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Research Interests

o Molecular processes involved in the replication of herpesviruses and
coronaviruses, in the presence of environmental contaminants (dioxin) too.

o Correlation between environmental pollutants and viruses in marine animals
(bivalves and turtles).

o Surveillance of herpesviruses (BoHV-1, BuHV-1) and coronaviruses (BCoV; SARS-
CoV-2) in animals.

o Moreover, she is currently studying the potential antivirals properties of synthetic
(MG-132, CH-223191) and natural compounds (secondary fungal metabolites,
extracts containing polyphenols and flavonoids) against herpesviruses and
coronaviruses infections.





Factors responsible for the emergence of novel viruses:

Anthropogenic factors: Climate change, Deforestation…





ss(+)RNA virus



SARS-CoV e MERS-CoV: ricombinazione e trasmissione interspecie

pipistrelli = serbatoi naturali di SARS-CoV e MERS-CoV

zibetti di palma, procioni, furetti, cammelli e dromedari = ospiti incidentali

→ hanno facilitato la diffusione di questi virus nell'uomo  

Human CoVs: a - b

(Kenney  et al., 2021)



BatCoV – a/b

➢ Generalmente, no malattie manifeste

➢ Identità 96.2% SARS-CoV-2 e BatCoV RaTG13!

Mouse and Rat CoVs – b/a

The murine hepatitis virus (MHV) →

important research model



Virus della bronchite 

infettiva (IBV): g

Patologia respiratoria; renale e riproduttiva

→ Notevoli danni economici

ECoV: b

→ Enteriti nei puledri e negli adulti



BCoV: b

➢ diarrea del vitello→(elevata mortalità)

➢ dissenteria invernale→ blocco lattazione;

➢ infezioni respiratorie nei bovini di varie età

BCoV-like → Superamento barriera di specie!

Pecore Capre Bufali - Lama Cervidi Dromedari

Swine CoVs a - b - d

AlfaCoVs

1) Virus della gastroenterite trasmissibile (TGEV)

(correlato a CCoV e FCoV)

→ Diarrea violenta ed elevata mortalità nei suinetti

2) Coronavirus respiratorio del suino (PRCoV)

3) Virus della diarrea endemica del suino (PEDV)

4) Coronavirus della sindrome della diarrea acuta (SADS-CoV)

BetaCoVs

5) Virus dell'encefalomielite emoagglutinante suina (PHEV)

DeltaCoVs

6) Deltacoronavirus del suino (PDCoV) (recente)

→ danni economici gravi!



Virus Peritonite Infettiva Felina (FIPV) - a

Da FCoV enterico → mutazioni S → cambia tropismo: 

enterocti → monociti/macrofagi > virulenza → infezione sistemica

FIPV → gravissima, letale

Canine CoV – a/b

AlphaCoVs: CCoV → causes mild to enteric infectious. Genetic

recombination (canine-feline-porcine) → pantropic biotypes → multi-

systemic fatal infections in dogs.

BetaCoVs canine respiratory coronavirus → respiratory disease in dogs.



Recombinant CCoV strains: humans 

→ CCoV-HuPn-2018 and HuCCoV_Z19, associated with acute respiratory illness, isolated from humans



SARS-CoV-2



Variants of concerns – (VOCs) 

Variante Omicron (Variante B.1.1.529) rilevata per la prima volta in Sud Africa il 24 novembre 2021. 

Variante Delta (Variante VUI-21APR-01, nota anche come B.1.617) rilevata per la prima volta in India.

Variante Gamma (Variante P.1) con origine in Brasile.

Variante Beta (Variante 501Y.V2, nota anche come B.1.351) identificata in Sud Africa.

Variante Alfa (Variante VOC 202012/01, nota anche come B.1.1.7) identificata nel Regno Unito.

Dati di sequenziamento periodo 19 dicembre 2022 – 29 gennaio 2023:

in Italia → 99,97% variante Omicron - 0,03% ricombinante Delta/Omicron

BA 5 (87,0%)

www.iss.it

➢ Increased transmissibility or virulence

➢ Decreased neutralization by antibodies

➢ Capacity to elude detection

➢ Reduction in therapeutic or vaccine efficiency



The viral spike’s RBD interacts with the ACE-2 receptor, involving TMPRSS2→ viral entry to host cells

SARS-CoV-2: spike protein (S)-ACE2

Receptor-binding domain (RBD) → the most variable region of the CoVs genome 
Angiotensin-converting enzyme 2 (ACE2)
Transmembrane serine protease 2 (TMPRSS2)



Cell types expressing 
ACE2 →in purple. 
Cell types expressing 
TMPRSS2 →in green. 



