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May 19th – Part I   Playing TETRIS with CoVID-19: Are we winning?   

May 21st – Part II  Rules of the Game: Understanding SARS-CoV-2  

 

Part I 

The race to find an effective vaccine is the cornerstone of medical treatment to control mortality and 

morbidity associated with infectious diseases. If the infectious agent is airborne and it infects humans 

agnostic of wealth or poverty, then the urgency (to TEst, TReat and Isolate, that is, TETRIS) assumes the 

highest priority, globally. The indiscriminate nature of SARS-CoV-2 infection and fatality has brought 

the G7 nations to their feet. Vaccines are there (US, EU) and eventually they will be here (India) but the 

timeline for sufficiency remains speculative. In this short talk, we will analyze a few positive issues that 

has emerged in the treatment domain and why no one may escape necessary lifestyle adaptations. 

 

Part II 

It is imperative that students and teachers, parents and communities, countries and continents, must 

rapidly become cognizant of the etiology and biology of CoVID-19 and coronaviruses, respectively. In 

this session we will discuss the salient features of SARS-CoV-2 with respect to the molecular biology of 

the virus. The wrath of the pandemic will eventually subside in a few years but coronavirus epidemics 

may become a part of our lives for the next few decades or even centuries. There is nothing to fear if we 

remember, review and re-evaluate the death and devastation due to the influenza pandemic at the turn 

of the 20th century and compare to the quantum leaps of progress we also witnessed in the 20th century.    
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Century of Connectivity ?
20th Century



Internet 1970

ARPANET  Joseph Carl Robnett Licklider, MIT (March 11, 1915 – June 26, 1990)



From Paradoxes to Paradigms

it takes time …



5

Diffusion of the Internet ▪ NetDay 1996  

President Bill Clinton installing computer cables with VP Al Gore on NetDay at Ygnacio Valley High School (Concord, CA - March 9, 1996)

http://en.wikipedia.org/wiki/Bill_Clinton
http://en.wikipedia.org/wiki/Al_Gore
http://en.wikipedia.org/wiki/Ygnacio_Valley_High_School


It takes about 28-30 years for some ideas to be socially accepted an adopted as public technology. 
INTERNET conceptualized in 1950’s. ARPANET of 1970 germinated as the public INTERNET in 1995.

Paradoxes to Paradigms  It takes time & transaction cost economics of technology  
Economic history and data related to Textile, Railway, Automobiles and Computers taken from work by Norman Poire
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Poire, Norman P. (2011) The 
Great Transformation of 2021.

www.lulu.com/shop/norman-
poire/the-great-transformation-
of-2021/paperback/product-

14729057.html

http://www.lulu.com/shop/norman-poire/the-great-transformation-of-2021/paperback/product-14729057.html


Combined from work by Norman 
Poire, Joseph Schumpeter, political 
economist, at Harvard University 
(1883-1950) and Kondratieff Waves.
https://www.researchgate.net/profile/A
_Korotayev/publication/294086817_K
ondratieff_Waves_Juglar_-_Kuznets_-
_Kondratieff/links/56bda73308aefe60e
4c572af/Kondratieff-Waves-Juglar-
Kuznets-Kondratieff.pdf

https://www.researchgate.net/profile/A_Korotayev/publication/294086817_Kondratieff_Waves_Juglar_-_Kuznets_-_Kondratieff/links/56bda73308aefe60e4c572af/Kondratieff-Waves-Juglar-Kuznets-Kondratieff.pdf


Is necessity still the mother of invention 
or is it the wealth of nations?

21st Century

An Inquiry into the Nature and Causes of the Wealth of Nations, generally referred to by its shortened title The Wealth of Nations, is the magnum opus of the 
Scottish economist and moral philosopher Adam Smith. Published March 9, 1776. Download book www.ibiblio.org/ml/libri/s/SmithA_WealthNations_p.pdf

http://www.ibiblio.org/ml/libri/s/SmithA_WealthNations_p.pdf


https://ourworldindata.org/vaccination Published 10th May 2021 ▪ https://doi.org/10.1038/s41562-021-01122-8

https://ourworldindata.org/vaccination
https://doi.org/10.1038/s41562-021-01122-8


EU just bought 900 million doses of PFIZER vaccine for USD $43 BILLION (EUR 35 BILLION)

www.npr.org/sections/coronavirus-live-updates/2021/05/08/995007124/ramping-up-its-covid-response-eu-will-buy-up-to-1-8b-doses-of-pfizer-vaccine

http://www.npr.org/sections/coronavirus-live-updates/2021/05/08/995007124/ramping-up-its-covid-response-eu-will-buy-up-to-1-8b-doses-of-pfizer-vaccine






Vaccinated on 6th January 2021



Rich vaccines  Poor vaccines
Moderna▪ Pfizer J&J ▪ AZOX





RESULTS: 805 participants (adverse events: fever, fatigue, headache, myalgia). Neutralizing antibody 
titers against wild-type virus were detected in >90% of all participants on day 29 after first vaccination 
regardless of vaccine dose or age group and reached 96% by day 57. Titers remained stable until at 
least day 71. Second dose provided an increase in the titer by a factor of 2.6 to 2.9. SARS-CoV-2 S-
protein binding antibody responses were similar to neutralizing-antibody responses. On day 15, 
CD4+ T-cell responses were detected in 76 to 83% of the participants in cohort 1 and 60 to 67% in 
cohort 3. CONCLUSIONS: Safety and immunogenicity profiles of Ad26.COV2.S support further 
development of this J&J vaccine candidate. (ClinicalTrials.gov number is NCT04436276.)



CONCLUSION: Safety and immunogenicity profiles of 
Ad26.COV2.S support further development of the J&J 
vaccine candidate. ClinicalTrials.gov number NCT04436276

1st dose nAbs 90-96%
2nd dose nAbs ↑ ~3X
CD4+ T-cells 60-83%

13th May 2021



Comparative Efficacy
Published 13th May 2021 in New England Journal of Medicine ▪ DOI: 10.1056/NEJMc2100362

Summary Results on SARS-CoV-2 Vaccine Trial Efficacy and Viral Neutralization     
of the B.1.1.7, P.1, and 501Y.V2 Variants, as Compared with Preexisting Variants.





Source: 10.1056/NEJMc2100362  https://www.nejm.org/doi/full/10.1056/NEJMc2100362

https://www.nejm.org/doi/full/10.1056/NEJMc2100362


Yes, it works.  Poor vaccines
J&J ▪ AZOX



The hamsa is a palm-shaped amulet popular 

throughout the Middle East depicting the open 

right hand, an image recognized and used as a 

sign of protection in many times throughout 

history. The hamsa holds recognition as a 

bearer of good fortune among Christians in the 

Middle East. Khamsah is an Arabic word that 

means "five", but also “5 fingers of the hand”. 

