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Confirmed cases of COVID-19 in Taiwan
N=440, Taiwan CDC, as of May 11, 2020
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Community-acquired COVID-19 without
identifiable source of infection

N=10, 2020, Taiwan
Case 24, 67 yrs, @ = 2 family members = 0
Case 27, 80+ yrs, & =» 5 family members = 0
Case 34, 50+ yrs, ? = 8 nosocomial infections = 0
Case 100, 20+ yrs, 2 =2 0

Case 134, 30+ yrs, 9 & 0 Secondary infection: 16
Case 156, 20+ yrs, 2 =2 0

Case 268,50 yrs, g =2 0

Case 332, 22 yrs, & = 1 roommate

Case 336, 50+ yrs, 2 =2 0

Case 379, 30+ yrs, 2= 0




Transmission routes of COVID-19

Chen CC. Cancer Cytopathol 2020;128(5):309.



Droplet transmission

CDC public health library

e
=
<

o —]

-
o

L&

g
F
d—

o —

=
::

-

" —

Low risk

2 3 4 5 6
Distance from the infection source (m)

Liu L. Indoor Air 2017;27(2):452.




Recommendation on medical mask
JAMA, Apr 21, 2020

Used only by individuals who
have symptoms of respiratory
Infection.

Should also be worn by health
care workers, by individuals
who are taking care of or are In
close contact with people who
have respiratory infections, or
otherwise as directed by a
doctor.

Should not be worn by healthy
individuals.

5" Wash hands again for at least 20 seconds

Desai AN. JAMA 2020;323(15):1517.
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Cumulative number of confirmed COVID-19 per

Social distancig(+)
Mask(-)

million population 2020
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Cheng VCC. J Infect 2020;S0163.
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Incidence of COVID-19
As of June 6, 2020, Taiwan CDC
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IR %H*)ﬁsi)é Z : SARS, MERS, COVID-
19 N=172 3 & A 45 > 2020 » WHO
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——- 5%l
o Cut paints, mean
- === Ot of samiple predictions

—— High baseline risk for infection (eq, 50%)
— Intermediate baseline risk for infection (eg, 10%)
—— Low baseline risk for infection {eg, 1%)

Chu DK. Lancet 2020; 395: 1973-87.
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SARS Transmission, Risk Factors,
and Prevention in Hong Kong 2004

Factors

1 [
Case

Matched nmvanate

Control® OR {93% CI)

Matched nmltivanate
OR. (95% CT)

p value®

%o visited mamland China (reference=no)

%o visited PWH (reference=no)

%o visited other hospitals/clinics (reference=no)
%o vistted Amov Gardens (reference=no)

%o vistted crowded places frequently
{reference=occasionally’/seldom/no)

12.7
3.0
40.7

15.5

2.09(1.33t03.27F
B27(2.32 029 449)

336 (2490 4.54)
010 (4.87 to 17.007
1.07 (076 to 1.50) NS

1.95(1.11 to 3.42)
7.07 (1.62 to 30.75)
370 (254 t0 5.39)
763377101543

0.020
0,000
<0001
<001

%o contacted someone with fever or influenza
(reference=no)

% social contact with someone who visited

a patient in a hospital (reference=no)

%o social contact with medical personnel
(reference=no)

% had a SARS case m the housing estate

(reference=no)

1.42 (087 to 2.32) NS

1.66 (0.96 to 2.85) NS

087 (052 to L 44) NS

0760410 1.31)NS

Lil

o dismiected the hving quarters thoroughly
(reference=no)

Wore a mask in public places frequently
(reference=occasionally /seldom/mo)
Washed hands 11 or more times per day
(reference=1-10 times/day)

46,6
279

18.4

0,30 (0,23 0 0,39

0.27 (02010 0.37)

044 (031 to 0.63)

0.41 (0.29 o 0.58)

(.36 (0.25 t0 0.52)

058 (038 t0 0.8T)

<), ()1

=)0 1

(.00

™. 5., not significant; OF. odds ratio; CL. confidence interval; FWH. Prince of Wales Hospital: -,

10 days before the date of the patient’s onset of fever,
"n =330

= 6hHi,

d . . .

p values for multivarate OR

e|-.- 0005,

not used by the multivariate analvses. The reference time period was the

Lau JT. Emerg Infect Dis 2004;10(4):587.




