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This century has witnessed several exotic viral infections more frequently and more 
complex

• SARS

• MERS

• EBOLA

• YELLOW FEVER

• ZIKA

• NIPAH

COVID-19 Pandemic
Why??

Possible reasons:

• Change in environment and ecology
• Rapid urbanization
• Extreme connectivity
• Neglected public health 
• Inadequate spending on health



Largest democracy with respect to peoples voices to recalibrate its intervention 
measures:

• Serious from the beginning

• Whole of government approach

• Calibrated, proactive, pre-emptive, graded RESPONSE

• Science driven with best practices and evidence based

• Strong leadership with excellent communication

• 5T strategy: Test-Track-Trace-Treat-Technology

• Resisted concept of herd immunity!

COVID-19 Pandemic 
India’s Response



Testing

1st Wave & 2nd Wave



Upscaling Testing Facilities
‘Laboratory in Every District of India’

Staff Trained in 
Molecular Virology

Calibrated & 
Functional RT-PCR

Calibrated & 
Functional BSL-2 

Functional Autoclave

Biomedical Waste Disposal Policy

Cold Centrifuge

Pipettes, consumables

14 Mentor Institutes Labs in Difficult TerrainsBasic pre-requisites

• 522/542 Medical Colleges equipped
• 664/741 districts have RTPCR testing labs
• All districts have RAT testing facility.Indian J Med Res. 2020 Feb & Mar;151(2 & 3):216-225



Gazette Notification
Equipped BSL-2 Mandatory for MCI Registration 



Molecular Tests for COVID-19 

TrueNat CBNAATStandard RT-PCR
Abbott machines

+ Other USFDA 
Approved 

Closed 
Platforms

COBAS 6600/8800

Existing Molecular Tests

New Molecular Tests/ Methods

CRISPR/FELUDA Test Dry Swab MethodRT-LAMP Assays SARS-CoV-2 in saliva



Point-of-care Molecular ‘TrueNat’
‘Laboratory in a suitcase’

2530 TruelabTM workstations operational 
1008 sites in 530 districts of India

• Portable, battery operated, fully automated chip-based RT-
PCR system, weighing ~3kg

• Remote areas, network data transfer & automated reporting
• Sample collected in viral lysis buffer
• Minimum biosafety & biosecurity requirements
• Results available in 45 minutes

• WHO approved & used for TB diagnosis since 2018
• Repurposed for COVID-19 testing since April 2020
• Repurposed for Nipah & Leptospirosis

• thelancet.com/journals/lanmic/article/PIIS2666-5247(20)30164-6/fulltext
• Indian J Med Res Epub ahead of print DOI: 10.4103/ijmr.IJMR_2363_20 
• https://www.who.int/tb/areas-of-work/laboratory/en/



High Throughput Laboratories

State of Art High Throughput Machines

• Regional Medical Research Centre, Bhubaneswar
• Rajendra Memorial Research Institute, Patna
• National Centre for Disease Control, Delhi
• National Institute for Research in Reproductive Health, Mumbai
• National Institute for Cholera & Enteric Disease, Kolkata 
• MLN Medical College, Allahabad
• National Institute for Research in Tuberculosis, Chennai

• National Institute for Cytology & Preventive Research, Noida 
(Multiple RT-PCR platforms)

Minimum Human Intervention

Tests: 1500-4000 samples/day



Mobile RTPCR COVID-19 Testing

• Joint initiative of Spice-Health & ICMR

• Inaugurated by Hon’ble HM on Nov. 23, 
2020

• Testing capacity upto 2,000 samples/day

• 10 labs deployed. Target - 100



27th May 2021: 1336 diagnostic commodities evaluated

Self Reliance ‘Atmanirbhar Bharat’
Products validated at 24 ICMR Approved Validation Centres
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COVID-19 Testing commodities cost trends

RT-PCR Kit

Total cost of one RTPCR test is INR 135 today as 
compared to INR 1727 in May 2020

Validated by ICMR Availability on GeM

Evaluated Approved Indigenous Product Vendor

VTM 260 220 208 871 88

RNA kits 277 174 114 669 56

RTPCR kits 365 165 95 564 63

RAT 118 42 34 78 13

Rapid Ab 209 26 19 76 22

ELISA kit 107 30 21 39 18

PCR Machines - - - 375 29

RNA Extractors - - - 47 21



Import Dependence to Export Surplus 
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Mission ‘Lifeline Udaan’

• During the lockdown (March 24 to May 31, 2020: 4 phases) Ministry of Civil Aviation, 
Indian Air Force, GOI implemented a special mission

• The 24X7 mission launched to carry consumables, testing commodities, medical 
supplies to various parts of the country

• Special flights commissioned to ensure timely delivery of testing commodities to 
various parts of the country

