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Some basics 

before we proceed

doi: https://doi.org/10.1371/journal.pmed.1002611.g001Counotte et. al.

https://doi.org/10.1371/journal.pmed.1002611.g001


For COVID-19:

Serial Interval < Incubation Period
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Model used for the study of COVID-19 outbreak in India: This is an extension (considers ICU to ward shifting and reporting delay) of our 

refined model used for Germany (came online on April 10, 2020): https://gitlab.com/simm/covid19/secir/-/wikis/Report

https://gitlab.com/simm/covid19/secir/-/wikis/Report
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Susceptible, non-immune individuals

Exposed, non-infectious

Asymptomatic carriers, infectious, eventually showing 

extremely mild (nearly asymptomatic) to critical symptoms 

Absolutely asymptomatic carriers, infectious 

Infectious, symptomatic, yet to be reported as “detected” 

Infectious, showing extremely mild to mild symptoms, 

undetected

Infectious, showing extremely mild to mild symptoms, 

detected, can be treated in isolated OPDs/isolation or 

quarantine facilities/home

Infectious, showing mild to moderate symptoms currently, will 

require specialized hospital care eventually (should be treated in 

dedicated COVID-care facilities and then shifted) 

Severely symptomatic, hospitalized in dedicated COVID-

hospital wards, will not require ICU 

Severe to critically symptomatic, hospitalized in dedicated COVID-

hospital wards, require ICU eventually (can be apriori considered 

for High Dependency Unit admission)

Severely symptomatic, hospitalized in dedicated COVID-

hospital ward, shifted back from ICU 

Recovered, 

Undetected

Critical, admitted in ICU, will survive

Critical, admitted in ICU, will not survive

DeadOfficially declared as recovered + stable to discharge + other non-
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Overall Infectious Period

Temporal Reproduction Number
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𝑅𝑡 = 𝑅0 at the initial phase of the epidemic, 𝜌 𝑡 = 𝜌𝐼 and 𝑅1 𝑡 = 𝑅1𝐼

Calculated using next-generation matrix method



*For details of estimation of parameter bounds, see the appendix in our medRxiv version (Mitra, Tanmay and Khailaie, Sahamoddin et al.

https://www.medrxiv.org/content/10.1101/2020.04.04.20053637v1) of the German study. Note: the medRxiv version uses an older model version, and a

few older estimates. We provide daily updates for Germany at https://gitlab.com/simm/covid19/secir/-/wikis/Report using the refined model, specified in

this link, from April 10th onwards.
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In case all infected individuals are detected (𝛼 = 0, 𝜇 = 1), the true value of proportion of infected people

requiring specialized hospital admission for being severely symptomatic, i.e., 𝜌0 is estimated to be less

than 20%, for example, in Diamond Princess cruise ship. For India, considering its younger population, we

estimate: maximum possible value for 𝜌0 is 16.6% (can be estimated from Verity et al, 2020) whereas 𝜌
(range used for declared initial phase [ref: next slides] is 5% to 80%) will depend on test frequency as well

as test group.

First we use the estimated parameter ranges for the setting in India and specified parameter constraints

from literature to fit the real data for cumulative number of infections and deaths over a wide range of days

to get an data specific estimates of the parameters. For adaptive fitting, we only let 𝑅1 and 𝜌 to adapt with

data. The method is described in next two slides.

Parameter Estimated bounds for India
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https://www.medrxiv.org/content/10.1101/2020.04.04.20053637v1
https://gitlab.com/simm/covid19/secir/-/wikis/Report


Step-1: Fitting the data (death and infected) over a wide range of days to get an estimate of parameters using Global optimization method and multiple

starting points (we use 400 starting points).

Step-2: For each of such fitted parameter sets, (unless otherwise specified) run the simulation to capture the behaviour till first 10 days following at least

two deaths.

Step-3: Obtain cost functions for each of the simulations associated with the fitted parameter sets.

Step-4: Take the best 5 parameter sets. For each of these sets, plot and verify whether they really give good result for the initial phase of the outbreak.

It’s important to formulate the cost function in log-scale for this initial phase to truly identify the best parameter sets.

Step-5: Obtain 𝑅0 for each of these parameter sets.

Step-6: Declare an initial phase of the outbreak for which window fitting would be avoided. Unless otherwise specified, window fitting is not started till at

least one death is reported. Run simulations for this initial phase using the best parameter sets.