SARS transmission, risk factors,
and prevention in Hong Kong 2004

Matched umivariate Matched multivanate
Factors Case’ Control OR. (95% CT) OR (93% CI) p value’
o vistled mamland China (reference=no) 12.7 0.5 209(1.33103.27f 1.95(1.11to 3.42) )00

% visited PWH (reference=no) 3.6 0.5 §.27(2.32 10 29.49)° 707 (1.62 to 30.75) 0.009

% visited other hospitals/clinics (reference=no) 40.7 17.0 330249 to 4.54) 3.70(2.54 to 5.39) <0001

% visited Amoy Gardens (reference=no) 5.5 20 010 (4.87 to 17.007 7.63(3.77t0 15.43) <001
%o visited crowded places frequently 1.9 20.8 1.OT(0.70 to 1.50) NS - -
(reference=occasionally/seldom/no)

% disinfected the living quarters thoroughly 0,30 (0,23 t0 0,39 0.41 (0.29 10 0,58) <0.001
(reference=mo)

Wore a mask in public places frequently 279 38T 0.27 (0.20 10 0.37) 0.36 (0.23t0 0.32) <0.001
(reference=occasionally /seldom/mo)
Washed hands 11 or mdg 0.44(0.31 10 0.63) 0.58 (0.38 t0 0.87) 0.008

(reference=1-10 times/daN

Wore a mask 1n public places frequently
(reference=occasionally /seldom/no)

Lau JT. Emerg Infect Dis 2004;10(4):587.



Locally transmitted cases of COVID-19 in Taiwan
N=55, Taiwan CDC, as of May 11, 2020
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A patient with COVID-19 transmit the virus to 8

users in a public bath in different days
Jiangsu, China, 2020

jO 11 (12 13 14 15 16 17 13 1% 20 31 23 13 24 215 26 27 |38 29 30 31

Luo C. JAMA Netw Open 2020;3(3):e204583.



Transmission route for respiratory
syncytial virus

Nose > Eyes > Mouth

No. of subjects:
Inoc- Dose
ulation (Logio Inocu- SI}ed- With seroresponse
oute TEID0) ated B o NT* ELISA

Nose 5.2 4
3.2 4
2.2 4

Eyes 5.2
3.2
2.2

5.2

Hall CB. Infect Immun 1981;33(3):779.
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Cost-effectiveness of preventive

strategies against VOCID-19
Effect Economic loss
'High Low

Face mask

Hand cleaning

Don’t touch
eye/nose/mouth

Environ. sanitation

~Social distancing
~ High]
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1998-2005

Sera Genogroup B*

— ,.Eﬁ Anti-genogroup B
m ﬂ Bl

B2
B3
f O B4
B5
B6
BY
Anti-genogroup c
1
2
3
4
Ch
Ch
MNon-EV71 antisera
EVéno. 1
EVé no. 2
CBh
CAls
H5V-1

7 ?—* 717 ek F1 3w %

Kung SH. Clin Microbiol Infect 2007; 13: 782—787

Genogroup ct




Coronavirus immunity has no evidence;

second infection still possible says WHO
Medical Daily, Apr 26, 2020 By Susmita Pathak

“There iIs currently no evidence that people who
have recovered from COVID-19 and have
antibodies are protected from a second
iInfection,” WHO wrote In the statement, clearing
all doubts.

There are some of them with considerably low
levels of neutralizing antibodies in the blood,
which indicate that the immunity of the cells may
not be enough for recovery.

https://www.medicaldaily.com/coronavirus-immunity-has-no-evidence-second-infection-still-possible-says-who-452253



Dr. Anthony Fauci says el
there’s a chance ;
coronavirus vaccine may '
not provide immunity for N
| N
very long June 3, 2020, CNBC ’ﬁ
If Covid-19 acts like other coronaviruses, “it likely isn’t
going to be along duration of immunity,”
Fauci, director of the National Institute of Allergy and
Infectious Diseases, told JAMA Editor Howard Bauchner.
“When you look at the history of coronaviruses, the
common coronaviruses that cause the common cold, the
reports in the literature are that the durability of
Immunity that’s protective ranges from three to six
months to almost always less than a year,” he said.
“That’s not a lot of durability and protection.”

https://www.cnbc.com/2020/06/02/dr-anthony-fauci-says-theres-a-chance-coronavirus-vaccine-may-not-provide-immunity-for-very-long.html



Short duration of protection and frequent

reinfection of coronaviruses
N=10, 1985-2020, The Netherlands

Infection: 1.4-fold increase in antibody levels
HCoV-NL63: 15.3/100 person-years
HCoV-229E: 20.1/100 person-years
HCoV-0OC43: 16.4/100 person-years
HCoV-HKUL1: 6.3/100 person-years

Edridge AWD. medRxiv 2020; doi: https://doi.org/10.1101/2020.05.11.20086439.