Partners

Indian RailwayIndia Post
Indian AirforceCivil Aviation



Calibrated Expansion of Testing

Feb: RTPCR Mar April: TrueNat

Travellers

Healthcare workers

SARI patients

Contacts

Travellers

Healthcare workers

Travellers

SARI patients

Contacts

Clusters
ILI symptomatic

Pooled Testing

Healthcare 
workers/frontline workers

Travellers

SARI patients

Contacts

Clusters
ILI symptomatic

Pooled Testing

May

Pregnant women & symptomatic 
neonates

Hospitalised ILI 
patients

Symptomatic ILI 
among returnees and 
migrants

Hospitalised ILI 
patients

Symptomatic ILI 
among returnees and 
migrants

Healthcare 
workers/frontline workers

Travellers

SARI patients

Contacts

Clusters
ILI symptomatic

Pooled Testing

June: Antigen Test

Pre-surgery

Immunocompromised

Hospitalised ILI patients

Symptomatic ILI among returnees and 
migrants

Healthcare 
workers/frontline workers

Travellers

SARI patients

Contacts

Clusters
ILI symptomatic

Pooled Testing

Pre-surgery

Immunocompromised

High risk people

Testing on demand

Atypical & severe COVID-19

September: On demand



Testing Laboratory at Iran

ICMR-NIV Lab at Indian Embassy in Tehran

• Shia pilgrims (>6,000) stranded in Iran in Feb. 2020
• ICMR-NIV, Pune set-up RTPCR lab in Embassy of India, Tehran

• 2,028 samples collected from 5 cities
• 308 (15%) samples tested positive for SARS-CoV-2
• Special flights operated by Indian Air Force & Iranian Airlines for repatriation



Inventory: Demand Forecasting  
(National / State / Depot)

To enable information on stock-out status, lab
requirements & suggestive dispatch quantities:
Launched in April 2020

20 ICMR depots for seamless 
distribution of testing commodities



CV Analytics: Testing Data Portal

Dashboard

• One of the largest testing database in the world

• Hosted by ICMR



Capacity Assessment: Matching Procurements

Nuanced models for 
robust projections of 
testing commodities

Tendering platform 
of GOI used and 

fast-tracked

GOI GEM portal used for 
procurement , vendor 

registration registration

Upstream 
Supply
Chain

1 2

3

Streamlining procurement process

Type of machine: 
RNA/PCR/high 

throughput

Type of stock mix

Operating hoursManpower

Capacity Assessment

Indian J Med Res. 2020 Feb & Mar;151(2 & 3):210-215



25
crore
2nd April 
21

2589 COVID-19 Govt & Private  
Molecular Testing Labs

12 high throughput COBAS 
6600/8800 machines

>7000 RTPCR and >3800 
TrueNat & CBNAAT  machines

Cumulative 10 crore tested

Cumulative 20 crore tested

COVID-19 Testing Network

30
crore
7th May 21



Testing

Second Wave



COVID-19 Testing: Challenges

• India facing a massive upsurge in COVID-19 cases 

• Weekly (May 22-28) test positivity rate is 9.3%

• Early testing, isolation and home-based care key to control transmission

• RTPCR testing capacity ~12-13 lakhs/day

• RAT testing capacity also ~17 lakhs/day

• Laboratories working 24X7 to meet the increased testing demand

• Despite infection among laboratory staff  test performance still maintained



COVID-19 Testing & Positivity Rates

May 2021: Total tests / day: 19-22 lakhs (11.5 lakh RTPCR + 10.5 lakh RAT)

May 19, 2021: 22,17,320 (Highest ever in the world)

23%

8.5% (May 28)

8 lakh tests

22 lakh tests



• Rationalize RTPCR tests

• Increase RAT testing for early detection, isolation and home care

• COVID-19 tests approved by reputed global agencies accorded 
marketing permission by DCGI

• Home testing

ICMR: Testing in Second Wave



TrueNat CBNAAT

PHASE II: District Level

PHASE I: Large cities / Urban areas

RT-PCR

PHASE III:  Field Level / Rural areas

Antigen Tests

Abbott  machines

Testing During Second Wave

RT-PCR is the standard test

Molecular assays with short turn-around-time 

Rapid Antigen tests to increase access & availability

# Important to upscale field testing to detect cases early & isolate them to reduce transmission



• Multiple 24X7 RAT booths to be set up in cities, towns and villages

• RATs to be allowed at all government and private health care facilities (No
accreditation required)

• RAT booths to be set up with the community in schools, colleges, community
centers, RWA offices etc

• All RTPCR and RAT test results should be uploaded on ICMR portal

• Social distancing norms to be ensured at all RAT & RTPCR testing centers

Second Wave: Increase RAT Testing



Augmenting Testing in Rural India

• One mobile testing van /10 villages
• Testing modality: RAT

• Testing at PHCs/CHCs/subcenters (N=1,87,601)
• Testing modality: RAT + Primary COVID care

Testing option  2Testing option  1

Test +
Link with

Jan Aushadhi Kendra

Test -
Link with

Symptomatic
Collect sample for testing at nearest RTPCR facility

Symptomatic:
Collect sample for 
testing at nearest 

RTPCR facility

Data Capture Modalities into ICMR portal to be ensured



Home Testing

1
Buy test kit from Chemist shop

2
• Download mobile app 
• Register
• Read user manual

3
Conduct the test

4
• Click mobile image and upload
• Mobile phone gives test result

• Ensured patient confidentiality

• Data stored in secure server

• Linked with ICMR database



Research



National Task Force on COVID-19 
Notified 18th March 2020

Provide: 
Oversight for 

all ongoing 
research 

Explore: 
Newer, re-
purposed  
treatment 

options 

Recommend: 
Required 

clinical trials 
(drug/vaccine)

Develop: 
Clinical 

Management 
Protocols

Advise: Govt. 
on lockdown  & 

containment 
strategies

Calibration: of 
testing strategy

Develop: 
Advisories: 
Discharge 
policy etc.



