s EiNms Iz L

u1 E'E %BJU Eﬂ%zu\ h’*—l'

SRR i

DANIEL TSUNG-NING HUANG, M.D., PH.D.




Total Confirmed

Confirmed Cases by
Country/Region

Mainland China

Others
Singapore
Hong Kong
Japan
Thailand
South Korea
\WEIEIVSE
Taiwan
Germany
Vietnam
Australia
usS
France

4 Country/Region )3

Last Updated at (M/D/YYYY)
2/16/2020 11:13:07 L4

Coronavirus COVID-19 Global Cases by Johns Hopkins CSSE

DEeTIy otd

D = =@
= oB
Sea of
\ r Okhotsk
- f\"‘-\ :“'x
L .\\‘ et ) \/‘\7_17-/\7 f !"'
| % ‘7
MONGOLIA _‘»
~ W g (\/
B b Beumg
N 7 _/”/ =k SOUTH
Ty "Q"‘? } T i Y KOREA Tokyo
3 hN (“:I{*NA <& Y ; North
Wy _-_A-_.Shanghal o
New Delhi | ) ot gene
\*:‘iﬂsxﬁ’ﬁ
Y I Nl PP
IDIA MYANMAR b
I\. (BURMAY bl ~HoRgKong
bai ¢ ”';{w o ;
Bgng!(qk
\ j‘
| e
N
W —
Slngapore /
Jakarta
|
Coral Sea +
an AUSTRALIA _
- Esri, FAO, NOAA

Mobile Version: Here. Visualization: JHU CSSE. Automation Support: Esri Living Atlas team.

Data sources: WHO, CDC, ECDC, NHC and DXY. Read more in this blog. Contact US.

Downloadable database: GitHub: Here. Feature layer: Here.

Paint level: City level - US, Canada and Australia; Province level - China; Country level - other countries.

"

Total Deaths

1,669

1,596 deaths
Hubei Mainland China

13 deaths
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Total Recovered

9.571

5,623 recovered
Hubei Mainland China

437 recovered
Zhejiang Mainland China

436 recovered
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China
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Henan Mainland China
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worldometer Coronavirus Population

COVID-19 CORONAVIRUS OUTBREAK
Last updated: February 16, 2020, 03:10 GMT
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Coronavirus Cases:

69,269

view by country

Deaths:
1,669

Recovered:

9,586
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Novel Coronavirus Daily Cases
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Outline

. Introduction to coronavirus (CoV)
. Virology of SARS-CoV-2

. Genomic epidemiology of SARS-CoV-2
. Clinical manifestations of COVID19

. Possible explanations for some crucial questions
. Future perspectives




Outline

1. Introduction to coronavirus (CoV)
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Nidovirales: produce a 3' co-terminal nested set of subgenomic mRNA's during infection.
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The first ORFs (ORF1a/b)
of CoV, about two-thirds
of the whole genome

length, encode 16 nsps
(nspl1-16).
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2. Virology of SARS-CoV-2
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Figure 2: Sequence identity between the consensus of 2019-nCoV and representative betacoronavirus genomes

Lu R et al. Lancet 2020 Jan 30; [e-pub].
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Extended Data Table 3 | Genomic comparison of 2019-nCoV WIV04 with SARS-CoVs and bat SARSr-CoVs