[Source: Wikipedia]



1. Vaccinations will work, even against 
variants.

2. Don’t underestimate the potency of 
human immune response.

3. If vaccinated individuals are re-infected 
the severity of the symptoms may be less.

4. Same mutations may re-appear (it is not 
likely to create new mutants all the time).

5. Booster shots will improve immune 
response with higher efficacy, with time.   

Five Threads of Positivism



1. Vaccines will work, even against troublesome variants
Effectiveness of PFIZER (BNT162b2) Covid-19 vaccine 
[1] against B.1.1.7 variant (UK) ~89%  [2] against B.1.351 variant (S. AFRICA) ~75%
NEJM May 5, 2021 DOI: 10.1056/NEJMc2104974 ▪ https://www.nejm.org/doi/full/10.1056/NEJMc2104974

Effectiveness of MODERNA & PFIZER mRNA1273 Covid-19 vaccines 
against B.1.617.1 variant (INDIA) is quite high in a small study (n =25)                                                                                                
BIORXIV May 10, 2021▪ https://www.biorxiv.org/content/10.1101/2021.05.09.443299v1.full.pdf

https://doi.org/10.1101/2021.05.09.443299

https://sfx.mit.edu/sfx_local?__char_set=utf8&id=doi:10.1056/NEJMc2104974&sid=libx%3Amit&genre=article
https://www.nejm.org/doi/full/10.1056/NEJMc2104974
https://www.biorxiv.org/content/10.1101/2021.05.09.443299v1.full.pdf
https://doi.org/10.1101/2021.05.09.443299


2. Our immune machinery is a system of responses
Vaccine efficacy often focuses on antibodies and their ability to “neutralize” 
(block) the virus from infecting (entering) the human cells. But antibodies are 
only ONE COMPONENT of our immune system produced by B cells.

Immune cells called T cells are ANOTHER COMPONENT of our immunity to 
keep infections in check. These cells can’t neutralize the virus, but they can seek 
out infected cells and destroy them. That helps protect against severe disease. 

Data from people who have survived CoVID-19 suggests that T-cell response 
should provide ample protection against most of the SARS-CoV-2 variants.

Source: MIT Technology Review, May 13, 2021 https://www.technologyreview.com/2021/05/13/1024850/dont-panic-coronavirus-variants 

https://www.technologyreview.com/2021/05/13/1024850/dont-panic-coronavirus-variants


3. Vaccines 
decrease 
severity of 
symptoms if 
re-infected.

South Africa: one dose of J&J (poor) vaccine provided 85% 
protection against covid-19-related hospitalizations and 
deaths (95% of cases caused by the B.1.351 variant). 
https://www.nejm.org/doi/full/10.1056/NEJMoa2101544

Israel: B.1.1.7 (UK) has become the dominant strain. Two
doses of Pfizer offered 97% protection against symptomatic 
CoVID-19 and hospitalizations linked to CoVID-19.
www.thelancet.com/action/showPdf?pii=S0140-6736%2821%2900947-8

https://www.nejm.org/doi/full/10.1056/NEJMoa2101544
http://www.thelancet.com/action/showPdf?pii=S0140-6736%2821%2900947-8


4. Same mutations re-appearing? Worry less? Yes !!

www.scientificamerican.com/article/the-coronavirus-variants-dont-seem-to-be-highly-variable-so-far

WHY ?

http://www.scientificamerican.com/article/the-coronavirus-variants-dont-seem-to-be-highly-variable-so-far


4. Same mutations are re-appearing? Control Infections.

www.scientificamerican.com/article/the-coronavirus-variants-dont-seem-to-be-highly-variable-so-far

Once the virus enters a cell, it begins to replicate. The more copies it makes, the greater the likelihood 
that random errors, or mutations, will crop up. Most of these copying errors are inconsequential. A 
handful, however, might give the virus a leg up. For example, a spike-protein mutation known as 
D614G appears to help transmission of SARS-CoV-2. Another, E484K, might help the virus evade the 
body’s antibody response. If the viruses carrying these advantageous mutations get transmitted from 
one person to the next, they can start to outcompete the viruses that lack them, a process known as 
natural selection. That’s how the B.1.1.7 variant, which is more transmissible, became the predominant 
strain in the US.

In the case of SARS-CoV-2, the mutations that improve the virus keep popping up in different parts of 
the globe, a phenomenon known as convergent evolution. “We are seeing the same combinations 
evolving over and over and over again,” says Vaughn Cooper, at the University of Pittsburgh. “A 
limited number of building blocks can be assembled in different ways, in different combinations, to 
achieve the same winning structures.”

Cooper and some other researchers see this evidence of convergent evolution as a hopeful sign: the 
virus may be running out of new ways to adapt to the current environment. “It’s actually a small deck 
of cards right now,” he says. “If we can control infections, that deck of cards is going to remain small.”

http://www.scientificamerican.com/article/the-coronavirus-variants-dont-seem-to-be-highly-variable-so-far


Control Infection

IF  THE VIRUS CAN’T GROW IT CAN’T MUTATE
TETRIS

TE – test
TR – treat
IS – isolate

Cooper and some other researchers see this evidence of convergent evolution as a hopeful sign: the 
virus may be running out of new ways to adapt to the current environment. “It’s actually a small deck 
of cards right now,” he says. “If we can control infections, that deck of cards is going to remain small.”



5. Booster shots are working May 5, 2021 https://investors.modernatx.com/node/11836/pdf

Naturally, primary vaccines will become less effective, as 

physiologically expected. Will low-cost booster shots 

work? Preliminary results from B.1.351-specific booster 

increased protection against the variants first identified 

in South Africa and Brazil. It demonstrates that variant-

specific boosters can work. Yes, costs may decrease, too. 

https://investors.modernatx.com/node/11836/pdf


Positivism



IF  THE VIRUS CAN’T GROW IT CAN’T MUTATE

TETRIS

TE – test
TR – treat
IS – isolate





Rich test  Poor test



Mobile
Phone

SARS-Cov-2 (RNA)

Cas13a

CRISPR RNA (crRNA)

https://dspace.mit.edu/handle/1721.1/128017

https://www.cell.com/cell/pdf/S0092-8674(20)31623-8.pdf

https://dspace.mit.edu/handle/1721.1/128017
https://www.cell.com/cell/pdf/S0092-8674(20)31623-8.pdf


Mobile
Phone
Data

Low-cost 
laser inscribed 
turbostrat graphene sensors

WiFi, Bluetooth, 802.11
wireless data transfer 
(signal transduction)

https://dspace.mit.edu/handle/1721.1/128017

https://dspace.mit.edu/handle/1721.1/128017


For the rest of the world can low-cost 
sensors linked to mobile phones help             
to test frequently & control infection? 

https://dspace.mit.edu/handle/1721.1/128017

TEST
Detection of airborne SARS-CoV-2 from breath/saliva (sputum) 

https://dspace.mit.edu/handle/1721.1/128017


Mobile Phone

https://dspace.mit.edu/handle/1721.1/128017

TEST ANYTHING ?
HUMANS, ANIMALS, CROP, FOOD, WATER, SEWERS 

https://dspace.mit.edu/handle/1721.1/128017


Low-cost 
laser inscribed 
turbostrat graphene sensors ? https://dspace.mit.edu/handle/1721.1/128017

What can we use in low-cost 
sensors to detect SARS-CoV-2?

