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CURRICULUM VITAE

May. 30. 2020.

NAME: Hyoung-Shik Shin

DATE OF BIRTH: 02/29/1964

PRESENT TITLE & AFFILIATION (2003~ April, 2020)
Physician, Infectious Diseases Specialist
Director, Center for Infectious Diseases
National Medical Center, Seoul, Korea

President, Korean Society of Zoonoses: 2019 ~

PRACTICE CAREERS in the Emerging Infectious Diseases and HIV field.
May 2009; 15 days, gave consultations and educations for Infection
Prevention to protect Influenza (H1N1) 2009 for Korean Immigrants Mexico
city

January ~ February 2015 ; 35 days, served as Team leader of Korean
Disaster Relief Team at Godrich Ebola Treatment Center in Sierra Leone.

May ~ July 2015 ; Treated around 30 patients infected with MERS-CoV as a
Director for Center for Infectious Diseases.

October 2015 ; Treated about 30 patients with unexplained pneumonia in
Seoul, korea

HIV Field; cared over 1,000 HIV patients ( around 100 patients / week )

EDUCATION

Year Institution/School Degree

1982 - 1988  Seoul National University College of Medicine Doctor of Medicine
Seoul, Korea
1995 -1998  Seoul National University College of Medicine M.S in Medicine
Seoul, Korea
1999 — 2002 Chungnam National University College of Medicine PhD in Internal
Medicine
Daejeon, Korea



POSTGRADUATE TRAINING

03/1988 — 02/1989 Internship, Seoul National University Hospital

09/1989 — 02/1992 Residentship, Department of Internal Medicine Seoul National University
Hospital

04/1992 — 04/1995 Served for Military Surgeon

05/1995 — 08/1996 Fellowship, Division of Infectious Diseases Department of Internal
Medicine

Seoul National University Hospital
09/2007—12/2008 Visiting scholar, Center for AIDS Research, Stanford University

ACADEMIC APPOINMENTS & WORK HISTORY

08/1996 — 08/1998 Instructor, Department of Internal Medicine,
Chungbuk National University College of Medicine, Cheongju, Korea

09/1998 — 08/2000 Assistant Professor, Department of Internal Medicine,
Chungbuk National University College of Medicine, Cheongju, Korea

09/2000 — 10/2003 Associate Professor, Department of Internal Medicine,
Chungbuk National University College of Medicine, Cheongju, Korea

11/2003 — 03/2010 Physician, Infectious Disease Specialist, Department of Internal Medicine
National Medical Center, Seoul Korea

04/2010 — 04/2020 Physician, Infectious Disease Specialist

Director, Center for Infectious Diseases, Infectious Disease Research Center
National Medical Center, Seoul, Korea

CERTIFICATION & LICENTURE

Medical Licensure Korean Board of Medicine February 1988
Board Certification Korean Board of Internal Medicine February 1992
Infectious Disease Specialist August 1997

MEMBERSHIP IN PROFESSIONAL SOCIETIES

2019~2020 President, Korean Society of Zoonoses
2015~2019 President, Korean AIDS Society

2011 Member, Korean Society for Chemotherapy
2007 Member, Korean Society of AIDS
1992 Member, Korean Association of Internal Medicine

1995 Member, Korean Society of Infectious Diseases



One Health g X3

FXISE Ul 25

Ki0

[0

A

« Ht0l

0
A

70
o

T

D

ar

g

O

~
5

ol

OF

ol
70
LAr

T

D




o
=
iy
(@]
N
(@]
N

o

K10

)
B
_IL
0

—r

oJ

0|
@

—

oJ

ot

D

T

o
o ]

)

LH0
ol

=
_

il

o7
4Ar

ol

K]
0|

oA
I
0

oJ

foll
N0
[H0
[H0
4

: Al, coronavirus, etc.

F
N B3

— S0 &3 HIV

e A0

| A
=S

wlNe:
{ o R — |
— Salmonellosis, Brucella

« OHOHX & &

— SFTS, Dengue, Zika

— Rabies




i
=T
&r
%0
=
=
(5}
(]
T
QO
[ =
o

« AHE

a0
— T

=, eIk Ael S|, &K

A

— Ot

J+?

=
S

— A~ ==/homeless

KiJ

-t

20
X0
JI0

-

nJ
10}

o)

oJ

oY

D

oy

A
ot
o}

=
T

®)
=

—OHORHIQIS EE 24 (

« OHJHA

7
KIO
il
oll
JI
d

ol
1)

=X

<
Ho
[

7
KIO
Dk
oll
J!
g

ol

iy

foll
N0
50
[H0
<

oJ

— Rabies, Dengue, Zika

~
KI0
ol

-l

ol

pum

:A
ol

T

i)
30

n0

Ki0

</

ol

D

ar

iy

(]
Ol

—_

~J

ol

=~

__A_o ™
= K0
ol K0
K [l

ol

D
o)

T

N
ol

OH
HO

o
m
-
-]




o
=
iy
(@]
N
(@]
N

iy

i
80

n0

Ki0

<

)
KIO
ol
ol

=T

X

ol
O
>
UF
o[

oJ

K10

</

O
Sz lils= ASH EH

ot

— o

~
KIO
ol
if=
KA

« Gil=ch

<

.

n0

o]
Rl

J
K

010

oJ
Rl

—t

D

KO
-
Rl
1)
)

O
0/0

o
o

0.

I
o}
™

</
ol

KH0

=
[

U0
N

P

0

SLIEHE I CHE] &

5J
3
H(

oJ

— Ol=ch
- A4




I[o3!

D

T

o
__ot

T

M
o)

o

« OHOHA

a 1,200-gene specimen measuring twice the width of

La

1
.
>
=
o
o
"
=
=
Q
2
9]
2
=
©
@
o
o
©
=t
=
©
<
=
(]
iy
=
5
o
4=
=
=
o
73
19
(2]
=
=
>
=
=
kS
(O]

traditional viruses,

GIANT VIRUSES




SN2 B E

tHOIEV\

242 oS B BHolAA L&
X o ol A7, ChE H
~ 434 RE (cf) CRISPR)

S=
- S=
- Ngg A & F
—S&A 4 O 24
—-gtds=E st s=22 R8E UZdd 242
— 2GS BIE 24, AL e 2

-10 -




md
=) |
=T
RO
£
-
o
(]
=
)
c
(=

_J
KIO
J0

<

-

n0
._mo
o0

o)
Kl
160
UE

oJ
_

KIO

a0

0lJ
Kl

0

B

A

X0

80

KJ
_

ofl
_Jn_

-l

K
X0
foll
KJ

=[S
5 > M/F > AtE

1T

D

foll
N0
[H0
[H0
<

oJ

A
10
K[

100

T

N

4

n0

oJ
Rl

—r

J
K

7
IO
80

n0
)

-11 -



- ) X0

- Ki oL <

0 0~

m_”_ <J ;A_o MAnJ A0

E._O oJ ol nJ
00 7y = o mg H Ol <| r
{}k BB S Al HO X0 % 5 R
G - = RS
JqQW wMEF 5 O S NREE=T
K10 0w Hm = s ST |
NV R B0 & g Ok X Ko RO S O
J 2Rz alpw’ S 0o o
o D 20 00 W or w0 O mo wF K- | = =
= K Ko M 5 "F =0 H H = oF KO = 3r k0
u_m._ ~ =0 _ < 1o

=
-

ch &2 = Al=t Al

=
=

-12 -




md
=) |
=T
RO
£
-
o
(]
=
)
c
(=

pay

i
380

n0

0l
K

[l
)

K
_uu_
A
70
30
id

pay

i
30

n0

0lJ
HH

[l
)

K
_uu_
JK
70
80

1of

Ol

.

<J

o
= K

-, K
o)z

o) ™
I
< OfF

py

i
80

n0

Ki0

</
0l
HH
0Kl
380
KJ
B
HH

[l

T

O

K

& clA T 2

l
)

R
TH
R0
o)
4r

<J

1o
<

oJ

fif

<L

nl
)
OF

orJ

<
Ell

o)

70
J0

J
KIO
OF
H

-l

%0

oJ

cf) M

e X

= SV

x|
—

o).

ot At

JI0

Jt

I
—/

)
A
r

- 13-



2020 H|12]

ofn
Ki

A

<J

INEE=S DS

51

= 1d

iy

10

O

— Ch

ol

-t

2
o

& A
=

o

« NAHSIKS

e eHealth 2} &

&=k CH ]

-14 -



2020 12| le5 S

One Health ¥

15 =H 2HE

HIA =HO| COVID-19 LHS ot
COVID-19 with respect of ONE HEALTH approach

Merholh






CV form-Speaker

e X ©: x] 7}A (Choi Kang-Seuk)
o A & AZhetn solutdet
o A 9 Buap

MZEBA] HofL HFR1 8557123 (§) 08826
Tel: (02)880-1250 E-mail: kchoi0608@snu.ac.kr

<sh &>

1991.2 Hetjstn 2ol ojst 4 ojatak(atAh

1993.2 Agtist solstt cjstel Aak3olu) st
2003.8 ROt o]} ojstel uta(4oloure))
59 7%

2019.4-2020.2 TEHEANEIERE FAIGAIT
2010.6-2020.2 AAS=EA7 48 A27HFAE9)
<FxQ AA>

2016.4 utolg A & (UL ARAIZAD

2014.11 Newcastle disease (2M|Q1 SERVET &HAH
2009.11 giol2{ 9] &4 (dPETAh

<32 Ate=e>

1.

Nguyen QT, Yang ], Byun JW et al., Development of Monoclonal Antibody Specific
to Foot-and-Mouth Disease Virus Type A for Serodiagnosis. Pathogens.
2019;8(4):301.

Dimitrov KM, Abolnik C, Afonso CL et al.,, Updated unified phylogenetic
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What is coronavirus?

f Coronavirus ancestor
VA«

Approx. 8100 BC (20607~974 BC) Approx. 8100 BC (20607~974 BC)
By molecular clock analysis By molecular clock analysis
/\
Approx. 3000 BC
v é (9073~555 BC)
v N—
Approx. 2400 BC Approx. 3300 BC Approx. 2800 BC
(7659~722 BC) (9713~447 BC) (8840~700 BC)

o e > >
(::‘Hi‘n'k% WH:KEQ (& @ (@Hg

Alphacoronavirus ~ Betacoronavirus Gammacoronavirus Deltacoronavirus
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Gamma-coronavirus
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Morphological features

A pleomorphic 60-220 nm viral particle.

