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Zoonotic Viruses and Human Disease

e Zoonotic emergence and potential pandemic
viruses are increasing

 Mechanisms of trans-species virus movement
and adaptation are unknown

* Delays in response to natural or intentional
emergence can be devastating

 New approaches are needed for rapid recovery
and study of identified or predicted zoonotic
pPrecursor viruses



Research Goals

e To define mechanisms of trans-species
movement of zoonotic viruses to humans

* To develop broadly applicable
approaches to attenuate and treat CoVs
and other families of viruses.



Jumping species — a high jump?




Or Hurdles?
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Coronaviruse

Broad diversity across
mammalian and avian species

Demonstrate trans-species
capacity in lab and in nature

Source of multiple human
viruses including SARS-CoV

Likely zoonaotic origin (Bats)

Evidence for frequent new
human and zoonotic CoVs



Coronavirus Diseases

Virus Host Disease

MHV mice hepatitis, encephalitis
TGEV pigs gastroenteritis, pneumonia
BCoV cattle gastroenteritis, pneumonia
CCoV dogs gastroenteritis

FIPV cats peritonitis, enteritis
AJ-CoV cheetah peritonitis

IBV chickens tracheitis, renal

SW-1 beluga whale hepatitis

BAT-CoV bats asymptomatic?
SARS-CoV Human SARS

NL63 Human bronchiolitis, pneumonia
HKU-1 Human bronchiolitis, pneumonia
HCoV-OC43 Human colds, pneumonia,
HCoV-229E Human colds, pneumonia,



What was (is) SARS?
Severe Acute Respiratory Syndrome
A new human coronavirus (SARS-CoV)
Demonstrated potential for pandemic disease
November 2002 through July 2003.
> 8500 Cases, > 774 deaths, 32 countries

Confirmed coronavirus trans-species
movement and severe human disease



Where did SARS-CoV come from?

e Direct transmission from animal reservoir?
e Mutations in animal or human virus?

e Recombination between different
coronaviruses?



Bats and SARS-like coronaviruses

Severe acute respiratory syndrome coronavirus-like virus in Chinese
horseshoe bats. Lauetal., PNAS 2005

Bats Are Natural Reservoirs of SARS-Like Coronaviruses. Lietal., Science 2005




SARS Coronavirus Spillover
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Bats and SARS-CoV

SARS-CoV is most closely related to beta
Bat-CoV, but the precise SARS-CoV
precursor has not been found.

Bats have no apparent disease from CoVs

Bat-CoVs only recently been isolated in
culture

Mechanisms of host-species switching and
adaptation are not known



BtCoV/512/China/2005
I _rE BtCoV/HKU6/China/2005
o PEDV/CV777/Belgium/1977

™
— BtCoV/HKU7/China/2005
BtCoV/M.pus/HKUB8/China/2008
BtCoV/HKU2/HK/46/China/2006
BtCoV/HKU2/HK/298/China/2006
BtCoV/HKU2/HK/33/China/2006 1686
2 BtCoV/HKU2/GD/430/2006 1800
1089l—————— BtCoV/Trinidad/1FY2BA/2007

HCoV-229E/LP/UK/1963
HCoV-NL63/Ams496/2003 BtCoV/Hi p. Spl GhanaKwam/19/2008
b e == BtCoV/Hip.sp/GhanaBuo/344/2008
L HCoV-NL63/Ams057/2004 1041 ——— BtCoV/Hip.sp/GhanaKwam/8/2008

MRCA ~200 years ago

83
83

208C taa0— HCoV-229E/LP/UK/1963
- “ BtCoV/Hip.sp/Ghanakwam/19/2008
13518C — BtCoV/Hip.sp/GhanaBuo/344/2008
1041

BtCoV/Hip.sp/GhanaKwam/8/2008
TGEV/Purdue/US/1946
PRCV/ISU-1/US/1990

=1 Feline-CoV/79-1146/USA/1980

131 '— Canine-CoV/341/Italy/2005

e Turkey-CoV/MG10/Canada/2007

199 — AlBV/Beaudette/CK/1941
Munia-CoV/HKU13-3514/China/2007

MRCA ~120 years ago
Bovine-CoV/Mebus/1972

5024 BC

§§|
22

713
545

LeoCoV/F230/China/2006
Thrush-CoV/HKU12-600/China/2007
BICoV-796/Bulbul/China/2007
Bovine-CoV/Mebus/1972
Equine-CoV/NC99/US/1999
Bovine-CoV/BCoV-ENT/1998
Antelope-CoV/OH1/USA/2003
Giraffe-CoV/OH3/USA/2003
WitbkCoV/OH-WD358/USA/1994
HCoV-OC43/Paris/France/2001
HCoV-0OC43/VR759/UK/1967

Equine-CoV/NC99/US/1999
Bovine-CoV/BCoV-ENT/1998
Antelope-CoV/OH1/USA/2003
Giraffe-CoV/OH3/USA/2003
WtbkCoV/OH-WD358/USA/1994
HCoV-0C43/Paris/France/2001
HCoV-OC43/VR759/UK/1967