ANTIBODY APTAMER ACE2

Cartoon: Eric McLamore and Diana Vanegas

https://dspace.mit.edu/handle/1721.1/128017


ACE2 SENSOR 

Virus can mutate
but human cellular
receptor ACE2 may
not change for 
coronaviruses.

www.ncbi.nlm.nih.gov/pmc/articles/PMC8106877/pdf/main.pdf

LOW-COST ACE2 SENSOR DETECTS SARS-CoV-2

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8106877/pdf/main.pdf


Positivism 
Pandemic
Progress

All Advantages are Temporary
• Protection (masks) from airborne 

pathogens is quintessential for all.
• Testing is key to controlling infection.
• Lifestyle must adapt daily exposure to  

limit risk of infection (for 2 to 5 years).
• This disaster is a great opportunity to 

advance math and biomedical education.
• Dealing with this catastrophe will require 

convergence of science and engineering to 
create tools for mobile digital healthcare.

Education and 
Research to bring 
science to society



Digital Health and Healthcare

The pandemic as a 
blessing?



Weigh-scale, BMI, FOBT, urine analysis, sugar, 
ketone body analysis, blood pressure monitor, 
pulse oximeter, networked to phone via WiFi 
and/or Bluetooth with biometrics and face 
recognition for secure communication with
physician and hospital or clinic, globally.

Pay-Per-Pee Home Health - IoT Wireless Metabolomics & Vitals  - Connected Healthcare  



www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf

Circular pathways in the heart conduction 
system is a common cause of arrhythmias

CARDIAC ARRHYTHMIA                                            
DIAGNOSIS & REPORTING

CARDIOLOGIST-in-a-POCKET

http://www.seas.upenn.edu/sunfest/docs/slides/MALAMASPETER.pdf


If you cannot sense, you cannot detect.

If you cannot predict, you cannot prevent.

If you cannot measure, you do not have metrics.

If you do not have data, you cannot take a decision.

https://dspace.mit.edu/handle/1721.1/107893

Symptomatic Angina: The Tip of the Ischemic Iceberg
www.escardio.org/static_file/Escardio/education/live-events/courses/education-resource/Fri-11-SMI-Gutterman.pdf

https://dspace.mit.edu/handle/1721.1/107893
http://www.escardio.org/static_file/Escardio/education/live-events/courses/education-resource/Fri-11-SMI-Gutterman.pdf


Reality Check   Arsenic in Water (Bangladesh)  



Digital Health IoT – Water and Soil Monitoring 

http://bit.ly/ROHIT-KARNIK_MIT

http://bit.ly/ROHIT-KARNIK_MIT


Nutritional SARA Real-Time Digestive Analytics
Nutritional  sense, analyze, respond, actuate 

• In vivo rates of digestion will enable precision mixed ration 
formulation and better dairy health to increase milk 
production

HUMANS / ANIMALS / PLANTS / ENVIRONMENT 
SYNERGISTIC SYSTEMS INTEGRATION OneHealth



Pandemic may improve healthcare



Digital Health & Monitoring              Just Pay-A-Penny-Per-Use (PAPPU)

Glucose Sensor

Cholesterol Sensor

SARS-CoV-2 Sensor

Cholesterol Sensor

Glucose Sensor
What does the data suggest about my health?

NK Labs
ARA Prototype

Hot swappable, modular, smart





Additional Explanation



4. Same mutations re-appearing? Molecular Messages.

www.scientificamerican.com/article/the-coronavirus-variants-dont-seem-to-be-highly-variable-so-far

WHY ?

http://www.scientificamerican.com/article/the-coronavirus-variants-dont-seem-to-be-highly-variable-so-far




https://pubs.rsc.org/en/content/articlepdf/2020/ra/d0ra04795c



https://www.mclellanlab.org/selected-publications

BREAKTHROUGH DISCOVERY

https://www.mclellanlab.org/selected-publications




SARS-CoV-2 S-protein binding to ACE2. (a) S-protein trimer (green, yellow, red) bound to the peptidase domain of ACE2 (blue). The lighter and darker shades of the trimer are S1 
and S2, respectively. The viral envelope would be at the top and the host cell membrane at the bottom. (b) Close-up of the RBM (orange) interacting with ACE2. Residues near the 
interface are shown in a stick representation, colored by residue type (blue and red are positively and negatively charged, respectively, green is polar, white is hydrophobic). Specific 
residues in SARS-CoV-2 are labeled. (c) Alignment of the RBMs of SARS-CoV-2 and SARS-CoV19. Identical residues are white on red background.

Published 19th March 2021  https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1.full.pdf

https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1.full.pdf


Critical interactions for SARS-CoV-2 spike protein binding to ACE2 
identified by machine learning, Anna Pavlova, Zijian Zhang, Atanu
Acharya, Diane L Lynch, Yui Tik Pang, Zhongyu Mou, Jerry M Parks, 
Chris Chipot, James C. Gumbart, bioRxiv, 2021.03.19.436231; 
https://doi.org/10.1101/2021.03.19.436231
https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1
https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1.full.pdf

4. Same mutations 
re-appearing? Why?

https://doi.org/10.1101/2021.03.19.436231
https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1
https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1.full.pdf


Critical interactions for SARS-CoV-2 spike protein binding to ACE2 
identified by machine learning, Anna Pavlova, Zijian Zhang, Atanu
Acharya, Diane L Lynch, Yui Tik Pang, Zhongyu Mou, Jerry M Parks, 
Chris Chipot, James C. Gumbart, bioRxiv, 2021.03.19.436231; 
https://doi.org/10.1101/2021.03.19.436231
https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1
https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1.full.pdf

4. Same mutations 
re-appearing? Why?

There are only a few different ways 

amino acids can best fit inside the

groove (interaction site) between the

viral SARS-CoV-2 Spike protein and the

human cell receptor protein ACE2 (blue).  

https://doi.org/10.1101/2021.03.19.436231
https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1
https://www.biorxiv.org/content/10.1101/2021.03.19.436231v1.full.pdf




   



https://www.biorxiv.org/content/10.1101/2021.05.08.443253v1.full.pdf

https://www.biorxiv.org/content/10.1101/2021.05.08.443253v1.full.pdf


Can people power progress? Can India define the ethical agenda for socio-economic good for the next few centuries? 

The education of a boy may change the fate of a man. The education of a girl may change the destiny of a nation.

Almost 80% of the global
population (nearly 6 billion)



Yes. Thank you.

Shoumen Datta

Playing TETRIS with CoVID-19?                   
Are we winning?



Playing by the rules of the game?                   

Understanding or Under-estimating SARS-CoV-2?
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References to material in this presentation are in the MIT Library ▪ https://dspace.mit.edu/handle/1721.1/128017   



https://hms.harvard.edu/news/covid-19-curriculum

https://biology.mit.edu/undergraduate/current-students/subject-offerings/covid-19-sars-cov-2-and-the-pandemic/

https://ocw.mit.edu/courses/biology/7-00-covid-19-sars-cov-2-and-the-pandemic-fall-2020/

https://ocw.mit.edu/courses/biology/

If you have any questions:
Please email me (S. Datta) 
sdatta8@mgh.harvard.edu

If you have any questions:
Please email me (S. Datta) 

shoumen@mit.edu

https://hms.harvard.edu/news/covid-19-curriculum
https://biology.mit.edu/undergraduate/current-students/subject-offerings/covid-19-sars-cov-2-and-the-pandemic/
https://ocw.mit.edu/courses/biology/7-00-covid-19-sars-cov-2-and-the-pandemic-fall-2020/
https://ocw.mit.edu/courses/biology/


History
History of human civilization is inextricably linked with history of science and engineering.