Research/Guidelines /Advisories

Letters to States/ 
Stakeholders

Advisories on 
ICMR website

Press Briefing



ICMR’s Global Scientific Publications

Public health 
& 

Epidemiology 

20

Clinical 
Research 

6

Therapeutics 

12

Vaccine

13

Viral Variants

15

Diagnostics

8

Bioethics

2

Maternal & 
Child health

9

Traditional 
Medicines

9

Psychosocial & 
Behavioural

5

Others 
(Mitigation, Prevention, AI, Information 

Science, NCDs, Malaria etc) 

12

Total = 111



International Symposium 
Science and Ethics of Vaccines

July 30, 2020



Vaccine Portal of India

https://vaccine.icmr.org.in



International Symposium on One Health
April 12, 2021

Discussion on research informing biosafety, preparedness and response



Therapeutics



Pepsin digestion for 
purification of F(ab’)2 

fragments

Antibody titration of 
purified bulk samples by 

PRNT

Purity check of 
antiserum by 

SDS-PAGE

Anti-serum for 
SARS-CoV-2

Equine Hyperimmune Globulin
ICMR-NIV, Pune & Biological Evans/Serum Institute of India/CRI Kasauli

Immunotherapy, Vol.7 Iss.2 No:1000172 

SARS-CoV-2 
Inactivated

whole antigen

Horse 
inoculation 

Collection of 
plasma after 21 

days 

Pooling of plasma for 
purification

Testing for presence of 
antibodies by PRNT and ELISA

Purification of IgG
antibodies

Next steps:
• Preclinical studies
• Human studies 



Human Monoclonal Antibodies

4. cDNA synthesis followed by
5’ RACE and antibody gene amplification

2. Isolation of 
PBMCs

6. Co-transformation Heavy chain 
and Light chain vectors

5. High throughput Ab cloning3. Ag-specific memory B 
cell single cell sorting

8. Co-transfection for 
mAbs expression

9. mAbs purification, 
Analysis of specificity

1. Samples (May) from 42 
Exposed/Recovered Individual

10. Neutralizing potential & 
affinity analysis

7. Colony PCR & 
sequencing

Protocol adopted from Emory Vaccine Center (Rafi Ahmed, Murali Kaja, Carl Davis) Optimized protocol

Next Steps:
• 3D structural analysis
• Final formulation for delivery
• Technology Transfer 
• Preclinical testing 
• Commercial manufacture
• Clinical Trials

ICMR (HQ/NIMR/NIV) * ICGEB EMORY VACCINE CENTRE(USA) DBT
Funding/Technical/Field Support Implementing site Technical support/ Antibody characterization Technical Support

Steps 1-10
Work Completed



Convalescent Plasma: (PLACID Trial)

39 public/private hospitals

Total number of patients (n=464)

Interventional arm (n=235)
2 doses of convalescent plasma (200 ml 
in each dose) and best standard of care

Control arm (n=229)
Best standard of care

Intervention with 
convalescent 
plasma

Results: Outcome 
at 28 days of 
enrolment

19% progressed to severe disease/all 

cause mortality  (n=44)

18% progressed to severe 

disease/all cause mortality (n=41)

risk difference 0.008 (95% confidence interval 
−0.062 to 0.078); risk ratio 1.04, 95% 
confidence interval 0.71-1.54

Convalescent plasma did not lead to reduction in progression to severe covid-19 or all cause mortality

Inclusion criteria:
•Adults ≥18 years of age with confirmed moderate COVID-19
•PaO2 /FiO2: 200 - 300 mm Hg; 
•Respiratory rate > 24/min; 
•O2 saturation ≼93%.

BMJ. 2020 Oct 22;371:m3939

22 April to 14 July 
2020

During lockdown



WHO SOLIDARITY Trial 

• Multi-country, RCT, Adaptive design, Remdesivir and Interferon

• Globally: 30 countries, 405 hospitals, 14,029 randomized

• In India: ICMR-NARI, April 2020, 26 hospitals, 1,048 adults

• Interim Analysis: (n=11,266)

Remdesivir, Hydroxychloroquine, Lopinavir and Interferon - little
or no effect on overall mortality, initiation of ventilation and
duration of hospital stay

NEJM; 2021; 384:497-511 DOI:10.1056/NEJMoa202318



Screening Antiviral Property 
Natural/Synthetic Compounds & Repurposed Drugs

ICMR-NIV, Pune



Clinical Studies



MoHFW ICMR

AIIMS NIMS

http://icmrcovidregistry.nic.in/

National COVID-19 Clinical Registry

http://icmrcovidregistry.nic.in/


2nd Wave: What Has Changed?