A fringe of club-shaped projections(12—-24 nm

Enveloped particles

Single-stranded, positive-sense RNA

Viruses with the largest RNA genome (26 to 32 kilobases in size)

long) like a solar corona

Credit: National Infection Service/SPL
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Replication features

Coronavirus Life Cycle

S
E
. 2 N
No endosome (?) ifi"f‘i\qﬁxfm N
* Replicated in cytoplasm i beae
lTrans!ation
* Sub-genomic mRNAs L
l Proteolysis Golgi
» Assembled in endoplasmic reticulum Setetmn e e ER e
Nonstructral proteins : .MsiNﬁf, -

Replicase-transcriptase complex

(+) gRNA
Transcription
e 1 Nucleocapsid
RNA
j () gRNA ; 1 Cytoplasm
Kim et al., Cell181, 914-921, May 14, 2020 Double-membrane vesicles T .

“ Nucleus

\/

0 5000 10000 15000 20000 25000 29903
a 7b 10
hl ORFla ORF1b S 3a E M% (8 N|_3'UTR
1 I 4
o - e e -
TRS-L TRS-B TRS-B

\F( S m

g

INm
10(7) =

Figure 1. Schematic Presentation of the SARS-CoV-2 Genome Organization, the Canonical Subgenomic mRNAs, and the Virion Structure
From the full-length genomic RNA (29,903 nl) that also serves as an mRNA, ORF1a and ORF1b are translated. In addition to the genomic RNA, nine major
subgenomic RNAs are produced. The sizes of the boxes ling small accessory proleins are bigger than the aclual size of the ORF for betler visualization.
The black box indicates the leader sequence. Note that our data show no evidence for ORF10 expression.

Coronavirus infections
In human and animals
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Major diseases of CoVs

Human Animal
Respiratory hCoV-NL63 Porcine respiratory CoV (pig

i
hCov-OCa3 | Common old Canine respiratory CoV(dog)
hCoV-HK1 Bovine CoV(shipping fever) (cattle)

ettt et b 1 Rat CoV (rat)

! SARS-CoV i

i MERS-CoV | Pathogenic !

! SARS-CoV-2 i

Enteric PEDV (pig)
TEGV (pig)

Porcine delta-CoV(pig)

Severe acute diarrhea CoV
Canine CoV(dog)

Feline CoV/(cat)

Bovine CoV(enteric form) (cattle)
Turkev CoV(turkev)

Others PHEV (encephalitis)(pig)
Feline infectious peritonitis (cat)
Mouse hepatitis virus (mouse)

Spillover history

IBV-QX(1996) COVID19(SARS-CoV-2)(2019)

TS
amma-CoVs
J © Inl Beta-CoVs
Turkey CoV-US(1994 4 SADS-CoV(2016)
il 1 R MERS-CoV(2012)

Delta-CoVs I,' '@_\\
PdCoV-HKU15(2012) %, ‘/|' %“ ‘:
: \ i ? !

\ /,—]—-7{/ SARS- COV(2002)
/
- N VX4 \
e 1 % —— w
Sam—— l 1
\ /
FIPV-I NTU156(2007)

R HCoV- HKU1(2005
@ /’k //‘\ —*7 >

G EV(1946)

ﬁ ! ! ) HCoV-0C43(1967)
PRCV/(1984) / PEDV(1978) / \ o
H HCoV-NL63(2004) l w

L HCoV-229E(1966)

Alpha-CoVs w |n|
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Zoonotic CoVs ...

— Natural host Intermediate host Human host
§ v—;- ? HCoV-NL63
(2004)
Mild } Alpha CoV
Endemic Y —_— HCoV-229E
} ' l (1966)
’ q_& — HCoV-0C43
(1967)
: J — ? HCoV-HKU1
(2005)
_______________________________________________________________ <
1
} V_.. m — > SARS-CoV i
1
1
Pathogenic i i
g } v MERS-CoV :
(2012) !
i
? ]
s v—' % SARS-CoV2 |
(2019) i
1

The way to adapt in human
From bat CoV to SARS-CoV-2
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Gene
01 nCY
Consenss

1904
051,

| —swscovan
| —mesuconas
| —easiconxat

SARS-CoV-2 (CoVID19)

Genome Origin

Insert S gene

T T T T
0 PR 00 7000 000

Fostion

Coronavirus X

@
' w
Pangolin CoV
SARS-CoV-2

Z100%
£ 80%
© 60%
i
3 %
3 o

0

0 500 1000 1500 2000 2500 000 3500 4000
55 ™
IO REO m P HRL HRE

z } cp
£ 100%
4
© g0%
3
8 gox
2
E 70%
< ] 200 400 600 BOO 1000 1200

SARS-CoV Bat-CoV-ZXC21 Bat-CoW-ZCd45 Pangolin-CoW-2020 Bat-CoV-RaTG13

(Lu et al., Lancet 2020)

(Liu et al., PLOS Pathogens 2020)

Novel CoV Deja Vu

Genome Origin

FCoV-1 (alpha-CoV)
Enteric

il

IBV (gamma-CoV)
Respiratory

ol

|

Insert S gene

CCoV-ll (alpha-CoV)
Enteric

Turkey CoV (gama-CoV)
Enteric

Coronavirus X

FCoV-l (alpha-CoV)
Enteric (Peritonitis)

&

(Motowaka et al., 1996)

Novel TCoV (USA, 1990s)
Enteric

(Hughes, 2011)
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Evolutionary dynamics

a
F— 2] [] MERS-CoV [l SARS-CoV I SARS-CoV-2
2 3 [ |
= I I
2] ! 1=
35 ° ! I
) 7 : I I-
. . . b I
Virus diversity o1 i !
: ! |
0 1 =
< . | |
ORF1ab s E M N
Gene
(Li et al., bioRxiv, 2020)
g o Negative selection Positive selection
i ) - -> I
: * Accumulative variation * Inter-type recombination
1
1
H >
]
1
i Bottle-neck effect Founder’s effect Balloon effect Mixer effect
N e —
N U . . *
; . %% " . o ee® o0
i | © —_— —_— . —_— .
i b " P s %o *e
1 ® ./
L s N e o v
1 N
1
i H
- - Not assigned
Evolutionary dynamics al~ (0)
— u Dso: (L)
Vasi (V)
Gas (G)
Global Europe (S)

Dec Jan Feb Mar Apr May Jun Jan Feb Mar Apr May Jun
Asia North America
100% 100% —
80% 80% i
60% 60% =
40% & 40%
20% y G type 20% G type
0% ™ " 0%
Dec Jan Feb Mar Apr May Jun Tan Feb Mar Apr May S

Q. Guan et al. International Journal of Infectious Diseases 100 (2020) 216-223
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Post-vaccine evolution(Scenario)
= (Lesson from chicken IBVs, USA)

No vaccine
DMV field strains

] ] Negative selection
Poor efficacy vaccine dN/dS ratio =0.503

Ark field strains

Positive selection [
dN/dS ratio =1.230

Good efficacy vaccine
Mass field strains

Negative selection
5 6 dN/dS ratio =0.681

Fig 5. Medi: Mass-type viruses. Th i tructed from the §°

(Jackwood & Lee, Plos ONE, 2017)

Antropo-zoonotic infections
Spill-back from human to animals

-27 -



=

\J

20204 13| Q4+ B U

Natural infection in animals
= Human case 7 - animal case

CoVID-19
Asia
® North America

b ® Europe

% ® o 0o 000

) 060
i o e8 o o
Human confirmed cases (accumulative) —
Jan 31 Feb 29 Mar 31 Apr 30 May 31 Jun 30 Jul 31 '
Natural cases (world)
(Jan 2020 to Sep 2020, OIE)
Total Dog Cat Mink  Lion Tiger Puma
USA 33 10 15 6 1 1 1 -
The Netherlands 43 - - i 43 i - - -
Denmark 27 - - Loo7 0 - -
Spain 3 - 2 P - -
Belgium 1 - 1 - - - -
UK 1 - 1 - - - -
Germany 1 - 1 - - - -
Russia 1 - 1 - - - -
France 2 - 2 - - -
HongKong 10 4 6 - - - -
Japan 5 5 - - - - -
South Africa 1 - - - - - 1
Total 128 19 29 77 1 1 1
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SCienCEalertk_ Trending

EALTH

COVID-19 Has Caused Over 1 Million Mink to
Be Killed Due to Culling at Fur Farms

DAVID NIELD 14 OCTOBER 2020

The coronavirus pandemic has already claimed more than a million human
lives, but we aren't the only living things in danger from COVID-19: minks are
being killed off in their thousands because of the spread of the virus.

Farmed mink (15t cases)

RAPID COMMUNICATION Lung from a necropsied mink, SARS-CoV-2 outbreak on
two mink farms, the Netherlands, April 2020

+ The symptoms were watery nasal discharge
(mostly), severe respiratory distress (some).

+ Diffusely dark to mottled red, wet lung lobes
that did not collapse.

« A severe diffuse interstitial pneumonia with

SARS-CoV-2 infection in farmed minks, the

Netherlands, April and May 2020

Nadia Oreshkova’, Robert Jan Molenaar* , Sandra Vreman' , Frank Harders', Bas B Oude Munnink’ , Renate W Hakze-van der
Honing', Nora Gerhards*, Paulien Tolsma* , Ruth Bouwstra , Reina S Sikkema? , Mirriam G Tacken®, Myrna MT de Rooijs, Eefke
Weesendorp®, Marc Y Engelsma', Christianne JM Bruschke®, Lidwien AM Smits, Marion Koopmans?®, Wim HM van der Poel’,
Arjan Stegeman

SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

Panel A: Representative macroscopic image of an affected lung.

M H Panel B: R tati i i (objecti x) of
hyperaemia, alveolar damage and loss of air 2 actian ofthe lung, Fxed in 369 formalin ond stainea with

containing alveolar lumina.

haematoxylin and eosin, showing interstitial pneumonia.

