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新型冠狀病毒知多少











預測武漢肺炎未來趨勢：之前的統計數字大多已不適用。
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Nidovirales網巢病毒目



Nidovirales: produce a 3' co-terminal nested set of subgenomic mRNA's during infection.

The first ORFs (ORF1a/b) 
of CoV, about two‐thirds 
of the whole genome 
length, encode 16 nsps
(nsp1‐16).



• Replication-transcription complexes (RTCs)
• Double membrane vesicles (DMVs)



HCoV-OC43

HCoV-HKU1

HCoV-229E

MERS-CoV

SARS-CoV

HCoV-NL63

SARS-CoV-2



Journal of Medical Virology, First published: 22 January 2020, DOI: (10.1002/jmv.25681) 

S gene → spike protein (binds to host 
receptor)
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Lu R et al. Lancet 2020 Jan 30; [e-pub].



相似度96.2%！

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



Full-genome evolutionary 
analysis of the novel corona 
virus (2019-nCoV) rejects the 
hypothesis of emergence as a 
result of a recent 
recombination event.

SARS-CoV-2





J Virol 94:e01774-19.

Class I viral fusion: influenza virus, coronavirus, and HIV-1



Antiviral Research Volume 176, April 2020

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.

2019-nCoV S-protein sequence has a specific furin-like cleavage site
absent in lineage b CoV including SARS-CoV sequences.



Journal of Virology Jan 2015, 89 (4) 1954-1964

SARS-
CoV-2

?



Functional assessment of cell entry and receptor usage for 
lineage B β-coronaviruses, including 2019-nCoV.  



SARS-C0V-2 is able to use 
all but mouse ACE2 as an 
entry receptor (human, bat, 
swine, and civet), indicating 
which is likely the cell 
receptor of SARS-C0V-2.

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



Proc Natl Acad Sci U S A. 2009 Nov 24; 106(47): 19970–19974.

A lower-affinity interaction with ACE-2 might partly explain the different 

pathological consequences of infection by SARS-CoV and NL63.

J Gen Virol. 2008 Nov; 89(Pt 11): 2741–2745.

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:

• ~73% (Qiang Huang et al.)
• ~65% (Xu et al.)

• 或許能解釋為什麼
COVID19的症狀較SARS更
偏輕症，和NL63類似。



In the colon, ACE2 staining is present in endothelium and 
vascular smooth muscle cells from the blood vessels
(arrow-head) and in the muscular layers.

Positive staining for ACE2 is clearly present on alveolar
epithelial cells and capillary endothelium.

J Pathol 2004; 203: 631–637

ACE2不僅在肺部細胞存在，在腸胃道中的
血管內皮細胞與平滑肌細胞也都存在。



Molecular detection of 2019-nCoV in seven patients during two times of sampling. 
BALF, bronchoalveolar lavage fluid; OS, oral swab; AS, anal swab. 

在肛門拭子可找到病毒RNA，不等於可以糞口傳染

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





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.

→目前沒有證據顯示有垂直傳染的可能。
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Bovine coronavirus (bCoV):

0.83 x 10-3 x 30000 
= 24.9 ns/s/y 

和目前SARS-CoV-2的突變速
度相近。

PLoS Pathog. 2014 Jan; 10(1): e1003838.





(Leucine)

(Serine)



Outline

1. Introduction to coronavirus (CoV) 

2. Virology of SARS-CoV-2

3. Genomic epidemiology of SARS-CoV-2

4. Clinical manifestations of COVID19

5. Possible explanations for some crucial questions 

6. Future perspectives









JAMA. 2020 Feb 7.

138 patients 

https://www.ncbi.nlm.nih.gov/pubmed/32031570






MuLBSTA Score
Multilobular infiltration, hypo-Lymphocytosis, Bacterial coinfection, 
Smoking history, hyper-Tension and Age

Front. Microbiol., 03 December 2019
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Smoking history Male gender Mild symptoms in
children



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.

Xiang He et al. 2020 medRxiv preprint. Cai, G. et al. Preprints 2020



Smoking historyMale gender

48%



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


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

The SARS-CoV Spike protein enhances the 
severity of acute lung injury. 

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. 

Crit Care Med. 2016 Dec;44(12):e1226-e1235.

https://www.ncbi.nlm.nih.gov/pubmed/27513359


Age Is Associated With Differences in the ACE 
Activity in Response to Injury in Mice

Crit Care Med. 2016 Dec;44(12):e1226-e1235.

https://www.ncbi.nlm.nih.gov/pubmed/27513359


Mild symptoms in
Children?



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

Virologica Sinica (2020)

？

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


TGF-β immunohistochemistry in bleomycin-

induced lung injury:

A: saline alone; B: saline + bleomycin; 

C: losartan + bleomycin; 

D: ramipril + bleomycin.

DOI: (10.1152/ajplung.00313.2002) 
Nat Med. 2005 Aug;11(8):875-9.

Wet to dry weight ratios of lungs of acid and 

Spike(S1190)-challenged mice in the 

presence or absence of losartan (15 mg/kg).

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
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• Lopinavir/Ritonavir 
(200mg+50mg/tablet) 
2# PO BID

• Interferon-β1b 0.25 mg 
SC QOD5

• Remdesivir ?

• Chloroquine ?

Source: BCIQ: BioCentury Online Intelligence, company websites, scientific literature



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



Joel Hellewell et al. preprint (2020) 

Contact tracing and case isolation alone is unlikely to 
control a new outbreak of 2019-nCov within three months. 



J Clin Microbiol. 2010 Aug;48(8):2940-7.

Seasonality of human coronaviruses: United Kingdom

https://www.ncbi.nlm.nih.gov/pubmed/20554810/


Seasonality of human coronaviruses: 廣州市

Eur J Clin Microbiol Infect Dis. 2018; 37(2): 363–369.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5780525/




Emerg Infect Dis. 2011 Jan; 17(1): 76–78.

Serologic Status for Pandemic (H1N1) 2009 Virus, Taiwan

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3204618/


Percentages of HCoV-NL63- and HCoV-229E-seropositive 

results in different age groups.

J Clin Microbiol. 2008 Jul; 46(7): 2368–2373.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2446899/


SARS-CoV-2

~800 years ago

~100 years ago

~200 years ago

~18 years ago

~ 8 years ago

NOW 

已有的事，後必再有，
日光之下並無新事。
（聖經傳道書1:9）



聞子由瘦（宋·蘇軾）

五日一見花豬肉，十日一遇黃雞粥。

土人頓頓食藷芋，薦以薰鼠燒蝙蝠。

• 宋朝三百餘年間，發生大規模疫病近
四十次；1075年「南方大疫，兩浙
無貧富皆病，死者十有五六」；
1131年浙江大疫；1142、1146、
1151、1156年臨安幾乎是接連暴發
疫情。



THANK YOU FOR 
LISTENING!