ACE2 (in human)



SARS-CoV2: Animal susceptibility

The critical step for a virus to infect an animal is its ability to enter the host cells.

SARS‐CoV‐2 entry into cells first requires the S protein on the surface of the virus to bind

the host cell receptor.



SARS-CoV-2: spike-ACE2 (animals)

The susceptibility of animals to SARS-CoV-2 infection

→ by comparing ACE2 of animals and human.



SARS-CoV2: Animal susceptibility

Binding affinity SARS‐CoV‐2---ACE-2 is not the only factor responsible for the

differences in animal susceptibility

➢ The binding energies between different animal receptors and the SARS‐CoV‐2 S

protein differ;

➢ The ACE-2 receptor amino acid sequence varies with species → differing

RBD‐ACE-2 binding kinetics;

➢ The presence of multiple ACE-2 isoforms in animals → may activate/inhibit the

binding RBD-ACE-2 → high/low susceptibility;

➢ The expression level of ACE2 also affects susceptibility.

(Qiu et al., J Med Virol. 2022; 95, e28147)



SARS-CoV2: (Animal susceptibility)

After the virus binds to the receptor, membrane fusion is also required, a process also

mediated by the S protein.

➢ Two cleavage events are involved, mainly involve two proteases, Furin and TMPRSS2,

which are also important triggers for the entry of SARS‐CoV‐2 into cells;

➢ The cellular expression levels of Furin and TMPRSS2 may affect the infectivity of-

SARS‐CoV‐2.

➢ Cells with high levels of Furin, TMPRSS2, and ACE2 co‐expression may also be more

susceptible to infection by SARS‐CoV‐2.

(Qiu et al., J Med Virol. 2022; 95, e28147)



Coronaviruses: receptors



26 species

https://www.woah.org/
(accessed on 6 February 2023)

https://www.woah.org/


SARS-CoV-2: mammalian hosts

Black arrows = natural infections 
Red double arrows = natural infections with demonstrated reverse spillover to humans 
Green arrows = experimental infections
Green circular arrows = demonstrated intra-species circulation
Species with known adapted variants are indicated in blue 

Reggiani et al., 2022



Possible sources of SARS‐CoV‐2 and animal species naturally infected with SARS‐CoV‐2 

(Qiu et al., J Med Virol. 2022; 95, e28147)

Species in the left box can be infected by positive humans.
The origins of infection of the species in the right box are not yet clear.
The solid black arrows indicate the transmission route of the virus.
The red dash line circles indicate that the infected animals can
transmit virus between members of the same species.
A red dashed arrow indicates that cross‐species transmission has been
confirmed, or that there is research showing that cross‐species
transmission may occur but has not been confirmed.



SARS-CoV2: bats

To date, two bat species, big brown bats (Eptesicus fuscus) and Egyptian fruit bats (Rousettus

aegyptiacus), have been tested in the laboratory:

➢ Egyptian fruit bats→ infected after exposure to inoculated animals

➢ None of the experimentally infected big brown bats shed virus or transmitted it

➢ Both species of bat did not develop clinical signs of disease

However, there are over 1,400 bat species worldwide and each species may respond

differently to infection…



Low susceptibility to SARS-CoV-2 infection 

rabbit

pig



hamster

The origin of this case was associated with the
SARS‐CoV‐2 δ variant AY.127 in Hong Kong, and an
epidemiological investigation of these patients
revealed that they were all associated with a local
pet store.
SARS‐CoV‐2‐positive samples were found in
environmental and hamster samples from pet
stores. However, the hamsters were not exhibiting
clinical signs.



SARS-CoV2: cattle

Experimental infection→ low susceptibility to the virus (no transmission).

Viral RNA in only 2/6 inoculated animals, on day 3 after infection.

➢ High temperature and mild caught

➢ RNA Virus detection

➢ Antibody to SARS-CoV-2



The farm included heifers, beef cows, lactating cows.

To test also milk samples, we sampled only lactating cows.

The herd had never been vaccinated against BCoV.

In April 2021, we investigated, for the presence of SARS-CoV-2

and BCoV, lactating cows on a farm at which 13/20

farmworkers in April 2020 had COVID-19-associated disease,

and one of them had died.

The farm was located in Ariano Irpino, the first city in the

Campania region to be locked down and declared a red zone in

March 2020.