Virus titres, determined by qPCR in organs and swabs of necropsied minks, SARS-CoV-2 outbreak on two mink farms, the
Netherlands, April 2020 (n = 36)

Animal number Conchae Lung Spleen Liver [:;S:ea;t:z;g: Throat swab R;:;gl
2 8,25 4,54 Not detected Not detected 4,22 6,87 3,30
S 13 9,16 5,17 Not detected Not detected 3,56 6,81 3,01
14 8,08 3,83 Not detected Not detected Not detected 7,04 3,95
16 7,08 3,90 Not detected Not detected 4,97 6,47 4,47
2 8,19 5,77 Not detected Not detected Not detected 8,03 2,58
Farm NB2 8 8,55 5,55 Not detected 3,45 Not detected 7,30 3,84
7 8,46 5,98 Not detected Not detected Not detected 6,69 5,42
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Surveillance (other animals)

MERS-CoV SARS-CoV SARS-CoV-2
Ghana Egypt,Tunisia Guangdong Tianjin Experiment Wuhan
Senegal
Pigs RT-PCR 0/716 - 119 1114 0/3 -
Serology 0/150 - - 2/110 0/3 0/187
Cattle RT-PCR 0/1230 1/68 1/19 1/14 0/3 -
Serology 0/212 4/67 - 2/110 0/3 0/187
Sheep RT-PCR 0/1136 3/368 - - - -
Serology 0/66 39/372 - - - 0/133
Goats RT-PCR 0/1026 5/325 0/3 - - -
Serology 0/132 9/320 - - - -
Equine RT-PCR 0/108 3/57 - - - -
Serology 0/19 4/57 - - - 0/18
Poultry RT-PCR - - - 0/31 0/6 -
Serology - - - 0/41 0/6 0/306
(O’'Connor et al., SYREAF 2020)
Table 1. Summary of findings in animals to date
Susceptibility Soacios st | ety | it | namisin
— Pigs Experimental None No No
Clinical signs are similar to Podtry ]ichmken- ducks,and | £ iiental | None No No
those seen in humans 2
No
Biosecurity = and  hygiene |os it | Low e |
measures are key to preventing Ganes)
transmission of SARS-CoV-2. Yes (none
Cats (domestic) ::;;:?r;::l?al High :;gzeml\d Yes, between cats
People who are suspected or cases)
confirmed to be infected with | ... =L L — Yes, betuen
SARS-CoV-2 should restrict
contact  with mammalian ] . . b i . f
. . . . . erets xperimental igh es, between ferrels
animals, including pets, just like . ° o
they would with people during i o ==
. . 1 " : " es, befween min
the|r |”neSS. : m;ﬁs{?;n;:;:? ks, Natural High Yes andksligﬁesledsfrom :
e e e e e e e e e e e e e e O e -
Anlma|S SUSpeCted or Egyphgn fruit bats (Rousetfus Experimental High No Yes, between Fruit
confirmed to be infected with | **#™* il
SARS-CoV-2 should remain s . [yeHe
. Golden Syrian hamsters Experimental High 7
separated from other animals |
and humans.
Macaques (Macaca
fasciculars and Macaca Experimental High Yes Yes
mulatta)

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

-30 -




One Health 34 &3

Animal model

For non-clinical trials of COVID19 vaccines/drugs

UPPER LOWER FECES/

ANIMAL MODEL TRACTY | TRACT! "' SWAB TRANSWISSION TRANSMISSION LOSS  SOURCE
Cat (6 to 9 months) Yt N Y NR Y (33%) NR )]
Chicken N N NR N NR NR (I
Dog N N Y N NR NR (D
Duck N N NR N NR NR 0))
Ferret Y4 Y8 Y Y (100%) Y (30%) NR (1,14)
hACE2 mouse NR Yi e NR NR Y (8)
Hamster Yi Y Yi Y (100%) NR Y (10)
Kitten Y Yi NR NR Y (33%) NR (D
Macaque Y Y NR NR NR N (2.9)
Pig N N NR N NR NR (D

* Includes nasal washes, nasal swabs, nasal turbinate, soft palate, trachea. fincludes lung sections. ¥ Denotes detection of infectious virus.
Sinfectious titer in the ferret lung was only reported in (14). COVID-19, coronavirus disease 2019; hACE2, human angiotensin-converting enzyme 2;
NR, not reported; SARS-CoV-2, severe acute respiratory syndrome-coronavirus 2.

Lakdawala and Menachery, Science 368(6494):942-943, 2020

One-health approaches for COVID19 control

* Characterization of SARS-CoV-2 (eg, evolution, pathogenesis, immunity)
» Containing SARS-CoV-2 spread among people over the world

* Prevention and monitoring of zoonotic/anthropo-zoonotic transmission

* Animal models for non-clinical trials and vaccine/drug devlopment

+ Combined networking of experts and health system(policy making)

» W : 'il"n"i'
—— X— )
» B 'n',n.'ﬂ'
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Y ey 2

¢ One health approach in Q fever control

=
o

ZA}

— To reduce the risk, tracking the spillover of C. burnetii from animals

to humans

— Conception of risk management in Legionella diseases.

» Surveillance systems for Q fever in animals

PCR SEROLOGY (ELISA)
Schemes: Tari'ul animal [NI Nature of sample Target animal (N) Nature of sample
) Animals having aborted Vaginal/placental swab Animals having aborted Serum
less than eight days or abortion materials from 15 days and less
Cattle before or foetuses (1 or 2) (placenta, stomach than 4 months ago (minimum of 6)
. . ¢ , spleen, lung
Clmlcall}.' affected l:v:]c;\[l fhl::ll\-.ls]}] g or Animals presenting
herd/flock reproduction problems or control cows
{abnrﬁon: sli]lbirth) {only to complete the sampling above to 6)
Goats or cwes having Vaginal/placental swab Gioats or ewes having aborted or presenting Serum
aborted within eight days or abortion materials stillbirth from 15 days to three weeks ago or
Serall 2 individuals or 2 to 6 (see above) goats or ewes from the same herd with no
m'_'”immH animals pooled in two reproductive problems within three weeks
) PCRs reactions) following lambing {minimum of 10 animals
privileging ones having aborted)
. ﬁ A St |:|-| o I- I -
SEIM OE BAg =9 g SE3E fnY 9
EE bg 1 FE A T 2R | EEEME ER R PE e SELT SN GE B
- AT SSTEE0 L UMZE0 O | L 730 YuEAL 20E EEESEY NOERN EENE e | EEE LY
= &2 0] 3iE Al = 1) S5 FUHECE 55 28 29 32 205 22 2F
- FEE UTE SS ISR SEMWH| 1) BN DA REED s B AR e
A= ) 525 20| FE MIp 20/ 205 E2 OO0 E O | 2) SE0L TRl OEE e TE 22 &Y
- MEZHE ZEEE A 028 2 2 5 A = 3) B2 SMUZ ML 22y USRNA BA ZUE LR S
19 32 3) SIS O 8 T 02 AE AT ST} HER0| S0 AZ 291 S 24| EA0SY =0
| ZEe Y SEER JT NIOM 2 | 4 240 O D932 BN B 2 AN 7 A EE
25T THE 22 5) A 2 201 A EHES B0 1) A7 ISE T AR BE AT
3 FE &S R LN TE Y3y TENIRE &7 ZENGE | 2) AR I8ME =8
T HES 2R g SHEL AR 2= (e B2 S0 TR =2 3 B &% 20 LN FE 23y CEIRE &t aE U
- S201 CE NET2 B0 205 | 1) T0EER B2 O RS % SN Al SR HESN O =2
A| ¥ HE dE A 1) 55 &M A5 2T L e LUORESE S 22 1) Jfl==2 22 AT
- UHZE Bpd g SEUME FE| 3 2RE OhAL Pl HeE o4 2) B2 U S A2 £F AE MHO2ETME Sol 2
= 4 = ENGET (R B ug O 2 IE) 2 23 3) 2RE DML TSR 28 QLSE| €28 25 2R/ 0|
1) S| AT A TR2 2 ShEe g2
) U AE N e A A 4) 27 =22 EESS I S SE Ve 2
3) SPUAR Y A 2HES0 E00sE I 5) ST A AT AREL 2 B0 =
5. EHES SN U AR oE B OE Wk A 4 78 SN0 B o U B EE EA ER

6. 227051 2502 I 52 0183 223

a3 2] 22 £ 9200 )

5= =

Aok s 2

-
f.

4

ST 225 AR TS A2
5) % 2|2 50 S O A2

6) QAR i K| EHOSX ET5CE oF

5 SSE7LST ZEOE Y 52 0125 22

ok 3 %

:
6 &E 20

20|
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¥
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Prevention and control of C. bernetii infection among humans and animals: Guide for a
coordinated public health and animal health response, 2013
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SFTSV M} QA

SFTS : a systematic review and meta analysis of transmission mode
Transmission models of SFTSV among ticks, animals and humans

(Huang et al, 2020)

AR Ol

35U YYA YHEY SFTS 2XH2% 24 % 22)0H/Joon-seok Chae

SFTSV M} k4

SFTS : a systematic review and meta analysis of transmission mode
Transmission models of SFTSV among ticks, animals and humans

(Huang et al, 2020)

il gtot/Joon-seok Chae 6

3529y 29 BYEY SFTS 261249 2 9 B2
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Phylogenetic analysis
of the S segment of

445 SFTSV complete
sequences obtained

from GenBank

na<—=

Korea

A KT SFTS 2K 2+ BhAd 31 3| 8Hot/Joon-seok Chae 7

Incidence and geographic distribution of SFTSV in Korea

SFTS cases, deaths and mortality rate by year Geographlc distribution
No. of cases of SFTS in Korea 2018.
300 472 Total cases 1,089 272 259 50
Total deaths 215 45 P/
250 Fatality rate 19.7% 40 f’t ’*"
200 » “ﬂ&
30 : iy 4
150 2 Y «5\"‘ o
184 2 AN
100 6 o R z ,?ﬁ‘ "'
o 3 A [RET) " ”@ ¢
17 I16 21 I I c 2Y P
0 I. = u I 0 Y . % 201 0.99
201} 20}4 201JS 20&6 201] 20{8 20:/19 Ho i 1:00_4:99
W 5.00-999
—Fatali Y] Ml 1000
B Cases M Deaths —Fatality rates (%) Koo 0 & s
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12,000 R ~SFTS 300 60 y
~=SFTIS *=EEII2A
10,000 250 | |50
8,000 200 | 40 4l
6,000 150 | 30
4,000 100 | 20
2,000 50 |10
11 8
0 0 o 2
2013 2014 2015 2016 2017 2018 2019 2013 2014 2015 2016 2017 2018 2019
QA DEZICIH Ol A M2 SFTS 2X} 2t Al o 23| utot/joon-seok Chae 9

A0 =2 A
‘250 EE2 T2
OAXN O A
‘URTEFEEFF? - o e
250428 (ZARRL ) (HZ, %) (ZE
=2 0
& 2014-2015 2OIAZHURAF AFY & A’T ]
© +08 2 § 2N F560 15008 45
(54 220 24, 2 olt), 3222 g4 14, 218 Gl A
W SN ZA 2D EA 416 (279) 34
HAFHY (EMRES) (M%) (ZEE %) &2t L (49 2
3 28 (153) 39
S HO{UBAXL 80 (8.6) 25
hERS:
BN |2 ’ [ ]
HHO|EALRE 536 (59.6) 43 Cjeta £ 0|4 509 (35.4) 41
&7 AZEBAR 163 (17.5) 2.5 1SS Y 54 (36.5) 34
[7|E|-(':|_|"¢' L2, #0) 133 (14.3) 45 ] [ z8tn =9 162 (113) 3‘7]
OIADEZICIH SJSIA M2 SFTS 2kp2+ed ety ol a}a\g@-,fjoon—ma "é"ﬁ 0|3|' 241 (16.8) 0 41

-53-




2020 12| 2

Clinical and laboratory course of SFTS

Need fast
diagnosis

MOF=multiple organ failure.

