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Variola virus, Orthopoxvirus

https://www.who.int/



• Before 1967 mass 
vaccination. Ineffective in 
densely populated regions

Smallpox eradication
strategy

https://www.who.int/



Prevention 
activities (case 
identification and 
treatment) and 
surveillance 
programs (data 
reporting, 
morbidity and 
mortality to study 
natural history 
and duration of 
immunity)

https://www.who.int/



https://www.who.int/



https://www.who.int/





https://www.cdc.gov/

HIV: a 40-year old pandemic



Palella FJ Jr et al. N Engl J Med 1998;338:853-860.



HIV: an unabated pandemic with 38 million
people currently living with HIV, more than 32 
million people who have died, 1.5 million new 

infections/year, 150,000 in infants

Which obstacles to HIV pandemic
eradication? 



The last mile of the 
unsuccessful run for a 
vaccination: antibody 
mediated prevention

A long unsuccessful run 
for a vaccination







40 HIV+ on 
virally-

suppressive 
cART

Riddler S LB 330 CROI 2017

VRC01: no effect on viral persistence on virally-
suppressed patients









VRC01, every 8 weeks for 20 mnths- 4623 participants

At-risk women (Sub-Saharan Africa)
At-risk cg-men/tg persons (US, Switzerland, 

South America)



Corey NEJM March 2021

75% efficacy for strains
with IC80<1 µg/ml (<30% 
of circulating viral strains) 

HIV isolates from VRC01 
recipients were resistant
to VRC01 than placebo



Obstacles to bNAb therapy: 
- high circulation of isolates with innate resistance;

- selection of resistant strains



HIV
Which (biological) reasons behind 

the failure of vaccination, 
antibody-mediated prevention?  



Early Nab production: Inhibition of HIV-1 
entry by sequential autologous plasma 

from WEAU patient since acute infection.

Contemporaneous viruses less susceptible 
to neutralization than early day-16 virus, 

suggesting changes in viral envelope 

In the first 
391 days Nab
activity
retained
against
subsequent
viruses, then
wanes

Nab viral escape

Wei et al. Nature 2003



HIV Glycan Shield as mechanism to hamper Nab
activity

Escape viruses contain sparse mutation in the env gene involving
changes in N-glycosylation, leading to «glycan shield», in turn 

preventing Jab binding but not receptor binding

Kartsen Cell Reports 2017



Same reason for the failure to 
naturally control HIV infection  

Which (biological) reasons 
behind the failure of vaccination, 

antibody-mediated prevention  





COVID-19: a new pandemic



A short and successful run 
for vaccination and antibody 

mediated prevention





Phase I, RNA 
vaccine, mRNA-
1273 encoding 
SARs-Cov2 spike 
protein; 2 doses 
28 day apart (25 
microg and 100 
microg)





§ 30,000 participants at 100
clinical research sites in the
United States

§ launched on July 27, 2020

§ 94.5% efficacy
- 90 cases in placebo
- 5 cases in vaccinated group
§ 11/95 were severe cases
- all in placebo





Nature, 2020 INTERIM REPORT

FINAL REPORT

Phase I, RNA vaccine, RNA 2 doses 21 day
apart (10, 30, 100 microg)





§ 43000  enrolled
§ 95% efficacy
- 162 cases in placebo
- 8 cases in vaccinated
§ 10/170 were severe: 

9 in placebo, 1 in 
vaccinated group





Time for regulatory approval

- Emergency Use Authorization: median follow-up duration
of at least 2 months (FDA)/3 months (WHO) after
completion of the full vaccination regimen

- safety: identification of potential adverse events that were
not apparent in the immediate postvaccination period and
will also provide greater confidence in their absence

- efficacy: data on whether protection mediated by early
responses (IgM and IgG peak at or before 2 to 4 weeks after
vaccination) has started to wane

“…we believe that a median 2-month follow-up after completion of the vaccine regimen will provide the necessary safety
and effectiveness data to support distribution of an investigational vaccine under an EUA. Curtailment of this minimum
follow-up could destroy the scientific credibility of the decision to authorize any vaccine for use under an EUA in the
United States”.