Nasal and rectal swabs, serum and milk samples were analysed.

SARS-CoV2: cattle



Results/1

All nasal and rectal swabs, as well as all milk samples →
negative for SARS-CoV-2 RNA

The results on serum samples:

• 8/24 → negative for SARS-CoV-2 antibodies detection;

• 11/24 → antibodies for SARS-CoV-2 N

• 14/24 → antibodies for SARS-CoV-2 S

• 13/24 →developed SARS-COV-2-neutralising antibodies

All the samples→ BCoV-negative (MTN≥4);

None of the cows with neutralizing antibodies displayed fever, diarrhea and/or respiratory signs at the time of sampling

*COI= Cut-off index; **MNT= microneutralization test.



Results/2

The presence of SARS-CoV-2-neutralising antibodies and the age of the cows showed a significant
relationship (P < 0.05).

➢ Comparison of the 1–5-year-old group to the >10-year-old group yielded a statistically significant
two-sided p value (P = 0.041).

➢ No correlation with pregnancy status was detected.

Table 2. SARS-CoV-2 positivity (MTN) among cows divided into groups by possible risk factor (age and pregnancy status).

Age (years) n. heads Positivity for SARS-CoV-2 Positive pregnant cows

1-5 9 2/9 (22%, 95% CI -5-49) 1/6 (17%, 95% CI -13-47)

6-10 9 6/9 (67%, 95% CI 36-98) 3/6 (50%, 95% CI 10-90) 

>10 6 5/6 (83%, 95% CI 53-113) 2/6 (33%, 95% CI -5-71)



Conclusions

o The first report of natural SARS-CoV-2 seroconversion in cattle

o It may represent a case of reverse zoonosis

o However, the role of cattle in SARS-CoV-2 infection seems to be negligible



SARS-CoV2: sheep and goats



SARS-CoV2: dog

• Experimental studies (virus replication, but not shedding)

• Natural infections (Canis lupus) → low susceptibility to viral infections:

➢ Mild respiratory signs, gastrointestinal signs, ocular signs, anorexia,

lethargy, or asymptomatic

➢ RNA Virus detection

➢ Antibody to SARS-CoV-2



SARS-CoV2: Felidae

▪ Experimental studies (virus replication and shedding; young >> more susceptible to

SARS-CoV-2 infections than adults)

▪ Natural infections (Felis catus) and in lions, tigers, snow leopards, cougars → high

susceptibility to viral infections:

➢ Mild respiratory signs, dyspnea, gastrointestinal signs, sneezing, clear ocular

discharge, mild lethargy, anorexia, hypertrophic cardiomyopathy,

thrombocytopenia, general symptoms or asymptomatic

➢ RNA Virus detection

➢ Antibody to SARS-CoV-2



SARS-CoV-2: cat



SARS-CoV2: mink

Minks have a high susceptibility to SARS-CoV-2 natural infection.

The virus appears to spread among minks and generate several new mutations,

resulting in increased viral virulence.

Hoffmann et al., 2021

➢ Mild to severe respiratory signs (interstitial

pneumonia), anorexia, death

➢ RNA Virus detection

➢ Antibody to SARS-CoV-2



SARS-CoV2: white-tailed deer



SARS-CoV-2 VOCs in animals

Saied and Metwally, 2022



a-reporting-sars-cov-2-to-the-oie.pdf (woah.org)

https://www.woah.org/app/uploads/2021/03/a-reporting-sars-cov-2-to-the-oie.pdf


One Health 
Approach:

Mandatory or not mandatory?

One health
strategy!



SARS-CoV-2 in animals

Infected humans may produce very high viral load → increasing the chances of spillover

to other animal species such as pet animals, farm animals, and wild animals inhabiting

areas close to human community

Animal species must be tested → to prevent any spillovers!!!





SARS-CoV-2 origin



SARS-CoV-2 origin May 19, 2022

September 29, 2022

November 2, 2022

November 11, 2022



SARS-CoV-2 origin



SARS-CoV-2: the early epicenter in Wuhan

Live SARS-CoV-2–susceptible mammals (red foxes, hog
badgers, and common raccoon dogs), were sold live at
the Huanan market up until in late 2019 and that
within the market, SARS-CoV-2–positive environmental
samples were spatially associated with vendors selling
live mammals.
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22 Febbraio 2023 - Prof. Natascia Cocchia - Tumore mammario o infezione all’utero? È colpa mia... se 
solo le avessi fatto fare una cucciolata

Grazie per l’attenzione!
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