A — Platelets

— White blood cells
— Aspartate amino transferase
Lactate dehydrogenase

Fever
Headache
Fatigue
Myalgia
Diarrhoea

Lymphadenopathy
Haemorrhagicsigns

MOF
DIC

éDeath
DIC=disseminated intravascular g
coagulation 0 T " o g
Time (days)
Incubation Fever stage MOF stage Convalescence
(Liu et al, 2014) 5-14 days 5-11days 7-14 days 11-19 days
A+ZEZEY AAA YT SFTS 2X12+ed EHAd 91 t|Htot/Joon-seok Chae 1

(2018~2020. 92 oI}, GFID H{LZAL} Xl =) 6-GF|D ik pre
qe  gax SISV B2 gy, SFTSVEN | HAF (ELISA)
" g AN T Y+ i ZA 4 0D>1(IR,%) OD>15(IR,%) OD>2(IR, %)
g 1,184 11 0.9 347 118 (34.0) 20 (5.8) 5(1.4)
HEE  190| 347 5 14 284 6(2.1) 1(0.4) 0(0)
24 1,531 16 1.0 631 124 (19.7) 21(33) 5(0.8)
A 997 18 18 - - -
BN 995 25 25 - - -
AyEe ¥ 899 12 13 787 183(23.2) 68 (8.6)
WMAE=) & 242 4 17 ; ;
FEE 350 8 23 - - -
24 3,483 67 19 787 . 183 (23.2) 68 (8.6)
oy x| 948 41 43 768 221 (28.8) 98 (12.8) 40(5.2)
22 407 10 25 248 . 52(21.0) 27 (10.9)
4 722] 33 1 3.0 - -
TES 221 0 0.0
Od52 MKz 619 1 18
o} 93 1 11
7|5} 74 0 0 - - - -
A3 2,395 64 27 1,016 221 (21.8) 150 (14.8) 67 (6.6)
3 7,409 147 2.0 2,434 345 (14.2) 354 (14.5) 140 (5.8)
rSEdYE AdL HEY SFTS 242 ¢ & 51 2|0t/ Joon-seok Chae 12
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Ticks on human and patient dogs
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19

* Nosocomial cases of SFTS in A{SOfAEH S

* 68-year-old female
* Four health care workers

* Attack rate
* Overall : 4/27, 15% (95% Cl, 4 - 34)
* Actively involved in CPR : 4/7, 57% (95% CI, 18 - 90)

SFTS 2XtZ+ < Bhal Ol k3|8t /Joon-seok Chae

Characteristic Index Nurses Poctors
2 1 2
RT-PCR (+) () () () ()
IFA(IgG)
acute <132 1512 <132 164 <132
convalescence NA 11024 1512 11024 1512
PPE Mask Mask Mask, glove  Mask, glove
(LYY, 2|2, ZM3t 5. Clin Infect Dis 2015;60:1681-3)

20
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One Health 34 &3

Human-to-human transmission

* Nosocomial person-to-person transmission of SFTS in 37| =8 &
* 59-year-old female
* Five health care workers

* Attack rate
* Before hemorrhagic manifestations : 0/10, 0%
* After hemorrhagic manifestations : 5/15, 33% (p = 0.041)

Assistant
o Doctors Nurses (Cleaning
Characteristic the corpse)
1 2 1 2 1
RT-PCR () () () () ()
IFA(IgG)
acute <1:32 <1:32 <1:32 <1:32 <1:32
convalescence 1:256 1128 1:512 1:512 1:128
PPE Glove Glove None None Glove
(Clin Microbiol Infect. 2019 May;25(5):633.e1-633.4)
A+ LAY AYUA TR H SFTS 2Ab24Q) Uh 81 24|40t/ Joon-seok Chae

21

Human-to-human transmission

* Occupational risk of SFTS in HCWs (K| F=E)
* 68-year-old male
* Index patient’s daughter, nurse

* SFTSV with 100% similarity were detected in both the index

and the secondary patient

(Open Forum Infect Dis. 2019 May; 6(5): 0fz210)

OIAZEZIHE B A MM SFTS 2AFZESY A gl 42| Ot/ Joon-seok Chae

19
L
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Human-to-human transmission

* Potential nosocomial aerosol transmission in 1§ QFAFE &

* 57-year-old male

* Two health care workers

* Attack rate : 2/14, 14%

* SFTSV from Case 1 shared 100% nucleotide identities with the index

patient

Case 1 Case 2
Characteristic

Doctors Mortuary beautician
RT-PCR (+) @)
IFA(IgG)
acute <132 1128
convalescence 1:256 1:256
PPE Fluid shield mask, glove Gown

(Infect Control Hosp Epidemiol. 2019 May;40(5):620)
dr3EYUYY YA YY=Y SFTS 2xt2he) &8 I 2|4 et/Joon-seok Chae 2

Human-to-human transmission

ORIGINAL ARTICLE VIROLOGY

Probable aerosol transmission of severe fever with thrombocytopenia
syndrome virus in southeastern China

Z. Gong', 5. Gu', Y. Zhang', ). Sun', X. Wu', F. Ling', W. Shi', P. Zhang’, D. Li*, H. Mao', L. Zhang', D. Wen',

B. Zhou', H. Zhang’, Y. Huang’, R. Zhang', J. Jiang', J. Lin', . Xia', E. Chen' and Z. Chen'

1) Zhejiang Provincial Centre for Disease Contral and Prevention, Hangzhou, 2) Anjl Centre far Disease Control and Prevention, Anji 3) Huzhou Municipal Centre
for Disease Control and Prevention, Huzhou and 4) National Instuite for Viral Disease Control and Preventon, Bejing, Ching

Taking care of Staying in mourning
Patient index patient  Carrying corpse  Carrying corpse ~ Washingand  Dressing  Carrying corpse  Keeping vigil  hall but no contact
no. in hospital into car from car to home  wiping corpse  corpse to coffin beside coffin  with corpse
l J v J J v
§ y y v J
4 v v
5 V
6 J J
7 N N
8 J )
9 i
(10 J J
12 v v v v v
Clin Microbiol Infect 2015; 21: 1115-1120
O SUAY AUA YHLH SFTS 242+ k4l 51 2| 8Hot/Joon-seok Chae 24
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One Health 34 &3

SRR Af-C)-AE Bt 29

* 12 stud
stuales
» 84 secondary patients, 3 tertiary patients
Index patient

First author Publication year ~ Country  Age Sex Occupation Secondary patients Language  Test method

Bao et al. [18] 2011 China 80 Female  Farmer Relatives English RT-PCR

Gai et al. [44] 2011 China 7 Male Farmer HCWs and relatives English ELISA

Liu et al. [45] 2012 China 50 Female  NA HCWs and relatives English RT-PCR/IFA

56 Female  Farmer Relatives English RT-PCR/IFA

Chen et al. [46] 2013 China 63 Male NA Relatives English RT-PCR

Tang et al. [47] 2013 China 58 Male NA HCWs and relatives English RT-PCR

Wang et al. [48] 2014 China 78 Male NA Relatives English RT-PCR

Gong et al. [49] 2015 China 66 Female Farmer HCWs and relatives and English RT-PCR
neighbours

Jiang et al. [50] 2015 China 66 Female Farmer Relatives English RT-PCR/

ELISA

Kim et al. [51] 2015 Korea 68 Female  NA HCWs English RT-PCR

Yoo et al. [52] 2016 Korea 74 Male Cattle rancher  Relatives English RT-PCR

Huang et al. [53] 2017 China 65 Female  Farmer HCWs and relatives and English RT-PCR
neighbours

Moon et al. [54] 2018 Korea 57 Male NA HCWs English RT-PCR/IFA

(Epidemiology and Infection 2020; 148:¢239)
OIADEZIOI Ols|A KT SFTS 2k}t eAb Ol 243|840t Joon-seok Chae 25

Precaution & isolation

» Contact precaution

* Respiratory care - facial shield or google, gown, glove, N95

mask

» Of 6 patients’ room (3 non-survivors and 3 survivors)

* Real-time PCR for SFTSV (+) in 14 (21%) of 67 swab-samples!