Antibody-dependent enhancement
Flaviviruses

Hawkes RA, 1964: the infectivities of Murray Valley encephalitis
virus, West Nile virus and Japanese encephalitis virus were
enhanced in the presence of chicken antisera when assayed on chick
embryo fibroblast cells, but not on swine kidney cells.

Halstead SB, 1977: dengue virus
Halstead SB, 1980: dengue hemorrhagic fever in Thailand

Activation of

complement C3 fragment
classical pathway

C1s—a (CH—w (T2

FcR: immune cells Complement receptor: more widely
distributed among different cells

Takada A. Rev Med Virol 2003; 13; 387-398.



Enhanced respiratory syncytial
virus disease by inactivated RSV vaccine

Formalin inactivated vaccine against RSV, 1966, USA:
O Seronegative children before vaccination:
Increase Iin the frequency and severity of RSV
LRTI
o Hospitalization A\: vaccine vs. control = 80% vs.
5%
O 2 vaccinated toddler died of severe RSV infection.

RSV vaccines encoding antigens not processed In
the cytoplasm =» nonprotective antibody response =

lack of affinity maturation in B cells =» potentiating
Th2-mediated

Acosta PL. Clin Vaccine Immunol 2016; 23(3): 189-195.



Live attenuated dengue vaccine
Sanofi Pasteur, N=22177+11089, 2015

Pooled rates of efficacy for symptomatic dengue
during the first 25 months: 60.3% (95% CI, 55.7 to
64.5)

0 < 9 years: 44.6% (95% ClI, 31.6 to 55.0)
0 > 9 years: 65.6% (95% CI, 60.7 to 69.9)

Pooled relative risks of hospitalization: 0.84
(95%ClI, 0.56 to 1.24)

o< 9yrs: 1.58 (95% CI, 0.83 to 3.02)
o> 9 yrs: 0.50 (95% CI, 0.29 to 0.86)

Hadinegoro SR. N Engl J Med 2015;373(13):1195-206.



Antibody-dependent enhancement of SARS
2014, Kaohsiung Medical University, Taiwan

Anti-sera 10-fold dilution  Control sera 10-fold dilution Anti-sera 1000-fold dilution

SARS-CoV viral particles were observed in HL-CZ cells treated with more
diluted anti-sera against SARS-CoV (2000-fold dilution) (Fig. 2C-3)
compared to those treated with less diluted anti-sera (10-fold) (Fig. 2C-1)
and less diluted normal control sera (10-fold) (Fig. 2C-2).

(5.Q). Wang SF. Biochem Biophys Res Commun 2014; 451(2): 208-214.



Susceptibility of the elderly to SARS-CoV-
2 Infection and ADE

Antibody of low
affinity antibody or
low cogicentration

No antibody Neutralizing 19G/IgM

R,

B Y i
i SARS-CoV-2 ACE-2 T FcR MNon-nautralizing 1gG Neutralizing lgG
H

Peron JPS. Clinics (Sao Paulo) 2020; 75: e1912.



Strategy types for COVID- 19 vaccine

Viral vector 4
II.-"' .}- ':'\‘.{\_\ I-"'.I

development

Calina D. Int J Mol Med 2020; 46(1): 3.

Subunit
viral protein

v

vaccines

v

Virus like-particles



Moderna, Inc. (Cambridge, MA, USA) : mRNA

https://www.modernatx.com/mrna-technology/mrna-platform-enabling-drug-discovery-development



MRNA vaccine: stabilized prefusion SARS-CoV-

2 spike protein trimer, S2P (Moderna, Inc.)
2 doses, N=45, 18-55 yrs, 2020, USA

Symptom Dose Group
Any systemic symptam 25 pg
100 pg
250 pg

25 g,

100 pg

250 pg

Chills g
100 pa

250 pg

Any lecal symptom 5 pg
100 g

230 pg

Size of erytherna or redness 25 pg
100 pg

250 pg

Size of induration ar swelling 25 pg
100 pg

250 pg

23 pg

100 pg

250 pg

B Wild B Moderate Severe

Vaccination 1 Vaecination 2

T -1
D 100

Percentage of Participants

Jackson LA. N Engl J Med 2020; doi: 10.1056/NEJM0a2022483. Onli



MRNA vaccine: stabilized prefusion SARS-

CoV-2 spike protein trimer, S2P (Moderna, Inc.)
2 doses, N=45, 18-55 yrs, 2020, USA