 Roman history might be considered the age 
of pandemic disease. Three times the empire 
was rocked by mortality events with stunning 
geographical reach. In AD 165 an event known 
as the Antonine Plague, probably caused by 
smallpox, erupted. In AD 249, an uncertain 
pathogen swept the territories under Rome.    
In AD 541, the pandemic of Yersinia pestis, the 
agent that causes bubonic plague, arrived and 
lingered for over 200 years. To understand how 
the Romans lived and died, much less the fate 
of their empire, we must try to reconstruct the 
specific juncture of human civilization and 
disease history that the Romans encountered. 

Harper, Kyle (2019) Fate of Rome: Climate, Disease, and End of an Empire.  https://delong.typepad.com/fate-of-rome.pdf
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https://delong.typepad.com/fate-of-rome.pdf


Timeline ? of the Spanish? Flu (1888-1922). It wasn’t just 1918-1919.
The 1889-1890 influenza pandemic may have originated in China (following the 1888 flooding); 

Athabasca in Canada (May 1889); Greenland (summer of 1889), Tomsk in Siberia or Bukhara in 

Uzbekistan (October 1889). First cases appeared in St. Petersburg (Russia) on 27th October 1889 

and expanded via railway to whole Europe. In Paris, 1st cases were recorded on 17th November;  

in Berlin and Vienna on 30th November; in London around middle of December and in southern 

European countries, from Italy to Portugal towards the end of December. The influenza spread 

overseas to America in January 1890, with the first cases appearing in Boston and New York. 

During the first months of the year, it spread throughout North and South America, Africa, Asia 

and Oceania, arriving by August 1890 to island of Madagascar, Jamaica and Santa Helena. In 

Paris, the first cases (17th Nov 1889) were benign but from 15th December (1889) onwards, the 

virus became extremely virulent and mortality rose steeply between 16 December 1889 and       

31st January 1890, when over 5,042 deaths were recorded in Paris. 
Bertillon J. (1892) La grippe a Paris et dans quelques autres villes de France et de l’étranger en 1889-1890. Annuaire Statistique de la ville de Paris pour l’année 1890, 97-131

www.numdam.org/article/JSFS_1893__34__60_0.pdfwww.ncbi.nlm.nih.gov/pmc/articles/PMC2805838/pdf/jmgm-03-190.pdfhttps://doi.org/10.4172/1747-0862.1000033

http://www.numdam.org/article/JSFS_1893__34__60_0.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2805838/pdf/jmgm-03-190.pdf
https://doi.org/10.4172/1747-0862.1000033


The Spanish ? Flu Pandemic begin in France (Étaples 1916) or China (1888)? 

Oxford, J.S., et al. (2002) World War I May Have Allowed the Emergence of ‘Spanish’ Influenza. The Lancet Infectious Diseases, vol. 2, no. 2, Feb. 2002, pp. 111–114. doi:10.1016/S1473-3099(02)00185-8
Oxford, J.S., et al. (2005) Hypothesis: The Conjunction of Soldiers, Gas, Pigs, Ducks, Geese and Horses in Northern France during the Great War Provided the Conditions for the Emergence of the ‘Spanish’ Influenza 
Pandemic of 1918–1919. Vaccine, vol. 23, no. 7, Jan. 2005, pp. 940–945. doi:10.1016/j.vaccine.2004.06.035

The pandemic started in the British WWI military base in Étaples (1916-1917), 
north of France (Dept of Pas-de-Calais). The base was occupied by 100,000 
soldiers in a space of 12 sq km. It was situated near sea, with birds, cats, dogs, rats. 
Bats? Pigs, ducks and geese served as food for soldiers, and horses were used as a 
means of transport. Mix of crowded soldiers, animals and 24 types of war gasses 
(mutagens) might have caused the appearance of the first outbreak of the 
epidemic between December 1916 and March 1917. Soldiers suffered from acute 
respiratory infection, high temperature, and cough to confirm influenza. Clinical 
signs of bronchopneumonia were supported by pathology data (acute purulent 
bronchitis). Outbreak was clinically characterised by heliotrope cyanosis 
described extensively in the ensuing 1918 outbreak, with high mortality. The 
influenza pneumococcal purulent bronchitis described in 1916 and 1917 is the 
same condition as the influenza pneumonia of the 1918 influenza pandemic. 

These findings were revisited in 2002 & 2005. Did the USAID under Obama Administration pick up this in 2009? 



CATS

DOGS

BATS

BATS

HORSES

HUMANS

RATS

RATS

PHYLOGENOMIC RELATIONSHIP between ANIMALS, ÉTAPLES
USAID PREDICT (USA) 

gathered specimens from more 

than 10,000 bats and 2,000 other 

mammals. They detected about 

1,200 viruses that could spread 

from wild animals to humans. 

~160 were novel coronaviruses, 

much like SARS-CoV-2, as well as 

a new Ebola virus. How and when 

these viruses will infect other 

species related by phylogenomics

is a dangerous uncertainty.



Are 
pandemics 
inevitable? 

Influenza viruses 
H1N1 (swine 
flu) and H5N1 
(bird flu) evolved 
on pig & chicken 
farms. Genetics 
reveal that H1N1 
emerged from a 
virus circulating 
in US pigs. Wet 
markets and the 
poultry farms are 
the Silicon Valley 
of viral 
pandemic 
development.

The Silicon Valley of Viral Pandemic Development

https://www.cdc.gov/flu/pandemic-resources/2009-h1n1-pandemic.html
https://www.cdc.gov/flu/avianflu/h5n1-people.htm


A vendor selling slaughtered rats at a market in Viet Nam



WHY  PHYLOGEMNOMIC  RELATIONSHIPS  MATTER?           
GENES “JUMP” AND VIRUSES CAN JUMP, TOO, BETWEEN 

ANIMALS SHARING ANCESTRAL GENOMIC RELATIONSHIPS. 

Discovery of transposons in maize by BARBARA MCCLINTOCK made it abundantly clear that genes and segments of genes “jump” from 
one genome to another (displayed as variation in kernel color in the photograph). Phylogenomic ancestry supports the fact that zoonotic 
viruses are “jumping” (may be undetected) and can/will “jump” between species. McClintock, B. (1950) The origin and behavior of mutable 
loci in maize. Proceedings of the National Academy of Sciences USA 36(6): 344–355 https://www.pnas.org/content/pnas/36/6/344.full.pdf
www.nobelprize.org/prizes/medicine/1983/mcclintock/facts/ www.wired.com/2012/06/happy-birthday-barbara-mcclintock/

https://www.pnas.org/content/pnas/36/6/344.full.pdf
http://www.nobelprize.org/prizes/medicine/1983/mcclintock/facts/
http://www.wired.com/2012/06/happy-birthday-barbara-mcclintock/


2007                      
WHO IGNORED 
THE WRITING 
ON THE WALL



Who
Funds
WHO

https://www.who.int/dg/election/cv-tedros-en.pdfht
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Less than 2% of WHO BUDGET $4840 million

~11%

~40%

https://www.who.int/dg/election/cv-tedros-en.pdf
https://www.who.int/about/finances-accountability/budget/WHOPB-PRP-19.pdf?ua=1


AUGUST

2009



www.indy100.com/article/obama-trump-coronavirus-prepare-pandemic-2014-speech-watch-video-9457926

https://bit.ly/USAID-PREDICT-508

http://www.indy100.com/article/obama-trump-coronavirus-prepare-pandemic-2014-speech-watch-video-9457926
https://bit.ly/USAID-PREDICT-508


X

emily.baumgaertner@latimes.com

The Demon-Haunted World
Carl Sagan, 1995

“kind of celebration 
of ignorance”

https://bit.ly/USAID-PREDICT-508

https://bit.ly/USAID-PREDICT-508


We are drowning in data, inundated with                   
information, but do we know which specific               
knowledge is of what value, when, for humanity?