(FE3 2R

Sl ZENE, M3t S. Clin Microbiol Infect 2018; 24:911.e1-4)

1

TEUY dds YUY SFTS 2KZhQ dAd Ol 32| dtot/Joon-seok Chae 26
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Confirmed transmission of SFTSV from animals to human in Japan

Oct 2003 ~ Aug 2019

Close contact, Bitten

» Secondary infected person
v' 4 \eterinarians

v' 2 Animal health technicians

v 10 Owners

Death : Veterinarian, Owners

A+ZEZEY AAA YT SFTS 2X12+ed EHAd 91 t|Htot/Joon-seok Chae 27

First SFTS cases in cat, dog and cheetah in Japan

« Cat (April 11, 2017) : Mixed 2 years old Female (Spayed) - 157 cases
(60% death)

* Dog (June 1, 2017) : Mixed 4 years old Female (Spayed) > Owner was
infected from this dog (confirmed 4 death dogs)

* Cheetah : (June 30, 2017) : 7 years old Female - 2 cases (2 death)

O|ATEZOI OlsI A M SFTS 2KZhQ whAl Ol 33| 8tot/joon-seok Chae 28
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* Pathogenic examination : Gross findings
* Jaundice, Gastric ulcer
+ Severe hemorrhage in intestine
* Enlargement of mesenteric lymph node

(Park et al, Sci Rep 9,
11990, 2019)

Cat SFTS in Japan

« Seasonal effect : More cases in Spring and Autumn

Clinical features in Japan

Clinical symptoms in SFTS cats

“

Loss of activity and appetite
High fever (>39°C)
Vomiting

Diarrhea

Jaundice

Death

Leukopenia
Thrombocytopenia
High ALT/GPT
High AST/GOT
High CK/CPK

High T-bil
Infection with ticks

147

142
116
116
73
129
151
150
123
66
63
128
74

78.2
56,9
103
95.0
59.7
78.1
98.0
431
91.0
100
9.9
36.0

SFTS 22 2

Clinical symptoms in SFTS dogs

Symptoms “ Ratio (%)

Loss of activity and appetite
High fever (>39°C)
Vomiting

Diarrhea

Jaundice

Death

Leukopenia
Thrombocytopenia
High ALT/GPT
High AST/GOT
High CK/CPK

High T-bil

High CRP
Infection with ticks

9! 22|Hot/Joon-seok Chae

9

9 100
8 250
8 250
2 50.0
9 440
9 100
9 100
8 62.5
3 66.0
2 100
4 50.0
4 100
9 78.0
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Risk factors for SFTS infection in cats (N=20)

Sex

Age

Breeding

History of treatment
of ticks-repellent

Male (castrated)
Female (castrated)
< 1 year
1 -10 years
>10 years
Unknown
Only indoor
Outdoor
Unknown
Regularly

Before over one month
No
Unknown

SFTS 2XtZ+ S Bhal Ol 3|8t /joon-seok Chae

_dtems | Cssifiation | Numberofcats__

11 4)
9 (6)
7
11
1
1

17
2
b
4
5

5

(Data by Dr. Matsuu et al.)

31

Case of transmission from cat to humans

Animal health
technician

[ ]
Veterinarian
"

Cat j

High
fever
\ 4

Highl SFTS

fever RT-PCR positive

\ 4

Anti-SFTSV
Antibody positive

Anti-SFTSV
Antibody positive

13114(15|16|17 |18 |19

25126 (27 |28 |29 (30 (31(1

August 2018

[ Contact with the cat

September
[]: Hospitalization [ Outpatient

(Data was provided by Dr. Yamanaka in Miyazaki Prefectural Miyazaki Hospital)

SFTS 2XtZ+<d BhAl Ol 13 8ot /joon-seok Chae 32
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Possible mass infection with SFTSV from diseased dogs

Animal health technician D Fever, Diarrhea, Leukopenia

(Data was provided by Dr. Yamanaka in

Miyazaki Prefectural Miyazaki Hospital) Veterinarian ‘ | Hospitalization
Owher 4 Hospitalization
Owner 3 Hospitalization
Owner 2 B Hospitalization

Owner 1 j Fever, Malaise

Dog 2

Dog 1 Fever, Nasal hemorrhage

Fever, Thrombocytopenia

10|11)12|13| 1415|1617 (18 (1920 (21 (22 (23 |24 |25 |26|27 |28 |29 |30 |31 |1 |2 |3 (4 |5 (6 (7 (8 [9 [10 |11

October 2003 November
A+ SUUY HUA FHZH SFTS 2KHZH Qe ahAd I 3| HHot/Joon-seok Chae 33

2019~2020
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Jm
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4o
1
B

® -3 5
g mext Eng
o
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hittp:/ /mletter.kr/v/? eid=Animal_SFTS
e N ? i = i : |
SFTS HHO[{A 2 27|y 7H ey http://mletterkr/v/?eid=Animal SFTS https://pfkakao.com/ HIXxiT
ZHAC 22 MH|A
OIADEZICIH SJSIA KA SFTS 2X1Z+Q! EHAH DI 34a|HtOL/Joon-seok Chae 34
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Severe Fever With Thrombocytopenia Syndrome in Canines
Ticks Tick Borne Dis. 2020

Name : Naeun (Chungju), 2019
* Breed : Maltese

* Age: 7 years 11 months

= Sex: Castrated male

* BW:33kg

* Vaccine: Rabies, Kennel cough, DHPPL,

Corona

Walking on a park

)

July

SFTS 2K+

"St
Admission

Zr\d
Admission

3rd
Admission

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂlﬂ‘;ﬂﬂﬂ Hoonnenn

August

E.canis

U 9080

198,06

Anaplasma
Pz )

W 90,03

ENERE

gtot/Joon-seok Chae

s
e |
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Severe Fever With Thrombocytopenia Syndrome in Canines

Ticks Tick Borne Dis. 2020
Clinical case of the SFTSV-infected dog in Korea in 2019

Reference range Mar 7 July 26 July 31 Aug 6
(normal) (day 2) (day 7) (day 13)

Body temperature (°C) 385205 39.7(A) 38.6 38.6
Complete blood count

WBC (10°/L) 6-13 8.4 148 (A) 18.3(A) 15.6 (A)

Lymphocyte (10°/L) 14 32 8.7(A) 9.2(A) 9.1(A)

Lymphocyte (%) 10-40 385 58.6(A) 502 (A) 584(A)

Platelet (10%/L) 211-621 410 153 (V) 116 (V) 249

MPV (fL) 6.1-10.1 9.8 112 (A) 11.1(A) 114(A)

RBC (102/L) 5.6-8.0 7.35 548(V) 534(V) 58

HCT (%) 40-55 46.7 389(V) 38 (V) 432

HGB (g/dL) 14-19 17.3 13.1(V) 123 (V) 14.6
Serum chemistry

ALP (U/L) 21-170 68 437 (A) 1045 (A) 497 (A)

ALT (UL) 19-67 26 38 170 (A) 76 (A)

CRP (mg/L) 0-10 Undetected 14552 (A) 164 (A) Undetected
Virus & humoral immune response PCR +

Blood viral load?

(copy 10%mL) 0 96 17 Undetected

Serum IgG (titer)’ 0 Negative <1:400 <1:8300

desEUYY AdA PuEY SFTS 2%}Z+Q arAd Ol 22| E40k/Joon-seok Chae 36
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One Health 34 &3

Severe Fever With Thrombocytopenia Syndrome in Canines
Ticks Tick Borne Dis. 2020

nnnnnn e — —— Viral copy
nnnnn Human ~ Dog vl 1507
positive’  Positive Day2 Day7
control control
100
504
14
c T 1 1
‘‘‘‘‘‘‘‘‘‘‘‘‘‘ I EEEEEEEEEE 0 5 10 15
Cyele
' Days
lgG
1000-
8004
6004
4004
2004
c v T T 1
0 5 10 15
Days
Qo ELAY AeA YL H SFTS 2} 2+ ekl gl | HHot/Joon-seok Chae 7

Tick-borne diseases from clinical cases in dog patients

(2019. 7 ~ 2020. 6)

Methods Tick-borne pathogens  No. of tested dogs  PCR Positive Infection rates (%)
SFTS virus? 411 14 341
TBE virus 329 0 0
A bovis 370 0 0
A. phagocytophilum 370 6 1.62
E canis 14 0 0
Antigen test by PCR E chaffiensis 14 0 0
Rickettsia spp. 16 0 0
Babesiagibsoni 368 33 8.97
Bartonellaspp. 14 0 0
Borreliaspp. 200 0 0
TBE virus 329 0 0
Anaplasma 412 37 8.98
. - Ehrlichia 401 6 150
Antibody by rapid kit Lyme borreliosis 406 10 246
Babesiagibsoni 384 22 573
2) One-step RT nested PCR and RT Real-time PCR » Infection rate by TBD antigens : 53 / 411 = 12.9%
'VetAll Laboratories (Goyang, Republic of Korea) » Infection rate by TBD antibody : 75 / 412 = 18.2%

IDETIOH
ocooo
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ol A HYEY SFTS 2A1 Q&8 3 22|40t/ Joon-seok Chae 38
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I529Y YA Yuny

C 4,0-10,0 %10 /ul
RBC 4.09 4.2-6.3 » 10°/ul

1317 g/dl

130~400 »10%/ul

938

Negative

SFTS 2XtZ+ S Bkl Ol 3|8t /joon-seok Chae 39

NTA .
§jh Confirmed
SFTS virus ppo /T Partially transovarial and
/ y transstadial transmission
Confirmed
secondary Suspected ( 1 )
transmission secondary
Detection of antigen transmission ﬁ
and antibody
) ? »
‘ Human ey Human ‘ Japan/Korea ? ‘w ”& ”» w m
— 0B & Sl
q . -
A .Q—Em @ o Geie Wild animals 1‘ Ll
“Body fluids EITII Contact animals Contact Contact animals
p body fluids body flujds body fluids
or aerosol
Confirmed #
2' infection J
Suspected secondaM
=
SELUY A HMmH SFTS 2Kzt < Bhal Bl ata|8Hot/Joon-seok Chae 40
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Unresolved issues

* Viable virus around environmental contamination?

* How long contact or aerosol precaution is needed in patients

with SFTS?

SEAYY AdA HUTH SFTS 2A1 Q&8 3 22|40t/ Joon-seok Chae 44
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|. Disease X :
Unexpected, new emerging viral diseases

of emerging pathogens
(Ebola, West Nile, Avian
Influenza) are transmitted
from animals to humans
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|l. Coronavirus:
about origin and dynamics




Alpha CoV
Beta CoV

Gamma CoV

Delta CoV

Betacoronavirus

Alphacoronavirus
“ l ﬂ H . ” * ” BatCoVs
v TGEV v Zhejiang2013
DV BatCoVs Zhejiang2013
v PEDV 1PV : v SARS-CoV . US
v SADS CoV o eV v CDPHE15 PHEV v MERS-CoV ik : ::::4
g v HKU9
v HKUS oS
@ a i v GCCDCI
LuchacoCoV v SC-2013 ‘
: ‘ \
¥ HCoV 229E Minacovirus Y l:luB-lOU / el MERS-CoV
v HCoV NL63 v Sax-2011 Hedgehog CoV 1 Equine CoV il
CRCoV

Gammacoronavirus

A

Avian CoVs

Deltacoronavirus

> | Y X8 _
:s:\'
I

Avian Delta CoVs
¥ Bulbul CoV
v Munia CoV }

v White Eye CoV .
" Common moorhen CoV
v Night Heron CoV |

\

Beluga whale CoV

Malik, Y.S.; Sircar, S.; Bhat, S.; Vinodhkumar, O.R.; Tiwari, R.; Sah, R.; Rabaan, A.A.; Rodriguez-Morales, A.J.; Dhama, K. Emerging Coronavirus Disease (COVID-19), a Pandemic Public Health
Emergency with Animal Linkages: Current Status Update. Preprints 2020, 2020030343 (doi: 10.20944/preprints202003.0343.v1)
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K. Dhama et al. Travel Medicine and Infectious Disease 37 (2020) 101830
Reservoir/ Cross-species Transmission/ Zoonotic over
Natural Host Intermediate Host

HCoV-223E g
Batcaves - :I 9605

ﬁ’
‘k Recombinant @
! Viruses — SARS
v sARs CoV 2002

Cuisine

A
#  Recombination
5o

Coronavirus

ﬂ —) ? SADS
2017

SADS-CoV

S »

3
sars-cov2 | g § L BT
-~ | o

Jﬁaﬂm

Dog  Mink Tiger Lion

ﬁ?
I']

Fig. 1. Cross-species transmission of known zoonotic coronaviruses from bats to animals before spillover to humans and probable prospects of further transmission to

mammalian hosts.

