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SARS, MERS & COVID-19
What Lessons Have We Learned 

(and Not Learned)?

Joseph Sung MD, PhD
The Chinese University of Hong Kong



Animal
Virus

Family

Rhinoviridae

Coronaviridae

Paramyxoviridae
Parainfluenza 1-3
RSV

Adenoviridae

Orthomyxoviridae
Flu A, B, C



Lesson 1: Don’t mess with mother Nature
Bats are natural reservoirs of SARS-like coronaviruses. Li W, et 
al. Science. 2005; 310(5748):676-9. 
Severe acute respiratory syndrome coronavirus-like virus in 
Chinese horseshoe bats. Lau SK, et al. Proc Natl Acad Sci. 
2005; 102(39):14040-5. 
Identification of a novel coronavirus in bats. Poon LL, et al. J 
Virol. 2005;79(4):2001-9.

Menacherie VD, et al. Nature Med 2015

http://www.ncbi.nlm.nih.gov/pubmed/16195424
http://www.ncbi.nlm.nih.gov/pubmed/16169905
http://www.ncbi.nlm.nih.gov/pubmed/15681402


A 29-nt sequence in animals islates results in fusing of 
ORFs 10 & 11 into a new ORF



“We refuse eating exotic food”
Signed by 1500 students from 

Shenzhen, Guangdong. Jan.11.2004



Out of 1100 bat 
samples, one 
fragment of MERS 
CoV found in one 
Taphozous bat with 
close matching to a 
human isolate of 
MERS CoV. 
Memish Z. EID 
2013

Epidemic pattern: repeated 
sporadic introductions into the 
human population from direct or 
indirect contact with dromedary 
camels (& possibly other not-yet 
identified animals), resulting in 
limited human-to-human 
transmission, notably in healthcare 
settings.

Hui DS, et al. Lancet ID 2018
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• One index patient, M/72, boarded CA 112

• Fever since Mar 11 

• Subsequently died of SARS

• As of June 12, 22 cases associated with this 
flight

Lesson 2: Travelling is a Risk



Transmission of SARS on Aircraft

CDC (US) and DH (HK), NEJM 2004



Late 2002- early 2003  
Fear of “atypical 
pneumonia” in mainland 
China.

Physician from Guangzhou 
(ill since 15th Feb) arrived 
in HK on 21st Feb 03. 
Admitted to ICU on 22nd
Feb & died on 4th Mar 2003. 
At least 16 hotel guests & 
visitors infected at Hotel M.

8096 cases in 33 countries 
and 774 deaths (9.6%).
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A Chinese lady 
with mild illness

Rothe C. NEJM 2020



Lesson 3: Hospitals are High Risk Areas



Hospital outbreak of COVID 19 in Germany



Another public hospital ward in HK

Overcrowded hospital beds
Poor ventilation & lack of isolation
Inadequate PPE
Unprepared healthcare workers
High risk procedures



Hui DS, et al. Lancet ID 2018



Factors associated with super-spreading events of SARS, 
HK & Guangzhou, China, 2003

Factor OR (95% CL)
≤1m between beds 6.9 (1.7-29)
Presence of washing/changing facilities for staff 0.12 (0.02-0.97)
Staff working with symptoms 10.6 (2.3-49)
Performance of resuscitation 3.8 (1.0-14)
Resorting to oxygen therapy >6L/min 4.3 (1.0-18)
Use of BIPAP 12 (2.0-71)

Yu IT, et al. CID 2007

A case control study involving 124 medical wards in 26 hospitals in Guangzhou & HK has identified 6 
independent risk factors of super-spreading nosocomial outbreaks of SARS: 

Implications for super-spreading events of MERS-CoV infection in KSA and South Korea



Lesson 4: Healthcare system has Holes
• Alert system was inadequate
• Absence of outbreak plans
• Lines of authority blurred
• Underinvestment in public health 

infrastructure
• Lack of agreements for sharing public 

health and clinical units
• Lack of sharing of public health system 

and private health sector



Amoy Garden, Hong Kong
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Lesson 5: Inequity of Healthcare Provision