Data available for hospitalized patients from 40 hospitals across the country from 1 Sep 2020 to 11 May 2021

Source: https://www.worldometers.info/coronavirus/country/india/
(Note: Worldometer sources the number of COVID-19 cases, as provided by the state bulletins) 

https://www.worldometers.info/coronavirus/country/india/


1st Vs 2nd Wave N=18,985 

2nd Wave n=6903
1 Feb to 11 May 2021 

1st Wave n=12082
1 Sep 2020 to 31 Jan 2021

P

Age in years, Mean (SD) 48.7 (18.1%) 50.6 (18.0%) <0.001

Age categories
0-19 years (n=763)
20-39 years (n=4,697)
40-60 years (n=7,691)
>60 years (n=5,843)

304 (4.4%)
1,829 (26.5%)
2,853 (41.3%)
1,917 (27.8%)

459 (3.8%)
2,868 (23.7%)
4,838 (40%)

3,917 (32.4%)

<0.001

Male (n=12,302) 4,401 (63.8%) 7,901 (65.4%) 0.02

Days: Symptom onset to admission, 
median (IQR)

3 (1,5) 4 (2,6) <0.001

One or more comorbidities (n= 9,925) 3,171 (47.4%) 6,754 (56.2%) <0.001

Symptomatic (n=15,756) 10,351 (85.7%) 5,405 (78.3%) <0.01



*Statistically significant comparisons
Data labels are n(%) 

Presenting complaints in 
patients of 1st (n=10351) vs. 

2nd wave (n=5405)



2nd Wave
n=3,259

1st Wave
n=11,189

P 

Requiring supplemental oxygen, n(%) 1,638 
(50.3 %)

4,777 
(43.2%)

<0.001

Requiring mechanical ventilation n(%) 260 
(15.9%)

530 
(11.1%)

<0.001

Duration of hospital stay in days, 
median (IQR)

6 
(4,9)

7 
(5,10)

<0.001

1st Vs 2nd Wave N=14,448 



70% of admitted patients ≥ 40 years of age in both waves

• 0-19 years (3.8% to 4.4%), 

• 20-39 years (23.7% to 26.5%)

There were some increase patients in younger age groups

• Lower proportion of admitted patients had comorbidities 

• Higher proportion had shortness of breath

• Higher proportion developed ARDS 

• Higher proportion required oxygen & subsequently mechanical ventilation

In 2nd wave

• Mortality higher in 2nd wave in all age groups except 0-19 years 

• Mortality in younger age group lower than the >60 years age group 

In 2nd wave, mortality in admitted patients was higher  (13.3% vs.10.2%) 

1st Vs 2nd Wave



Outreach



                                     
 

  

AIIMS/ ICMR-COVID-19 National Task Force/Joint 
Monitoring Group (Dte.GHS) 

Ministry of Health & Family Welfare, Government of India 
CLINICAL GUIDANCE FOR MANAGEMENT OF ADULT COVID-19 PATIENTS 

22nd April 2021 

 

  

 

 

 

 

 

 

   

 

 

  

 

 

 

 

 

 

 

  

 

 

 

 

Moderate disease 

After clinical improvement, discharge 

as per revised discharge criteria. 

Any one of: 

1. Respiratory rate > 24/min, breathlessness 

2. SpO2: 90% to < 93% on room air 

COVID-19 patient 

 

Mild disease 

Any one of: 

1. Respiratory rate >30/min, breathlessness 

2. SpO2 < 90% on room air 

 

    Home Isolation & Care 

MUST DOs 

✓  Physical distancing, indoor mask 

use, strict hand hygiene. 

✓  Symptomatic management 

(hydration, anti-pyretics, anti-

tussive, multivitamins). 

✓  Stay in contact with treating 

physician. 

✓  Monitor temperature and oxygen 

saturation (by applying a SpO2 

probe to fingers). 
 

Seek immediate medical attention if:   

o Difficulty in breathing 

o High grade fever/severe cough, 

particularly if lasting for >5 days 

o A low threshold to be kept for 

those with any of the high-risk 

features* 

 

ADMIT IN ICU 
 

Respiratory support 

• Consider use of NIV (Helmet or face mask interface 
depending on availability) in patients with increasing 
oxygen requirement, if work of breathing is LOW. 

• Consider use of HFNC in patients with increasing oxygen 
requirement. 

• Intubation should be prioritized in patients with high 
work of breathing /if NIV is not tolerated.  

• Use conventional ARDSnet protocol for ventilatory 
management. 
 

Anti-inflammatory or immunomodulatory therapy 

• Inj Methylprednisolone 1 to 2mg/kg IV in 2 divided 
doses (or an equivalent dose of dexamethasone) usually 
for a duration 5 to 10 days. 
 

