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Thanks to  Xihong Lin for being my guiding light!
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COVID-19 Heroes

Thanks to the first responders of 
COVID19 crisis around the world!

PHOTO: THOMAS ANGUS/IMPERIAL COLLEGE LONDON

(Italy)© 2020 International Council of Nurses (ICN)

www.xinhuanet.com

(China) www.xinhuanet.com (India) Business Today India

(South Korea) bbc.co.uk)

Detroit, Michigan,



December 14, 2020
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First two healthcare workers get vaccinated at the University of Michigan



Safe, Efficacious, Affordable vaccines…
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Real world Effectiveness
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Serology Test Results Between 2020−04−27 and 2021−02−24
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Natalie Dean, Nature, 2021



Variants chasing Vaccines

10https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html, Courtesy Eric Topol

https://www.cdc.gov/coronavirus/2019-ncov/transmission/variant-cases.html




This Afternoon’s Narrative: Focus on India

• Pre-lockdown forecasting

• Post-lockdown analysis 

• Daily projection updates

• Underreporting of cases and deaths in India

• From numerical analysis to humanitarian data science
12



Phase 1: March and April
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Medium Article on March 20

Medium Article April 3 

Open source code, data transparency and commitment to 
reproducible science: covind19.org

https://medium.com/@covind_19/predictions-and-role-of-interventions-for-covid-19-outbreak-in-india-52903e2544e6
https://medium.com/@covind_19/historic-lockdown-prediction-models-to-study-lockdown-effects-and-the-role-of-data-in-the-crisis-a0afeeec5a6
http://covind19.org/
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Medium Article April 24

Published Paper Harvard
Data Science Review

https://medium.com/@covind_19/unlocking-the-40-day-national-lockdown-in-india-there-is-no-magic-key-de4e43177cb4
https://hdsr.mitpress.mit.edu/pub/r1qq01kw/release/2
https://hdsr.mitpress.mit.edu/pub/r1qq01kw/release/2


When we started this work

15Source: https://www.pharmaceutical-technology.com/news/india-covid-19-coronavirus-updates-status-by-state/
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Distribution of COVID-19 related risk factors in India
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5   

to support the sheer volume of cases. India has the most overstretched 
healthcare s\stem Zhere it is hard to proYide care in times of ³normal´ 
patient volume. The number of hospital beds per 1000 people in India is 
only 0.7, compared to 6.5 in France, 11.5 in South Korea, 4.2 in China, 3.4 
in Italy, 2.9 in the UK, 2.8 in the USA, and 1.5 in Iran [World Bank].   
Need to emphasize that health care workers and front-line workers are 
among the most vulnerable. 
 

Table 2.  Proportion of population in specifically vulnerable subgroups at potentially high risk of 
COVID-19 severity risk in India 

Metric 
Number†  

(in millions) Year Source 

Uninsured 1,104 2014 Prinja et al. 2019 

Population over 65 92.5 2020 (est.) CIA World Factbook 

Hypertension (men)* 175.7 2015/16 Gupta & Ram 2019 

Hypertension (women)* 132.6 2015/16 Gupta & Ram 2019 

People with cardiovascular disease* 78.7 2016 Prabhakaran et al. 2018 

Population with COPD* 75.9 2016 Lancet 2018 

Population with asthma* 45.5 2016 Lancet 2018 

Develop cancer by age 75 (men)** 70.3 2018 NICPR 

Develop cancer by age 75 (men)** 62.3 2018 NICPR 

Population with diabetes (adult) 122.8 - IDF 

Access to inpatient department facilities*** 731.4 2012 IMS Institute 2013 

Access to outpatient department*** 1,104 2012 IMS Institute 2013 

† based on 2020 est. of 1.38 billion from UN Department of Economic and Social Affairs  
* age-standardized; ** risk; *** defined as within 5 kilometer distance of home or work 
Abbrev.: COPD, chronic obstructive pulmonary disease; IDF, International Diabetes Federation; 
NICPR, National Institute of Cancer Prevention and Research 
 
 

