666 SARS-
CoV-2 genomes of these variants and the additional genomes of the Epsilon, Lota, Theta, Eta, 
Kappa and GH490 R clades, confirmed the high conservancy of the epitopes. 

• All but one of the CD4 peptides showed a level of conservation greater than 97% among all 
genomes. 

• All but one of the CD8 epitopes showed a level of conservation greater than 96% among all 
genomes, with the vast majority greater than 99%. 

• A multiepitope and multivariant recombinant vaccine was designed and it was stable, mildly 
hydrophobic and non-toxic. 

• The vaccine has good molecular docking with TLR4 and promoted, without adjuvant, strong B and 
Th1 memory immune responses and secretion of high levels of IL-2, IFN-γ, lower levels of IL-12, 
TGF-β and IL-10, and no IL-6. Iam Palatnik-de-Sousa et al.
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