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Outline

 Current scenario, One health
* Major driver: CoVs, NGS




Major public health emergencies (SARS; 2002-2004), Ebola (2013-2016), Zika
virus (2015-2016), (COVID-19) pandemic

Since 1970, zoonotic diseases have accounted for more than 75% of emerging and
re-emerging ID, leading to 2.5 billion infections and 2.7 million deaths each year

Lack of cross-cooperation among human, animal and environmental/ecosystem
health agencies: scarce prevention and containment of epidemics
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SARS, COVID-19 HIV

Live animal markets W= Wildlife hunting

Emerging zoonotic disease

COVID-19 Hendra \
Rabies Nipah

Avian Influenza
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Susceptible Wildlife was Sold in the 5

Huanan Market in 2019 o T
|EIZE_;‘|| - ”

.

* Most positive environmental samples (Jan
2020) come from the south-west corner of
the market that sold wildlife

« Strong resemblance to the
emergence of SARS-CoV-
1in 2002/2003
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SARS-CoV-2-Like Viruses in Rhinolophus Bats

infectious for human  cells

Bat coronavirusesrelated to SARS-CoV-2and

Horseshoe bat
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| Check for updates

Banal-20-52, from a Rhinolophus in bats from Laos, is the closest

relative of SARS-CoV-2 (96.8%)

* Very close to SARS-CoV-2 in the receptor binding domain
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REVIEWS

Origin and evolution of pathogenic
coronaviruses

Jie Cui(»’, Fang Li? and Zheng-Li Shi(®»'*

....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.....
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CriNvicAL MICROBIOLOGY REVIE
0893-8512/07/S08.00+0  doi:10.11
Copyright @ 2007, American Sociel

Severe Acute Respiratory Syndrome Coronavirus as an
Emerging and Reemerging Infection

Vincent C. C. Cheng, Susanna K. P. Lau, Patrick C. Y. Woo, and Kwok Yu

State Key Laboratory of Emerging Infectious Diseases, Department of Microbiology, Research Centre
Immunology, The University of Hong Kong, Hong Kong Special Administrative Region, (

SARS-CoV AS AN AGENT OF EMERGING/REEMERGING INFECTION 683

or immunization (Table 10). The Koch's pos-
5-CoV as a causative agent of SARS were
arimate model using cynomolgus macaques
wris), which demonstrated clinical and patho-
vith some similarities to those found in hu-
lhe contrary. Alrican green monkeys (Cerco-
) did not develop significant lung pathology
with the SARS-CoV. The lack of consistency
1 models of rhesus, cynomolgus, and African
or experimental SARS was noted in another
:over, these lurge mammals are expensive and
. BALB/c mice demonstrated asymptomatic
s in lungs and nasal turbinates by intranasal
h was not significantly different from the find-
ition of immunological Thl-biased C57BL/6
B/c mice that were 12 to 14 months old de-
natic pneumonia, which correlated with the
ptibility to acute SARS in humans (287). As
1 knockout-immunodeficient mice had fatal
I discase (143). Transgenic mice expressing
eptors also developed fatal discase, with ex-
ssemination to many organs including the
It is interesting that mouse-adapted SARS-

SHOULD WE BE READY FOR THE REEMERGENCE
OF SARS?

The medical and scientific community demonstrated mar-
velous efforts in the understanding and control of SARS within
a short time, as evident by over 4,000 publications available
online. Despite these achievements, gaps still exist in terms of
the molecular basis of the physical stability and transmissibility
of this virus, the molecular and immunological basis of discase
pathogenesis in humans, screening tests for carly or cryptic
SARS casces, foolproof infection control procedures for patient
care, effective antivirals or antiviral combinations, the useful-
ness of immunomodulatory agents for late presenters, an ef-
fective vaccine with no immune enhancement, and the imme-
diate animal host that transmitted the virus to caged civets in the
market at the beginning of the epidemic, Coronaviruses are well
known to undergo genetic recombination (375), which may lead
to new genotypes and outbreaks. The ~of a large reser-
voir of SARS-CoV-like viruses in horseshoe bats, together with
the culture of eating exotic mammals in southern China, is a time
bomb, The possibility of the reemergence of SARS and other
novel viruses from animals or laboratories and therefore the need
for preparedness should not be ignored.
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First CoV identified in bats, 2005; Minunacovirus subgenus

35 % of the bat virome sequenced to date is composed of CoVs,
2014

Recombinant origin of SARS-CoV-1, 2013

No SARS-CoV-1 isolates from bats

IT'S NOT ROCKET
SCIENCE!

(OH WAIT, YES IT IS!)




