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SARS-CoV-2: genesi ed evoluzione







2002-2003-2004, SARS-CoV-1

Coronavirus diventano noti al grande pubblico



2012, MERS-CoV



Coronavirus nell’uomo

SER
SERBATOIO ANIMALE



In Medicina Veterinaria

Murine hepatitis virus (MHV)

Infectious bronchitis virus (IBV)

Feline infectious peritonitis virus (FIPV)

….e tanti altri negli 
animali domestici e 

selvatici….





SARS-CoV-2



Antonio Lavazza, IZSLER



RBD-RBM



RBM: L455, F486, Q493, S494, N501 and Y505

Sito Clivaggio S1/S2 (uncommon): naturale? artificiale? complotto



Coronavirus study group, Feb 2020, subgenus Sarbecovirus, species SARSr-CoV

SARS-CoV-2
Raoul de Groot



SARS-CoV-1



…..Mai trovato nel pipistrello un virus identico a SARS-CoV-1…..

…..ma una serie enorme di Bat SARS-rCoVs



….given the prevalence and great genetic diversity of bat SARSr-CoVs, their close
coexistence and the frequent recombination of CoVs, 
it is expected that novel variants will emerge in the future…..

Nat Rev Microbiol. 2019 Mar;17(3):181-192. 
doi: 10.1038/s41579-018-0118-9. Review.





Influenza e altri patogeni respiratori assenti

Next Generation Sequencing



…..Of the 384,096
contigs assembled by Megahit8, the longest 
(30,474 nucleotides [nt])
had high abundance and was closely related 
to a bat SARS-like coronavirus
isolate - bat-SL-CoVZC45 (GenBank Accession 
MG772933) - previously
sampled in China, with a nt identity of 
89.1%.........

….a leader transcription regulatory
sequence (TRS) and nine putative body TRSs 
which appeared in two forms – the ACGAAC 
or CUAAAC





Likely bat is the animal
reservoir of SARS-CoV-2



• Campioni di archivio

• Bat SARS-rCoV RaTG13, frammento 
della polimerasi

• 96.1% (tutto il genoma)

• 92.9% nt in the S protein (97.4 aa)

• RBM is totally different (1/6 aa)



• field collection

• Bat SARS-rCoV RmYN02

• 93.3% (tutto il genoma)

• But extremely similar in most genomic
regions (3a, E, 6, 7a, N and 10) including
the polimerase (97.2%)

• But…very low in the S protein (71.8)

• Sito clivaggio PAA !!!!!!!!!!!!!

• RBM is totally different (1/6 aa)

Eddie Holmes



SARS-CoV-1 and SARS-CoV-2

Le origini..



Per capire SARS-CoV-2 bisogna guardare al SARS-CoV-1

• Similarità e differenze
• Animal exposure
• SARS-CoV and Abs in masked palm civets and animal handlers
• Probably trasmitted to palm civets from other animals



….. la genesi sembra essere la stessa…..



Coronaviruses: recombination events, cross
species jumps, insertions/deletions

HALLMARK

Nicola Decaro





• Highly diverse SARS-rCoVs in one cave 

• CoVs strains in this cave contain all genetic elements needed to form SARS-CoV

• …direct progenitor of SARS CoV-1 originated by recombination within bats and 
then transmitted to  civets or other mammals



..e SARS-CoV-2 ??

• SARS-rCoVs in pangolins (Guanxi and Guandong)

• Identical RBM (6/6 aa)



• Bat SARS-rCoV as backbone (RmYN02 like virus)

• Homologous recombination with other SARS rCoV..(RaTG13 like virus)

• ..of bats and pangolins providing the S, the RBD and the cleavage site

So far…..



S1 S2

S1-NTD S1-CTD…RBD

ACE2

aa. 479/487

318                      510

479-487
SARS-CoV-1



• HUMAN SARS-CoV 2002/3 (virulent phase)  479 (N); 487 (T). High affinity for ACE2

• CIVET SARS-CoV 2003 479 (K or R); 487 (S).  K and R similar biochemical properties-
Low affinity for  human ACE2 but high to civet ACE2

• HUMAN SARS-CoV 2004 (much less virulent phase) 479 (K o R); 487 S

K/R-479 and S-487 function as the entry 
barrier for animal-to-human transmission 

of the SARS-CoV



……The maintenance of this entry 
barrier requires the conservation 
of both K-479 and S-487. Once one 
substitution at positions 479 or 
487 occurred in animal SARS-CoV, 
the virus could greatly increase its 
affinity toward the human 
receptor ACE2 and even cross the 
species barrier to cause animal-to-
human transmission.……



……that the S487T amino acid switch may 
reflect the virus adaptation to human 
host and that the presence of the 
SN479/T487 protein is essential for 
causing the pandemic, i.e. the successful 
transition from animal-to-human 
transmission to human-to-human 
transmission……



• STUDI POSSIBILI PERCHE’ avevano SARS-CoV-1 
da uomo e zibetti!

• Per SARS-CoV-2 ancora non è così



IS THE ADAPTATION TO 
OTHER MAMMALS BEFORE BEING ABLE TO INFECT HUMANS ESSENTIAL?





Direct transmission from bats ?



- Mutations in the S protein
(Y453F, I692V, M1229I )

- Deletion in the S protein (69-70)
- Loss of neutralization
- Transmission to humans



DIAGNOSI e CARATTERIZZAZIONE

INDAGINI EPIDEMIOLOGICHE
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Attività di ricerca IZSAM

• Sorveglianza

• NGS 

• Database

• Studi di patogenesi (rg based)

• Immunità e infiammazione

• Nuovi coronavirus



Pandemia e ruolo della medicina veterinaria….



Thank you for your attention