Data is not information. Information does not create knowledge. Knowledge does not guarantee wisdom.



https://twitter.com/JReinerMD/status/1246236090249478145/photo/1
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Life, Style and Lifestyle Changes



Is a post-Pandemic world a threat to democracy?



(CNN) — Perhaps a sign of what the 
future holds for air travelers, Dubai-based 
airline Emirates has begun carrying out 
Covid-19 blood tests on passengers at the 
airport prior to flights. 
According to a statement released by the 
airline, the first rapid Covid-19 blood tests 
took place on Wednesday at Dubai 
International Airport, with passengers on 
a flight to Tunisia all reportedly tested 
before departure. The tests were 
conducted by the Dubai Health Authority 
in Terminal 3 and results were available 
within 10 minutes. Emirates claims to be 
the world's first airline to conduct such 
tests.
"We are working on plans to scale up 
testing capabilities in the future and 
extend it to other flights," said Adel Al 
Redha, Emirates Chief Operating Officer, 
in the statement. "This will enable us to 
conduct on-site tests and provide 
immediate confirmation for Emirates 
passengers traveling to countries that 
require COVID-19 test certificates."
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Continuous Ideological Changes and Social Shifts

Prediction - Fusion Energy & Hydrogen Fuel 

?





Pandemic is a partner through 2024-2025

https://science.sciencemag.org/content/early/2020/04/14/science.abb5793/tab-pdf

https://science.sciencemag.org/content/early/2020/04/14/science.abb5793/tab-pdf


Intermittent distancing may be required into 2022 unless 
critical care capacity is increased substantially or a treatment 
or vaccine becomes available. Resurgence in contagion could 
be possible as late as 2024. Kissler et al. used existing data to 
build US models of multiyear interactions between existing 
coronaviruses, to project the potential epidemic dynamics 
and pressures on critical care capacity over the next 5 years. 
The long-term dynamics of SARS-CoV-2 strongly depends 
on immune responses and immune cross-reactions between 
the coronaviruses, as well as the timing of introduction of the 
new virus into a population. One scenario is that a resurgence 
in SARS-CoV-2 could occur as far into the future as 2025. 
SOURCE: Projecting the transmission dynamics of SARS-
CoV-2 through the postpandemic period.
Stephen M. Kissler, Christine Tedijanto, Edward Goldstein, 
Yonatan H. Grad, Marc Lipsitch. Harvard T.H. Chan School 
of Public Health, Boston. DOI: 10.1126/science.abb5793
Eml: mlipsitc@hsph.harvard.edu; ygrad@hsph.harvard.edu
Published: Science 22 May 2020: Vol. 368, pp. 860-868. 
https://science.sciencemag.org/content/368/6493/860

http://science.abb5793/
mailto:mlipsitc@hsph.harvard.edu
mailto:ygrad@hsph.harvard.edu
https://science.sciencemag.org/content/368/6493/860


Pandemic is a partner through 2024-2025

WHY ?



WHY ~ 50 days of separation / distancing may be crucial for our safety 
"virus was excreted from nose and throat in the absence of clinical signs"

https://science.sciencem
ag.org/content/early/2020/04/16/science.abb7314/tab-pdf
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edrxiv.org/content/10.1101/2020.03.15.20036707v2

https://arxiv.org/pdf/2003.12055.pdf

w
w

w
.m

edrxiv.org/content/10.1101/2020.03.22.20040071v1

https://science.sciencemag.org/content/early/2020/04/16/science.abb7314/tab-pdf
http://www.medrxiv.org/content/10.1101/2020.03.15.20036707v2
https://arxiv.org/pdf/2003.12055.pdf
http://www.medrxiv.org/content/10.1101/2020.03.22.20040071v1


www.medrxiv.org/content/10.1101/2020.04.14.20062463v1.full.pdf+html

Number of people 
infected by COVID-19 
may be 50-80 times 
higher than official 
count, Stanford study.

http://www.medrxiv.org/content/10.1101/2020.04.14.20062463v1.full.pdf+html




Control Infection
TETRIS

TE – test
TR – treat
IS – isolate



India has a solution?



Under $7 paper-strip for SARS-CoV2 testing 
with results in about an hour. Is it reliable? 



India, we have a problem.
Not unique to India. But, India may suffer the most.



Sanitation 

in a post-

pandemic 

world?
https://thelogicalindian.com/story-feed/awareness/india-worst-in-the-world-for-the-highest-number-of-people-without-basic-sanitation

https://www.nationalgeographic.com/magazine/2017/08/toilet-defecate-outdoors-stunting-sanitation/

https://thelogicalindian.com/story-feed/awareness/india-worst-in-the-world-for-the-highest-number-of-people-without-basic-sanitation
https://www.nationalgeographic.com/magazine/2017/08/toilet-defecate-outdoors-stunting-sanitation/






In a 
Post-COVID 

World:

New
Metaphors? 
Paradigms?

CITCOM
Canaries in the 

Coal Mine

SENSEW
Sensors in the 

Sewer
Seawater

Wastewater



Digital Health and Healthcare

Pandemic’s 
blessing?



www.medrxiv.org/content/10.1101/2020.04.05.20051540v1.full.pdf

In a 
Post-COVID World:

New lines of business –
pay per pee healthcare 
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http://www.newsweek.com/coronavirus-traces-massachusetts-wastewater-levels-higher-expected-1497141


Weigh-scale, BMI, FOBT, urine analysis, 
sugar, ketone body analysis, blood 
pressure monitor, pulse oximeter, 
networked to phone via WiFi and/or 
Bluetooth with biometrics and face 
recognition for secure communication 

i h

Pay-Per-Pee Home Health - IoT Wireless Metabolomics & Vitals  - Connected Healthcare  







Control Infection
TETRIS

TE – test
TR – treat
IS – isolate



Life and Lifestyle Changes



Detection of one copy RNA per µL (microL) 
from SARS-CoV-2 with mobile phone 
camera. Cas13a (C2c2) is complexed with a 
CRISPR RNA (crRNA) containing a 
programmable spacer sequence (red tube) to 
form a nuclease-inactive ribonucleoprotein 
complex (RNP). When the RNP binds to a 
complementary target RNA, it activates 
HEPN (higher eukaryotes and prokaryotes 
nucleotide-binding domain) motifs of 
Cas13a that then indiscriminately cleaves 
surrounding ssRNAs. Target RNA binding 
and subsequent Cas13 cleavage activity can 
therefore be detected with a fluorophore-
quencher pair linked by an ssRNA, which 
will fluoresce after cleavage by active Cas13. 
Ott et al used the SARS-CoV-2 nucleocapsid 
(N) gene as the template (detection target) to 
create an array of crRNA spacer (red tube).

