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1918 “Spanish Flu” 

• The deadliest in 20th

Century

• H1N1 virus, avian origin

• An estimated 50 million 
death people worldwide

• 675,000 people in the US

• High death rate 15 to 34 
years of age

• Decreased the average life 
expectancy >12 years

4https://www.cdc.gov



The history: SARS, MERS, Disease X
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Figure 1a from Lanying D., et.al. nhibition of SARS-CoV-2 (previously 2019-nCoV) infection by a highly potent pan-coronavirus 

fusion inhibitor targeting its spike protein that harbors a high capacity to mediate membrane fusion. Cell Research 2020 30:343–

355.



Coronavirus history
• Severe acute respiratory syndrome (SARS)

• Feb 2003: first in Asia, spread to the world

• 8,098 cases (774 died)

• Middle East Respiratory Syndrome (MERS) 

• Apr 2012: first in Jordan, then Arabian Peninsula

• 2,494 cases (858 died)

• SARS2

• 2019 (2020): first in Wuhan, spread to the world

• 13,177,855 cases (574,793 died) – July 14, 2020 (3:38 pm EST)

• WHY CORONAVIRUS?

6

https://www.cdc.gov; 

https://coronavirus.jhu.edu/map.html



What’s in the name

7



The virus – the spike
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• SARS-CoV Spike (s) protein mediates 
binding of the virus with its receptor ACE 2 

• Hence the name corona (crown)

• Promotes the fusion between the viral and 
host cell membranes and virus entry into the 
host cell.

• SARS-CoV S protein induces humoral and 
cellular immune responses against SARS-
CoV.

• SARS S protein is the target of new SARS 
vaccines

• Peptides, antibodies, organic compounds 
and short interfering RNAs - additional anti-
SARS-CoV therapeutics that target the S 
protein

Figure 1 from Lanying D., et.al. The spike protein of SARS – CoV – a target for vaccine and therapeutic development.  Nature 

Reviews Microbiology 2009 (7): 226 - 236
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SARS vs. MERS vs. SARS2

• Which one is more dangerous?

• In depends on how “dangerous” is defined

• Infection rate

• Mortality rate



SARS vs. MERS vs. SARS2 (COVID-19)

• SARS (2003)

• 8,422 cases, CFR 11%

• Ro around 3

• Containment helped by earlier onset of more severe symptoms

• MERS (2012)

• 2538 cases, CFR 35%

• Ro around 1 (varied across places)

• Containment helped by earlier onset of more severe symptoms

• COVID-19 (2019)

• 13,177,855 cases, CFR 4%

• Ro 2 – 3

• Late onset of symptoms complicating efforts of containment
10

https://coronavirus.jhu.edu/map.html



Epidemiology model: infectious diseases

Susceptible Exposed Infectious Removed
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Latent period

Infectiousness

Symptoms Incubation period 5-6 days

Self isolation/

hospitalization

4-7 days

Delay 2-7 days

http://tibco.com



COVID-19 vs. SARS/MERS

• Changes in multiple proteins

• Binds with higher affinity to ACE2 

• 96.2% identical to bat β-coronaviruses from lineage B

• Lung alveolar and small intestine potential targets:

• high expression of the ACE2 receptor

• Speculation (dangerous)

• People with hypertension taking ACE2 inhibitors less susceptible

• Different ACE2 receptors

12

Fati et. al. Comparison of the COVID-2019 (SARS-CoV-2) pathogenesis with SARS-CoV and MERS-CoV infections. Future Virol. 

2020 May : 10.2217/fvl-2020-0050. 
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Current Map: as of Sunday, July 12, 2020

14Source: Johns Hopkins University; https://coronavirus.jhu.edu/map.html

• World

• Cases: 12,794,395

• Deaths: 566,491

• US

• Cases: 3,278,946

• Deaths: 135,066

• Indonesia

• Cases: 75,699

• Deaths: 3,606



Indonesia vs. USA

United States

(Population = 331 M)

Indonesia

(Population = 274 M)

Cases 3,278,946 75,699

Incidence rate 990/100,000 27/100,000

Death 135,066 3,606

CFR 4.1% 4.8%

PFR 40/100,000 1/100,000
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Test for COVID-19 

• Viral test: to diagnose people who have COVID 19 infection - PCR 
(polymerise chain reaction) tests 

• Antibody test: blood by looking for antibodies, which MAY tell an 
infection in the past

• Should not be used for current infection

• Antibody may be protected (not fully proven)

• Who should be tested:

• Everyone, for complete count

• Sample

• Quality of the tests

• Sensitivity and specificity

16
https://www.cdc.gov



Sensitivity vs. Specificity

Virus

Present Absent

Test

Positive a b

Negative c d
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Virus

Present Absent

Test

Positive 90 30

Negative 10 70

100

Sensitivity =  a/(a+c)

Specificity =  d/(b+d)

False positive = 1 - specificity

Sensitivity =  90%

Specificity =  70%

False positive = 30%



Indonesia vs. USA

United States

(Population = 331 M)

Indonesia

(Population = 274 M)

Cases 3,278,946 75,699

Incidence rate 990/100,000 27/100,000

Death 135,066 3,606

CFR 4.1% 4.8%

PFR 40/100,000 1/100,000

| 18

Reasons:

• Different sensitivity

• Different coverage

• Access to health care

• Government policy

Underestimation?