Method: Determination of the true nature of the initial phase of the outbreak and estimation of 𝑹𝟎



Method: Adaptive window-fitting 

Step-7: Following the declared first phase, use each of the best 5 parameter sets obtained from step (1) and estimate 𝑅1(contact frequency

dependent transmission rate) and 𝜌 (test frequency dependent actual proportion of symptomatic people who require dedicated hospitalized case) in

time-window shifting of 10 days. During adaptive window-fitting, we use a range of [0.01 to 1.25𝜌𝐼] to obtain the global minimum, 𝜌𝐼 being the

estimated best parameter for the declared initial phase.

Step-8: Calculate temporal reproduction number (𝑅𝑡) and report for each of the window (note: 𝑅𝑡 can be more than 𝑅0 due to temporal fluctuation) for

each of the best parameter sets.

Initial conditions: We explicitly consider the travel history (which is

provided till 26th of April, 2010) of each of the reported cases. We place the

imported cases (for a particular state, cases from abroad and other states

are considered as imported) as exposed at an earlier time-point based on

the estimated incubation period and reporting delay. We update total

number of population at each day.

Choice of initial conditions in a proper manner is important. Even though,

initial conditions do not alter the disease-equilibrium of the system or the

peak level of compartmentalized (e.g., reported infections) entities, it does

have impact in true determination of 𝑅0 (initial phase: outbreak trajectory is

away from disease-equilibrium) while fitting the parameters to obtain best fit.

Population count for each of the states was taken from 2019 projection of

the census data in India.

Example of adaptive-window fitting (courtesy: Khailaie, Sahamoddin) 

+ Reporting delay



OUTLINE OF THE RESULTS

Temporal variation of time-
dependent reproduction number 

is shown for each state and India.

Model fitting along with the 
available data is shown for India 

and each analysed state

For India as a country, for most 
affected state in terms of reported 

cases Maharashtra, for most 
populous state Uttar Pradesh and 

for most affected in terms of 
infection density Delhi, number of 
averted infections and deaths are 

shown.

Projection for undetected case is 
shown for India.

Test frequency (average number 
of tests done per one reported 
case, measured in terms of the 
ratio of cumulative number of 

tests done till a day and 
cumulative number of cases till its 
previous day) is depicted for each 

analysed state wherever 
available as well as for India.

Projected usage of specialized 
hospital bed (meant for severe 

cases), and ICUs; and number of 
critical patients (ICUs + the ones 

in specialized bed eventually 
requiring ICU) in past are shown

Short term (20 days), 
intermediate (40 days) and 

prolonged (60 days) projections 
have been shown for healthcare 
usage for India as a country and 

for Maharashtra. For all other 
states, intermediate (40 days) 

projections are depicted. 

Till our work in the level of districts finishes, for the moment, crude district levels projections can be drawn based on the share of positive cases in a particular state. 



WORDS OF CAUTION

It is important to understand that these numbers will adaptively change: Any long-term prediction is bound to change.
Hence, we should take these numbers for preparatory scenarios and alter our decisions accordingly.

Results are based on authenticity of the available data (https://www.covid19india.org/ and https://www.mohfw.gov.in/).
Few states, for example, West Bengal and to some extent Delhi as well as Gujarat have been criticized in recent pasts
over the authenticity of the official information. There have been occasional questions on data provided by several other
states as well. To aid any modelling for prepare better to tackle the crisis, we request India to give special attention to
provide true daily updates, and not to hide any information.

Inter-state travel history is not available after 26th of April. As India has recently allowed special trains to run, without the
availability of the extensive travel history and date of arrival at a destination and lack of sufficient data regarding success
of quarantining upon arrival of our fellow guest workers, the real scenario might deviate a bit, particularly for the states
which are receiving back the guest workers from majorly affected states, for example, West Bengal.

https://www.covid19india.org/
https://www.mohfw.gov.in/


TREND DETAILS FOR FUTURE PROJECTIONS

Trend Contact dependent transmission Hospitalization of severe cases

Present: Scenario 1 Average of last 15 days 

(5 window-history)

Most probable value of the projected rates 

calculated till now from adaptive fitting

Present: Scenario 2 Average of last 25 days 

(10-window-history)