Parinaz Fozouni, Jennifer A. Doudna, Daniel 
A. Fletcher and Melanie Ott (2020) Direct 
detection of SARS-CoV-2 using CRISPR-
Cas13a and a mobile phone. Pub 30 Sep 2020 
https://doi.org/10.1101/2020.09.28.20201947

KISS & TELL 
If you kiss, you must test …

CRISPR - clustered regularly interspaced short palindromic repeats

https://doi.org/10.1101/2020.09.28.20201947


Stop the virus from replicating 
inside the cell, even if it enters!
This the foundation of most cancer chemotherapy. Stop 
actively growing cells (cancer cells are actively growing) 
from growing by interfering/inhibiting their ability to 
replicate the genetic material (for humans, it is DNA).

In the absence of vaccines …



For SARS-CoV-2 we need RNA inhibitors
RNA POLYMERASE INHIBITOR 



1983

2020

Viral DNA Polymerase Inhibitor

Viral RNA Polymerase Inhibitor

https://pubmed.ncbi.nlm.nih.gov/6306847/

www.ncbi.nlm.nih.gov/pmc/articles/PMC6732787/

https://patentimages.storage.googleapis.com/3e/98/6a/d3011cabd660ef/WO2016123397A2.pdf

https://pubmed.ncbi.nlm.nih.gov/25516996/

https://www.pnas.org/content/pnas/early/2014/07/25/1405635111.full.pdf

2014

https://pubmed.ncbi.nlm.nih.gov/6306847/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6732787/
https://patentimages.storage.googleapis.com/3e/98/6a/d3011cabd660ef/WO2016123397A2.pdf
https://pubmed.ncbi.nlm.nih.gov/25516996/
https://www.pnas.org/content/pnas/early/2014/07/25/1405635111.full.pdf


1983

2020

Viral DNA Polymerase Inhibitor

Viral RNA Polymerase Inhibitor

https://pubmed.ncbi.nlm.nih.gov/6306847/

www.ncbi.nlm.nih.gov/pmc/articles/PMC6732787/

https://patentimages.storage.googleapis.com/3e/98/6a/d3011cabd660ef/WO2016123397A2.pdf

https://pubmed.ncbi.nlm.nih.gov/25516996/

https://www.pnas.org/content/pnas/early/2014/07/25/1405635111.full.pdf

2014

https://pubmed.ncbi.nlm.nih.gov/6306847/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6732787/
https://patentimages.storage.googleapis.com/3e/98/6a/d3011cabd660ef/WO2016123397A2.pdf
https://pubmed.ncbi.nlm.nih.gov/25516996/
https://www.pnas.org/content/pnas/early/2014/07/25/1405635111.full.pdf


REMDESIVIR
in the beginning

www.pnas.org/content/pnas/early/2014/07/25/1405635111.full.pdf

https://rnajournal.cshlp.org/content/21/1/1.full.pdf+html

http://www.pnas.org/content/pnas/early/2014/07/25/1405635111.full.pdf
https://rnajournal.cshlp.org/content/21/1/1.full.pdf+html


REMDESIVIR
Gilead and Greed



Gluttony

Greed

&

Gilead



The investment in basic science
Molecular Biology



https://www.businessinsider.com/moncef-slaoui-leading-trump-vaccine-push-10m-holding-moderna-conflict-2020-5

The basic science
1989 

The real science
1990 https://doi.org/10.1016/j.nantod.2019.100766

30 years!

Three decades of mRNA vaccine development

https://www.businessinsider.com/moncef-slaoui-leading-trump-vaccine-push-10m-holding-moderna-conflict-2020-5
https://doi.org/10.1016/j.nantod.2019.100766


www.ncbi.nlm.nih.gov/pmc/articles/PMC3202319/pdf/cir334.pdf

30 years!

Three decades of DNA vaccine development

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3202319/pdf/cir334.pdf


30 years!



30 years!







Anthony Fauci



SARS-CoV-2 mRNA-1273 encodes the SARS-CoV-2 full-length spike glycoprotein trimer, S-2P (stabilized with 2 Proline 
substitutions at the top of the central helix in S2 subunit). mRNA is encapsulated in lipid nanoparticles (0.5 mg per mL).

Timeline of SARS-CoV-2 mRNA-1273 Vaccine Development. NIAID, NIH & Moderna (Cambridge, MA).
2020 2020



https://www.mclellanlab.org/selected-publications

BREAKTHROUGH

SARS-CoV-2 mRNA-1273 
encodes the SARS-CoV-2 
full-length spike 
glycoprotein trimer,            
S-2P which was stabilized 
with Proline substitutions at 
the top of the central helix 
in S2 subunit to maintain 
the structural configuration 
resembling the pre-fusion 
Spike protein. Without the 
two Proline substitution,    
(S-2P by Jason McClellan, 
NIH) the mRNA vaccine 
may not be effective at all.

https://www.mclellanlab.org/selected-publications


POST FUSION

POST-FUSION
SPIKE PROTEIN

Significant change in configuration between 
PRE-fusion and POST-fusion Spike proteins

Cartoon by Brit Glausinger, University of California Berkeley



The mRNA vaccine → 30+ years in the making …









EU just bought 900 million doses of PFIZER vaccine for USD $43 BILLION (EUR 35 BILLION)

www.npr.org/sections/coronavirus-live-updates/2021/05/08/995007124/ramping-up-its-covid-response-eu-will-buy-up-to-1-8b-doses-of-pfizer-vaccine

Greed             

at a time of 

need.

http://www.npr.org/sections/coronavirus-live-updates/2021/05/08/995007124/ramping-up-its-covid-response-eu-will-buy-up-to-1-8b-doses-of-pfizer-vaccine


https://doi.org/10.26434/chemrxiv.13102877

Greed             

at a time of 

need.

https://doi.org/10.26434/chemrxiv.13102877


Why truth matters …



Huaiyu Tian et al. Science 2020;368:638-642

Dates of discovery of the novel coronavirus causing COVID-19 and 
implementation of control measures in China, from 31 Dec 2019.





Mistrust any article 
that uses a visual 
which superimposes a 
Gaussian distribution. 
Evidence suggests that 
the bells must herald 
heteroskedasticity as 
the new normal. 



Very brief and select
Molecular Biology and                            
Molecular Medicine of                             
SARS-CoV-2 & CoVID-19

Plethora of
unknown unknowns ...

We can’t deal with half truths, lies, fake news but we can explore science.



From Anthony Fauci, NIAID. Courtesy of Sebastian M. Gygli, NIAID  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6496161/pdf/AAC.02175-18.pdf 

Phylogenomic Map of Coronavirus Family





SARS-CoV-2 is a member of the Coronavirus Family            
This virus family has the largest genome among RNA viruses.



Coronaviridae: 
Largest genome   

size of RNA viruses

WHY 
?



Coronaviridae: 
Largest genome   

size of RNA viruses

WHY 
?

We don’t know !!



Mutated or inactivated Nsp14-ExoN results in >20-fold increase (Eckerle et al 2010) in 
genomic errors (B, right). ExoN in RdRp of SARS-CoV-2 enables error correction (left).

SARS-CoV-2 proofreading: removes incorrect pieces 



Then WHY so many mutations?