A new member of the Pteropine Orthoreovirus species isolated from fruit
bats imported to Italy

Alessio Lorusso™, Liana Teodori, Alessandra Leone, Maurilia Marcacci, lolanda Mangone,
Massimiliano Orsini, Andrea Capobianco-Dondona, Cesare Camma’, Federica Monaco, Giovanni Savini

Erituto Zooprofilamico Sperimentale dell A bruzzo ¢ Molise, [FSAM, Terama, Ialy




One Health approach

Rome, G20

Non-communicable
diseases

Infectious diseases

Antimicrobial resistance

Multifactorial
diseases

Zoonoses & Epizooties

Veterinary
Medecine

Domestication

Human
Medecine

Public Health
Social network

Evolutionary
Medecine

Urbanisation

Environmental
health

Cycles & Reservoirs

Ecology

Ecotoxicology

Human-animal Cultural Legal framework
relation practices

The Rome Declaration rightly emphasises the importance of pursuing a One Health
approach - and here I'm coming to climate -, to preserve human, animal and environmental safety.

This is the key priority of Italy’s G20 Presidency.
The Scientific Expert Panel has stated how most infectious diseases are caused by pathogens that are

derived from animals.
Their emergence is largely driven by deforestation, wildlife exploitation, and other human activities.

Effective environmental action can help to defend animal welfare and ultimately mitigate the risk of new
health threats




Complex Ecological Interactions: Rinderpest

» Rinderpest (paramyxovirus) caused an epidemic in East Africa, leading to a reduction in the size of
wildebeest and buffalo populations.

« This reduced grazing pressure, leading to more fires that suppressed the establishment of trees, reducing a
major carbon sink and changing the ecosystem from woodland to grassland.

« The reduction in grazing mammals led to tsetse flies switching their prey to humans, resulting in an
epidemic of African trypanosomiasis.

* The ecosystem reverted to a woodland state when rinderpest was
eradicated through vaccination and the number of fires was reduced.

A B
1600 100 )
- Rinderpest Humans
2 - 80
[
§ 1200 1 ;\;;
_CC> - 60 8
800 - =
@ - 40 &
>

£ 400 g
ke - 20 &
<

0 1 LYYV L o

1960 1970 1980 1990 2000
Year Holdo RM, et al. PLoS Biol.

7:€1000210; 2009.

(A) Population size of wildebeest in the Serengeti and seroprevalence of rinderpest. (B) Relationships between
ecosystem components, and particularly how they impact tree population dynamics, a major carbon sink. A causal
pathway linking rinderpest with tree population numbers is shown in red.



Diagnostica Wildlife/Vectors/Food

Accetazione e Controllo campioni umani ed animali/ Attivita di sorveglianza/Pathogen discovery

Results to Customer

Illumina Mini lon

(patogeni ignoti)

Bionfo database

1 Isolamento/Caratterizzazione Banca Antigeni

Studi epidemiologici - ‘ .
Sviluppo di Test Diagnostici Studi di Patogenesi Vaccine

Bioinfo database




Epizootic Haemorrhagic Disease virus serotype 8 in
Tunisia, 2021

Soufien Sghaier!, Corinne Sailleau?, Maurilia Marcacci®, Sarah Thabet!, Valentina Curini®, Thameur Ben Hassin
Liana Teodor?, Ottavio Portanti®, Salah Hammami®, Lucija Jurisic®®, Massimo Spedicato?, Lydie Postic?, Ines Ga-
zan1’, Raja Ben Osman®, Stephan Zientara?, Emmanuel Breard?, Paolo Calistri®, Juergen A. Richt’, Edward C. Hol-
mes!?, Giovanni Savini?, Francesca D1 Giallonardo!!, and Alessio Lorusso®
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TELE-Vir

Blue-med project TeleVir Project
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Epidemiology and Infection  Qne health surveillance strategy for