Sequence identities with SARS-CoVs & bat SARSr-CoVs|(nt/aa %)
Full-length
genome ORFla ORFlb S ORF3a E M ORF6 ORF7a ORF7b ORF& N
SARS-CoV GZ02 79.6 760/80.9  86.2/957  T3IATI0  T5.6/73.4 047960  854/90.5 76.3/689 828860 S84.8/814 520316 877912
SARS-CoV BJ01 79.6 760/80.8  86.2/957  T3AT69 753726 947960  85.6/90.5 75.8/672 828860 S84.8/814 511~ 888912
SARS-CoV Tor2 79.6 760/80.0  86.2/058 734767  T5.4/72.6 047960  §5.6/00.5 76.3/689  S2.8/86.0 84.8/814  SL1- 888912
SARS-CoV SZ3 79.6 760/81.0  86.2/958  T34/76.9  T5.4/72.6 947960  §53/90.0 76.3/689  S2.8/86.0 S84.8/814 523316 888912
SARS-CoV PC4-227 79.5 760/80.8 86.1/956 734/767  75.5/72.6 947960  §5.1/90.0 75.8/689  S$2.8/86.0 S84.8/814 523~ 88.5/90.7
Bat SARr-CoV RaTG13 96.2 96.0/98.0  97.3/993 | 93.1/97.7 | 96.3/97.8  99.6/100  955/99.6 98.4/100  956/97.5 99.2/977  97.0M50  96.9/99.0
Bat SARr-CoV WIV1 79.7 76.0/80.7  85.9/958  734/77.6  76.1/74.5  95.6/960  8§4.8/90.0 7S.0/738  85.0/884  85.6/837 658579  88.5/90.9
Bat SARSr-CoV WIV16 79.7 759/81.0  86.1956  73.1/77.8  76.1/745  95.6/960  84.8/00.0 77.4/72.1  85.0/884  85.6/837 653579  88.6/90.9
Bat SARSr-CoV SHC014 79.6 750/80.0  8§5.0/058 733777  T6.1/74.5  95.6/960  S4.8/00.0 T8.0/705 84.4/88.4  85.6/837 658587  88.6/90.9
Bat SARSr-CoV Rs4231 79.7 760/81.0  86.2/058 729775  75.8/74.1  94.3947  8§4.4/90.0 76.9/672  85.0/88.4 _85.6/837 653579  88.8/91.4
Bat SARSr-CoV YNLF31C 79.0 757/80.6  85.8/957  T14/75.5  75.0/712  94.3/960  8§4.7/89.6  76.9/705  $3.1/87.6  S64/837 503313  88.3/90.5
Bat SARSr-CoV LYRall 79.6 758/80.6  85.7/056 739773 712763  04.7/947  §5.1/90.0 78.5/705  S$20/851 BLISI4 667579  89.0/91.6
Bat SARSr-CoV ZC45 88.1 01.0/95.7 86.1/960  77.8/823  §7.8/90.9  987/100  93.4/98.6 95.2/934  888/87.6 04.7/93.0  88.5842  91.1/94.3
Bat SARSr-CoV ZXC21 88.0 009/95.7  86.2/058  77.1/81.7  88.9/92.0  987/100  93.4/98.6 95.2/93.4  80.1/88.4 055030 885942  91.2/94.3
Bat SARSr-CoV HuB2013 79.6 763/81.2  85.3/957  T3/768  T5.4/75.5 9520947  853/91.0 76.3/689  84.2/87.6  85.6/837  62.0496  889/91.6
Bat SARSr-CoV GX2013 79.1 759/80.8  86.0/959 731770 T5.673.0 947960  S4.8091.4 774689  85.0/86.8  84.1/79.01 514316  8§7.9/90.2
Bat SARSr-CoV SX2013 78.9 762/80.6  8§5.1/955  712/75.5  TA7/71.2  943/933  S3.0/89.6 77.4/689  842/86.8  85.6/837 497304  869/90.2
Bat SARSt-CoV SC2018 79.4 758/80.7 855052 7277764 750712 94.3/960 847/90.0 80.0/71.8 852/87.6 84.8/837  66.1/554  8§82/91.2
Bat SARSr-CoV Rs672 79.6 760/80.9  85.9/958 728762 75.271.9 952960 = 84.8/89.6 78.5/705 8$4.7/884  85.6/837 658587  87.9/91.2
Bat SARSr-CoV Rp3 79.5 759/80.5  86.0/957  73.1/772 749748 9520960 8514900 76.9/689  $3.9/80.3  84.8/837  66.4/562  88.4/90.7
Bat SARSr-CoV Rfl 78.8 762/80.6  84.8/053 711757 74.3/69.0 04.3/947  §3.3/80.6 79.0/689  $42/86.8  84.1/837  50.6313  8$6.8/89.5
Bat SARSr-CoV HKU3-1 79.4 76.1/80.9  84.9/051  T34/77.9  T5.8/734 . 9520960  84.7/91.0 75.3/672  85.0/80.3  84.1/79.1  66.4/570  883/90.0




Class | viral fusion: influenza virus, coronavirus, and HIV-1
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The S protein contains two functional domains: a receptor binding domain, and a second domain which contains
sequences that mediate fusion of the viral and cell membranes.
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2019-nCoV S-protein sequence has a specific furin-like cleavage site
absent in lineage b CoV including SARS-CoV sequences.

Antiviral Research Volume 176, April 2020



S1-CTD of ancient CoV
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SARS spike with 2019-nCoV RBD
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Functional assessment of cell entry and receptor usage for
lineage B B-coronaviruses, including 2019-nCoV.




ACE2-FITC

Hela-hACE2

SARS-COV-2 is able to use
all but mouse ACE2 as an
Hela-bACE2 entry receptor (human, bat,
swine, and civet), indicating
which is likely the cell

receptor of SARS-COV-2.

