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Emerging and re-emerging deadly viral infections
during the last decades
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Direct and indirect costs of zoonotic diseases estimated to 
exceed US$ 220 bllion in the last decade alone
https://wwwnc.cdc.gov – http://documents.worldbank.org
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ABOUT ANIMAL-HUMAN INTERFACE



DIPARTIMENTO DI MEDICINA MOLECOLARE
DIPARTIMENTO DI 
MEDICINA MOLECOLARE

LIVE MARKETS IN CHINA



JUMP OF THE SPECIES BARRIER
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Drivers of emergence of zoonotic and
vector-borne viruses

Modified from Martina et al. Curr Opin Virol 2017
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Coronavirus Classification 

• Family: Coronaviridae,

• Subfam.: Coronovirinae,

• Genera: Alphacoronavirus
Betacoronavirus
Gammacoronavirus
Deltacoronavirus

TEM of CoV

100 -160 nm



Coronavirus Structure

• Virus dotati di envelope con 3 proteine di superficie
• Genoma ssRNA+ di grandi dimensioni (≈30kb)

De Wit et al., Nat Rev Microbiol 2016; 14: 523-534. 



Coronavirus Replicative Cycle 

De Wit et al., Nat Rev Microbiol 2016; 14: 523-534. 



The 16 
nonstructural 

proteins of 
coronaviruses and 

their functions
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RNA Recombination by Copy Choice
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Human Coronaviruses
(up to December 19)

Genus Virus Disease

Alphacoronavirus HCoV-NL63* Mild respiratory tract infections

HCoV-229E Mild respiratory tract infections

Betacoronavirus HCoV-OC43 Mild respiratory tract infections

HCoV-HKU1* Mild respiratory tract infections and

pneumonia

SARS-CoV Severe acute respiratory syndrome

MERS-CoV Severe acute respiratory syndrome

Salata C  & Palù G. Path and Dis 2020



Origin of human coronaviruses

Coronavirus  infections
are zoonotic in origin

Cui J et al., Nat Rev Microbiol 2019; 17: 181-192. 
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THE VIRUS SPREADERS
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SARS-CoV-2 as the cause of Covid-19
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COVID-19 SYMPTOMS 

MOST COMMON SYMPTONS
• Fever
• Dry cough
• fatigue

LESS COMMOM SYMPTOMS

• Ailment, pain
• Sore throat
• Diarrhea
• Conjunctivitis
• Headache
• Anosmia, dysgeusia
• Skin eruptions, discolored feet and hands fingers

SEVERE SYMPTOMS 
• Dyspnea and breathe shortage
• Chest pain and oppression
• Difficulty in speaking and moving

Source: who.int/health-topics/coronavirus
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Features of the spike protein in human SARS-CoV-2 and 
related coronaviruses



About the virus origin?

- Molecular data suggest an origin from bats and that human
infection occurred through an intermediate host

- Studies on bats have shown that the majority of CoVs can not
utilize human receptors therefore implying a recombination
event in an intermediate host as a necessary step

- For these reasons it is of utmost importance the study of animal
virome and to adopt an active virus surveillance at the human-
animal interface
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How is the virus spreading?

A likely intermediate host:

Pangolin

CoV isolatees were identified with only
90-92% sequence homology with 

SARS-CoV-2  ???
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THE BIOLOGICAL WARFARE?



About virus transmission
Person to person:

- Announced by Chinese authorities (cases unrelated to live 
market)

- Confirmed in imported cases

- Reproduction number R0 2.2 (superspreader)
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Anfinrud P et al, April 17, 2020





Van Doremalen N. et al, April 17, 2020



NEJM May 30, 2020
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SARS-CoV-2 seroprevalence in Veneto Region
M. Plebani, A. Padoan…..& G. Palù  (submitted)



SARS-CoV-2 seroprevalence in Veneto Region
M. Plebani, A. Padoan…..& G. Palù  (submitted)



Current Drugs for the treatmnet of COVID-19

Targeting the pathogenic mechanism
inflammation: prednisone antiocox-2,IL6R tocilizumab; 
singnaling: Jak/Stat ruxolitinib & tofacitinib;  
coagulation:low mw heparin
Targeting the Host
late endosome + proteases:Hydroxichloroquine, Carmostat mesylate, 
Trasylol-aprotinine
Repurposed drugs
energy & ion metabolism: Niclosamide, Ivermectine
Antivirals (off label)
remdesivir, facvipiravir, arbidol/limifenovir, anti-HIV protease

Anti-SARS-CoV-2 drugs
a series of Mabs; structure-based: deoxycytidine analogues, antiprotease
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ABOUT VACCINES AND PLATFORMS 

1. Inactivated-killed (Chinese recepie)

2. Live-attenuated (?)
3. Recombinant protein-based

4. RNA-based (Moderna)

5. DNA-based (Inovio)
6. Vector-based (IRBM-Oxford)







DIPARTIMENTO DI MEDICINA MOLECOLARE
DIPARTIMENTO DI 
MEDICINA MOLECOLARE



DIPARTIMENTO DI MEDICINA MOLECOLARE
DIPARTIMENTO DI 
MEDICINA MOLECOLARE



DIPARTIMENTO DI MEDICINA MOLECOLARE
DIPARTIMENTO DI 
MEDICINA MOLECOLARE



Structural mapping key mutation sites in the spike protein
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Potential scenarios
Three possible evolutions can be envisaged:

1) Virus will be contained and disappear from human 
species being confined in the animal reservoir (SARS).

2) Virus will be contained but will cause sporadic re-
emerging infections as with MERS and avian flu.

3) Virus will become seasonal, endogenous to our
species (like Flu and other human CoVs) by reducing
its virulence.
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Salata C & Palù G. Path and Dis 2020