Neutralizing antibody to virus

é

Study Day

Jackson LA. N Engl J Med 2020; doi: 10.1056/NEJM0a2022483. Onli



MRNA vaccine (Moderna, Inc.)
Rhesus macaques challenge test, 2020, USA

Memory CD4 T Cells (%)

Thl responses

F0.001

P=0.007

Response [no.ftotal no.)

lﬂlp g L'El[; He
mRMNA-1273 Dose

4/8 77

A Subgenomic RNA in BAL Fluid

PBS

mi
a

Genome Copies (log;)

mRNA-1273,  mRNA-1273,
10 pg 100 ug

Days after Challenge

Th2 responses

Memory CD4 T Cells (35)

T
10 pg

mRMA-1273 Dose

Response (no.ftotal no.) f 0/a 217

B Subgenomic RNA in Nasal Swabs

mRNA-1273,
PBS 10 g

mRNA-1273,
100 ug

Genome Copies (logq)
0 |0 0 &0

OIS IR S

1 T T T T T 1
1 2 4 7 1 2 4 7

Days after Challenge

Corbett KS. N Engl J Med 2020; DOI: 10.1056/NEJM0a2024671.




Conformational change of F protein of
respiratory syncytial virus

Prefusion:
metastable state
(4

Postfusion: stable ek
state

Neutralizing
antibody activity:
prefusion >>
postfusion

Fy may lead to release
peptide that becomes
| membranea

The stable post-fusion F, and a fusion pore

Griffiths C. Clin Microbiol Rev 2017; 30(1): 277-319.
McLellan JS. Science 2013; 342(6158): 592-598.



Structural and functional mechanism of SARS-CoV-2
cell entry Abcam

S protein
o S1: receptor-binding domain

o S2: mediates the fusion of the viral and host cell
ME IR ES

https://www.abcam.com/content/structural-and-functional-mechanism-of-sars-cov-2-cell-entry



COVID-19 RNA vaccine candidate (BNT162b1)
N=45, 2 doses, 18~55 years, Pfizer

Modified RNA (modRNA):

o Encodes the receptor binding domain (RBD) of the
SARS-CoV-2 spike protein

o Formulated in lipid nanoparticles

=
o
[

Placebo
10 pg dose level
30 pg dose level

100 pg dose level
HCS

(Human
convalescent
serum)

[
Q
=
-
=2]
=
‘N
l_ﬂ-
| =
)
=
Q
=
=
=
[
Q
']
=
L=
u

28 } 1 7 21 HCS
t t

Day after immunization

Mulligan MJ. medRxiv 2020; doi.org/10.1101/2020.06.30.20142570.



Johnson & Johnson:

Designing a vaccine

January — March 2020

_;._-\__h..

. Jclr uary .f_"-_.'EU CoV-2

av 1|1

« March 2020 Validated with
pre-clinical testing to identify
lead candidate

{lofummmaslbodssma

https://news.yahoo.com/jj-coronavirus-vaccine-we-plan-to-begin-production-at-risk-imminently-210204457.html

adenovirus vector




Recombinant adenovirus type-5 (Ad5) vectored vaccine
expressing the spike glycoprotein
One dose, N=195, 18-60 yrs, 2020, China

Neutralizing antibodies to live SARS-CoV-2

{50.2

100

>
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.g 27.8 -
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©

g’ .

= 10

N { 8.0

© ! 8
% -

c Pre-existing Ad5 antibody < 200 Pre-existing Ad5 antibody > 200
IS

|_

=

0 1

Low dose Middle High dose Low dose Middle High dose

dose . : dose
Vaccination group

Zhu FC. Lancet 2020;395(10240):1845-1854.



AstraZeneca:; adenovirus vector
AZD1222 SARS-CoV-2 vaccine

How could a coronavirus vaccine work?

.........

)it /Antibody) {3 COVID19) & |- & Genetically/Modified|Virus| » J-RNA'

G . Q . https://internewscast.com/astrazeneca-to-begin-supply-of-covid-19-vaccine-in-september/



Adimmune
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Recombinant spike
protein
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