Anticoagulation 

• Weight based intermediate dose prophylactic 
unfractionated heparin or Low Molecular Weight 
Heparin (e.g., Enoxaparin 0.5mg/kg per dose SC BD). 
There should be no contraindication or high risk of 
bleeding. 
 

Supportive measures 

• Maintain euvolemia (if available, use dynamic measures 
for assessing fluid responsiveness). 

• If sepsis/septic shock: manage as per existing protocol 
and local antibiogram. 

•  
Monitoring 

• Serial CXR; HRCT chest to be done ONLY if there is 
worsening. 

• Lab monitoring: CRP and D-dimer 24-48 hourly; CBC, 
KFT, LFT daily; IL-6 to be done if deteriorating (subject to 
availability). 

*High-risk for severe disease or mortality 
✓  Age > 60 years 
✓  Cardiovascular disease, hypertension, and CAD 
✓  DM (Diabetes mellitus) and other immunocompromised 

states 
✓  Chronic lung/kidney/liver disease 
✓  Cerebrovascular disease 
✓  Obesity 
 

ADMIT IN WARD 
 
Oxygen Support: 
✓  Target SpO2: 92-96% (88-92% in patients with COPD). 

 
✓  Preferred devices for oxygenation: non-rebreathing face 

mask. 
 

✓  Awake proning encouraged in all patients requiring 
supplemental oxygen therapy (sequential position 
changes every 2 hours). 
 

Anti-inflammatory or immunomodulatory therapy  
✓  Inj. Methylprednisolone 0.5 to 1 mg/kg in 2 divided 

doses (or an equivalent dose of dexamethasone) usually 
for a duration of 5 to 10 days. 

✓  Patients may be initiated or switched to oral route if 
stable and/or improving.  

 
Anticoagulation 
✓  Conventional dose prophylactic unfractionated heparin 

or Low Molecular Weight Heparin (weight based e.g., 
enoxaparin 0.5mg/kg per day SC). There should be no 
contraindication or high risk of bleeding. 

 
Monitoring 
✓  Clinical Monitoring: Work of breathing, Hemodynamic 

instability, Change in oxygen requirement.  
 

✓  Serial CXR; HRCT chest to be done ONLY If there is 
worsening.  

 
✓  Lab monitoring: CRP and D-dimer 48 to 72 hrly; CBC, 

KFT, LFT 24 to 48 hrly; IL-6 levels to be done if 
deteriorating (subject to availability). 

Severe disease 

EUA/Off label use (based on limited available evidence and only in specific circumstances): 

✓  Remdesivir (EUA) may be considered ONLY in patients with 

o Moderate to severe disease (requiring SUPPLEMENTAL OXYGEN), AND  

o No renal or hepatic dysfunction (eGFR <30 ml/min/m2; AST/ALT >5 times ULN (Not an 

absolute contradiction), AND 

o Who are within 10 days of onset of symptom/s. 

✓  Recommended dose: 200 mg IV on day 1 f/b 100 mg IV OD for next 4 days. 

o Not to be used in patients who are NOT on oxygen support or in home settings 

 

✓  Tocilizumab (Off-label) may be considered when ALL OF THE BELOW CRITERIA ARE MET 

o Presence of severe disease (preferably within 24 to 48 hours of onset of severe 

disease/ICU admission). 

o Significantly raised inflammatory markers (CRP &/or IL-6). 

o Not improving despite use of steroids. 

o No active bacterial/fungal/tubercular infection. 

✓  Recommended single dose: 4 to 6 mg/kg (400 mg in 60kg adult) in 100 ml NS over 1 

hour.  

✓  Convalescent plasma (Off label) may be considered ONLY WHEN FOLLOWING CRITERIA ARE MET 

o Early moderate disease (preferably within 7 days of symptom onset, no use after 7 days). 

o Availability of high titre donor plasma (Signal to cut-off ratio (S/O) >3.5 or equivalent 

depending on the test kit being used). 
 

 

Upper respiratory tract symptoms 

(&/or fever) WITHOUT shortness 

of breath or hypoxia 

MAY DOs 
Therapies based on low certainty of 
evidence 
 
✓  Tab Ivermectin (200 mcg/kg once 

a day for 3 days). Avoid in 

pregnant and lactating women. 

OR 

✓  Tab HCQ (400 mg BD for 1 day f/b 

400 mg OD for 4 days) unless 

contraindicated. 

✓  Inhalational Budesonide (given 

via Metered dose inhaler/ Dry 

powder inhaler) at a dose of 800 

mcg BD for 5 days) to be given if 

symptoms (fever and/or cough) 

are persistent beyond 5 days of 

disease onset. 