Applying the same IR: 

2,7M



Indonesia vs. South Korea , July 12, 2020
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https://demo.spotfire.cloud.tibco.com



Indonesia vs. Brazil, July 12, 2020
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https://demo.spotfire.cloud.tibco.com



Current trends: Indonesia vs US, July 12, 2020

21
Source: Johns Hopkins University; https://coronavirus.jhu.edu/map.html

Indonesia

USA



The impact of lock-down:
New York vs San Francisco, July 12, 2020

22

https://demo.spotfire.cloud.tibco.com



Date of download:  7/13/2020

From: Public Health Measures and the Reproduction Number of SARS-CoV-2

JAMA. 2020;323(21):2186-2187. doi:10.1001/jama.2020.7878

The Effective Reproduction Number (Rt) Estimates Based on Laboratory-Confirmed Coronavirus Disease 2019 (COVID-19) Cases in Wuhan, China. The effective reproduction number Rt is defined 

as the mean number of secondary cases generated by a typical primary case at time t in a population, calculated for the whole period over a 5-day moving average. Results are shown since 

January 1, 2020, given the limited number of diagnosed cases and limited diagnosis capacity in December 2019. The darkened horizontal line indicates Rt = 1, below which sustained transmission is 

unlikely so long as antitransmission measures are sustained, indicating that the outbreak is under control. The 95% credible intervals (CrIs) are presented as gray shading.

Figure Legend: 



Treatments: number of trials 

24https://www.covid19-trials.com/



Treatment development: a long and difficult process

• Pre-clinical: pharmacokinetic - pharmacodynamic

• Phase 1: best dose of a new drug with the fewest side effects

• Phase 2: further assess safety as well as if a drug works

• Phase 3: safety and effectiveness, compare a new drug to the 
standard-of-care drug (placebo, randomization)

• Phase 4: post marketing surveillance (safety)

25

Pre-
clinical

Phase I Phase 2a Phase 2b Phase 3 Phase 4

10+ years Market

Development



COVID-19: Operation wrapped speed

• Pharma industry, academia, government, non-profit orgs

• More resources, faster timeline

• Bypass earlier phases

• Drugs proven for other indication (anti-malarial, RA, multiple – sclerosis, etc)

• Not competing with each other, but with:

• Disease

• Time

• Won’t be enough even if all combined

26



Therapeutics: repurposed medications
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Repurposed Clinical indication End-points Refs

Interferon beta – 1b Multiple sclerosis Mild - moderate Virus shedding, 

symptoms, length of 

stay

Hung, Lancet (May 

2020)

Remdesivir Ebola/SARS Severe Length of stay Faucci, Oval Office 

(April 2020)

Interleukin 1 

blockade

Arthritis Moderate - Severe Inflammation 

biomarkers

Cavalli, Lancet Rheum 

(May 2020)

Sources: www.tibco.com; Fig 1 a from Beigel at. al.  NEJM (7 Jul 2020)



• High likelihood of success

• Can protect workers and high risk 
individuals

• Can treat those infected

• Human antibodies are safe

• Patient-derived monoclonal 
antibodies (MABs)

• Antibodies against SAS – CoV – 2 have 
been cloned

• Antibodies that neutralize the virus have 
been identified

28

Therapeutics: antibody therapies

Sources: www.tibco.com; Shi at. al. (Nature 2020); Ju et. al. Nature (2020)



• Long-term solutions

• Inactivated virus particles (Sinovac)

• Live hybrid viruses (Janssen)

• RNA – based (Moderna, CureVac, 
Pfizer, Sanofi)

• Manufacturing investment

• Biomedical Advance Research And 
Development Authority of the US 
(BARDA)

• Bill & Melinda Gates Foundation 
(BMGF)

• Coalition for Epidemic Preparedness 
(CEPI) – European Governments

29

Therapeutics: vaccine

Sources: www.tibco.com; https://covid-19tracker.milkeninstitute.org/



• May 18 Press Release: Moderna Announces Positive Interim Phase 1 Data for 
its mRNA Vaccine (mRNA-1273) Against Novel Coronavirus

• Interim, not final results

• Phase 1, needs to complete Phase 2a, 2b, 3

• May 27:

• July 2: 

30

Misunderstanding

Sources: https://www.statnews.com
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Misunderstanding (contd.): Indonesian Ministry of Agriculture 
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Misunderstanding (or misguided?)