Hela-sACE2

Hela-cACE2

Zhou, P, Yang, X., Wang, X. et al. Nature (2020).




A lower-affinity interaction with ACE-2 might partly explain the different
pathological consequences of infection by SARS-CoV and NL63.

A NL63-CoV S1 B SARS-CoV S1 d 128 (a)
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A I .
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J Gen Virol. 2008 Nov; 89(Pt 11): 2741-2745.
Proc Natl Acad Sci U S A. 2009 Nov 24; 106(47): 19970-19974.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2785276/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2886958/

The binding strength of 2019-nCoV S-RBD vs. SARS-CoV S-RBD to ACE2:

A

2019-nCoV CPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNV 395
SARS-CoV CPFGEVFNATKFPSVYAWERKKISNCVADYSVLYNSTFFSTFKCYGVSATKLNDLCFSNV 382

°® N73% (Qiang Huang et al.) khkkhhkhhhhhk:hk khkhkhkhkodhhkhhkhhhhhhkhhhdhdh: khkhkhhhhhkh *hkhkhkhdhdk: k*

2019-nCoV YADSFVIRGDEVRQTIAPGQTGKIADYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRL 455
P ~65% (Xu et al ) SARS-CoV YADSFVVKGDDVRQIAPGQTGVIADYNYKLPDDFMGCVLAWNTRNIDATSTGNYNYKYRY 442
[ )

hhkkhkdkh: chk hhkhhhhkhhk dhkhhhhhdhhhk *hk hkhk: *:%k:, HKhkkkkx **

2019-nCoV FRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFE 516

SARS-CoV LRHGKLRPFERDISNVPFSPDGKPCTP-PALNCYWPLNDYGFYTTTGIGYQPYRVVVLSFE 502
tke  skikkhkkhkkk . * % Lrkkkakk: kkk  k _kokkkhkhkkkhkkkk

s BFFREEIE AT 5 "
COVID19RYEARERSARS & A SARS.Cov
IRESE » AINL63ZE1LL, :

2019-nCoV

(AGS4RS) ~ -36.6 kcal-mol’!

receptor
ACE2

(AG?2°1%) =~ -27.2 kcal-mol’!



Positive staining for ACE2 is clearly present on alveolar In the colon, ACE2 staining is present in endothelium and
epithelial cells and capillary endothelium. vascular smooth muscle cells from the blood vessels
(arrow-head) and in the muscular layers.

J Pathol 2004; 203: 631-637
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Molecular detection of 2019-nCoV in seven patients during two times of sampling.
BALF, bronchoalveolar lavage fluid; OS, oral swab; AS, anal swab.

Zhou, P, Yang, X., Wang, X. et al. Nature (2020).
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Concentration and detection of SARS coronavirus in sewage
from Xi1ao Tang Shan Hospital and the 309th Hospital
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Journal of Virological Methods 128 (2003) 136-161

www.elsevier.com/locate/jviromet
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Journal of Clinical Virology 48 (2010) 27-30

Contents lists available at ScienceDirect

Journal of Clinical Virology

journal homepage: www.elsevier.com/locate/jcv

Detection of human coronaviruses in children with acute gastroenteritis

Minna Risku

Enteric Involvement of Severe Acute Respiratory Syndrome-
Associated Coronavirus Infection

WAI K. LEUNG,* KA-FAI TO,* PAUL K. S. CHAN,5 HENRY L. Y. CHAN,* ALAN K. L. WU,*
NELSON LEE,* KWOK Y. YUEN,' and JOSEPH J. Y. SUNG*

Departments of *Medicine and Therapeutics, *Anatomical and Cellular Pathology, and SMicrobiology, The Chinese University of Hong Kong,
Prince of Wales Hospital, Shatin, Hong Kong; and 'Department of Microbiology, University of Hong Kong, Hong Kong




THE LANCET

Clinical characteristics and intrauterine vertical transmission
potential of COVID-19 infection in nine pregnant women:
a retrospective review of medical records

Huijun Chen*, Juanjuan Guo*, Chen Wang™, Fan Luo, Xuechen Yu, Wei Zhang, Jiafu Li, DongchiZhao, Dan Xu, Qing Gong, Jing Liao, Huixia Yang,
Wei Hou, Yuanzhen Zhang

Amniotic fluid, cord blood, neonatal throat swab, and breastmilk
samples from six patients were tested for SARS-CoV-2, and all
samples tested negative for the virus.

>HISRAERETEEEERNTE.