www.cambridga.orghyg coronaviruses in Italian wildlife

Stefania Leopardi™ ), Rosanna Desiato”, Matteo Mazzucato', Riccardo Orusa™’,

. Federica Obber’, Daniela Averaimo®, Shadia Berjaoui”, Sabrina Canziani®,
Original Paper . . . . .
g P Maria Teresa Ca pLICChI-ﬂT, Raffaella Conti’, Santina di Bella’, Francesca Festa’,
Cite this article: Leopardi S, Desiato R, . 8 : 5,10 ' 11 ' - 3
Mazzucato M, Orusa R, Obber F, Averaimo D, Luisa Garofalo™ ©, Davide Lelli*", Maria Pacla Madrau™", Maria Lucia Mandola-,
Berjaoui §, Canziani S, Capucchio MT, Conti &, Ana Maria Moreno Martin®, Simone Peletto”, Silvia Pirani** (%, Serena Robetto”,
di Bella §, Festa F, Garofalo L, Lelli D, Madrau
MP, Mandola ML, Morena Martin AM, Peletto 5, Claudia Torresi'”, Maria Varotto', Carlo Citterio’ & and Calogero Terregino®
Firani 5, Robetto 5, Torresi C, Varotto M,
Citterio C, Terreging C (2023). One health "Istituto Zooprofilattico Sperimentale delle Venezie, Legnaro, Italy; *Department of Veterinary Medicine, Universith Aldo
5““‘3“3@3‘3 strategy fﬂ_f Coronavinuses !“ Moro di Bari, Valenzano, Italy; *lstituto Zooprofilattico Sperimentale del Piemonte, Liguria e Valle d"Aosta, Quart, Italy:
Katlnn wildife. Epiemniology ond infection, *National Reference Center Wildlife Diseases, Aosta Valley, Quart, Italy; *Tstituto Zooprofilattico Sperimentale di Abruzzo
A S & Molise, Teramo, Italy; “Istituto Zooproflattico Sperimentale della Lombardia ed Emilia Romagna, Brescia, Ttaly;
ps://doi.org/10.1017 "Diepartment of Veterinary Sciences, Centro Animali Non Convenzionali (CAN.C), University of Turin, Turin, Italy;

Received: 27 January 2023 “Lstituto Zooprofilattico Sperimentale di Lazio e Toscana, Roma, Italy; *[stitto Zeoprofilattico Sperimentale defla Sicilia,
Accepted: 19 May 2023 Palermo, Italy; "“Molecular Medicine PhD Program, Department of Medicine and Surgery, University of Parma, Parma,

Italy; 'Istituto Zooprofilattico Sperimentale della Sardegna, Cagliard, Italy and "“lstituto Zooprofilattico Sperimentale di
Keywords: Umbria & Marche, Perugia, Italy

Coronavinuses; one health; surveillance;

“...survey carried out in Italy with the double objective of uncovering CoV diversity associated
with wildlife and of excluding the establishment of a reservoir for SARS-CoV-2 in particularly
susceptible or exposed species.....Two novel viruses likely belonging to a novel CoV genus
were found in mustelids.”
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Novel Canine Coronavirus Isolated from a Hospitalized
Patient With Pneumonia in East Malaysia

Anastasia N. Vlasova,"® Annika Diaz,"* Debasu Damtie,”* Leshan Xiu,"** Teck-Hock Toh,"® Jeffrey Soon-Yit Lee,”® Linda J. Saif,' and
Gregory C. Gray***"®
"Food Animal Health Research Program, Ohio Agricultural Research and Development Center, College of Food, Agricultural and Environmental Sciences, Department of Veterinary Preventive
Medicine, The Ohio State University, Wooster, Ohio, USA; “Department of Immunology and Molecular Biology, School of Biomedical and Laboratory Sciences, College of Medicine and Health
Sciences, University of Gondar, Gondar, Ethiopia; “The Ohio State University Global One Health LLC, Eastern Africa Regional Office, Addis Ababa, Ethiopia; *Division of Infectious Diseases, Duke
University School of Medicine, Durham, North Carolina, USA; “Duke Global Health Institute, Duke University, Durham, North Carolina, USA; "NHC Key Laboratory of Systems Biology of Pathogens,
Institute of Pathogen Biology, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing, China; “Clinical Research Center, Sibu Hospital, Ministry of Health Malaysia, Sibu,
Sarawak, Malaysia; EFac:ul‘[\( of Medicine, SEGi University, Kota Damansara, Selangor, Malaysia; *Global Health Research Center, Duke Kunshan University, Kunshan, China; and II]Pmlgram in
Emerging Infectious Diseases, Duke-NUS Medical School, Singapore
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Independentinfections of porcine
deltacoronavirus among Haitian children

HEALTH AND MEDICINE

Swine coronavirus shows
potential to spread  semwsmmmsonom: o pmminos o s s g

Recelved: 8 March2021 Taina Telisma®, Sonese Chavannes®, David A. Ostrov'?, Carla Mavian'?,

tO I l u I I l a I I S Accepted: 7 October 2021 Valery Madsen Beau De Rochars'®, Marco Salemi'*™ & J. Glenn Morris Jr'¢™

Published online: 17 November 2021

Lab tests at UNC-Chapel Hill Gillings School of Global Public
Health demonstrate swine coronavirus replicates in human
airway and intestinal cells.
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Number of RT-qPCR confirmed FIP cases per month
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A novel recombinant canine/feline alphacoronavirus

FCoVI
FCoVIl
CCoViIl
pCCoVll
Cyprus
UK import

Nonstructural proteins (nsp) Structural and accessory proteins
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nature communications 8

Article

https://dol.org/10.1038/541467-023-38202-4

Virus diversity, wildlife-domestic animal cir-
culation and potential zoonotic viruses of
small mammals, pangolins and zoo animals