Most probable value of the projected rates 

calculated till now from adaptive fitting

Relaxed: Scenario 1 30% reduction compared to contact dependent 

transmission before lockdown

Average# value of the projected rates 

calculated till now from adaptive fitting

Relaxed: Scenario 2 20% reduction compared to contact dependent  

transmission before lockdown

Average# value of the projected rates 

calculated till now from adaptive fitting

Relaxed: Scenario 3 10% reduction compared to contact dependent 

transmission before lockdown

Average# value of the projected rates 

calculated till now from adaptive fitting

Stricter: Scenario 1 50% reduction from the median of last 25 days Most probable value of the projected rates 

calculated till now from adaptive fitting

Stricter: Scenario 2 35% reduction from the median of last 25 days Most probable value of the projected rates 

calculated till now from adaptive fitting

Stricter: Scenario 3 20% reduction from the median of last 25 days Most probable value of the projected rates 

calculated till now from adaptive fitting

#In relaxed scenarios when contact frequency rises, with the current efficiency of trace-test-treat, a greater number of people with mild

symptoms would remain undetected, thereby proportion of the detected symptomatic cases who would require specialized care is likely

to rise, and hence the average value of the projected rates till now is considered instead of the most probable value of the projected

rates till now. This is a kind of conservative assumption (the actual proportion of the detected symptomatic cases who would require

specialized care, might be higher).



INDIA

Map: https://www.covid19india.org

https://www.covid19india.org/






















This is calculated from the ‘declared initial phase of the outbreak’ as mentioned in the method section. A greater value for basic reproduction

number (calculated in this way) as well as large variation for Tamil Nadu (TN), Andhra Pradesh (AP), Madhya Pradesh (MP) and Jammu & Kashmir

(JK) can be attributed to (1) low (and variable) test frequency during that period, and (2) insufficient information regarding the date of arrival of the

imported cases (our method places the imported cases as exposed before total duration calculated including incubation period and reporting delay.

States where local transmission has started later due to placed lockdown tend to have a lower basic reproduction number.

MH = Maharashtra, GJ = Gujarat, DL = Delhi, RJ = Rajasthan, TN = Tamil Nadu, UP = Uttar Pradesh, TG = Telangana, WB = West Bengal, KN = Karnataka, PB = Punjab,

BH = Bihar, HR = Haryana, OD = Odisha, IN = India.



Despite having so many undetected cases around (at least around 800000 till 31st of May 2020), the effective reproduction number which, in a 

way, represents the extent of immunized population, has not seen almost any drop as compared to the basic reproduction number in the 

beginning of the outbreak. It means that only a tiny fraction of the total Indian population has attained immunity following the infection, thereby 

implicating that with lockdown being lifted, we are likely to back to the pre-lockdown situation and all the efforts so far would likely to see a 

failure in that case. 
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Prolonged Projections
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MAHARASHTRA

Map: https://www.covid19india.org
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GUJARAT

Map: https://www.covid19india.org
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MADHYA PRADESH

Map: https://www.covid19india.org
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Map: https://www.covid19india.org
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Intermediate Projections
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TAMIL NADU

Map: https://www.covid19india.org
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Intermediate Projections
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UTTAR PRADESH

Map: https://www.covid19india.org
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Intermediate Projections

(40 days)













ANDHRA PRADESH

Map: https://www.covid19india.org
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Intermediate Projections
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TELANGANA

Map: https://www.telangana.gov.in/about/districts

https://www.telangana.gov.in/about/districts














Intermediate Projections
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WEST BENGAL

Map: https://www.covid19india.org
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Intermediate Projections
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JAMMU AND KASHMIR

Map: https://www.covid19india.org

https://www.covid19india.org/
















Intermediate Projections
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KARNATAKA

Map: https://www.covid19india.org

https://www.covid19india.org/
















Intermediate Projections
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Map: https://www.covid19india.org
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Intermediate Projections
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Intermediate Projections

(40 days)













HARYANA

Map: https://www.covid19india.org
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Map: https://www.covid19india.org
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Estimate of the development of the epidemic reproduction number Rt from Coronavirus SARS-CoV-2 case data and implications for political 

measures based on prognostics. medRxiv [https://www.medrxiv.org/content/10.1101/2020.04.04.20053637v1: an older version of our study on 
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http://india.secir.theoretical-biology.de/
http://india.secir.theoretical-biology.de/
https://gitlab.com/simm/covid19/secir/-/wikis/Report
https://www.medrxiv.org/content/10.1101/2020.04.04.20053637v1