Sung, Kaplan 2020

1. Bloomberg. Mapping the Coronavirus Outbreak Across the World. https://www.bloomberg.com/graphics/2020-coronavirus-cases-world-map/?srnd=premium. Accessed April 24, 2020.
2. The United States Census Bureau. International Data Base. https://www.census.gov/data-

tools/demo/idb/region.php?T=13&RT=0&A=both&Y=2019,2020&C=CA,CH,FR,GM,HK,IT,JA,KS,NL,SN,SP,SW,SZ,TW,UK,US&R=0. Accessed April 24, 2020.

https://www.bloomberg.com/graphics/2020-coronavirus-cases-world-map/%3Fsrnd=premium
https://www.census.gov/data-tools/demo/idb/region.php%3FT=13&RT=0&A=both&Y=2019,2020&C=CA,CH,FR,GM,HK,IT,JA,KS,NL,SN,SP,SW,SZ,TW,UK,US&R=0


Disparity of Mortality: why?

• Evolution of case 
definition

• Testing, and 
accessibility of testing

• Demographics of 
patients

• Overwhelmed 
healthcare capacity



Lesson 6: Socio-economic aspects of 
infectious disease control not to be ignored



Lesson 6: Isolation and social distancing
Actions Taken to Suppress Covid-19 Transmission in Hong Kong and Occurrence of Laboratory-Confirmed Cases.



Lesson 7: AI helps but needs to be careful

• SARS-CoV2 apps in 
smartphones can help contact 
tracing

• Create a log of who is nearby 
and who has been in contact 
with infected patients

• Will be contact by health 
officials if an app user that 
been in contact with an 
infected person



Lesson that we should learn : act fast



“In this time of crisis, we face two 
particularly important choices. The first 
is between totalitarian surveillance and 
citizen empowerment. The second is 
between nationalist isolation and 
global solidarity.”

“I think the biggest danger is not the 
virus itself. Humanity has all the 
scientific knowledge and technological 
tools to overcome the virus. The really 
big problem is our own inner demons, 
our own hatred, greed and ignorance. 
I'm afraid that people are reacting to 
this crisis not with global solidarity, but 
with hatred, blaming other countries, 
blaming ethnic and religious 
minorities.”



COVID-19 Pandemics: 
Mortality among Asians 

Zuo-Feng Zhang, MD, PhD
Professor of Epidemiology and Medicine

Associate Dean for Research
UCLA Fielding School of Public Health

May 15, 2020



WORLD



Mortality of COVID-19 Non-Asian and Asian 
Countries  
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https://www.apmresearchlab.org/covid/deaths-by-race



Factors might contribute to mortality rates of 
COVID-19 in Asians
• Face Masks – low cost and might be effective protective measure

• Protection of BCG vaccine – waiting for results of  a few clinical trials

• Co-morbidities, such as hypertension, obesity, diabetes, CVDs, cancer in 
Asians

• Sufficient tests for COVID-19 detections?

• Over and under-reporting issues



COVID-19 as a public health crisis 
and response strategy in Korea

Dept. of Social and Preventive Medicine, 
Hallym University College of Medicine

Dong-Hyun Kim, M.D., Ph.D.



New daily confirmed cases due to  COVID-19, as of 5/15/2020

Korea



Case fatality rates du to  COVID-19, as of 5/15/2020



Response to COVID-19 epidemic in Korea, as of 10 May, 2020

COVID-19 test 
kits developed 
and available at 
KCDC central 
lab, Mid-
January

Test available at 
public health 
laboratories of 
local government, 
1/31 

Test available at healthcare 
facilities, 2/7 

Escalation of national alert level to level 4(Red), 2/23

Start of testing for 9,334 full 
members of Shincheonji 
group, 2/20

Social distancing measures started at local 
government, 3/2

1st confirmed case, 
1/20/2020 

Index case related to 
Shincheonji(religious sect) surge, 
2/18 

Social distancing measures 
started at central 
government, 3/22

Ease of social distancing 
implemented since 5/6



Key factors contributing to control of COVID-19 
outbreak in Korea

1. Public health response infrastructure

2. Early preparedness: mass Testing

3. Contact tracing à quarantine for 14 days

4. Efficient treatment !!!

5. Non-pharmaceutical Intervention(NPI) through 
civic participation



1. Public Health Infrastructure in Korea

Ø ~250 Public health centers in each county, universal health coverage

Ø Recruiting Epidemic Intelligence Service(EIS) officials in central KCDC 
and in the health department of local government as well