Outline

3. Genomic epidemiology of SARS-CoV-2




Genomic epidemiology of novel coronavirus (nCoV)
* Built with github.com/nextstrain/ncov using data from (&)
Showing 89 of 89 genomes sampled between Dec 2019 and Feb 2020.
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Cell Tropism Predicts Long-term Nucleotide Substitution

Rates of Mammalian RNA Viruses

Allison L. Hicks, Siobain Duffy*
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4. Clinical manifestations of COVID19




Patients seek health care and can
be diagnosed and isolated, and
their contacts can be traced.

A caveat is that coronaviruses
have a propensity for noso-
comial spread.

Patients do not seek health care,
Mild or asymptomatic do not receive a diagnosis, and
may spread the virus to contacts.

Ability to contain emerging virus
in absence of countermeasures

Figure 1. Surveillance Pyramid and Its Relation to Outbreak Containment.

The proportion of mild and asymptomatic cases versus severe and fatal cases is cur-
rently unknown for 2019-nCoV — a knowledge gap that hampers realistic assess-
ment of the virus’s epidemic potential and complicates the outbreak response.
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138 patients

Table 1. Baseline Characteristics of Patients Infected With 2019-nCoV

No. (%)

Total(N=138) ICU(n=36) Non-ICU(n=102) P Value®
Age, median (IQR), y 56 (42-68) 66 (57-78) 51(37-62) <.001
Sex

Female 63 (45.7) 14 (38.9) 51(37-62)

Male 75 (54.3) 22(61.1) 53(52.0) 34
Huanan Seafood Wholesale Market exposure 12(8.7) 5(13.9) 7(6.9) .30
Infected

Hospitalized patients 17 (12.3) 9(25.0) 8(7.8) .02

Medical staff 40(29) 1(2.8) 39(38.2) <.001
Comorbidities 64 (46.4) 26(72.2) 38(37.3) <.001

Hypertension 43 (31.2) 21(58.3) 22(21.6) <.001

Cardiovascular disease 20(14.5) 9(25.0) 11(10.8) .04

Diabetes 14(10.1) 8(22.2) 6(5.9) .009

Malignancy 10(7.2) 4(11.1) 6(5.9) .29

Cerebrovascular disease 7(5.1) 6(16.7) 1(1.0) .001

COPD 4(2.9) 3(8.3) 1(1.0) .054

Chronic kidney disease 4(2.9) 2(5.6) 2(2.0) .28

Chronic liver disease 4(2.9) 0 4(3.9) .57

HIV infection 2(1.4) 0 2(2.0) >.99
Signs and symptoms

Fever 136 (98.6) 36 (100) 100(98.0) >.99

Fatigue 96 (69.6) 29 (80.6) 67 (65.7) .10

Dry cough 82 (59.4) 21(58.3) 61(59.8) 88

Anorexia 55(39.9) 24(66.7) 31(30.4) <.001

Myalgia 48 (34.8) 12(33.3) 36(35.3) .83

Dyspnea 43 (31.2) 23 (63.9) 20(19.6) <.001

Expectoration 37(26.8) 8(22.2) 29(28.4) .35

Pharyngalgia 24 (17.4) 12(33.3) 12(11.8) .003

Diarrhea 14 (10.1) 6(16.7) 8(7.8) .20

Nausea 14 (10.1) 4(11.1) 10(9.8) >.99

Dizziness 13(9.4) 8(22.2) 5(4.9) .007

Headache 9(6.5) 3(8.3) 6(5.9) .70

Vomiting 5(3.6) 3(8.3) 2(2.0) 13

Abdominal pain 3(2.2) 3(8.3) 0(0) 02 Abbreviations: ARDS, acute

respiratory distress syndrome;
Onset of symptom to, median (IQR), d bpm, beats per minute; COPD,
Hospital admission 7.0(4.0-8.0)  8.0(4.5-10.0) 6.0(3.0-7.0) .009 chronic obstructive pulmonary
Dyspnea 5.0(1.0-10.0)  6.5(3.0-10.8) 2.5(0.0-7.3) 02 disease; ICU, intensive care unit;
IQR, interguartile range;

ARDS 8.0(6.0-12.0) 8.0(6.0-12.0) 8.0(6.3-11.3) .97 2019-nCoV, 2019 novel coronavirus.
Heart rate, median (IQR), bpm 88 (78-97) 89(81-101) 86 (77-96) 14 2 pvalues indicate differences
Respiratory rate, median (IQR) 20(19-21) 20 (16-25) 20(19-21) .57 between ICU and non-ICU patients.
Mean arterial pressure, median (IQR), mmHg 90 (84-97) 91(78-96)  90(85-98) 33 P 405 was considiered statistically

significant.

JAMA.

