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tMRCA estimation confirmed the probable origin of the epidemic 
between the end of January and the beginning of February with
a rapid increase in the number of infections between the end of 
February and mid-March. Since early February, an effective 
reproduction number (Re) greater than 1 was estimated, which then
increased reaching the peak of 2.3 in early March, confirming the 
circulation of the virus before the first COVID-19 cases were 
documented.

All but one of the 
newly-characterized 
genomes belonged to
the lineage B.1 (D614G), 
the most frequently 
identified in European 
countries, including 
Italy. Only a single
sequence was found to 
belong to lineage B.

Viruses 2020, 12, 798;doi:10.3390/v12080798





Relevant mutations and deletions: D614G 

Spike mutation that favours the binding of virus to ACE-2 receptor



Evaluating the effects of SARS-CoV-2 Spike 
mutation D614G on transmissibility and pathogenicity

• More than 25,000 whole genome SARS-CoV-2 sequences collected 
by COVID-19 Genomics UK Consortium.

• Spike 614G clusters are introduced in the UK later on average 
than 614D clusters and grow to larger size after adjusting for 
time of introduction. 

• Phylodynamic analysis does not show a significant increase in 
growth rates for clusters with the 614G variant, but population 
genetic modelling indicates that 614G increases in frequency 
relative to 614D in a manner consistent with a selective 
advantage. 

• Patients infected with the Spike 614G variant did not have higher 
COVID-19 mortality, but younger patients have slightly increased 
odds of 614G carriage.

Volz et al.medRxiv preprint doi:https://doi.org/10.1101/2020.07.31.20166082
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Analisi esplorativa regionale della serie dei 
positivi per l’individuazione di anomali incrementi. 

Cortesia di Livio Fenga ISTAT



Isolamenti e ricoveri
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Letalità di Covid-19 in Italia: 
una questione di denominatori

date casi morti %

21 febbraio-4 maggio 211.938 29.079 13,7

5 maggio -31 agosto 57.276 6.404 11,2

1 settembre -9 gennaio ‘21 1.988.652 42.911 2,1

Totali al 9 gennaio 2021 2.257.866 78.394 3,5





Prevalenza delle IgG anti Covid-19 in 

sei Comuni Lombardi

Abitanti 4605 4168 5249 3828 3454 4790

Partecipanti (%) 4146 (90.0%) 1824 (43,8%) 2058 (39,2%) 1126 (29.4%) 1393 (40,3%) 2633 (54,9%)

IgG pos (%) 918 (22%) 89 (4,9%) 61 (3.0%) 201 (17.9%) 96 (6.9%) 549  (20.8%)

Tamponi (%) 26/1319 (1.5%) 8/435 (1.9%) 0/215 (0%) 5/289 (1,7%) 3/183 (1,64) 3/461 (0.6%)
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Prevalenza di anticorpi anti Covid-19 IgG in Milano 
alla fine del lockdown di marzo-maggio 2020

Popolazione
esaminata

Autisti mezzi 
di superficie

Dipendenti 
sedi di Milano

Dipendenti 
sedi di Milano

Periodo dello studio 6/5 -12/6 9/5 – 21/5 11/5 – 29/7

Numero totale 1852 1120 1023

Maschi/femmine 1752/100 650/470 ND

Età (anni: mediana e range) 45  (36-51) 40 (media) ND

Tamponi +/- 1,07% 7,0% 0

7,66%

2,94%

6,94%



Vaccines approaches being taken and the number of candidate 
vaccines in clinical and pre-clinical trials (20 August 2020).



Leading Covid vaccines

Developer Type Phase Status

Pfizer-BioNTech mRNA 2/3 Approved

Moderna mRNA 3 Approved

CanSino Adenovirus 3 Limited use in China.

Gamaleya Adenovirus 3 Early use in Russia.

Johnson & Johnson Adenovirus 3

Oxford-AstraZeneca Adenovirus 2/3

Novavax Protein 3

Vector Institute Protein 1/2 Early use in Russia.

Sinopharm-Beijing Inactivated 3 Approved in U.A.E.

Sinopharm-Wuhan Inactivated 3 Limited use in U.A.E.

Sinovac Inactivated 3 Limited use in China.

Researchers are currently testing 58 vaccines in clinical trials on humans, and 15 
have reached the final stages of testing. 
At least 85 preclinical vaccines are under active investigation in animals.



DOI: 10.1056/NEJMoa2034577

In an ongoing multinational, placebo-controlled, observer-blinded, pivotal 
efficacy trial, we randomly assigned persons 16 years of age or older in a 
1:1 ratio to receive two doses, 21 days apart, of either placebo or the 
BNT162b2 vaccine candidate (30 μg per dose). 
BNT162b2 is a lipid nanoparticle–formulated, nucleoside-modified RNA 
vaccine that encodes a prefusion stabilized, membrane-anchored SARS-
CoV-2 fulllength spike protein. 
The primary end points were efficacy of the vaccine against
laboratory-confirmed Covid-19 and safety.



Vaccine Efficacy against Covid-19 at Least 7 days 
after the Second Dose.*

Polack et al. NEJM December 10, 2020



Vaccine Efficacy Overall and by Subgroup in Participants without 
Evidence of Infection before 7 Days after Dose 2.

Polack et al. NEJM December 10, 2020

Similar vaccine efficacy (generally 
90 to 100%) was observed across 
subgroups defined by age, sex, 
race, ethnicity, baseline body-
mass index, and the presence of 
coexisting conditions.