— MHV/A59/1949
biL4S HCoV-HKU1/A/China/2004
HCoV-HKU1/C/China/2004
18 L HCoV-HKU1/B/China/2004
BtCoV/HKU5-1/China/2007
L gtgoWHKUg-ZICI'szinaﬂOO?
2629 BC 616 tCoV/133/China/2005
wose L BtCoV/HKUA4-1/Chinal2007
BtCoV/HKUS-4/China/2007
gtgoV!HKUQ-HChinaf%OO?
tCoV/HKU9-2/China/2007
229380 %8 —— BtCoV/HKU9-3/China/2007
19648C BtCoV/HKU3-1/China/2005
BtCoV/Rm1/China/2004
BtCoV/Rp3/China/2004
SARS-CoV/Urbani/2003
T CivCoV/HC/SZ/61/03/China/2005
12348C SARS-CoV/GZ02/China/2004
SARS-CoV/Tor2/Canada/2003
SARS-CoV/Frankf1/Germany/2003
Civet-SARS-CoV/SZ16/China/2003
SARS-CoV/CUHK-W1/China/2003
a8 BtCoV/R.pea/273/China/2005
BtCoV/Rf1/China/2004
I BtCoV/Hip.sp/GhanaBuo/348/2008
1896 = BtCoV/Hip.sp/GhanaKwam/20/2008

MRCA (very recent)

BtCoV/HKU3-1/China/2005
BtCoV/Rm1/China/2004
BtCoV/Rp3/China/2004
SARS-CoV/Urbani/2003
CivCoV/HC/SZ/61/03/China/2005
SARS-CoV/GZ02/China/2004
SARS-CoV/Tor2/Canada/2003
SARS-CoV/Frankf1/Germany/2003
Civet-SARS-CoV/SZ16/China/2003
SARS-CoV/CUHK-W1/China/2003

i




BtCoV/512/China/2005
I _rE BtCoV/HKU6/China/2005
o PEDV/CV777/Belgium/1977

™
o Bl -
BtCOV/HKUZ/HK/46/China/2006 MRCA ~200 years ago
o e ”
= BICOV/HKU2IGD/4302006 1800— HCoV-229E/LP/UK/1963
R Hg%ﬁgggﬁmmgmg?zooa Btgow Hip.splg-ha naKwam/1 9;20%8
- e memsiiam — BtCoV/Hip.sp/GhanaBuo/344/200
HCoV-NL63/Rott/1988
s [ HCoV-NLB3/AMS057/2004 1889 b— BtCoV/Hip.sp/GhanaKwam/8/2008
e 1888— HCoV-229E/LP/UK/1963
prryn “ E BtCoV/Hip.sp/GhanaKwam/19/2008
13518C — BtCoV/Hip.sp/GhanaBuo/344/2008
1041 BtCoV/Hip.sp/GhanaKwam/8/2008
TGEV/Purdue/US/1946
[
ine- -
. geankinevgawﬁg%agmg;z o MRCA ~120 years ago
5 / 7
‘:'nlé"‘%%‘"?:ﬂ%“é{,‘i?;%%lch- -~ Bovine-CoV/Mebus/1972
e LeoCoV/F230/China/2006 _ma Equine-CoV/NC99/US/1999
SR Antolone-CoVIOH1/USA/2003
ovine-CoV/Mebus ntelope-Co
Equine-CoV/NC99/US/1999 .
B vine.GoV/BOV-ENT/1998 Giraffe-CoV/OH3/USA/2003
HCOV-0C43/Paris/rance/2001 |
tbkCoV/OH-WL oV- aris/France
HCoV-OC43/Paris/France/2001
uﬁgﬁg&ﬁ%m@ﬁ%ﬁy HCoV-OC43/VR759/UK/1967
B he A chinar200s
] Hoov-HKU1/B/Chinaizooa — HCOV- EMC_2012 (SaUdI Arabla, LOﬂdOﬂ)
, BtCoV/HKU5-1/China/2007
o Eprnnls
282908BC 616 0 in
s o gtgo\\;;HEug-ugmna%ggy MRCA (Very recent)
tCoV/HKUS-4/China/2007 .
gtgg&{:ﬁgg- ggﬁ:ﬁgg; BtCoV/HKU3-1/China/2005
t -2/Chi ;
TE e Y Bt Lo
: tCo -1/China (o) p ina
BtCoV/Rm1/China/2004 .
BthVIRDSIChinajZOOd SARS-CoV/Urbani/2003
1 -CoV/ ina/ -0 N
SARS-CoV/Tor2/Canada/2003
= EARséié;\gpga@%gsny;;%%%% SARS-CoV/Tor2/Canada/2003
Rhhs o0 o SARS-CoV/Frankf1/Germany/2003
SARS-CoV/CUHK-W1/China/2003
B g:gggig???g‘?:g%mafzggs Civet-SARS-CoV/SZ16/China/2003
__r BtCoV/Hip.sp/GhanaBuo/348/2008 SARS-CoV/CUHK-W1/China/2003
1896 = BtCoV/Hip.sp/GhanaKwam/20/2008




