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Learning from the COVID-19 Data in Wuhan, 

US and World 



Pandemic:10 Million COVID-19 Cases & 496K Deaths in the World 



Learning from COVID-19 Data in Wuhan, US and World

Huge Multi-Faceted Impact:

Lives, Economy, Education, Research



Wuhan, China

Changjiang river in the 

background

COVID-19 outbreak happened in December, 2019



• A summary of the key findings is at my tweet  @XihongLin

Abstract views=124K

Pdf downloads=48K

A Pre-print of Analysis of 26,000 COVID-19 cases until Feb 18 in 

Wuhan was posted immediately in MedRxiv on March 6, 2020

Chaolong Wang 

Huazhong Science and Technology University



Part I of the Updated MedRxiv Preprint was Published in JAMA, 
April 10: Analysis of 32,000 cases Until March 8, 2020

Top 0.01% among 15 

millions of articlesAn Pan



Media Coverage and Interview



Testified in the Science and Technology Committee of the 
UK Parliament on April 17

10 recommendations

May 19, 2020

https://committees.parliament.uk/committee/135/science-and-technology-
committee-commons/news/146472/committee-writes-to-the-prime-minister-
lessons-learned-so-far-from-the-covid19-pandemic/



Updated Analysis Using 32,000 Cases Until March 8 (JAMA, April 8)

Method: Epiestim

No intervention

Social 
distancing

Centralized Isolation 
and Quarantine + 
social distancing

Rt = Effective Reproductive Number

=# of infected subjects/case
Rt=0.1 on March 8



The results that social distancing reduces R to linger around 1 have 
been replicated in many countries 

Italy  (Feb 17-April 13)

https://epiforecasts.io/covid/posts/national/italy/

Rt≈ 𝟏 for a month

https://epiforecasts.io/covid/posts/national/italy/


Takeaway #1: Social Distancing Greatly Helped Flatten the 
Curve but Was not Enough

• Social distance helps block community transmission (between-household 
transmission)

• Family/within-household transmission is common. 

• Infected cases might infect household members and close contacts

• Social distancing helped reduce R to be around 1, but was not good 

enough



Within-Household and Closed Place Transmission is Common

March 18, 2020

June 27, 2020



US: How We Feel Project

• App for COVID symptoms and 

health status

• Launched on April 4

• Joint with Feng Zhang at Broad 

Institute and Ben Silbermann at 

Pinterest 

• >550K users and >4M 

responses in US.Harvard PI: X Lin 

https://howwefeel.org/

https://howwefeel.org/


HowWeFeel (US): High Risk of Infection with Within-Household 
Exposure  

• Adjusted odds ratio of a positive PCR test associated with

• within-household exposure to COVID  vs no exposure is 17.6. 

• community exposure to COVID vs no exposure is 3.1 

• Need to break the household and closed place (e.g, nursing homes, 

homelss shelters, prisons) transmission chains 



Control the source 

of infection 

Centralized Quarantine: Take infected and suspected 

cases out of home and family network and admit them to 

new or field hospitals for medical care 

Reduce the number of 
new infections

Stop the outbreak

Blue: infected family 

members, close 

contacts and 

community members

Red: Infected index cases

Home Quarantine  

Key Idea: Isolation of Infected and
Quarantine of Suspected Cases & Close Contacts



Confirmed Cases

2 New and 16 Field Hospitals

(converted from stadiums or 

conference centers )

(Mild/moderate cases) 

If progressed 

to be severe 

Transported to 

regular hospitals, 

e.g., ICU

Close contacts

Group 1 Group 2 Group 3 Group 4

Suspected Cases

(with Symptoms)

Cases with Fever

Centrally 

quarantined in 

designated hotels

Centrally 

quarantined in 

designated hotels

Centrally 

quarantined in 

designated hotels 

or university dorms

If confirmed case

If confirmed case

If confirmed case

Wuhan Centralized Isolation and Quarantine Strategy After Feb 1, 2020 



March 18: No new confirmed cases in Hubei Province

April 8: Wuhan reopened the city



Takeaway #2: Adding Centralized Isolation and Quarantine  to Social 
Distancing Bended the Curve and Stopped the Epidemic in Wuhan

• Block within-household transmission: Prevent infected cases from 
infecting household members

• Patients received medical care immediately

• Prevent disease progression and deaths: With timely medical care 
of mild cases, reduce the chance of progression to becoming severe 
cases and deaths.