REGN-COV2
275 SARS-COV2+ outpatients, 7 days within symptoms onset, 72 hrs within positive swab

Weinreich NEJM December 2020



LyCOV555
452 SARS-COV2+ outpatients, 4 days within symptoms onset



SARS-COV-2
Which (biological) reasons behind 
the efficacy of antibody-mediated 
therapy/prevention and vaccine?



SARS-COV-2
Which (biological) reasons behind 
the efficacy of antibody-mediated 
therapy/prevention and vaccine?



Potent effect of Mab in 
reducing SARS-COV-2 viral load



J. Fajnzylber et al, Nature Communications 2020

SARS-COV-2 viral load strongly associated 
to disease severity



Rovito, Bono et al,  in preparation
Also, Chen et al. Emerg Microb and 
Infections 2020
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Negative interaction between
SARS-COV2 viremia and SARS-COV-

2-specific adaptive immunity

PBMCs stimulated with SARS-CoV-2 peptide pool (S, N and M)



By accelerating SARS-COV-2 viral 
load reduction in the earliest 
phases of COVID-19, mAb will 

boost SARS-COV-2-specific 
adaptive immunity? 

Research question



Openshaw et al. Clinical Microbiolgy Reviews 2005

Berlin NEJM 2020



Adult patients with severe Covid-19 show heightened 
activated, senescent pro-cytolytic T-cells 

No differences between groups: B-cells/B-cell activation; IgM/IgG; Treg, TfH, Th17

CD4+T-cell 
activaion

CD4+ T-cell activation

CD8+ T-cell activation

CD4+ Effector Memory

p=0.06 p=0.03 p=0.03

CD4+ T-cell Cytolysis

CD8+ Effector Memory CD8+ T-cell Cytolysis

p=0.02p=0.06

Tincati, Cannizzo et al. Frontiers Immunol 2020



Patients with severe Covid-19 feature higher plasma chemokines

Tincati, Cannizzo et al. Frontiers Immunol 2020



Patients with severe Covid-19 feature higher plasma cytokines

Tincati, Cannizzo et al. Frontiers Immunol 2020



Moratto et al. Eur J immunol 2020 Jun 27: 10.1002/eji.202048724.

Higher T-cell activation in Covid-19 adults



Moratto et al. Eur J Immunol 2020 Jun 27: 10.1002/eji.202048724.

Higher pro-
inflammatory
chemokines in 
adults



Moratto et al. Eur J immunol 2020 Jun 27: 10.1002/eji.202048724.

T-cell
exhaustion

Modified from Openshaw et al. Clin Microbiol Rev 2005 

CXCL10, 
CXCL9



SARS-COV-2
Which (biological) reasons behind 
the efficacy of antibody-mediated 
therapy/prevention and vaccine?



Reduced
neutralizing
capacity by 

B.1.351 (South 
Africa) variant

Geers et al Science Immunol 2021



Reduced ADCC by B.1.351 
(South Africa) variant

Geers et al Science Immunol 2021



B.1.1.7 (UK) and B.1.351S (South 
Africa) variants do not escape T-cell
mediated immunity elicited by WT

Geers et al Science Immunol 2021





How should we define success today? 

HIV



Defining success 
cure versus remission

•Cure: complete removal of all replication-competent
HIV cells
•May have happended to Berlin (and London) 
patient, but impossible to prove



cART

AML, acute myeloid leukaemia; cART, combination antiretroviral therapy; CCR5, chemokine (C-C motif) receptor 5.
Kent SJ, et al. Lancet Infect Dis 2013;13:614–21.