Efficacy of 
BNT162b2 

against Covid-19 
after the First 

Dose.

• Among 10 cases of severe Covid-19 with onset after the first dose, 9 occurred 
in placebo recipients and 1 in a BNT162b2 recipient. 

• Each symbol represents 
Covid-19 cases starting 
on a given day; filled 
symbols represent severe 
Covid-19 cases.

• The inset shows the 
same data on an 
enlarged y axis, through 
21 days.

• The confidence interval 
(CI) for vaccine efficacy 
(VE) is derived according 
to the Clopper–Pearson   
method.

Polack et al. NEJM December 10, 2020



Local adverse events
• The safety profile of BNT162b2 was characterized by 

short-term, mild-to-moderate pain at the injection 
site, fatigue, and headache. 

• Pain at the injection site was assessed according to 
the following scale: mild, does not interfere with 
activity; moderate, interferes with activity; severe, 
prevents daily activity; and grade 4, emergency 
department visit or hospitalization. 

• Redness and swelling were measured according to the 
following scale: mild, 2.0 to 5.0 cm in diameter; 
moderate, >5.0 to 10.0 cm in diameter;severe, >10.0 
cm in diameter; and grade 4, necrosis or exfoliative 
dermatitis (for redness) and necrosis(for swelling).

• The incidence of serious adverse events was low and 
was similar in the vaccine and placebo groups.

Polack et al. NEJM December 10, 2020



Systemic  
adverse events

Polack et al. NEJM December 10, 2020

• Systemic events were reported 
more often by younger vaccine 
recipients and more often after 
dose 2 than dose 1.

• The most commonly reported 
systemic events were fatigue 
and headache (59% and 52%, 
respectively, after the second 
dose, among younger vaccine 
recipients; 51% and 39% among 
older recipients), although 
fatigue and headache were also 
reported by many placebo 
recipients (23% and 24%, 
respectively, after the second 
dose, among younger vaccine 
recipients; 17% and 14% among 
older recipients)



N Engl J Med 2020;383:1920-31. 

published on July 14,2020, and updated on August 25, 2020

Moderna

November 16: Moderna announced that mRNA-1273 met its primary 
efficacy endpoint in the first interim analysis of the Phase 3 COVE 
study with a vaccine efficacy of 94.5%



The Lancet: Published online December 8, 2020

• Between April 23 and Nov 4, 2020, 23 848 participants were enrolled 
and 11 636 participants (7548 in the UK, 4088 in Brazil) were included 
in the interim primary efficacy analysis. 

• In participants who received two standard doses, vaccine efficacy was 
62,1% (95% CI 41,0–75,7; 27 [0,6%] of 4440 in the ChAdOx1 nCoV-
19 group vs 71 [1,6%] of 4455 in the control group) 

• In participants who received a low dose followed by a standard dose, 
efficacy was 90,0% (67,4–97,0; three [0,2%] of 1367 vs 30 [2,2%] of 
1374; Pinteraction=0·010). 

• Overall vaccine efficacy across both groups was 70,4% (95,8% CI 
54,8–80,6; 30 [0,5%] of 5807 vs 101 [1,7%] of 5829). 

• From 21 days after the first dose, there were ten cases hospitalised
for COVID-19, all in the control arm; two were classified as severe 
COVID-19, including one death.

• There were 74 341 person-months of safety follow-up (median 3·4 
months, IQR 1·3–4·8): 175 severe adverse events occurred in 168 
participants, 84 events in the ChAdOx1 nCoV-19 group and 91 in the 
control group.

• Three events were classified as possibly related to a vaccine: one in the 
ChAdOx1 nCoV-19 group, one in the control group, and one in a 
participant who remains masked to group allocation.



Comparing Oxford/AstraZeneca’s and 
CanSino’s vaccine candidates

• When comparing the NAb response between the two adenoviral vector-
based vaccine candidates, it was shown that while Oxford/AstraZeneca’s 
AZD1222 has demonstrated a high NAb level in 91% of individuals 
following the first dose, and in all individuals following a booster dose, 
only 59% of individuals in CanSino’s vaccine demonstrated a Nab.

• This indicates that a good proportion of participants did not develop an 
effective immune response due to the presence of pre-existing immunity 
against human adenoviruses. 

• Oxford/AstraZeneca were able to prevent this outcome by utilizing a 
genetically modified chimpanzee-derived adenovirus against which humans 
do not have pre-existing immunity. 

• However, CanSino plans to offers its vaccine at a low cost which, 
combined with its moderate efficacy, may prove advantageous for some 
countries.



JNJ-78436735

November 15, 2020 

• The Phase 3 ENSEMBLE study of the single-
dose regimen of JNJ-78436735, the 
investigational vaccine candidate for the 
prevention of COVID-19 being developed by the 
Janssen Pharmaceutical Companies of Johnson & 
Johnson, continues to enroll and vaccinate study 
participants. 

• ENSEMBLE is proceeding to enroll up to 60,000 
participants worldwide.



Vaccine 
non-adopters

Su et al. Brain, Behavior, & Immunity - Health 9 (2020) 100159

• Vaccine conspirators:
people who possess too much 
misinformation to adopt the 
vaccine

• Vaccine uninformed 
people who possess insufficient 
information to adopt the 
vaccine

• Vaccine hesitants
people who are considering 
adopting the vaccine but lack 
the right conditions or
context to do so



SARS-CoV
spike protein

Human
ACE2

ACE: angiotensin-converting enzyme 2
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