SPECIAL MENTION

We note that a group of Indian scientists has independently developed (appeared online on 18th of April, 2020) a 
model, equivalent to a simpler variant of our model used for Germany (appeared online on 10th of April, 2020: 
https://gitlab.com/simm/covid19/secir/-/wikis/Report) to extensively study the impact of various kinds of lockdown 
strategies and its probable impact on different Indian states (https://indscicov.in/for-scientists-healthcare-
professionals/mathematical-modelling/indscisim/) based on assumed number of individuals in different compartments. 

Results from their study have shown that asynchronously placing one third of the workplace into lockdown periodically 
(staggered asynchronous lockdown) can be effective. On the other hand, our initial results suggest that staggering the 
workforce considering the risk quotient (details in next slide) in the families of the individuals and distribute them as 
staggered workforce into different time-shifts (with sufficient gap between these groups to prevent interaction among 
these groups) gives optimal results in terms of the health care usage and maximization of working hours. 

https://gitlab.com/simm/covid19/secir/-/wikis/Report
https://indscicov.in/for-scientists-healthcare-professionals/mathematical-modelling/indscisim/


Categorize families: (i) All family members belong to high-risk group, (ii) Two or more family members belong to high-risk group, (iii) Only 

one family member belongs to high-risk group, (iv) None in the family belongs to high-risk group. 

Red cards: all persons living under category (i) and high-risk candidates living in category (ii) & (iii). 

Orange cards: low-risk family members living under category (ii)

Purple cards: low-risk family members living under category (iii)

Green cards: all members living in category (iv)

Divide the official time into three time-shifts and stagger the activity of the people based on the categories they belong to, e.g., 

Time-shift 1: Allow all green-card holders to move, come to work and commute (mask must).

Time-shift 2: All purple card holders to move come to work and commute (mask, face shield, gloves must).

Time-shift 3: Only those orange card holders who cannot really work from home because of the nature of the service they do, 

could be allowed to move, come to work and commute (mask, face shield, gloves must). 

The red-card holders must stay at home, and others should be encouraged to support them. The office (for example, essential 

files or any such things) should reach to the red-card holders who work in government offices in important posts. 



WORKING GROUP

Dr. Tanmay Mitra: Lead author; Developer of the model, protocols and codes; Parameter estimation; Literature review; 
Calculation of the formula for reproduction number, Analysis; Documentation; Data acquisition. 

Ms. Mrinalini Ranjan: Data acquisition and data formatting. 

Prof. Michael Meyer-Hermann: Protocol design, Supervision.

A few other departmental members may eventually be part of the final version of our study on India when 
published as a research paper.

Cite as: Mitra et. al. 2020, Data based state-specific mathematical modelling, 𝑹𝒕 estimation, and adaptive future prediction for 

COVID-19 outbreak and usage of healthcare system in India (HZI-SIMM Study)

Correspondence:

(1) Tanmay.Mitra@helmholtz-hzi.de/ tmitraphys@gmail.com

mailto:Tanmay.Mitra@helmholtz-hzi.de/
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WEB LINKS

The summary of the suggested key political decisions:  
https://gitlab.com/simm/covid19/india.secir/raw/master/static/summary.pdf

Relevant explanations for political decisions based on the presented results: Is India ready for unlocking 
lockdown? By Dr. Tanmay Mitra, Department of Systems Immunology, Helmholtz Centre for Infection Research, 
Braunschweig, Germany. https://gitlab.com/simm/covid19/india.secir/raw/master/static/article.pdf

This presentation can be accessed through: 
https://gitlab.com/simm/covid19/india.secir/raw/master/static/modeling_work.pdf

All materials for our study on India is available at: http://india.secir.theoretical-biology.de

https://gitlab.com/simm/covid19/india.secir/raw/master/static/summary.pdf
https://gitlab.com/simm/covid19/india.secir/raw/master/static/article.pdf
https://gitlab.com/simm/covid19/india.secir/raw/master/static/modeling_work.pdf
http://india.secir.theoretical-biology.de/


Thanks!
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