Department of Medicine, AIIMS (ND) 

Management Protocol 
National Task Force





Surveillance Studies



• Covid ‘Kawach’ Elisa

• Used for Serosurveys starting April 2020

• Developed by NIV, Pune

• Technology transferred to Zydus Cadila & seven other companies

• To check presence of IgG (determine past SARS-CoV-2 exposure)

Indigenous ELISA

Indian J Med Res. 2020 May; 151(5):444-449



• 70 districts, 700 villages/wards
• From 21 states
• Multistage cluster sampling
• 10 villages/wards from each district
• Selected based on Population Proportionate to Size (PPS)

May/June, 2020

Age: ≥ 18 yrs

Seroprevalence: 0.73% 

Aug/Sept, 2020

Age: ≥ 18 yrs

Seroprevalence: 7.1%

Dec/Jan, 2021

Age: ≥ 10 yrs + HCWs

Seroprevalence: 24.1%

1

2

3

National Serosurveys

• Indian J Med Res; 2020 Jul & Aug;152(1 & 2):48-60
• Lancet Glob Health, January 27, 2021
• Int J Infect Dis. 2021 May 19;S1201-9712(21)00442-2



Indian SARS-CoV-2 Genomic Consortium
(INSACOG)

INSACOG
Central Coordination: 

NCDC, MoH&FW InSTEM
Bengaluru

IGIB 
Delhi

CDFD 
Hyderabad

CCMB 
Hyderabad

ILS, 
Bhubaneshwar

NCCS
Pune

NIBMG
Kalyani

NIV 
Pune

NIMHANS 
Bengaluru

• Sentinel surveillance for early detection of variants of concern of SARS-CoV-2

• Determine the circulating strains of SARS-CoV-2 in unusual events (high mortality, super-spreader)



March – August 2020
• 10 Nasal/throat swab samples/month collected from COVID-19 positive

patient each state/UT
• Seven clades circulating: G, GR & GH, O; S, L&V in minimal circulation
• <1% nucleotide divergence observed among different clades

GR clade (n=1513)
GH clade (n=859)
G clade (n=816)
O clade (n=477)
(unclassified)
S clade (n=102)
L clade (n=24)
V clade (n=07)
GV-GR clade (n=1)

Viruses 2021, 13, 925 

Genetic Sequencing



VOC of SARS-CoV-2

B.1.1.7 (Alpha)
Dec 2020 
UK returnees
Chennai

B.1.351 (Beta)
Feb 2020 
SA returnees
Mumbai

Travel Medicine and Infectious Disease 41 (2021) 102023 

P.1 (Gamma)
Feb 2021
UAE returnees
Mumbai

B.1.617 (Delta)
Feb 2021 
Maharashtra
Mumbai, Pune, Akola

Microorganisms 2021 (In press)

Infection 2021 (In press)



Sewage Surveillance: 
Detection of SARS-CoV-2

• Method for sample collection & 
processing standardized by 
ICMR-NIV, Mumbai

• Implemented at 20 sites in 
Mumbai

• Phased expansion with WHO-
India at Polio sewage 
surveillance sites

Indian J Med Res. 2020 Dec 15; doi: 10.4103/ijmr. IJMR_3541_20.



Pilot study undertaken at Mumbai city in 
19 wards

Ward 
Map

Indian J Med Res. 2020 Dec 15; doi: 10.4103/ijmr. IJMR_3541_20.

• Surveillance 
initiated at 3 Polio 
sewage sample 
collection sites

• Expansion to 9 
sites (June 2021)

Sewage Surveillance



SARS-CoV-2 Re-infection

New Definition:
• Re-infection was defined when an individual tested positive on two separate occasions (by RTPCR/RAT) at least

102 days apart with one negative RTPCR test in between
• 58 out of 1,300 individuals (4.5%) were classified as reinfection cases based on the above criteria

Epidemiology & Infection; https://doi.org/10.1017/S0950268821000662

Epidemiological case definition of SARS CoV-2 re-infection and assess its magnitude in India

+
Test

-
Test

102 Days

+
Test

ReinfectionArchive based telephonic surveyCOVID-19 testing database



ICMR-Bio-Repositories

Glimpse of an online portal for collection of data

Information for the samples is collected in 3 modules:

• Module 1 to be completed on the day of enrolment for the day of admission to the 
hospital

• Module 2 to be completed for the days/s of sample collection
• Module 3 to be completed at discharge or death or transfer (for follow-up patients 

only)

ICMR-National Institute of 
Epidemiology, ChennaiICMR-National Institute of 

Virology, Pune

ICMR-National Institute of 
Virology Field Unit, Bangalore

ICMR-National Institute of 
Virology Field Unit, Kerala

ICMR-NIMR, Delhi

ICMR-National 
Institute for 
Research In 
Reproductive 

Health

ICMR-National 
Institute for 

Implementation 
Research on Non-

Communicable 
Diseases

ICMR-National 
Institute of 

Occupational Health, 
Ahmedabad

ICMR-Regional Medical 
Research Centre, Dibrugarh

ICMR-National Institute of 
Cholera and Enteric 

Diseases, Kolkata



• 1703 well characterized samples from 563 individuals have been 
collected by the network

• Comprehensive clinical information available

Age distribution
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COVID-19 Vaccines 



Vaccine Development

• Normal vaccine development occurs in 4-5 years

• Fast-tracking of various steps in pandemic

• EUA, Combine phases, Parallel studies, use of established platforms

Identify 
vaccine  

candidate

Pre-clinical 
studies:

