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Berlin NEJM 2020



Treat as early as possible

Date of onset of first symptoms drives 
treatment decision making



Openshaw et al. Clinical Microbiolgy Reviews 2005

Berlin NEJM 2020

Phase 1. 
active viral
replication

Antivirals



Treatment in the outpatient setting



Corticosteroids

Randomized, controlled, open label, adaptive, platform trial designed to evaluate a range of treatments for 

COVID-19 including dexamethasone

Dexamethasone 6 mg PO or IV once daily (n=2104) x 10 days vs usual care (n=4321)



Primary outcome: mortality
at day 28

Overall: 22.9% vs 25.7% (p<0.001)





Treatment in the outpatient setting



EPIC-HR Study: Evaluation of Protease Inhibition
for COVID-19 in High Risk patients

Phase 2-3 
randomised

double-blind in 
unvaccinated

high risk 
patients, under 

delta VOC

Symptoms 5 
days before

NMV 300 mg of 
nirmatrelvir plus 

100 mg of 
ritonavir every
12 hours for 5 

days



Relative risk reduction of 
hospitalization or death at day 28:  

89.1%



Viral load 
reduction





Intravenous
remdesivir (200 

mg on day 1 
and 100 mg on 

days 2
and 3)

Randomised
double-blind in 
unvaccinated

high risk 
patients.

Symptoms in 
the previous 7 

days





800 mg of 

molnupiravir or 

placebo twice

daily for 5 days.

Randomised
double-blind in 
unvaccinated

high risk 
patients.

Symptoms in 
the previous 5 

days





Beringheli, Bai  et al, HIV Glasgow 2022 and manuscript in preparation

Real life 
data



Factors associated to viral clearance at day 7



Covid-19 rebound after Paxlovid –
Omicrom VOC

Charness et al NEJM 2022



No viral resistence at rebound

Epling et al, CID 2022



Marchetti, Rovito  et al, Clinical Microbiology and Infection
2023 
– also Epling et al. CID 2022

Immune maturation at
rebound



Antivirals

•Antivirals

•Convalescent plasma

•Monoclonal antibodies

•Intravenous immune globulins





The rise and fall of monoclonal
antibodies (mAb) in COVID-19



mAb: the rise



Review. Taylor PC et al, Nat Rev Immunol. 2021 Jun;21(6):382-393.



Classification of mAbs



mAbs: main RCT









mAb: the fall



Nature, May 2022



Imai et al, NEJM 2023

Live virus 
neutralization assay on 

SARS-COV2 isolates
from patients



Imai et al, NEJM 2023



Imai et al, NEJM 2023

Retained efficacy of antivirals versus circulating VOCs



mAb: the fall (?)

And yet…..preclinical and 
clinical data to suggest that this

might not be fully true



mAb: the fall (?)

And yet…..preclinical and 
clinical data to suggest that this

might not be fully true



Sotrovimab binds avidly to all Omicron variants, promotes Fc51 dependent effector

functions

Addetia et al, https://doi.org/10.1101/2023.01.17.523798



Addetia et al, https://doi.org/10.1101/2023.01.17.523798



mAb: the fall (?)

And yet…..preclinical and 
clinical data to suggest that this

might not be fully true



November 9, 2020, and January 31, 

2022

bamlanivimab, bamlanivimab-

etesevimab, casirivimab imdevimab,

and sotrovimab

Ambrose et al. JAMA open 2023



Ambrose et al. JAMA open 2023



Higher proportion of recovery and more rapid viral clearance in 
vaccinated patients

Bai F et al. Submitted ICAR 2023

247 patients (109 vaccinated) ASST Santi Paolo e Carlo, 
03/2021-05/2022





Openshaw et al. Clinical Microbiolgy Reviews 2005

Berlin NEJM 2020

Phase 2. 
immune 

dysfunction

Immune-
mediators



Garcia Frontiers Immunology 2020



Rovito et al. Front Immunol 2022



Tincati, Cannizzo et al. Frontiers Immunol 2020



Lower pro-inflammatory
chemokines in children

14 children versus 10 adults

Moratto et al. Eur J immunol 2020 10.1002/eji.202048724.



Cytokine storm 
as cause of 
multiorgan 
impairment 

Bhaskar et al,  Frontiers Immunol 2020



Treatment in 
hospitalised
patients



Cytokine storm 
as cause of 
multiorgan 
impairment 

Bhaskar et al,  Frontiers Immunol 2020

Pathogenetic 
correlates?



Any role of SARS-COV2 

replication in peripheral 

blood?



Increased pro-
inflammatory 

milieu in 
patients with 

SARS-COV2 RNA 
in plasma 

Rovito et al,  Scientific Reports 2022

54 unvaccinated
patients, 50% SARS-

COV2 viremic



Lower SARS-
COV2-specific 

T-cells in 
patients with 
SARS-COV2 

RNA in plasma

Rovito et al,  Scientific Reports 2022



Rovito et al,  Scientific Reports 2022

Lower 
polyfunctional 

SARS-COV2-
specific T-cells 
in patients with 

SARS-COV2 
RNA in plasma



Rovito et al,  Scientific Reports 2022

Lower SARS-
COV2-specific Ab 

response in 
patients with 

SARS-COV2 RNA 
in plasma



Adapted from Rovito et al,  Scientific Reports 2022
Also, Chen et al. Emerg Microb and Infections 2020

The detection of SARS-COV2 RNA in plasma 
correlates with disease severity



Immune dysregulation in post acute COVID-19 sequelae (PASC)?

Immune pathogenesis: heterogeneous data 

- No differences in non-hospitalized COVID-19 patients at 2-
11 months (Fang H. et al, Viruses, 2021; Galan M. et al, Front Immunol, 2022);

- Lower magnitude and functionality of SARS-CoV-2-specific
humoral responses in hospitalized COVID-19 patients at 12
months (García-Abellán, J et al, Front Immunol, 2022);

- Lower funcitonality of humoral responses and higher cell
activation when considering neurologic manifestation at 2-3
months (Spatola M. et al, Brain, 2023);

- Higher IFNs and activated circulating cells, lower
lymphocytes functionality in a mixed cohort of hospitalized
and non-hospitalized at 6-8 months (Santa-Cruz A. et al, Nat Commun,

2023; Phetsouphanh C. et al, Nat Commun, 2022).

Lopez-Leon S. et al, Sci Rep, 2021

10-20% people develop some form of 
long term sequelae after COVID-19



Department of Health Sciences -Clinic of 
Infect Diseases-San Paolo Hospital -
University of Milan, Italy
 Francesca Bai
 Roberta Rovito
 Tomaso Beringheli
 Matteo Augello
 Camilla Tincati
 Valeria Bono
 Ylenia d’Errico
 Antonella d’Arminio Monforte

Département de Microbiologie, 
Infectiologie et Immunologie, Université 
de Montréal, Canada- Andres Finzi, 
Guillaume Beaudoin-Bussières, Alexandra 
Tauzin

Department of Health Sciences –
Microbiology Laboratory - University of 
Milan, Italy- Silvia Bianchi, Elisa Borghi

FIRC Institute of Molecular Oncology
(IFOM), Milano S Casola, F Mainoldi

San Paolo and San Carlo Hospitals -
“Covid-19” wards- Milan, Italy
•All Staff
•Patients and their families

Funding
Fondazione Cariplo/Fondazione 
Umberto Veronesi/Regione
Lombardia