Takeaway #3: A Multi-pronged Approach is needed to control the 
epidemic 

Six pillars:

• Mask wearing

• Social distancing

• Widespread testing

• Contact tracing

• Isolation and quarantine 

• Treat infected patients



Test-Trace-Isolate: Bend the Curve

WHO

Tri-states (CT, NJ, 

NY) launched 

COVID test and 

trace programs

MA launched the 

first contact 

tracing program
UK



Who have been tested in US?

CDC symptoms and essential workers are being preferentially tested 



Risk Factors for Infection (Wuhan Data): Age and HCWs

Health care workers (HCWs) 

have a much higher risk of 

infection especially when not 

protected by PPE

Older people had a high risk of 

infection



Risk Factor for Infection US (HowWeFeel): Gender, Race, HCWs and Essential 
Workers 

• Males are at a higher risk of infection than females

• Health Disparity: Blacks and Hispanics are higher risks than Whites. 

• Health care workers and essential workers are at a higher risk of infection 



Health Disparity: Top 7 MA towns with the highest infection rates 
are all low income towns with high % of URMs

• Chelsea

• Lawrence

• Revere

• Brockton

• Holyoke

• Everett

• Lynn

URM=Under-Representative Minority



HowWeFeel: Significant Symptoms for Testing Positive 

• Loss of taste/smell (OR=33.2)

• Fever  (OR=6.3)

• Cough (OR=4.5)



Symptoms + Exposure Can Yield High Accurate Prediction of 
Positive Test 

Four questions based prediction model: 

Loss of taste and smell;  exposure (household+community)



Takeaway #3: Protect the Five Vulnerable Groups 

• Healthcare workers

• Elderly people

• Family members and close contacts of infected cases

• Essential workers

• People of color: Black and Hispanic (US) 

Challenges: Crowded housing, poverty, lack of health insurance,  
have to go to work, hard to do social distancing and isolation.



Rt Map: How is Epidemic Spread at Different Resolutions?

metrics.covid19-analysis.org

• Calculate Rt curves and maps at country, US state and county levels

• Compare Rts between different countries, US states and counties

• Identify hotspots

http://metrics.covid19-analysis.org/


metrics.covid19-analysis.org



Estimated Rt Curves in US: Northeast, South, West (June 28)  

These states have test-trace-isolate

CT=0.84

MA=0.99

NJ=0.89

NY=0.96

AZ=1.21

CA=1.17

FL=1.62

GA=1.38

TX=1.27



SHAPIRE: Full-spectrum Epidemic Model for Understanding 
Asymptomatic and Presymptomatic Transmissions

Extension of SEIR (Poisson model with differential equations) 

I: Ascertained      A: Unascertained



SHAPIRE (Wuhan): R decreases from 3.54 to 0.27 after interventions

Model prediction fits the data well.



Wuhan: Interventions contained the size of the outbreak

Interventions after Jan 23 together reduced the size by 96.1%.

Interventions after Feb 2 together reduced the size by 69.5%.

No 
intervention

Social 
distancing



Wuhan: Estimated Proportion of Ascertained and Un-ascertained 
Cases

87% of daily new cases were unascertained (asymptomatic, pre-

symptomatic or mildly symptomatic



Implications from Unascertained Cases: Lifting Controls Too Early 
Leads to Higher Probability of  Resurge

0.61

0.97

0.33

0.06

t = 14

Model M: 87% 

unascertained

Model S8: 54% 

unascertained

Probability of resurgence When resurgence will occur



Wuhan: Implications of Unascertained Cases on Second Wave

Stochastic simulations and define resurgence as when the number of 

actively infectious cases reaches 100 (i.e., I>100 in the model).



Takeaway  #5: Give testing priority to the five vulnerable groups 
and asymptomatic and pre-symptomatic cases

• Shortage of testing capacity and supplies, e.g., swabs

• Common testing priorities: symptomatic subjects

• With increasing testing capacity, consider giving priority to the five 

vulnerable groups, especially asymptomatic and pre-symptomatic cases.

Testing



Takeaway  #6:  Reopen slowly and in phases

• Reopen when #s of cases are small and at multiple phases

• Continue intervention measures: mask wearing, social distancing, 

test-trace-isolate

• Resurge is expected if all measures are lifted and reopen too early.



Be United: Everyone is a team member to combat COVID-19

• Wuhan experience helps us not start from 

zero.

• Let the data speak and develop evidence-

based strategies

• Multi-faceted interventions are needed to 

combat COVID-19

• Detect pre-symptomatic and asymptomatic 

cases

• Reopen slowly when #s of cases are small and 

in phases with intervention measures on.
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