3. Do interventions like travel bans and social distancing help arrest 
the projected exponential growth of COVID-19? 

Yes! We took a close look at what might be coming in the next few weeks 
and months, based on what we have seen in other countries and an 
improved epidemiological model that have been gainfully employed to 



Pre-lockdown forecast (No Intervention)
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Forecast after 
Mar.16

Upper credible limit of predicted cases for India

* indicates any observed value after Mar.16
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Media  coverage
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Historic 21-day National Lockdown: March 25

19
Indian coronavirus lockdown triggers exodus of 
migrant workers to rural areas (ft.com)

Millions light candles in a collective display of 
solidarity called for by Prime Minister Narendra 
Modi (dw.com)

On Tuesday March 24th, 2020 evening India’s 
Prime Minister Narendra Modi announces a 21-day 
lockdown, noting that it is crucial in India’s battle 
against Covid-19 (India Today).

Since then there has been more than 1100 media clips from our work  with a reach of 
6.0  billion. Prominent media coverage  includes WSJ, Washington Post,  NYT, The 
Times of India,  BBC, NPR, Der Spiegel, The Wire, The Guardian and major Indian 
National TV channels.

https://www.ft.com/content/31f42743-e211-48f9-af4a-66f67a7f7a04
https://www.dw.com/en/millions-across-india-light-lamps-in-solidarity-amid-coronavirus-lockdown/a-53024670
https://www.indiatoday.in/india/story/coronavirus-india-pm-narendra-modi-national-lockdown-21-days-announcement-five-points-1659282-2020-03-24


Forecasting Models (India specific)

• ICMR
• Cambridge
• Armed Forces
• Sourish Das (CMI)
• Ohio State University
• INDSCISIM
• The Indian Super Model
• Youyang Gu https://covid19-projections.com/
• And many more in the last few months…

20

https://www.ncbi.nlm.nih.gov/pubmed/32202261
https://arxiv.org/abs/2003.12055
https://www.sciencedirect.com/science/article/pii/S0377123720300605
https://arxiv.org/pdf/2004.03147.pdf
https://www.medrxiv.org/content/10.1101/2020.04.02.20051466v1
https://indscicov.in/for-scientists-healthcare-professionals/mathematical-modelling/indscisim/
https://www.iith.ac.in/~m_vidyasagar/arXiv/Super-Model.pdf
https://covid19-projections.com/


SIR model: fundamentals

• Structure: Each person is in one of three ‘states’.

21

Susceptible Infected Removed

• Utility: Can model transmissions using count data.

• Challenge: True proportions unknown!

? ? ?



Facing the challenge: extended SIR

22

• Idea: Introduce a latent Markov prevalence process.

Wang et al, 2020, eSIR package on R CRAN 



eSIR model: hierarchical formulation and 
solution

!"!
"

!#
= −𝛽𝜃#$𝜃#%,   

!"!
#

!#
= 𝛽𝜃#$𝜃#% − 𝛾𝜃#%,   

!"!
$

!#
= 𝛾𝜃#%.

𝑌#%|𝜽𝒕, 𝝉 ∼ 𝐵𝑒𝑡𝑎(𝜆%𝜃#% , 𝜆% 1 − 𝜃#% ),
𝑌#'|𝜽𝒕, 𝝉 ∼ 𝐵𝑒𝑡𝑎(𝜆'𝜃#' , 𝜆' 1 − 𝜃#' ).

𝜽𝒕|𝜽𝒕(𝟏, 𝝉 ∼ 𝐷𝑖𝑟𝑖𝑐ℎ𝑙𝑒𝑡(𝜅𝑓(𝜽𝒕(𝟏, 𝛽, 𝛾)).

• Given the values at the previous step, the system can then be solved
for 𝑓 using approximations.

23

Compartmental 
Specification
𝝉 : All other parameterx

Building autocorrelation

Reff= 𝛽/𝛾



Trace plots and  posterior density plots

24

β 𝛾

𝑅!