Ø Establishment of Infectious Disease Control Center(IDCC) in most of 
the local governments after MERS outbreak in 2015

Ø Year-round FETP(Field Epidemiology Training Program) for public 
health officials working at the public health centers of all 
counties(~250), implemented with support of KCDC 

Ø TTX(Table Top Exercise) for disease X (pneumonia family of unknown 
origin) in mid-Dec, 2019 by KCDC



2. Early preparedness for mass testing

Ø Corona test kits, developed and approved in Mid-January, 
before first case identified on 1/20 in Korea

- ~120 locations: 23 public laboratories, 83 medical 
institutions, and 14 entrusted testing facilities - that provide 
diagnostic tests

Ø Capacity : Average ca. 12,000/day / Max. ca. 30,000/day
Ø Turn Around Time: 6 ~ 24hrs

Ø Screening stations for sample collection: ~600 sites 
nationwide, including drive through and walk-through clinics



K-CDC guideline for testing 
○ Suspected case:
A person exhibiting fever (37.5 degrees or above) or respiratory symptoms (coughs, 
shortness of breath, etc.) within 14 days of contact with a confirmed COVID-19 
patient during the confirmed patient’s symptom-exhibiting period.

○ Patient Under Investigation(PUI):
(1) A person suspected of COVID-19 according to a physician’s opinion for 
reasons such as pneumonia of an unknown cause;
(2) A person exhibiting fever (37.5 degrees or above) or respiratory symptoms 
(coughs, shortness of breath, etc.) within 14 days of visiting a country with local 
transmission* of COVID-19, e.g. China (including Hong Kong, Macau); or
• Refer to WHO or KCDC website (COVID-19 �Situation reports �Local 

transmission classification)
(3) A person exhibiting fever (37.5 degrees or above) or respiratory symptoms 
(coughs, shortness of breath, etc.) with an epidemiological link to a domestic 
COVID-19 cluster.

* tested all persons linked to certain major clusters (i.e., Shincheonji, Guro-gu
call center) regardless of clinical symptoms. We have also recently tested all 
persons in long-term care facilities in Daegu City regardless of clinical 
symptoms.



3. Active tracing and management for close contacts



4. Efficient Treatment

ØTriage cases and assign beds accordingly based 
on clinical severity (protocol) applied

- ICU in tertiary hospitals
- Isolated beds in (mainly public-sector) hospitals, 

nationwide
- Community treatment center (isolated beds in recreation 

facilities, nationwide)



5. Non-pharmaceutical Intervention(NPI)

Ø Personal protective measures: wearing masks, washing 
hands,…

Ø Social distancing since early epidemic phase

: Soft physical distancing in most area of South Korea,
without imposing draconian lockdown



R effective in Korea: Incidence Decay with Exponential 
Adjustment (IDEA) Model-Based Nearcasting

(AY Chun et al, 2020)

R = 0.32

R = 0.55

R = 1.3



Ø Preparing for the transition from moderate social 
distancing to sustainable and soft physical distancing.

Ø Recent surge in the several nightclubs in Seoul: easing 
too soon ???

Time to normalize social life in Korea ?



It ain’t over until it is over

Time for Solidarity !!
(dhkims@hallym.ac.kr)



Covid-19 pandemic and 
response in the UK: 

a non-communicable disease epidemiologist’s 
perspective 

Sarah Wild, Professor of Epidemiology
University of Edinburgh



Source: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/884010/2020-05-09_COVID-19_Press_Conference_Slides__7_.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/884010/2020-05-09_COVID-19_Press_Conference_Slides__7_.pdf


Source: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/884010/2020-05-09_COVID-19_Press_Conference_Slides__7_.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/884010/2020-05-09_COVID-19_Press_Conference_Slides__7_.pdf


Excess mortality by week of calendar year and 
cause: Scotland 2020 vs 2015-2019 average

Data source: https://www.nrscotland.gov.uk/covid19stats

May 4th-10th

-20

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

All cause Cancer CVD

End March

https://www.nrscotland.gov.uk/covid19stats


Public health challenges in UK
• Lack of experience from SARS and MERS 
• High density living in London/ other large cities
• Zero hours contracts for social care workers

