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SARS-CoV-2: first report

NEJM, Feb 2020









State of the Art on SARS-CoV-2 Vaccines



Lurie, NEJM, 2020



State of the Art on SARS-CoV-2 Vaccines

Platform Vaccine Commercial 
Name/Producer 

Indication

mRNA mRNABNT162b2 Comirnaty/Pfizer Primary and 
booster/additional doses

mRNA mRNA -1273 Spikevax/Moderna Primary and 
booster/additional doses

Viral vector ChAdOx1-S Vaxzveria/AstraZeneca Primary and 
booster/additional doses

Viral vector Ad26.COV2-S Jcovden/Janssen Primary and 
booster/additional doses

Protein subunit NVX-CoV2373 Nuvaxovid/Novovax Primary and 
booster/additional doses

Protein subunit VidPrevtyn Beta/Sanofi Booster

Inactivated virus VLA2001 Valneva Primary



Vaccine-Induced Immunity



Vaccine efficacy in trials: protection against symptomatic 
Covid-19



Reinfections and breakthrough infections 



Reinfections and breakthrough infections : the role of immunity

Lumley, NEJM, 2021

Ibarrondo, NEJM, 2020
Perreault Blood, 2020



Infections and reinfections and breakthrough: the role of 
VoCs

Qin et al, 2021



Finzi, 2021



Battacharrya, NEJM 2022



22-fold reduction in vaccine-elicited neutralization by Omicron (vs ancestral strain) in
infected + vaccinated and vaccinated only, yet higher plasma neutralization of Omicron
in the former, exhibiting residual neutralization of Omicron similar to the level of
neutralization of the ancestral virus observed in the vaccination-only group

Reasonable protection against Omicron (symptomatic infection) may be maintained using 
vaccination approaches

Cele, Nature 2022



Three  vaccine doses  likely protect 
against Omicron-mediated COVID-19

Garcia-Beltran, Cell, 2022

Muik, Science 2022



Andrews et al., NEJM 2022
See also: Proce et al NEJM 2022

Primary immunization with two
doses of ChAdOx1 nCoV-19 or
BNT162b2 vaccine provided
limited protection against
symptomatic disease caused by
the omicron variant. A
BNT162b2 or mRNA-1273
booster after either the
ChAdOx1 nCoV-19 or BNT162b2
primary course substantially
increased protection, but that
protection waned over time.

Test-negative case–control
design:
• 886,774 infected with the

omicron variant
• 204,154 infected with the
• delta variant
• 1,572,621 eligible test-

negative controls





Shown are adjusted rate ratios

for confirmed SARS-CoV-2

infection and severe Covid-19 in

the group of persons eligible for

a fourth dose who had not yet

received it (three-dose group) as

compared with those who had

received a fourth dose, as a

function of time since the fourth

dose (the higher the rate ratio,

the greater the protection

conferred by the fourth dose

of vaccine).



RBD memory B cells’ recognition of Omicron is
reduced, yet T-cell memory is preserved

Tarke, Cell 2022



T cell epitope repertoire analysis revealed a median of 11 and 10 
spike epitopes recognized by CD4+ and CD8+ T cells

Approximately 80% of the CD4+ T cell response 
associates with epitopes fully conserved in Omicron

Tarke et al, Cell, 2022



Booster doses with bivalent vaccines



Immunogenicity of the BA.5-
containing bivalent mRNA boosters

• 15 participants who had received the original
monovalent mRNA boosters

• 18 participants who had received the bivalent
mRNA boosters (expressing the spike protein of
the B.1.1.529 (omicron) BA.5 sublineage and the
ancestral WA1/2020)

See also: Wang Q, et al. Antibody responses to omicron BA.4/BA.5 bivalent mRNA 
vaccine booster shot; biorxiv; 2022

Collier et al, NEJM, 18th Jan 2023

• BA.5 neutralizing-antibody titers were
comparable following monovalent and bivalent
mRNA boosters

• no appreciable differences in CD4+ or CD8+ T-
cell responses between groups



For vaccines against SARS-CoV-2, a mucosal infection with a short incubation period, protection from severe disease is the
only reasonable and attainable goal. Fortunately, SARS-CoV-2 variants haven’t evolved to resist the protection against
severe disease offered by vaccination or previous infection. If that happens, we will need to create a variant-specific
vaccine. Although boosting with a bivalent vaccine is likely to have a similar effect as boosting with a monovalent
vaccine, booster dosing is probably best reserved for the people most likely to need protection against severe disease-
specifically, older adults, people with multiple coexisting conditions that put them at high risk for serious illness, and

those who are immunocompromised. In the meantime, I believe we should stop trying to prevent all symptomatic
infections in healthy, young people by boosting them with vaccines containing mRNA from strains that might disappear
a few months later.



Covid-19 Vaccination Coverage in Italy













Covid-19 in fragile children (6 months-4 years)



Covid-19 vaccines in children (5-11 years)



Covid-19 and Vaccines in
Immune-suppressed Individuals



Higher viremia
and skewed SARS-
CoV-2 responses
in HIV-infected
individuals

Augello et al, CROI 2023, Seattle, USA



Lower nadir linked to lower Spike-ACE2 
binding inhibition activity (neutralization)

Augello et al., AIDS, under review



Low immunogenicity of COVID-19 vaccines in 
immunocompromised populations (SOT and patients 

with haematological malignancy)

• Metanalysis on 5917 results, included 162 studies

• Proportion of non-responders

- higher among solid organ transplant recipients (range 18-100%) and
patients with haematological malignancy (range 14-61%)

- lower in patients with cancer (range 2-36%) and patients on dialysis
(range 2-30%)

• Risk factors for non-response: older age, use of corticosteroids,
immunosuppressive or anti-CD20 agent

Galmiche et al.  Clin Microbiol Infect 2022



SARS-CoV-2 Prophylaxis



Pre-Exposure Prophylaxis (PrEP) with Anti-
SARS-CoV-2 Monoclonal Antibodies 

• Vaccination remains the most effective way to prevent SARS-CoV-2
infection and should be considered the first line of prevention

• However, some individuals cannot or may not mount an adequate
protective response to COVID-19 vaccines

N=5197, randomly assigned (2:1) to:
- receive 300mg i.m. AZD7442
- placebo



Tixagevimab plus cilgavimab (Evusheld) as PrEP



Other preventive measures against 
SARS-CoV-2



SARS-CoV-2: General Prevention 
Measures

• The risk of SARS-CoV-2 transmission can be reduced by
covering coughs and sneezes and maintaining a distance of at
least 6 feet from others.

• When consistent distancing is not possible, face coverings may
reduce the spread of infectious droplets from individuals with
SARS-CoV-2 infection to others.

• Frequent handwashing also effectively reduces the risk of
infection.

• Health care providers should follow the Centers for Disease
Control and Prevention (CDC) recommendations for infection
control and the appropriate use of personal protective
equipment. NIH guidelines, 2022



Conclusions

• Vaccination is the most effective preventive measure against SARS-CoV-2

• Vaccination induces:

- antibody responses; inefficient protection against infection (variants)

- T-cell responses, which confer protection against severe disease despite
viral variants

• Correlate of protection still unknown:

- number of booster doses? Likely to be different according to age and risk
factors

- effect of bivalent vaccines against “disappearing” variants

• Low coverage in older adults

• Prophylaxis for high-risk groups

• Other preventive measures (masking, hand-washing, distancing) should be
used for all respiratory symptoms, regardless SARS-CoV-2 diagnosis
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