Posterior distributions of Y and 𝜽

25

In compartment I In compartment R Daily Incidence



Modeling interventions
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Long term projection and forecasting scenarios

27

Relative reduction 5/15: 98%

Relative reduction 6/15: 93%

Relative reduction 7/15: 82%

Soc. Dist. + Travel Ban

Normal (pre-intervention)

Moderate return

Cautious return

Cautious return 5/15: 1,317 Cautious return 6/15: 25,803 Cautious return 7/15: 68,548
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Relative reduction 5/15: 89%

Relative reduction 6/15: 96%

Relative reduction 7/15: 61%

21-day lockdown

28-day lockdown

42-day lockdown

56-day lockdown
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Lockdown duration - incidence

28



Was lockdown effective in India?
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Lockdown Period



Scaling up health care infrastructure

Health Care 
Capacity

Then End of 2020

Tests per day 3000 A million 

Price of RT-PCR Rs. 12,000-15,000 Rs. 400-950
ICU Beds 21000 63000

Isolation Beds 173000 1.55 million
COVID care centers 1900 15400

30



Characterizing Nation versus State Heterogeneity

31



Phase 2: Updating projections was important
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COVIND19.org
(Please check it out!)

33

Our contribution and  service 
as data scientists

http://covind19.org/
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Let us look at Delhi on June 15
42,829 Cases
16,427 Recovered
1,400 Fatal
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Let us look at Delhi on August 24
162,527 Cases
146,588 Recovered
4,313 Fatal
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Let us look at Delhi on October 10
306,559 Cases
278,812 Recovered
5,740 Fatal
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Let us look at Delhi on November 9
443,552 Cases
396,697 Recovered
7,060 Fatal
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Let us look at Delhi on December 15
610,447 Cases
585,852 Recoveries
10,115 Fatal
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Let us look at Delhi on March 2
639,681 Cases
627,227 Recoveries
10,911 Fatal



Phase 3: Seroprevalence surveys and 
underreporting

https://www.youtube.com/watch?v=gHakQGaEd9
g

Mr Karan Thapar: India’s Anderson Cooper for my generation 

https://www.youtube.com/watch?v=gHakQGaEd9g


Summer Internship  work of two students from ISI Kolkata:
Handling false negatives in the tests and testing bias

41

Underreporting  factor:

• For cases 10-20

• For deaths  2-5

• Infection Fatality Rate 
0.1%-0.5%

• With 0.1% IFR If 50% 
of India gets the 

infection we will have 
670,000 deaths



False negatives can give false security

42
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Estimated fatality rates associated with SARS−CoV−2 for states in India as of 31 January 2021

© COV−IND−19 Study Group
Source: covid19india.org
Note:
− Owing to lack of sufficient data, estimates from Arunachal Pradesh and Dadra and Nagar Haveli have not been included.
− Coloured blue for IFR1, red for IFR2 and green for CFR values.

𝐈𝐅𝐑𝟏 =
Observed total deaths
Estimated total cases

𝐈𝐅𝐑𝟐 =
Estimated total deaths
Estimated total cases

𝐂𝐅𝐑 =
Observed total deaths
Observed total cases

Estimated count

= Observed count
+ Unreported count

CFR: 1.44%
IFR1: 0.13%
IFR2: 0.46%
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© COV−IND−19 Study Group
Source: covid19india.org
Note:
− Owing to lack of sufficient data, estimates from Jammu and Kashmir, Dadra and Nagar Haveli, Arunachal Pradesh, Mizoram, Nagaland, Meghalaya and Andaman and Nicobar have not been
included.
− Coloured blue for URF(C) and red for URF(D) values.

𝐔𝐑𝐅𝐃 =
Observed total deaths
Estimated total deaths

𝐔𝐑𝐅𝐂 =
Observed total cases
Estimated total cases

Estimated count
= Observed count
+ Unreported count

Underreporting Factor for Cases: 11.1
For Deaths: 3.6



Summary of various serological surveys conducted in India during 2020-21.