• May 22: Lancet publication

• Audit

• “Have little or no data or scientific background…” (Guardian, 

• Bad data

• Inappropriate methods

• “…This is a shocking example of research misconduct in the middle of a 
global health emergency..” (Richard Horton, Lancet, Editor)

• Paper retracted
33

Misconduct

Sources: https://www.theguardian.com/world/2020/jun/04/covid-19-lancet-retracts-paper-that-halted-hydroxychloroquine-trials



Bad science
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If you don’t know where 
you are going, you might 
wind up someplace else -
(Yogi Berra) 

The future 



The unknowns
• The role of transmission

• Children have less severity

• What’s the role in transmission: school, home etc.

• Asymptomatic infection

• Infection with no symptoms

• Inconsistent data - single digit to very high percent of all test

• Key to understand to decide the strategy

• For asymptomatic, who to test? 

• All people

• Representative sample?

• Random

• Stratified

• Enough test

37



What we are waiting for

• Tests

• Not enough tests, maybe Sep –
Oct 2020

• Testing – early detection

• Time for results to be available 
(should be available within 48 
hours)

• Tracing

• Physical distancing – Isolation

• Vaccine 2021

• Treatment 2020 - 2021

38
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Microsoft Query Log

IMI Web-RADR

French patient groups 

World social media

Artificial intelligence (Machine Learning) – still far



Actions (for business): clear and with input from stakeholders

• Public Health Risk assessment: risk of transmission in 
different activities – contact

• Intensity

• Number of contact

• Mitigation measures

• Physical distancing (isolation)

• Engineering control (physical barrier)

• Administrative control (government policy)

• PPE/Mask

40



Guidance

• Engage stakeholders 

• Communication, discussion, education on strategy

• Decide what actions to take: clear with input from 
stakeholders

• Start slow (easy to manage)

41
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Final remarks

• Adaptable/Flexible

• Resilience

• Resourceful

43



Back-ups
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History of influenza
• 1930s: viruses isolated from people, virus as a cause (not bacterium)

• 1940s:

• Francis & Salk: first inactivated flu vaccine

• Influenza B viruses discovered

• 1950s: H2N2 flu pandemic (1957)

• 1.1 million deaths worldwide, 116,000 in the U.S.

• 1960s: H3N2 flu pandemic (1968)

• 1 million deaths worldwide, 100,000 in the US

• Worst among 65+

• 1970s: H1N1 (swine flu)

• 25% of the US population vaccinated(48 million people)

• twice the level needed for at – risk population, pandemic prevented

45https://www.cdc.gov



History of influenza (contd.)
• 1990s:

• 1996: Avian flu H5N1 virus isolated from a farmed goose in China

• 1997: First human infection of H5N1 identified in Hong Kong.

• 2000s: 

• 2003: Potential re-emergence of H5N1 in China and Vietnam

• 2005: 1918 H1N1 pandemic influenza virus genome completely sequenced

• 2009: 

• April 17:  A new H1N1 virus detected in the U.S.

• June 11: WHO declared 2009 H1N1 outbreak a pandemic.

• October 5: The first doses of monovalent H1N1 pandemic vaccine administered.

46https://www.cdc.gov



Reproduction number: Ro, Re, Rt

• Ro: basic reproduction

• The number of people infected from an infected person, in usual behavior (no 
intervention, no distancing, no masking)

• Re: effective reproduction number

• The number of people infected WITH intervention

• Shows the effect of intervention

• Re < 1 – stop spreading

• Rt: reproduction number at time t

• May fluctuate

• Shows the effectiveness of intervention

47



MERS
• Middle East Respiratory Syndrome (MERS) 

• Caused by a coronavirus- MERS-CoV

• Mainly in Arabian Peninsula

• First reported in Jordan in Apr 2012, then Saudi Arabia Sep 2012

• Outside the Arabian Peninsula, Republic of Korea in 2015, travellers returning from 
Saudi Arabia

• Severe respiratory illness 

• about 3 or 4 out of every 10 patients died.

• Can affect anyone: 1 – 99 years

• 2,494 cases around the world (27 countries)

• 858 deaths

48https://www.cdc.gov; https://who.int



Case, infection and population fatality rates 

• Confusions about fatality rates

• Case FR: risk of dying among people diagnosed

• Infection FR: risk of dying among those infected (including undiagnosed)

• Population FR: risk of dying among people without the disease

• CFR (# death/# cases) is an overestimation of “true” CFR

• Unreported cases, delay from sickness to death

• Sickest people tested first

49



Infectiousness (Ro) and virulence

50
https://demo.spotfire.cloud.tibco.com



Wuhan cases
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Figure 1 from Lei S., et.al. Clinical characteristics and outcomes of patients undergoing surgeries during the incubation period of 

COVID-19 infection. EClinicalMedicine 21(2020)100331



Sensitivity vs. Specificity

• Sensitivity: how well we can detect patients with disease

• Viral PCR test – high sensitivity

• Antibody test (IgG) – 82.1%

• Specificity: 

• False positive: 1 – specificity

• How often the test come out positive when there no disease

• Viral test: very low FPR

• Antibody test (IgG): 0 FPR
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