Timelines of the emergence of animal CoVs.

Mutation in S protein

Y e
i -
_— -y AI( &

1BV TGEV FECV  CCoV  BCov FIPV  pgpy  PRCV PHEV CRCoV ~ PDCoV  SADS-CoV SARS-CoV-2 Other zoonotic
1930s 1946 1950s 1971 1973 1976 1977 1986 1986 2003 2009 2016 2019 CoVs?
I? | \
Deletion in S protein

o

4 Orfsharing common
ancestor

Human CoV-OC43 SARS-CoV-2

/ 2019
| ’ A

Other intermediates?

Zhang, G., Li, B., Yoo, D., Qin, T., Zhang, X., Jia, Y., & Cui, S. (2020). Animal coronaviruses and SARS-CoV-2. Transboundary and Emerging Diseases.
doi:10.1111/tbed.13791
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Pathogenesis

1. Transmitted via the respiratory 2. Initial infection occurs at 3. Virus moves to the kidney and
secretions, faecal droplets. trachea, lungs. urogenital tract.

respiratory

(o)
Respiratory
infection

tract

* Respiratory signs

* Depression

* Huddle under the heat source

* Misshapen or soft-shelled eggs

e Birds in lay have a marked drop in egg production

* The severity of disease are diverse : influenced by strain of the virus, age

I s i and immune status of the chicken
Dullness exhibited in chickens infected following
experimental infection with IBV?

1. Bande, F. et al. (2016). Pathogenesis and diagnostic approaches of avian infectious bronchitis. Advances in virology, 2016.

Human coronavirus and Bat

B

oAy,

~ . ) -
ol Emhs T

(SARS-CoV-2)

x |

HuY Y 1
7 Human coronaviruses
< ol - 5 are from bats.
) }\ - 2 are from rodents.
| 4
“@3 R4
(5®)
Y]
A 1

AW
2@
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Between Dogs and Cats Between Dogs, Cats and Pigs

* Type 1: most prevalent world wide » Alphacoronavirus 1: FCoV, CCoV, Porcine
* Type 2 : recombination between coronavirus(TGEV, PRCoV)

type 1 FCoV + canine coronavirus * CCoV and TGEV also appear to be closely
* Diseased cats do not spread type Il linked.

FCoV. * :Type llb CCoV may emerged via

recombination between type Ila CCoV and
TGEV (Decaro et al., 2009).

FCoV-1

03
&

FCoV-2 + \

Infection
éf :‘é {} CCoV-2b

Type 11 CCoV

1. Terada Y, Matsui N, Noguchi K, et al. Emergence of pathogenic coronaviruses in cats by homologous recombination between feline and canine coronaviruses. PLoS One.
2014;9(9):e106534. Published 2014 Sep 2. doi:10.1371/journal.pone.0106534

2. Nicola Decaro.Recombinant Canine Coronaviruses Related to Transmissible Gastroenteritis Virus of Swine Are Circulating in Dogs. Journal of Virology. 2009, 83 (3) 1532-1537; DOI:
10.1128/JV1.01937-0.

| N
~
Porcine resplratory coronavirus E -
(PRCYV) -1984: causes upper and B — — " p
lower respiratory tract disease g 3 3
very mild or subclinical =
L
y ?‘ T
. &
y :; i
2 Index Clinical Most
Enteric CoVs case Symptoms | disease | Lesions | Morbidity | Mortality | affected
onset age
Transmissible 1946 | Diarrhea, 24h Jejunum, | 100% Up to Neonatal
Enteric CoVs gastroenteritis virus vomiting, ileum 100% piglets
(TGEV) dehydration upto3
‘ Porcine 1971 | Diarrhea, 24-36h | Jejunum, | 100% Up to weeks of
BRCoY epidemic diarrhoea vomiting, ileum 100% age
virus (PEDV) dehydration
SADS Swine 2009 | Diarrhea, 24-36h | Jejunum, | 100% Up to
enteric coronavirus vomiting, ileum 100%
(SeCoV) dehydration
Porcine enteric 2017 | Diarrhea, 3-4 ? 100% ?
alphacoronavirus dehydration | days
P"’El/ (PEAV) or swine Y 4
acute diarrhea
syndrome
. . . .. coronavirus (SADS)
Porcine haemagglutinating encephalomyelitis Porcine 2012 | Diarrhea, 13 Jejunum, | Up to 20-80%
virus (PHEV)-2012: encephalomyelitis or a deliacoronavirus vomiting, | days | ileum, | 100%
.. R .. . (PDCoV) dehydration colon
condition characterised by vomiting and wasting
Available vaccines: PED and TGE
Akimkin, V., M. Beer, S. Blome, D. Hanke, D. Héper, M. Jenckel and A. Pohimann (2016). "New Chimeric Porcine Coronavirus in Swine Feces, Germany, 2012." Emerging infectious diseases 22(7): 1314-1315.
Vlasova, A. N., Q. Wang, K. Jung, S. N. Langel, Y. S. Malik and L. J. Saif (2020). "Porcine Coronaviruses." Emerging and Transboundary Animal Viruses: 79-110.
Yang, Y. L., J. Q. Yuand Y. W. Huang (2020). "Swine enteric alphacoronavirus (swine acute diarrhea syndrome coronavirus): An update three years after its discovery." Virus Res 285: 198024.
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Porcine enteric
coronavirus emergence

Epidemic form

100] PEDV USA OH851
57{ PEDV KNU-1406-1

100} PEDV CHIZMDZY/11

| PEDV CHN AF2012

PEDV USA/lowa/18984/2013
PEDV KOR virulent DR13
EDV BEL CV777

100

Alphacoronavirus
Porcine enteric alphacoronavirus GDS04)
SeCoV Italy/213306/2009
PRCV ISU-1
TGEV Miller M6
o m TGEV H16
moL TGEV virulent Purdue
100! TGEV SHXB
¥ - PHEV VW572
100 PHEV CoV USA-15TOSU1582

— PDCoV/Swine/Thailand/S5011/2015
PDCoV HKU15-44
o[

PDCoV CHN-AH-2004

Betacoronavirus

100 Deltacoronavirus

&% PDCoV HKU15-155
11 PDCoV CHN-HB-2014
96/, PDCoV OH1987

100! PDCOV KNU14-04

PRCV - low pathogenic
respiratory variant of TGEV

Highly pathogenic

Endemic form PEDV/TGEV

Initial outbreak (epidemics) in
seronegative swine population
characterized by
High morbidity, mortality and fast
spread (TGEV, PEDV, swine enteric
alphacoronavirus)

Lower or variable morbidity and
mortality and slower spread possibly
due to incomplete adaptation to the

new host - pig (PDCoV)

Sporadic outbreaks of decreased severity in

PEDV/TGEV variants in mostly seropositive

recombinant
variants {SeCoV)

- —

mostly seropositive swine
mmune evasion — generation of escape
variants
Sporadic outbreaks of severe diarrheal
disease caused be novel recombinant

S INDEL PEDV variants of
jower pathogenicity

swine

Clinical signs

Calf diarrhea
Hemorrhagic diarrhea in adults
respiratory infections

Genetic characteristic

Presence of a surface
hemagglutinin-esterase (HE)
glycoprotein (120-140 kDa)

Pathogenesis

Amer, H. M. (2018). "Bovine-like coronaviruses in domestic and wild ruminants." Animal Health Research Reviews 19(2): 113-124.
Saif, L. J. (2010). "Bovine respiratory coronavirus." The Veterinary clinics of North America. Food animal practice 26(2): 349-364.
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Coronaviruses mutate and recombine to cross species
barriers

‘/ Porcine HEV \
e

i A

- f

(

Common Ancestor Virus
S

:'&1'

-
<

&

~ HCov-0C43

Genetic characteristic [ SARS and MHV

* Betacoronavirus

\ Y,

\

- [} - V g‘\ - [ 7] -
Genetic characteristic . Significant abnormality

¢ MHV-A59 is neurotropic
and hepatotropic.
*  Pneumotropic and high

mortality j

Hogue, B.G., King, B., Brain, D.A., et al. “Antigenic relationships among proteins of bovine coronavirus, human respiratory coronavirus OC43, and mouse hepatitis coronavirus A59.” J of Vir.
1984, 51 (2) 384-388. 2. Leibowitz J.L., et al. “Genetic Determinants of Mouse Hepatitis Vrius Strain 1 Pneumovirulence.” J of Vir. 2010, 84 (18) 9278-9291. doi:10.1128/JV1.0030-10
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General characteristic

* Alpha-coronavirus

* Beta-coronavirus

* 229E is morphologically
identical to IBV and MHV and
MERS-CoV

Clinical signs

* Typical disease starts from fever, cough,
chills, sore throat, myalgia, and
arthralgia and progresses to
pneumonia. )

MERS outbreak in Korea

*  From May 2015 to July 2015.
* There were total of 186 confirmed
cases and 36 deaths (October 2015).