Part B: Results from some other serological surveys conducted in India in 2020-21. 
Region Study setting Study period # of people tested % of positive samples

Delhi (Round 3) Urban September 1-5, 2020 17,409 25.1
Delhi (Round 4) Urban January 11-22, 2021 28,840 58.0

Tamil Nadu Rural and Urban October-November, 2020 26,640 26.9 (rural areas)
36.9 (urban areas)

Mumbai Urban Last half of August, 2020 3,024 (slum areas)
2,176 (non-slum areas)

45.2 (slum areas)
17.1 (non-slum areas)

Pune Urban July 20 – August 5, 2020 1,664 51.5
Chennai (Round 1) Urban July 17 – 28, 2020 12,405 18.4
Chennai (Round 2) Urban October 8 – 15, 2020 6,366 30.1
Indore Urban August 11 – 23, 2020 7,100 7.75

Karnataka Rural and urban June 15 – August 29, 2020 15,624 44.1 (rural areas)
53.8 (urban areas)

Jammu and Kashmir Rural and urban October, 2020 6,230 38.8

Latest National Serosurvey: "The 3rd sero-survey was done from Dec 
17, 2020 to Jan 8, 2021. A general population of 28,589 individuals 
were included & another group of 7,171 healthcare workers were also 
included. Above the age of 18 years the sero-prevalance was 21.4%." 

If you believe the data then there are 175M infections In India. 
Qualitatively agrees with the model estimates (120-125M)



Methodological Advances
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• SEIR-FanSy: Extension to SEIR model under false negatives

• Comparison of five different epidemiologic models

• Optimal test allocation strategies

https://www.medrxiv.org/content/10.1101/2020.09.24.20200238v1
https://www.medrxiv.org/content/10.1101/2020.09.19.20198010v2
https://www.medrxiv.org/content/10.1101/2020.12.09.20246629v2


Dangers of rapid science

https://www.nytimes.com/2020/07/20/opini
on/coronavirus-preprints.html

https://www.nytimes.com/2020/07/20/opinion/coronavirus-preprints.html


India Recently
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Summary as of March 2:

11. 6 M total cases
167 K  Active Cases
157 K Deaths
218 M tests done
16% population tested
5.1% cumulative test 
positivity rate
2.5% daily test positive rate
Case Fatality Rate: 1.4%
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India vs US
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Predictions for second wave depend on assumptions
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• Are people with AB getting reinfected?
• What fraction will be vaccinated?
• Damped Oscillations is our forecast not a huge second peak



51Effective R over time for India

3/2/2021 COVID-19 Outbreak in India

https://umich-biostatistics.shin\apps.io/covid19/ 2/2
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EVERYDAY
~10-17,000 new 
cases
~100 deaths

Updated daily
Under the metrics Tab
at covind19.org

http://covind19.org/


Moving Forward…
• There is no “the” model, ensembling is a better alternative
• Need a transparent  vaccine dissemination plan: public-private partnership
• Need an evaluation of the disruption the pandemic caused to healthcare, nutrition 

programs, immunization, education
• Need population-based periodic serosurveys (with serial follow-up to track 

seroconversions). 
• Genomic surveillance to track variants.
• Nimble policymaking (pause, push and drive) in a data adaptive way. 
• Track daily death and admissions data and compare to historical trends.
• A national follow up cohort of recovered patients (already underway)

• Public has a serious role in public health. We need to manage risk in our daily lives. 53
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Managing Risk in Our Daily Lives!
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The 2020 String Quartet

• The. Government

• The Public

• The Scientists

• The Corporations

• Conductor: The Virus

Not always in harmony
An antique cartoon from 1920
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Closing Remarks: The Humanitarian Component



57

• It is a long haul, we are tired.

• Some recommendations are eternal

• Mental health and humanitarian aspects need 
to have more focus in our discussions 

• Morbidity and mortality due to delay in care and 
from other causes need to be quantified
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Dharavi, Mumbai

Asia’s Largest Slum



Austrian Poet Rainer Maria 
Rilke said, “Let everything 
happen to you. The beauty and 
the terror. Just keep going. No 
feeling is final.”



We have to manage our personal risks!
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I flew back to India on November 1

My desk in Ann Arbor

Happy Reunion



Thank you so much for listening!
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