Received: 27 February 2023

Accepted: 20 April 2023

Published online: 29 April 2023

|®|check for updates

Xinyuan Cui'?®, Kewei Fan ®**°, Xianghui Liang*", Wenjie Gong™**°,

Wu Chen ®°2*°, Biao He®, Xiaoyuan Chen', Hai Wang', Xiao Wang', Ping Zhang',
Xingbang Lu', Rujian Chen', Kaixiong Lin®%, Jiameng Liu', Jungiong Zhai®,

Ding Xiang Liu™2, Fen Shan®, Yuqi Li®2 Rui Ai Chen®, Huifang Meng',

Xiaobing Li"2, Shijiang Mi*#, Jianfeng Jiang™?, Niu Zhou ®5, Zujin Chen®,
Jie-Jian Zou®, Deyan Ge ®'°, Qisen Yang ®'°, Kai He", Tengteng Chen ®5,
Ya-Jiang Wu®, Haoran Lu®'2, David M. Irwin ®'%, Xuejuan Shen', Yuanjia Hu',
Xiaoman Lu', Chan Ding"™"® | Yi Guan""® |, Changchun Tu®*"* &

Yongyi Shen ®11%

wildlife is reservoir of emerging viruses. Here we identified 27 families of
mammalian viruses from 1981 wild animals and 194 zoo animals collected from
south China between 2015 and 2022, isolated and characterized the patho-
genicity of eight viruses. Bats harbor high diversity of coronaviruses, picor-
naviruses and astroviruses, and a potentially novel genus of Bornaviridae. In
addition to the reported SARSr-CoV-2 and HKU4-CoV-like viruses, picornavirus
and respiroviruses also likely circulate between bats and pangolins. Pikas
harbor a new clade of Embecovirus and a new genus of arenaviruses. Further,
the potential cross-species transmission of RNA viruses (paramyxovirus and
astrovirus) and DNA viruses (pseudorabies virus, porcine circovirus 2, porcine
circovirus 3 and parvovirus) between wildlife and domestic animals was
identified, complicating wildlife protection and the prevention and control of
these diseases in domestic animals. This study provides a nuanced view of the
frequency of host-jumping events, as well as assessments of zoonotic risk.




Viromes of Game Animals in China

Alphacoronavirus 1
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Sampled 1941 game animals from 5 mammalian orders

102 mammalian viruses discovered: 21 of potential human risk
Bat HKUS8 coronavirus in a civet

Avian HONZ2 influenza virus in a civet and an Asian badger

_. Hepatovirus A
Porcupine hunnivirus

Aichivirus A
Human arthorubulavirus 2
Mammalian orthorubuwlavirus 5
Bovine parainfluenza virus 3
Influenza A virus (HIN2)
Influenza B virus
Murine orthopneumovirus
Mammalian orthoreavirus
Rotavirus A
Rotavius C
Mangshi virus
Alphacoronavirus 1
Miniopterus bat coronavirus HKUS
Radent coronavirus

Sparrow coronavirus HKU17

{ e EEeE:

Naorwalk virus
Rabbit hemorrhagic disease Virus
Orthohepevirus A
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Goals of Our Animal-Human Interface (and human) Studies

Burden of Disease

What viruses present a zoonotic risk?

Environmental Factors Host Factors

What host factors (biological,
behavioral, environmental) increase
the risk of zoonotic transmission?

Viral Factors
Immune Status Genetics

Immunological and other host factor
associations with clinical disease asymptomatic

. . . symptomatic mild
What factors determine poor clinical

outcomes? Can these outcomes be symptomatic severe

predicted? Prevented? Treated? hospitalized




From animals

or (many cycles)
humans

From animals

or (few cycles)

humans

! Only from animals
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Direzione Generale della Prevenzione Sanitaria

Piano Nazionale della
Prevenzione
2020-2025
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Formazicne
Informazione, comunicazions e trasparenzo
Ricerca, innovazione e bioetica

Cooperazione nazionale & internazionale



NGS: Next Generation Sequencing..Next Generation
Strategies!




PLOS BIOLOGY

& OPEN ACCESS £ PEER-REVIEWED

RESEARCH ARTICLE

Identifying and prioritizing potential human-infecting
viruses from their genome sequences

Mardus Mollentze , Simon A. Babayan, Daniel G. Streicker

Published: September 28, 2021 « https://doi.org/M10.1371/journal pbio.3001390

« Determining which animal viruses may be capable of infecting humans is currently intractable at

the time of their discovery, precluding prioritization of high-risk viruses for early investigation and

outbreak preparedness. Given the increasing use of genomics in virus discovery and the
otherwise sparse knowledge of the biology of newly discovered viruses, we developed machine
learning models that identify candidate zoonoses solely using signatures of host range encoded

in viral genomes»




Training

Develop a novel generation of
scientists

Core of the pandemic
preparedness




Bushmeat and animal trade
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Thank you
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