SARS is not SARS iIs not SARS
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Reverse Genetics: Cloning and
Recovery of Recombinant Coronavirus
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Synthesis of Bat-CoV genome
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Synthesis of Bat-CoV genome
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Synthesis of Bat-CoV genome
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Mouse-adapted spike Y436H — predicts
better binding to mMACE2

SARS-RBD MA-SRBD (Y436H)




Bat-SRBD-MA replicates in aged BALB/c
mouse lungs but does not cause lliness
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Studying the Trans-Species
Movement of Bat Coronaviruses
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The NEW ENGLAND JOURNAL of MEDICINE

Isolation of a Novel Coronavirus
from a Man with Pneumonia in Saudi Arabia

Ali Moh Zaki, Sander van Boheemen, Theo M. Bestebroer,
Albert D.M.E. Osterhaus, and Ron A.M. Fouchier

A previously unknown coronavirus from the sputum of a 60-y/o
man in Saudi Arabia

Acute pneumonia and renal failure with a fatal outcome
HCoV-EMC replicated in cell culture, with CPE and syncytia.
Novel 3 coronavirus — closest relatives Bt-CoV HKU4 and HKUS.

The clinical picture was remarkably similar to SARS in 2003

October 17, 2012, at NEJM.org.N Engl J Med 2012. DOI: 10.1056/NEJMo0al1211721



SARS: Still Relevant After all
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Challenges Ahead
« SARS-CoV on Select Agent List

— How wiill this impact discovery, collaborations,
new investigators?

— What is real cost to investigators?

— How will we be able to respond to new human
CoVs that are “not circulating in humans”?
(like EMC-2012)



Advances at risk?

 Why did public health interventions succeed?



Why did SARS-CoV allow Itself to be
controlled?

e Coordinated public health measures — Why did
they work?

 Why don’t they work with Influenza? With HIV?



basic reproduction number
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Isolation of 90% of symptomatic individuals
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Isolation of 75% of symptomatic individuals

basic reproduction number

15 .
1: | Insufficient
.y control to
11 . prevent
10 - epidemic
9 T

8 .

7 .

6 -

1. Quarantine w
3 -

2 Isolation

; | Outbreak controlled

0% 20% 40% 60% 80%

0 = proportion of transmission prior to
symptoms or from asymtomatic infection

Fraser C et al. PNAS 2004;101:6146-6151

100%



Why did SARS-CoV allow Itself to be
controlled by Interventions?

 Toronto 2003 — biphasic epidemic: Epidemic -
control — relaxed isolation — recurrent epidemic —
control and elimination

e China 2004 - lab-associated infections —

“WHO commends the Chinese authorities for taking swift action
to contain the latest outbreak once it was recognized and reported, by
way of extensive contact tracing and the quarantine and medical
observation of such individuals. Once again, it has been demonstrated
that SARS is a containable disease.” (WHO health alert:
http://www.who.int/csr/don/2004 05 18a/en/index.html)



Why did SARS-CoV allow Itself to be
controlled by Interventions?

 SARS-Achilles Heel — low R, low 6 — controllable
by isolation only

« SARS may be uniquely sensitive to public health
Interventions — Other CoVs?



Advances at risk?

e Busting Myths: Increased mutation rate Is
dangerous and leads to more virulent virus



CoVs Encode a 3'-to-5’ Exo-ribo-nuclease
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What is the effect of EXoN inactivation on
replication fidelity, replication and pathogenesis?



ExoN- mutants have 20-fold increase in
mutation frequency (mutator phenotype)
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Wildtype CoVs have a 20-fold lower
mutation rate than other RNA viruses!
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SARS-CoV (ExoN™) and
SARS-ExoN mutants have similar replication
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SARS-ExoN is less fit than SARS-ExoN™
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SARS ExoN is attenuated in an aged BALB/c
mouse model of lethal SARS
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ExoN- mutant protects mice from
lethal SARS-CoV challenge
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ExoN mutant is sensitive to inhibition by
Ribavirin and nucleoside analog RNA mutagens
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Summary

 The EXoN™ mutant genotype and mutator
phenotype Is stable in vitro and in animal infection.

 EXON- mutants are attenuated — and protect from
lethal SARS-CoV challenge.

e EXON- mutants have not reverted to virulence.

 EXON- mutants are profoundly sensitive to RNA
mutagens such as Ribavirin



State of the Ideas —before

 RNA viruses do not proofread

e Increased mutation rate = increased
virulence and transmission

e |NnCcreaseo

mutation rate enhances fithess

e Mutator p

nenotype decreases safety of

working with pathogen
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New State of the Ideas

* Proofreading in SARS-CoV and other CoVs

 Increasing mutation rate impairs virus replication,
attenuates, blocks virus ability to restore virulence,
and protects.

« Potential attenuation of any known or emerging
coronavirus by the same exact mutations.

 Increased safety of ExoN™ attenuated vaccines-
sensitivity to RNA mutagens.
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