2020 Feb 7.
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Symptoms of China coronavirus

Shortness of breath
breathing difficulties

Virus seems to start

with a fever,

followed by a dry cough

and then, after a week,

leads to shoriness of breath
and some patients

needing hospital treatment

Headache

Cough

®&—— Muscle pain

Fever &
tiredness

Source: WHO

World Health Organization (WHO) &

Id Health
g?;ranilz‘aeson @W H O

82% develop mild symptoms
15% develop severe symptoms

3% become critically ill




MUuLBSTA Score

Multilobular infiltration, hypo-Lymphocytosis, Bacterial coinfection,

Smoking history, hyper-Tension and Age

—Low Risk
—High Risk
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Multilobe Infiltrate ¢ - { 5
Lymphocyte<0.8 - b . i 4 s
s
5
w
Bacterial Infection - b < 4 4
Acute-smoker- - { 3
Quit-smoker4{ +—a—— 2
o3 20 40 80 80 0 20
Hypertension4 —%— 2 . ’ 1
Time(days)
Age260- r—e— 2 FIGURE 4 | Survival of viral pneumonia patients by different levels of
MuLBSTA score (p < 0.001). For inhospital mortality: MuLBSTA 0-11 = Low
. ’ risk; >12 = High risk.
Q A O

Front. Microbiol., 03 December 2019




Outline

5. Possible explanations for some crucial questions




Smoking history Male gender Mild symptoms in
children




’ inflammatory

responscs

Nat Med. 2005 Aug;11(8):875-9.



https://www.ncbi.nlm.nih.gov/pubmed/?term=A+crucial+role+of+angiotensin+converting+enzyme+2+(ACE2)+in+SARS+coronavirus%E2%80%93induced+lung+injury

Significantly higher ACE2 gene expression in
smokers compared to non-smokers.

- GSEB3127 (Small Airway Epithelium)
T-teet, p= 1 76-05 . Variable Beta P-value
= Platform:
. <
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5" Race: 5088 0359
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s

e ‘:5:6 0012 0900

@

.- Gender: .05 0352
Male

50 ; Smoking: 5313 0,008
Smoker

Xiang He et al. 2020 medRxiv preprint. Cai, G. et al. Preprints 2020
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https://www.ncbi.nlm.nih.gov/pubmed/?term=A+crucial+role+of+angiotensin+converting+enzyme+2+(ACE2)+in+SARS+coronavirus%E2%80%93induced+lung+injury

The SARS-CoV Spike protein enhances the
severity of acute lung injury.
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https://www.ncbi.nlm.nih.gov/pubmed/?term=A+crucial+role+of+angiotensin+converting+enzyme+2+(ACE2)+in+SARS+coronavirus%E2%80%93induced+lung+injury

Correlation between soluble ACE activity and lung
injury and inflammation.
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Mild symptoms in
Children?




Potential therapeutics for 2019-nCoV-induced lung injury
based on balancing the renin—angiotensin system (RAS).

D. AT1 blockers
B. ACE inhibitors e.g. losartan

Renin ACE A Al

Angiotensinogen ——» Angl —— Angli{
? A. Increase ACE2 lACLEZ AClEZl AT2
o |

Ang-(1-9) | Ang-(1-7) — MAS

C. Therapetic Ang-(1-7)

2019-nCoV

Virologica Sinica (2020)


https://link.springer.com/journal/12250

TGF-B immunohistochemistry in bleomycin- Wet to dry weight ratios of lungs of acid and
induced lung injury: Spike(S1190)-challenged mice in the

A: saline alone; B: saline + bleomycin; presence or absence of losartan (15 mg/kg).
C: losartan + bleomycin;
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6. Future perspectives
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Droplet nuclei
< 5 pm diameter, travel >1 m

Droplets

>5 pm diameter, travel <1 m
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individual o iy
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* Transmission routes involving a combination of hand & surface = indirect contact.

Journal of Hospital Infection Volume 92, Issue 3, March 2016, Pages 235-250



Contact tracing and case isolation alone is unlikely to
control a new outbreak of 2019-nCov within three months.
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Serologic Status for Pandemic (H1N1) 2009 Virus, Taiwan
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Percentages of HCoV-NLG63- and HCoV-229E-seropositive
results in different age groups.
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Genetically diverse
coronaviruses Natural host Intermediate host Human host

? HCoV-NL63 ~800 years ago

HCoV-229E ~200 years ago

HCoV-0C43 ~100 years ago

CBNE, BVvESa,

HCoV-HKU1 \I/Z—F\ /:\\\IT ==
(EREEE=19)

~18 years ago

~ 8 years ago

SARS-CoV-2 NOW
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