• Initial plans to allow herd immunity to develop
• Delayed lockdown
• Creating hospital capacity
• Insufficient PPE and testing/tracing capacity
• Inequalities by age, sex, ethnicity, socio-economic status, occupation
• Major changes in routine health care
• Potential second wave as lockdown released



COVID-19 Response
Sharing Taiwan Experience 

54

Mei-Shang Ho, MD
President
Taiwan Health Corp
May 15, 2020

5/15/2020



55

Stepwise aims and control measures

Aims / Control Measures

1. Limit entry and spread -
Boarder control;  
Quarantine; 
Contact tracing;
Mobile tracking

4. Reduce case fatality        -
Health care facility  

Aims /Health Literacy

2. Reduce risk of exposure/infection 
- Human behavior modification  

q Social distancing 
q Hand hygiene
q Face masks

55

Society level
• Financial 

support
• Volunteers/ 

retired 
professional

• Social/ Mental 
support

3. Reduce risk of severe disease           
- Lifestyle modification           

• Nutrition
• Exercise
• Mental health

4/24/2020



56

Taiwan experience – an example of deviation from WHO recommendation

Boarder Control – Very Early Action

56

Jan 21      first case COVId-19 from Wuhan  

25-26      nonessential travel & direct flight to Wuhan banned 
prohibit entry of Chinese from Wuhan 

(canceling International Book Fair 2/4-9)              

Feb  6 Prohibit entry of all Chinese from China
Prohibit docking of cruise ship  

Feb  7  Entry ban of anyone traveled to China in past 14 days
Feb 10 Stop all flights to China except for 5 airports 

Mar 18 All inbound travelers regardless nationality,
quarantined for 14 days with 1000 NT (35 USD) daily 

compensation

4/24/2020



57

Taiwan experience 
Building Mutual Trust – public private partnership

Ex. Surgical Mask and Disinfectant Alcohol
n Prohibit exportation of Surgical Masks
n Government grant for private industry to increase 

production capacity
n Requisition of all domestically produced masks; sold at a set 

price; Ration the supply in a fair manner; 
n App to indicate the stock of masks in the nearby drug store 

for convenience

57

Transparent policy to distribute insufficient supply fairly 
to build the sentiment that  we are all in the same boat
together.  

4/24/2020
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Taiwan experience – Trust building
Transparency & Information process

n Daily briefing to keep the public well informed
n Utilization of digital platform to counter fake news and 

misinformation and disinformation
q Lots of private citizens/NGO also help to counter the fake 

news
n Tough penalties for dissemination of fake news or 

disinformation concerning the epidemic

584/24/2020
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Taiwan experience 
Relief Measures

n Compensate hard-hit local businesses (US$1.3 B and more)
n Subsidies to health care workers, being quarantined citizens & 

healthcare system (US$653 M and more )
n Delaying payment (tax or rent)
n State guaranteed loans
n Alternative means to boost local travel industry: Solicit motels on 

a voluntary basis to specifically serve travelers from the epidemic 
region or serve as quarantine facility 

594/24/2020



60

Taiwan experience 
Pending issues to be resolved  

4/24/2020 60

Society level
• Contact tracing
• Quarantine
• Mobile tracking
• Web link of travel 

history to health 
care system

Legal ground

Privacy 
Human right



6161

Before we get our immunity 
• Eat healthy
• Keep physically active 
• Stay distant 
• Be merry and grateful

4/24/2020



Strengthening	Public	Health	Surveillance	during	
covid19	crisis	and	beyond:	A	wake-up	call

International COVID-19 Conference
Friday, May 15th 2020 

7:45am-1:00 pm (Pacific Time)

Dr Giridhara R Babu
Professor, Head- Life course Epidemiology, 

Indian Institute of Public Health
PHFI, Bangalore

62



Activities of Public Health Foundation of India

63

Health	Systems
Support

Trainings

Education
Research

Policy	
Development

Communication	
and	Advocacy

Affordable	Health	
Technologies



Global efforts in Public health surveillance
• Outbreak Response: create a highly functional 

surveillance system and interventions

• Surveillance: strengthen surveillance systems, 
especially in areas lacking adequate resources