J

Equine CoV/Obihiro12-1

Genetic characteristic

* ECoV nsp3 protein had
considerable amino acid
deletions and insertions
compared to the nsp3
proteins of BCoV, OC43,
PHEV

Epidemiology \

e Suspected fecal-oral for
natural disease, naso-
esophageal for experimental
disease.
e Case number is higher during
the colder months of the year
* Predominantly in adult horses
» Steadily increasing since 2010
in USA /
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Genetic characteristic

Beluga Whale CoV/SWI

Phylogenetic analysis revealed
SW1 to be a novel virus distantl

related to but most similar to &= :
. N ! >
group lll coronaviruses {t'_"‘

Genome : 32,000 nucleotides
(Largest)

Putative TRS for most of their
ORFs is AAACA.

Differ from Avian coronavirus
by the absence of conserved
S1/S2 cleavage sites, ORFs
between the S and E genes, and
s2m downstream of the N gene

I T e O

frame-shift

/ Clinical signs

T 4
ribosomal ®_-- [d (K X ] T‘

1. https://jvi.asm.org/content/82/10/5084
2. https://jvi.asm.org/content/88/2/1318

An invader’s impact

Inserious cases, SARS-CoV-2 lands in the lungs and can do

deep damage there. But the virus, or the body's response

toit, caninjure many other organs. Scientists are just beginning

to probe the scope and nature of that harm.

1 Lungs

Across section
shows immune
cells crowding an
inflamed alveolus,
or air sac, whose
walls break down
during attack

by the virus,
diminishing oxygen
uptake. Patients
cough, fevers rise,

SARS-CoV-2

and breathing J 2

becomes labored. Immune
cells

2 Heart and

blood vessels

The virus (teal)
enters cells, likely
including those lining
blood vessels, by
binding to angiotensin-
converting enzyme 2
(ACE2) receptors on
the cell surface.
Infection canalso
promote blood clots,
heart attacks, and
cardiac inflammation.

Ref: Wadman M, Couzin-Frankel J, Kaiser J, Matacic C. A rampage through the body. Science. 2020;368(6489):356-360.

Windpipe

3 Brain

Some COVID-19 patients have
strokes, seizures, confusion, and brain
inflammation. Doctors are trying to
understand which are directly caused
by the virus.

4 Eyes

Conjunctivitis, inflammation of the
membrane that lines the front of the eye
and inner eyelid, is more commonin the
sickest patients.

5 Nose

Some patients lose their sense of smell.
Scientists speculate that the virus may
move up the nose’s nerve endings and
damage cells.

6 Liver

Up to half of hospitalized patients have
enzyme levels that signal a struggling
liver. Animmune system in overdrive
and drugs given to fight the virus may be
causing the damage.

7 Kidneys

Kidney damage is common in severe cases
and makes death more likely. The virus
may attack the kidneys directly, or kidney
failure may be part of whole-body events
like plummeting blood pressure.

8 Intestines

Patient reports and biopsy data suggest the
virus can infect the lower gastrointestinal
tract, whichisrich in ACE2 receptors. Some
20% or more of patients have diarrhea.
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IV. Future perspective
after COVID 19:
about Post—-Corona

NEW NORMAL
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Vaccine species Vaccine type Route Indications
Canine-CoV Inactivated Subcutaneous Dogs over 6 weeks of age
Intramuscular
Feline-CoV Modified live Intranasal Cats over 16 weeks of age
Bovine-CoV Modified live Oral, Intranasal Neonatal calves
Inactivated Subcutaneous Healthy pregnant cattle
PEDV Inactivated Intramuscular Healthy pregnant sows
TGEV Inactivated Intramuscular Healthy pregnant sows
Modified live Oral Healthy pregnant sows
(Avian) IBV Inactivacted Subcutaneous Chickens over 12 weeks
Intramuscular
Modified live Aerosol Chickens 1 day of age.

IBV vaccine

* Gammacoronavirus
. 5§7I L AR S 0|&, £Eitt AS S SAM0| iR Crk

—— Oo

|
HEEK] 60H0] Kl KISE 2Hst IS Zold UAS

rachea shows edema and congestion.
a may have accumulations |

« In layers, egg production may drop by up to 50% and eggs
may be soft-shelled (fragile) and misshapen, as seen here.

Cornell University
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HHAIO| Bt 71, AR : OIS} AN + AJAI(RZ 2124)
il S - ool A QUR) + M PR EE

1 1BV XI&ZE2I HO| (+asarzzon me Eo)

KIHE =@ AT [§S CHIGHIEH W RHL0 H2| OHE
- =01 :M41 (IHAE=NIZ), OR2HA 2 THIEIR
« S8 :4/91,D274
* OIAIOH(+0I=2 |71 ES,RE]): aXd

HIAl = Fe
Mg, SAH0| 2 J1s77?
- MR A MES St MES H0| 28E =5
. MBI BRI 3= TS

Lee and Jackwood, 2001; Wang et al. al,, 1998; Yu et al,, 2001

FIPV vaccine

FIPV2| S& 2! W20 SHAI

*  Alphacoronavirus

+ FCov (FECv)> E%H0| - FIPv

« B& IS CH (Wet form, Dry form)

«  QUHCIR}F: AAH(2EH 0laH, AEH AR (IR HE, B34 &),

AEH A
THZEt AYSEHAL FELOCELL (Zoetis) IR e
- HIZEZE > HOHHO(ZA (gA] » Dllj&%oéﬂéglﬁ'— | Peritonitis Vaccine i
1672 0]AF TI2H0IOHIAM AL e &

| FELOCELLE
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FIPV vaccine

[ =

SHI-ClIEY SZH(ADE) IS

—L—

- LS UAS E0{ot 20|01 A ADE EFS0| =&
> EZELH A2t &L

SHHl ClEN Al =X

E0| 2HICI Cloh =ALIE! FIPy virion(spike ptn)2 196 &M FeRQt ASEHE. 0] 1HA0| spike-CD13 A&t ZM
SALIE virion0| FcR2H ZEtE! 20, HIOIZAE MIZE LHE A
> 38 NRIHIS(by. SI2I-SHH| SEHAI) > S2 LHl SMEIN 2Hl 2SS RE6HH Satgdnt 2E 4t

PCoV vaccine

FOIA QIEIS HIOIHA (TGEV) (1946)
EHR] S571 A2 HHI0IHA (PRCV)(1984) - Alpha-CoV
EHR| RA &

Z42429 SAHHIOIZ4 (PEDV) (1977)
BRI B SR A4S HIOIMA PHEVI(1962) | peta.cov

EHXI 2EF D=L HHIOI2A (PDCoV) (2012)

Vaccine
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PCoV vaccine

HY&10] BHA|

# &
1 HIOIMAC| KIS shedding Tt &< Q

KI=0| AILES Za0k=l 710 4= ASLY

HIOI21A2l shedding0ILt Z&S 2M6| HFIGH [= S

2 si=moIMEH ya

[PEDV BHAL]

J|1E STKTEIRMIHED D IE BHAIOZ B0 =2t (2013)
A8t ST A PED LloH7 H Erei5HT AUF(2018~)

> H=HHAIN2]) + ASEEA (Cr2]) =&

Song, D.S. Oral efficacy of Vero cell attenuated porcine epidemic diarrhea virus DR13 strain, Research in Veterinary Science 82 (2007) 134-140
http://www.chuksannews.co.kr/news/article.ntm|?no=133422

* Betacoronavirus

o AMSOIK] ZAFE(NCDVE]), ALEAFE(WDE)
2871 D2 I™(BRCVE)

« JHAIG 2 RISEICED LA S&01 MoliKl=

KISEE S8 L

Timoney, J. F. et al. 1988. Hagan and Bruner's Microbiology and Infectious Diseases of Domestic Animals, Comstock Cornell
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BCoV vaccine

HjAIO| SHA|

Weaning
113-180 days
Serum/Nasal swab
BRD Outbreak Herd 2
Birth 74-141 days l
Serum/Nasal swab l
- -t e
=2 & BCV &Ml AV =16t I I
HIS 01 HI0IH A Shedding Jts T T T
2 days Initial Vaccination Pre-conditioning
Plasma 10-50 days Booster vaccination
(subset) Serum/Nasal swab 92-159 days
Serum/Nasal swab

Fig 1. Timeline of calf vaccinations and sample collection

Table 2. Subclinical shedding of BCV

Sample

Number of BCV shedding calves/total evaluated (% positive)

Acquisition Time Herd Total
1 2 3

Initial vaccination 0/60 (0) 0/60 (0) 0/60 (0) 0/180 (0)

Preconditioning 2/60 (3.3) 10/60 (16.7) 2/60 (3.3) 14/180 (7.7)

Weaning 0/60 (0) 1/60 (1.7) 0/60 (0) 1/180 (0.6)

Total 2/180 (1.1) 11/180 (6.1) 2/180 (1.1) | 157540 2.8) |

Aspen M. Workman (2019) Longitudinal study of humoral immunity to bovine coronavirus, virus shedding, and treatment for bovine respiratory disease in pre-weaned beef calves, BMC Veterinary Research

COVID-19 vs BIH{S=
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Natural and Experimental g :,_jj;'*j s
= |‘ Laboratory |

Transmission of SARS-CoV-2 '1 R e X
P N,

& e iy
L e e (S)
._':: K % Txger Lion  raccoon dog \\ \\

- \\ \‘ y — -\\ v \

Pangolin
Palm Dromedary Cuuh et

ln(}e;::diau /& ( - ¥ ,-g}b.\ \
v \ wf |
N h F;’r -

- ﬂf\ v

Community transmission 1"'\\
) 2 b=
<3 =

\\1"'-», VA;V _—

X ) ——

v/ Susceptible/transmission is possible X Not susceptible No evidence

& a8
(ALY}
R N = Naturally acquired SARS- CoV-2 infection E = Experimental infection
Kiros M, Andualem H, Kiros T, et al. COVID-19 pandemic: current knowledge about the role of pets and other animals in disease transmission. Virol J. 2020;17(1):143. Published 2020 Oct 2. doi:10.1186/512985-020-01416-9

Infection and Transmission

* Susceptible to SARS-CoV-2.
e By direct contact, ‘}
indirectly via aerosols :
1.9 ..g {

Clinical Signs

Viral Replication

* Upper respiratory tract

Hobbs EC, Reid TJ. Animals and SARS-CoV-2: Species susceptibility and viral transmission in experimental and natural conditions, and the potential implications for community transmission
[published online ahead of print, 2020 Oct 22]. Transbound Emerg Dis. 2020;10.1111/tbed.13885. doi:10.1111/tbed.13885
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° ° ° ° A 1012 Subadult cats, Day 3 p.i. 108 Subadult cats, Day 3 p.i.
Virus Replication and Titer . sor L
:d ! 104 | ,
. ‘ | ’ | |
. _Cats' are also susceptible to -l f T._;’_ - |1HII
infection with SARS-CoV-2 el = ‘
c 1012 Subadult cats, Day 6 p.i. Dwoﬁ Subadult cats, Day 6 p.i.
« Sars-CoV-2 replicates in both “ o dy

» Juvenile cats are more susceptible.