SARS-CoV-2 proofreading: removes incorrect pieces 



Then WHY so many mutations?

SARS-CoV-2 proofreading: removes incorrect pieces 

We don’t know !!



D614G is the most abundant (~65%) non-synonymous mutations observed in S protein (creates neutrophil elastase-2 cleavage site). Phylogenetic 
analysis of SARS-CoV-2 genomes (n = 2,834) shows D614G mutant (BLUE, clade G) highest around the world. D→G is an “up-mutation” 
advantageous to the virus. D614G creates a host serine protease elastase-2 cleavage site. The coronavirus S protein must be cleaved by host proteases 
to enable membrane fusion, critical for viral entry. D614G mutation in S protein promotes virus entry (2X in pseudovirus assays). Data indicates that 
D614G mutation changes the antigenicity of S protein, thereby decreasing (3 to 5 fold) neutralization sensitivity to individual convalescent sera.  

www.biorxiv.org/content/10.1101/2020.06.20.161323v1.full.pdf

www.ncbi.nlm.nih.gov/pmc/articles/PMC4369385/pdf/978-1-4939-2438-7_Chapter_1.pdf

Natural Evolution?

http://www.biorxiv.org/content/10.1101/2020.06.20.161323v1.full.pdf
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4369385/pdf/978-1-4939-2438-7_Chapter_1.pdf


D614G is the most abundant (~65%) non-synonymous mutations observed in 
the S protein (creates neutrophil elastase-2 cleavage site). Natural evolution? 

Mutation - natural evolution?

www.ncbi.nlm.nih.gov/pmc/articles/PMC4369385/pdf/978-1-4939-2438-7_Chapter_1.pdf

www.biorxiv.org/content/10.1101/2020.06.20.161323v1.full.pdf

Asp to Gly
severely

non-synonymous
amino acids

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4369385/pdf/978-1-4939-2438-7_Chapter_1.pdf
http://www.biorxiv.org/content/10.1101/2020.06.20.161323v1.full.pdf




https://www.biorxiv.org/content/10.1101/2021.05.08.443253v1.full.pdf

https://www.biorxiv.org/content/10.1101/2021.05.08.443253v1.full.pdf


Who is the proofreader?
ExoN – part of the SARS-CoV-2 RNA Polymerase – RdRp (RNA-dependent RNA polymerase) 

SARS-CoV-2 proofreading: removes incorrect pieces 



 SARS-CoV-2 RNA Polymerase – RdRp (RNA-dependent RNA polymerase) 

 SARS-CoV-2 Proofreader is ExoN (nsp14). It is a part of the RdRp complex. 



How does the virus obtain/get RdRp?



ExoN



What are the functions of viral proteins?
We don’t know enough !! 



26 SARS-CoV-2 
proteins 

can/may interact 
with 332 human 

proteins.



What are these 
interactions?

We don’t know !



What do we 
know?

We don’t know !





https://www.biorxiv.org/content/10.1101/2020.04.16.044016v1.full.pdf

https://www.biorxiv.org/content/10.1101/2020.04.16.044016v1.full.pdf
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https://cen.acs.org/biological-chemistry/infectious-disease/Cell-studies-suggest-repurposed-drugs-could-block-replication-of-SARS-CoV-2/98/web/2020/05


What is drug repurposing?
Re-use a drug (chemical molecule) created for another purpose. 



How will it help us from SARS-CoV-2?



https://pubs.rsc.org/en/content/articlepdf/2020/ra/d0ra04795c

Discovering or 
repurposing a 

molecule to 
inhibit or prevent 

the virus from 
entering the cell 
may be a major 
step forward in 

infection control.



Do we have clues for drug re-purposing?
Yes, there are several candidates that are being intensely studied.

The one candidate that is in limited use is Remdesivir from Gilead.



Search for 

small molecule

inhibitors for

SARS-CoV-2 



Anything else we think we do know?



Coronavirus family members, including SARS, MERS & 
SARS-CoV-2 uses human protein ACE2 to enter our cell

Why hACE2 ??



We don’t know !!

Why hACE2 ??



What is ACE2?
ACE and ACE2 genes are orthologs which are highly conserved in evolution.



Angiotensin I Converting Enzyme 2 (ACE2) encoded by this gene belongs to the angiotensin-converting enzyme family of dipeptidyl carboxydipeptidases
and has homology to human angiotensin 1 converting enzyme (ACE). This secreted protein catalyzes the cleavage of angiotensin I into angiotensin 1-9, and 
angiotensin II into the vasodilator angiotensin 1-7. The organ- and cell-specific expression of this gene suggests that it may play a role in the regulation of 
cardiovascular and renal function, as well as fertility. The encoded protein is a receptor for the spike glycoprotein of human coronavirus HCoV-NL63 and the 
human severe acute respiratory syndrome coronaviruses, SARS-CoV and SARS-nCoV2-2019.

Most organisms in the animal kingdom contains 
ACE/ACE2 gene

Raccoon dog (rd), native to East Asia, is one of the suspected intermediate hosts of severe acute respiratory syndrome coronavirus (SARS-CoV). The amino 
acid sequence of rdACE2 has identities of 99.3, 89.2, 83.9 and 80.4% to ACE2 proteins from dog, masked palm civet (pcACE2), human (huACE2) and bat, 
respectively. There are six amino acid changes in rdACE2 compared with huACE2, and four changes compared with pcACE2, within the 18 residues of 
ACE2 known to make direct contact with the SARS-CoV S protein. Spike proteins derived from human SARS-CoV or SARS-CoV-like viruses of masked 
palm civets and raccoon dogs were tested for their entry efficiency into human cell lines. The results showed that rdACE2 is a more efficient receptor for 
human SARS-CoV, but not for SARS-CoV-like viruses of masked palm civets and raccoon dogs, than huACE2 or pcACE2. This study provides useful data 
to elucidate the role of raccoon dog in SARS outbreaks (https://pubmed.ncbi.nlm.nih.gov/19625462/). In China, raccoon dogs are skinned alive. Video 
shows workers on these farms cutting the skin and fur from an animal’s leg while the free limbs kick and writhe. When the fur is finally peeled off over the 
animals’ heads, the bloody bodies are discarded. http://advocacy.britannica.com/blog/advocacy/2010/02/raccoon-dogs-are-skinned-alive-in-china/

www.ncbi.nlm.nih.gov/gene/59272/ortholog/similargenes/?scope=6072

https://pubmed.ncbi.nlm.nih.gov/19625462/
http://advocacy.britannica.com/blog/advocacy/2010/02/raccoon-dogs-are-skinned-alive-in-china/
http://www.ncbi.nlm.nih.gov/gene/59272/ortholog/similargenes/?scope=6072




Figure 11: The evolutionary journey of the ACE2 gene from racoon dogs which are closer to dogs 
(domestic dogs evolved approximately 6 million years ago) to humans (0.2 million years ago, 
MYA). Over this time period (6MYA – 0.2MYA) the ACE2 protein appears to be well conserved.

Serpell, James, ed. The Domestic Dog: Its Evolution, Behaviour, and Interactions with People.
Cambridge University Press, 1995.