Small animals
safety, immunity, 

dosage

Pre-clinical 
studies: Monkeys
Safety, immunity, 

dosage

Phase I clinical 
trial: Safety

N: < 100

Phase II clinical 
trial: 

Immune response
N: Upto 1000

Phase III clinical 
trial: 

Efficacy
N: several 1000s

Marketing



Vaccine Development Timeline

Adapted from: Krammer F. SARS-CoV-2 Vaccines in development. Nature 2020; 586 : 516-27



Frontrunner Vaccines 
Platform Efficacy % Reference Temp

°C
ChAdoX1 Oxford Chimpanzee Adenovirus vectored recombinant 70.4 Lancet online Dec 8, 

2020
2-8

Moderna mRNA 94.1 NEJM, Dec 30, 2020 2-8 

COVAXIN-Bharat Inactivated whole virion vaccine 78 Press release 2-8 

BioNTech/Pfizer mRNA 95 NEJM Dec 10, 2020 2-8 

(5 days)
Johnson & Johnson Human adenovirus 26 vectored recombinant 66.3 MMWR; March 5, 

2021/70(9);329–332
2-8 

Gamaleya (Sputnik V) Human adenovirus 5 & 26 vectored 91.4 Press release -18 

Novavax Protein subunit vaccine 96.4 BMJ 2021; 372 doi: htt
ps://doi.org/10.1136/b
mj.n296

2-8 

ZyCoV-D (Cadila) DNA vaccine NA - NA

https://doi.org/10.1136/bmj.n296


Vaccines Authorized for Emergency Use

ICMR- BBIL 
COVAXIN

Serum Institute 
COVISHIELD

Dr Reddy’s
SPUTNIK

Type Inactivated whole 
virion vaccine 

Chimpanzee 
adenovirus vectored 
recombinant

Human adenovirus 5 
& 26 vectored 
recombinant

Inventor BBIL & ICMR Jenner Institute, 
Oxford University

Gamaleya Research 
Institute

Licensing ICMR-BBIL AstraZeneca; SII Gamaleya, Russia



ICMR: COVID-19 Vaccine

Preclinical studies in monkeys at ICMR-
NIV, Pune 

• Provided virus strain
• Characterized vaccine strain
• Provided all SoP
• Conducted preclinical studies in 

hamsters & monkeys
• Technical & Lab support for 

phase 1 & 2 trials.
• Technical & lab and financial 

support for phase 3 trials

• Phase 2/3 studies of COVISHIELD (AstraZeneca)
• Phase 2/3 studies of COVOVAX (Novavax)
• Preclinical Hamster studies: indigenous candidates

Studies in pipeline

• Preclinical studies in Monkeys of Biological 
Evans vaccine candidate.

• Preclinical studies in rats and hamsters of 
vaccine candidates of Reliance Industries



COVISHIELD: UK Studies

• Animal studies: prevents SARS-CoV-2 pneumonia in monkeys & elicits good immunogenicity in mice
Nature | Vol586 | 22October2020 

• Clinical trials:
➢ Phase 1/2 in 1077 participants showed an acceptable safety profile, and homologous boosting increased

antibody responses
Lancet 2020; 396: 467–78 

➢ Phase 2/3 in prime-boost regimen in 560 participants better tolerated in older adults than in younger adults
and has similar immunogenicity across all age groups after a boost dose.

Lancet 2020; 396: 1979–93 
➢ Phase 3 in 11,636 participants from UK and Brazil): 

o Two standard doses (5X1010 viral particles), vaccine efficacy was 62·1%. 
o Low dose (2.2X1010 viral particles) followed by a standard dose, efficacy was 90·0%.
o Overall vaccine efficacy was 70·4%

The Lancet: Published online December 8, 2020 



Number of Participants: 1600

Age group: ≥ 18 years

Randomization: 3:1 (COVISHIELD-900; Placebo-300)

Immunogenicity cohort: 400 (COVISHIELD-300; Oxford/AZ ChAdOx1 Vaccine - 100)

Interim analysis: COVISHIELD is safe and immunogenic

Results: NONINFERIOR to UK product

COVISHIELD: India Phase 2/3 Study



COVAXIN: Public Private Partnership

• SARS-CoV-2 strain isolated and characterized by ICMR-NIV, Pune

• Strain and SoPs transferred to Bharat Biotech International Ltd (BBIL)

• Inactivated whole virion vaccine candidate (BBV152 or COVAXIN) developed by BBIL

• Candidate vaccine characterized at ICMR-NIV, Pune

• Preclinical studies completed (Small and Large animals including NHP)

• Phase I, II and III clinical trials completed: 375, 380 and 25,600 participants