108
subadult, juvenile cats o 4 10|
E"OH > mZiF
b !Jr?‘-’-“-‘-‘-i'-’-‘??g'  FET NI UL T N
<
£

10 e cats, Day 3 p.i ;:é 108 Juvenile cats, Day 3 p.i
10 g :
+ Replication occurring in the upper = | , e A
respiratory tract. 1 | * | i
10 it | —
. . I L e D™
» Peak oral and nasal viral shedding G _
. . 1012 Juvenile cats, Day 6 p.i. 108 Juvenile cats, Day 6 p.i.
was recorded at 3 dpi in three o -
directly inoculated cats, and on day 100
7 post-exposure in two in-contact i

cats - i”

te
sil
ea
ial
te
sil
ea

3 x
i
3
Nasal turbinate {Eafl=====

mmmmmmm

Nasal turbinate
Soft pal
Toi
Trac
Soft pal
Tor
Tracl

Lung (left cra

Shi

®
o
L
~
o
o
=)

* (A) Nasal respiratory mucosa: abnormal arrangement of the
epithelium

* (B) Tonsil: epithelial degeneration and necrosis.

+ (C) Trachea: degeneration and necrosis.

+ (D) Tracheae: epithelial necrosis and lymphocyte infiltration.

* (E) Lung: uninfected, normal structure.

* (F) Lung: inflammatory cell aggregation and fibrin formation.

Shi et al(2020)
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Transmission

Negative-pressure isolator

 /
' '
1 80cm “
' '
-ep —
! Inoculated '! Exposed
Dairone
Pairone » 1 animal Il animal
! |
A s T
I
g § | Inoculated ‘: Exposed
™ Pairtwo g , animal , animal
= =2z 3
Y ;r
’ § | Inoculated 1|1 Exposed
Pair Imm?: I animal 11 animal
] ! 1l
4cm
'
by 150 cm

The transmission cages

10% Inoculated | Exposed B Inoculated Exposed
2 |M/H Pair 1 :
2 108 H/E Pair 2 |
& |H/B Pair3 |
o
< 10° |
E 2
= 10¢ ‘ | :
T = b
57 8.2 F 3 |t
” : 8833 5 & Scas © o
Days post-inoculation z5Pa F 25Pa F ¢
- < 3 -
210 Inoculated Exposed
% i/ Pair 1
o 108 m/E Pair2
& Pair 3
£ 106
<
z
@ 404
ﬂ- —
> 102 -
10
Days post-inoculation/exposure
Transmission of SARS-CoV-2 in cats.
-Subadult, Juvenile2| 10| 0j| A{
L o = .
transmission= =2l == QUL
Shi et al(2020)

Infection and Transmission

low susceptibility to
SARS-CoV-2

| Clinical Signs

Viral Replication

* No virus was detected
in any oropharyngeal
swabs

/ Significant abnormality \

Pathogenesis
* Not reported

M. Bosco-Lauth et al(2020)

- 106 -



One Health 34 &3

Viral RNA detection in animals inoculated with SARS-CoV-2 isolate CTan-H;

positive cases/total (copies, log1g) )
Seroconversion;

Animal  Treatment Oropharyngeal swab Rectal swab positive

cases/totalt
Day2 Day4 Day 6 Other time Day 2 Day 4 Day 6 Other time

p.i. p.i. p.i points p-i. p.i. p.i. points
A =
noculated 0/5 0/5 0/4 /4 - 0/5 1/4(4.2) 0/4 2/4
Dog*
Contact 0/2 0/2 0/2 0/2 0/2 0/2 0/2 0/2 0/2
*One virus-ino e\ hanized on day 4
necluded lur turbi soft palate, brain, heart, tonsils,

ted from all animals on day 14 p.i., and antibodies against S
kit (ProtTech, Luoyang, China)

* No virus was detected in any oropharyngeal swabs
* Organs or tissues on autopsy, virus isolation were all negative.

= Low susceptibility of dogs to SARS-CoV-2 infection

Characteristics of animal species experimentally infected with SARS-CoV-2.

Pathological Transmission
Antibody
Animal species Clinical signs changes on Replication to in-contact
response
necropsy animals
Ferrets +++ +++ +++ +++ +++
Cats ++ ++ +++ +++ +++
Dogs - - - - +
Hamsters + DU + ++ ++
Non-human primates + +++ ++ ++ ++
Fruit bats - DU ++ ++ ++
Tree shrews - ++ + DU DU
Chickens - - - - -
Ducks - - - - -

Extent of each characteristic is indicated by — (not seen), + (to some extent), ++ (to a moderate extent) or +++
(to a large extent).

DU: data unavailable

Hobbs EC, Reid TJ. Animals and SARS-CoV-2: Species susceptibility and viral transmission in experimental and natural conditions, and the potential implications for community transmission [published online
ahead of print, 2020 Oct 22]. Transbound Emerg Dis. 2020;10.1111/tbed.13885. doi:10.1111/tbed.13885

- 107 -



Hongkong-2

Hongkong-1 One of two dogs from
one household was
* PCR positive over +ve.
12days Both had no clinical
Higher viral loads, signs.
longer duration of
shedding.
Died due to geriatric
disease.

USA

* Only one dog
showed clinical
signs

All have had known (n=8) or suspected (n=2) * Most commonly reported pet (11 cases)

close contact with human COVID-19 cases. « Clinical Sign : In 8/11 cases, from mild

to moderate respiratory and/or

o k. | ? gastrointestinal disease.
&’_’ & s * Recovery: All recovered except one(due

to underlying disease)

* Transmission : Low  Transmission

between cats.

* Ex) German case: just one of three cats
USA (n=4), France (n=2), Hong Kong (n=1), Belgium

(n=1), Spain (n=1), Germany (n=1), Russia (n=1) in a home was positive.
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Summary data for all animal cases (as defined by positive PCR test) of SARS-CoV-2
infection to date.

PCR | Virus isolation Antibody Clinical signs | Confirmed link Total
Animal confirmed
positive positive positive observed to human case
species infections
n n % n % n % n % n
[DOMESTIC 14
Dogs 3 1 33% 3 100% 1 33% 3 100% 3
Cats 11 0 0% 2 18% 8 73% 8 73% 11
rdele} 8
Tigers 5 DU DU DU DU 4 80% DU DU 5
Lions 3 DU DU DU DU 3 100% DU DU 3
FARMED
Mink 19" DU bu | bu DU ' 32% 4 21% 19t

TNumber of infected farms. Number of animals not reported.

DU: data unavailable

Hobbs EC, Reid TJ. Animals and SARS-CoV-2: Species susceptibility and viral transmission in experimental and natural conditions, and the potential implications for community
transmission [published online ahead of print, 2020 Oct 22]. Transbound Emerg Dis. 2020;10.1111/tbed.13885. doi:10.1111/tbed.13885

) agt=2

“ | A

F7t ZGAFL 220 B AHQI Y3 oTHofE| AN E

5 | -

> g 1@ WONHAR|

NEWS - 14 MAY 2020
17LERIAZ = BBC H&0 2 AT|Ql of2k2| B ALK FOIM XL 13Y ZELHI BAE . .
Aot 234 S TR oBtoRT000tE] 5 877t ZEE HOS LiEtiTt Dogs caught coronavirus from their
IMASE R QIS0 XL SEEH EF0| F2LMI & T g e O M2t Y3 = 22 FAL H H
= 22 owners, genetic analysis suggests

Al Sk
But there’s no evidence that dogs can pass the virus to people.

[}
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Volume 26, Number 12—December 2020

Research Letter

SARS-CoV-2 in Quarantined Domestic Cats from COVID-19 Households or Close Contacts, Hong Kong,
China

Vanessa R. Barrs'@, Malik Peiris', Karina W.S. Tam, Pierra Y.T. Law, Christopher J. Brackman, Esther M.W. To, Veronica Y.T. Yu, Daniel On This Page
K.W. Chu, Ranawaka A.P.M. Perera, and Thomas H.C. Sit
Author affiliations: City University of Hong Kong, Hong Kong, China (V.R. Barrs); The University of Hong Kong, Hong Kong (M. Peiris, D.K.W. Research Letter
Chu, R.A.P.M. Perera); Government of the Hong Kong Special Administrative Region, Hong Kong (K.W.S. Tam, P.Y.T. Law, C.J. Brackman, Susested Citation
E.M.W. To, V.Y.T. Yu, T.H.C. Sit)
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But scientists say it’s unclear whether felines can spread the virus to people, so
petowners need not panic yet.

5casein
companion animal

Google image
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Companion animal model?
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RESEARCH

CORONAVIRUS

Susceptibility of ferrets, cats, dogs, and other
domesticated animals to SARS-coronavirus 2

Jianzhong Shi'*, Zhiyuan Wen'*, Gongxun Zhong™, Huanliang Yang'*, Chong Wang'*, Baoying Huang?*,
Rengiang Liu, Xijun He®, Lei Shuaf, Ziruo Sun', Yubo Zhao', Peipei Liu?, Libin Liang', Pengfei Cui’,
Jinliang Wang?, Xianfeng Zhang®, Yuntao Guan®, Wenjie Tan?, Guizhen Wu?{, Hualan Chen't, Zhigao Bu*+

Severe acute respiratory syndrome—coronavirus 2 (SARS-CoV-2) causes the infectious disease COVID-19
(coronavirus disease 2019), which was first reported in Wuhan, China, in December 2019. Despite extensive
efforts to control the disease, COVID-19 has now spread to more than 100 countries and caused a global
pandemic. SARS-CoV-2 is thought to have originated in bats; however, the intermediate animal sources of the
virus are unknown. In this study, we investigated the susceptibility of ferrets and animals in close contact

with humans to SARS-CoV-2. We found that SARS-CoV-2 replicates poorly in dogs, pigs, chickens, and ducks, but
ferrets and cats are permissive to infection. Additionally, cats are susceptible to airborne transmission. Our
study provides insights into the animal models for SARS-CoV-2 and animal management for COVID-19 control.

Canine model for artificial inoculation
MERS vs COVID19
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