Evolutionary Conservation of ACE2 Gene from Dogs to Humans



Figure 13: Contacts between ACE2 and SARS-CoV RBD (receptor binding domain or RBM, receptor binding motif). ACE2 
residues in contact with S1 RBD are listed by their position and aa. Non-identical amino acid residues are shown in bold. The 
residues in the viral S protein from human isolates that contact ACE2 are shown at the bottom of each column. Columns with 
a star (*) denote 18 residues of ACE2 known to make direct contact with the SARS-CoV Spike protein. A loop and β5 
(residues 353–357) had one variation in rdACE2 (K353R) and Histidine in mouse and rat ACE2 proteins (K353H). This 
position is critical for ACE2 binding to SARS-CoV Spike protein. Differences in the RBDs of SARS-CoV-2 and SARS-CoV are 
expected. In particular, of the 33 amino acids in the region 460–492 in the SARS-CoV S protein that contains the critical 
residues that contact ACE2, half (15/33) are conserved in SARS-CoV-2 (cross-neutralizing antibodies may not be effective).

Partial Conservation of ACE2 Protein Contacts between ACE2 and SARS-CoV



Evolutionary Conservation of ACE2 Gene



SNP

Genomic Organization
and conserved regions
of the ACE2 gene. Top
shows single nucleotide
polymorphisms (SNPs).



What is the role of ACE and ACE2?
ACE – Angiotension Converting Enzyme

ACE2 – Angiotensin Converting Enzyme 2



ACE & ACE2 is an integral part of the
Renin-Angiotensin Axis in Physiology



Vasoactive Peptide Hormones in
Cardiovascular & Renal Function



Assay to Determine Conversion of Angiotensin II to Angiotensin may detect SARS-CoV-2 in saliva

pH change (color) data captured 
by camera in any smartphone



A pie in the 
sky?

Near-field 
communication
(NFC) based 
SARS-CoV-2 
sensor in our 
mobile future?



What are the roadblocks to rapid testing?
Low-cost detection of Spike protein and many others …



Why is the detection 
of the SARS-CoV-2
Spike protein such
a problem?

Because it is covered
by a glycan shield to
avoid recognition by
the immune system.



 Is the sensitivity of 
detection reduced 
because of uncertain
access to the Spike
protein when testing
for SARS-CoV-2?

YES.



Sensitivity of detection

may not be a barrier

for using low-cost

SARS-CoV-2 tests.

Why?



Is there an ACE2 helper for viral entry? 
Yes. TMPRSS2. That’s all what we know, at present. What is TMPRSS2?



TMPRSS2 gene produces 
transmembrane protease serine 
2 which acts with ACE2 for 
SARS-CoV-2 infection. 
Androgen-induced TMPRSS2 
activates several substrates that 
include pro-hepatocyte growth 
factor/HGF, the protease 
activated receptor-2/F2RL1 or 
matriptase/ST14 leading to 
extracellular matrix disruption 
and leads to metastasis of 
human prostate cancer cells.



Why are symptoms for CoVID-19 
often extremely varied & acute?



Inevitable?

We have 

known about 

viral 

myocarditis 

for more than 

50 years.



ACE2 receptor is almost ubiquitous and directly affects the cardiovascular system and renal function.



www.mcgill.ca/newsroom/channels/news/international-consortium-investigates-overactive-immune-cells-cause-covid-19-deaths-321710

Neutrophils in an autopsy specimen from the lungs of a patient who succumbed from COVID-19. (A) Extensive
neutrophil infiltration in pulmonary capillaries, with acute capillaritis with fibrin deposition, extravasation into 
the alveolar space. (B) Neutrophilic mucositis of the trachea. 

http://www.mcgill.ca/newsroom/channels/news/international-consortium-investigates-overactive-immune-cells-cause-covid-19-deaths-321710


NETs can be targeted by existing drugs through several means. NE, PAD4, and gasdermin D inhibitors will prevent NET formation. DNase has been used 

safely to digest NETs in the mucous secretions of the airways of CF patients. Colchicine inhibits neutrophil migration and infiltration to sites of 

inflammation. IL1β blockers will prevent an inflammatory loop between NETs and IL1β. Of these approaches, trials to treat COVID-19 with colchicine and 

anakinra are ongoing (ClinicalTrials.gov id: NCT04324021, NCT04330638, NCT02735707, NCT04326790, NCT04328480, NCT04322565, NCT04322682).

Targeting 
potential 
drivers of 
COVID-19: 
Neutrophil 
Extracellular 
Traps (NET)

J Exp Med. 2020;217(6). doi:10.1084/jem.20200652



Summary: How little we know!

TETRIS is the best key at hand.
Sensors for early detection may save lives.

We will have to live with this virus for decades.
We know very little about the biology of the virus.

Vaccines, small molecules and all forms are treatment are welcome.
We know almost nothing about interactions between virus and physiology.

Build even better bridges between molecular biology and molecular medicine.
Basic science research is our best path to progress.

Mathematics is central to rigor in science.
Always try to un-learn and re-learn.

Don’t polish the chrome.
Tune the engine.





https://www.forbes.com/sites/avivahwittenbergcox/2020/04/13/what-do-countries-with-the-best-coronavirus-reponses-have-in-common-women-leaders/#6c5c6c9c3dec

https://www.forbes.com/sites/avivahwittenbergcox/2020/04/13/what-do-countries-with-the-best-coronavirus-reponses-have-in-common-women-leaders/#6c5c6c9c3dec


Playing by the rules of the game?                   

Understanding or Under-estimating SARS-CoV-2?

Shoumen Palit Austin Datta

21st May 2021 @ ORCHID

http://bit.ly/BIO-SD

Research Affiliate, MIT Auto ID Labs, Dept of Mechanical Engineering, MIT (shoumen@mit.edu) ▪ Senior Scientist, MDPnP Labs and Cybersecurity Program, Dept of Anesthesiology, Massachusetts General Hospital, Harvard Medical School (sdatta8@mgh.harvard.edu) 

Break all rules. Ask correct questions.

Understand that many unknown unknowns exist.

What counts, often cannot be counted. Hubris kills.

http://bit.ly/BIO-SD
mailto:shoumen@mit.edu
mailto:sdatta8@mgh.harvard.edu


HOPE … brewing



When health workers tried to convince Munir Pathan to take the COVID-19 vaccine in February, the 52-year-old farmer refused. The jab would kill him, he 
was certain. A resident of Janefal village in the western Indian state of Maharashtra, roughly a 228-mile drive from Mumbai, Pathan had read messages on 
WhatsApp, stating that vaccine shots are lethal and that if a doctor errs while administering the shot, it leads to an infection in the arm. The only way to save 
the person thereafter is by amputating the limb. On April 27, 2021 (3 months after the vaccination drive first commenced in India), Pathan took his first 
shot at a vaccination camp organized in his village. That day, health workers managed to inoculate 65 residents of Janefal (100% of its eligible population), 
setting an example for rural India and prompting vaccination drives in 16 nearby villages. “Now, every village wants to be Janefal,” says Sunil Chavan, 
collector of the Aurangabad district (village base). Janefal stands out as a role model.

https://www.thehindu.com/news/national/india-to-start-covid-19-vaccination-drive-on-jan-16/article33536670.ece


"Sometimes our fate 

resembles a fruit tree in 

winter. Who would 

think that those 

branches would turn 

green again and 

blossom?” ~ Johann 

Wolfgang von Goethe
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