• Pathogen Discovery: identify new and 
potentially threatening pathogens with cutting 
edge technology and research

• Training: the training of human resources to 
ensure proficient in field epidemiology and best 
practices in laboratory maintenance and 
management

• Networking: grow and reinforce, encouraging 
collaboration between agencies and 
governments and the pooling of resources

• Enhancement in data collection, data analysis 
and visualization, tools for information 
dissemination

64



Global health security index score



Confirmed COVID-19 cases per 
one million people



Rank in global health security index



Global health security index overall 
ranks and scores and incidence of 
and death rate due to COVID-19



Global health security index overall 
ranks and scores and incidence of 
and death rate due to COVID-19



GHS Rank vs COVID-19 Rank 



GHS health system vs COVID-19 Safety index



GHS Detection and Reporting ranks vs total 
COVID-19 tests conducted per capita



AREAS CHALLENGES OPPORTUNITIES

Leadership Lack of resources
Finance and donor driven 
priorities LMICs 

• CDC can provide crosscutting 
technical support to partner 
countries. 

• High income countries can dedicate 
resources to LMICs 

Surveillance of 
Priority 
Conditions

Address the imbalance in 
coverage of surveillance 
systems for critical health 
problems.

Ensuring that surveillance systems 
result not only in enhanced health 
security for industrialized nations but 
also improved health of persons in the 
poorest countries is essential

Standardization 
and 
Interoperability

Surveillance systems often 
are set up without due 
diligence for the 
information system and 
surveillance architecture 
in which they need to 
operate.

Adoption of WHO standardized case 
definitions for surveillance, and the 
Health Metrics Network conceptual 
Technical Framework for Health 
Information System.

Challenges and opportunities



AREAS CHALLENGES OPPORTUNITIES

Technology Lack of coordination and 
trusted curation needed 
to ensure efficient 
identification of best 
global practices, 
harmonization, and 
standardization

• Health surveys can be conducted 
on handheld computing devices 
with global positioning system 
capacity, which has resulted in 
improved accuracy, sampling, 
supervision, and timeliness of 
analysis and reporting

Partnerships 
and Resources

• Lack of partnership 
• Lack of resources 

required for the 
efficient and effective 
surveillance system

• WHO provides overall global 
leadership on public health 
surveillance.

• Other United Nations agencies, 
the World Bank, and other 
international development banks 
also provide support to disease 
prevention programs in low-
resource countries and 
increasingly underwrite 
surveillance activities

Challenges and opportunities



Effectiveness of surveillance: example from 
Singapore

• Singapore has implemented aggressive measures to contain local transmission of 
COVID-19

• Contact tracing detected 53% of COVID-19 patients. 
• A significant difference was found in the percentage of cases detected by the various 

surveillance methods, depending on whether the cases were linked to another COVID-
19 patient or by travel to China, compared with cases that could not be linked to 
another case (p<0.001). 

• Among linked cases, the largest proportion (62.7%) was detected through contact 
tracing, whereas among unlinked cases, the largest proportion of cases (58.8%) was 
detected through enhanced surveillance.

• The mean interval from symptom onset to hospital isolation or quarantine was 5.6 
days.

• The 7-day moving average of the interval from symptom onset to isolation declined 
significantly across the study period for both imported and local cases (p<0.001). 

• Implication: A multipronged surveillance strategy could lead to enhanced case 
detection and reduced transmission of highly infectious diseases such as COVID-19.

75



How to Strengthen PHS

Public 
health 

Surveillance

A conceptual 
framework

Partnership 
with CDC 
and WHO

Information 
Science and 
Technology

Skilled 
workforce

Data access 
and use

Data 
management, 

storage and 
analysis

76



Milestones to reach towards a 
strong resilient PHS

Explore new frontiers
Enhance use of 

computer 
technology

Improve methods of 
epidemic  

investigations

Improve Methods of 
data collection

Methods of 
epidemiologic and 
statistical analysis

Methods of 
information 

dissemination

Use of surveillance 
information by decision 

makers

Best use of the 
lessons learnt from 

the past

Building capacity 
and  enhancing 

global public health 
surveillance
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