Timeline for the Berlin patient: the first and longest duration clinical cure case

Limit of detection in tests used after transplantation (1 copy/mL)

Search for residual HIV
• Plasma RNA negative 

or equivocal
• Gastrointestinal tract RNA 

negative or equivocal
• HIV antibody decreasing

First bone marrow 
transplantation 

(CCR5 Δ32 
homozygous donor)

Second bone 
marrow 

transplantation 
(same donor)

cART

AML 
diagnosi

s

STILL CURED 

2018

HIV cure is possible





Stage IV non-Hodgkin
lymphoma, homozygous CCR5 

WT
CCR5D32/D32 allo-HSCT 

transplant
Mild GVH 





Caveat to and lessons from the Berlin, London, Dusseldorf …patients:

• Extremely difficult to achieve
• Gene therapy approaches (from generation of HIV resistant CD4 + to the 

eradication of HIV infected cells by immune cell engineering)



Defining success 
cure versus remission (functional cure)

•Remission: sustained virus (HIV) control or disease-
free period in the absence of treatment

•Replication-competent virus persists at levels that 
does not cause harm or that is not transmitted



Functional cure – the question(s)

Can we generate HIV-specific 
immune responses capable to 
fully contain viral replication 

even in tissue (sanctuaries) once 
cART is stopped?



Functional cure – the assumption(s)

• LTNPs* and ECs**: high CD4 counts and/or HIV RNA 
control without therapy

•PTCs***: long-term virological remission following 
the interruption of cART started during early(est) 
infection

*LTNPs, long-term non progressors; **ECs, elite controllers; ***PTCs, post-treatment controllers
Grabar et al. AIDS 2009; Saag & Deeks CID 2010; Saez-Cirion Plos Path 2013



Functional cure – the strategy

First “debulk” the disease (cART) 
also reaching tissues, then 

eradicate or control the infection 
by enhancing immune function 

(immunotherapy)



Functional cure – what do we need? (and 
why have we failed?)

•Low viral burden
•Low inflammation
•Sustained host responses, that are 
primed, reside in tissues, target 
susceptible epitopes



Quarto 90: 90% persone HIV abbiano 
buona qualità vita

https://aidstargets2025.unaids.org/



ISS COA 2020



ISS COA 2020

Necessità di 
implementazione

programmi/campagne di 
screening (anche) sul

territorio



ISS COA 2020







Risk reduction measures





Pre-exposure prophylaxis (PrEP)





Pre-exposure prophylaxis (PrEP)



Treatment as prevention



The Partner Study

Background: A key factor in assessing the effectiveness and cost-effectiveness ofcART as a
prevention strategy is the absolute risk of HIV transmission through condomless sex with
suppressed HIV-1 RNA viral load for both anal and vaginal sex

Objective: To evaluate the rate of within-couple HIV transmission (heterosexual and MSM)
during periods of sex without condoms and when the HIV-positive partner had HIV-1 RNA
<200 copies/mL



The study’s reported transmission risk estimates and their corresponding 95% confidence
intervals as:

-For any sex among heterosexual and male-male couples: 0.00 (0.00 – 0.30) per 100 couple-years
-For anal sex among male-male couples: 0.00 (0.00 – 0.89) per 100 couple-years

A total of 11 (10 MSM, 1 HS) of
the originally HIV-negative
partners were observed to
acquire HIV during eligible
follow-up, but there were no
phylogenetically linked
transmissions

★



The Opposites Attract Study

• 358 couples were enrolled
• 258 (75%) of 343 HIV-positive partners had viral loads consistently <200 copies/mL and

115 (34%) of 343 HIV-negative partners used daily PrEP during follow-up.
• 253 (74%) of 343 couples reported within-couple CLAI during follow-up, with a total of

16 800 CLAI acts.
• Three new HIV infections occurred but none were phylogenetically linked

Transmission risk estimates and  95% confidence interval:
0.00 (0.00 – 1.59) per 100 couple-years

★



The Partner2 Study

The aim of the second phase of the PARTNER2 was to provide precise 
estimates of transmission risk in gay serodifferent partnerships

972 gay couples were enrolled
During eligible couple-years of follow-up, couples reported condomless anal

sex a total of 76 088 times

★



Study transmission risk estimates and 95% confidence interval for anal sex among male-
male couples: 

PARTNER2: 0.00 (0.00 – 0.23) per 100 couple-years
PARTNER+ PARTNER2: 0.00 (0.00 – 0.24) per 100 couple-years







+
The paradigm of PrEP/PEP/cure continuum

Barouch DH & Deeks SG Science 2014





https://aidstargets2025.unaids.org/



https://aidstargets2025.unaids.org/
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