• Other sub-studies panned/ initiated



Isolation & Characterization of SARS-CoV-2

EM Imaging SARS-CoV-2

B.1 G clade  
Standard Strain

March 2020: 5th

Country in the 
world to isolate 

B.1.1.7 
UK VoC

Jan. 2021: 1st

country in 
the world

B.1.1.28 
Brazil VoC

Feb 2021

B.1.351 
South Africa VoC

March 2021

B.1.617

April 2021

Control ControlControl ControlControl

Infected Cells Infected CellsInfected CellsInfected Cells
Infected Cells

Journal of Travel Medicine, 
2021, 1–3

Indian J Med Res.
2020 ;151(2 & 3):241-243

Indian J Med Res 2020; 151: 244-250



COVAXIN - Preclinical 
Small animals: Mice, Rats, & Rabbits

Day 0 Day 28Day 21Day 14Day 7

Blood draw:
Neutralizing antibody titers

Necropsy:
Viral clearance in organs

Vaccine Formulations:
Adjuvants: A (Algel); B (Algel + IMDG [TLR7/8 Agonist]); Antigen dose: 3 𝝻g; 6 𝝻g; 9 𝝻g 

Safety analysis (BALB/c Mice, Winstar Rats & New Zealand Rabbits):
(i) Repeat dose toxicity studies; (ii) Mutagenicity assays; (iii) Maximum tolerated dose

Results:
• High safety profile in all three species
• High neutralizing antibody titres, at 3µg and 6µg concentrations.
• BBV152 formulations with TLR7/8 agonist adjuvant-induced Th1 biased antibody responses

iScience; Cell Press; https://doi.org/10.1016/j.isci.2021.102298

https://doi.org/10.1016/j.isci.2021.102298


1st dose 
vaccine

2nd dose 
vaccine

3rd dose 
vaccine

Day 0 Day 14 Day 35 Day 50

Virus 
Challenge

Day 53 Day 65Day 57

Necropsy: 3 hamsters / group
Samples collected at different time points: blood, throat swabs, nasal wash and tissues.

36 Golden Syrian Hamsters experimented in 4 groups of 9 each:
Gp 1: Placebo; Gp 2: 6𝝻g + Adjuvant A
Gp 3: 3𝝻g + Adjuvant B; Gp 4: 6𝝻g + Adjuvant B

Results:
- Robust humoral immune response in Gp 3 & 4
- Th1 biased immune response in Gp 3 & 4
- Rapid viral clearance from upper and lower respiratory tract in Gp 3 &4

https://www.sciencedirect.com/science/journal/25890042/24/2

COVAXIN – Preclinical
Hamster Challenge



Day 0
1st vaccine dose

Day 14
2nd vaccine dose

Day 28
Virus Challenge

Day 35
Necropsy

Samples collected at different time points: Blood, Nasal, throat and rectal swabs, BAL, urine, stool and all organs on day 35

20 Rhesus Macaques experimented in 4 groups of 5 each:
Gp 1: Placebo; Gp 2: 6𝝻g + Adjuvant A
Gp 3: 3𝝻g + Adjuvant B; Gp 4: 6𝝻g + Adjuvant B

Results:
- High neutralizing antibody response in Gp 3 & 4
- Helper T cell response in Gp 3 & 4
- Complete viral clearance from body fluids and organs on day 35 in Gp 3 &4

Nature Communications; doi: 10.1038/s41467-021-21639-w.

COVAXIN – Preclinical
Monkeys Challenge



COVAXIN
Phase 1 & 2 Clinical Trials

Phase 1:
• 2 doses at day 0 and 14 (imi)
• 375 participants
• 4 arms (3 vaccine formulations & placebo)

Results:
• Safety of 3µg and 6µg Algel-IMDG same as placebo 

arm. 
• Nab immune response detected in 3µg and 

6µg+Algel-IMDG arms for homo/heterologous virus 
strains.

• Nab titres comparable to convalescent plasma .
• Binding ab titres for S1, RBD & N domains
• Th1 biased T-cell responses

Phase 2:
• 2 doses at day 0 & 28 (imi)
• 380 participants
• 2 arms (3µg & 6µg with Algel-IMDG)

Results:
• Neutralizing antibodies in vaccinees to homo/ 

heterologous SARS-CoV-2
• Nab titres at day 56 were >98% in the 6µg+Algel-

IMDG arm (included in phase 3).
• Binding ab titres also seen for S1, RBD & N domains
• Th1 biased T-cell responses
• Tolerable safety outcomes. No SAEs.

Lancet Infectious Diseases: 
DOI:https://doi.org/10.1016/S1473-3099(20)30942-7

Lancet Infectious Diseases: 
DOI:https://doi.org/10.1016/S1473-3099(21)00070-0

https://doi.org/10.1016/S1473-3099(20)30942-7
https://doi.org/10.1016/S1473-3099(21)00070-0


COVAXIN 
Phase 3 Clinical Trials

• Efficacy endpoint is 130 COVID-19
laboratory confirmed symptomatic cases

• Healthy adults (>=18 yrs) and 21% at-risk
participants ≥ 60 years or < 60 years with
co-morbid conditions, and health care
workers recruited

Parameter Cases Vaccine Efficacy (98.8%CI)

Vaccine
(n=12,219)

Placebo
(n=12,198)

Symptomatic 23 (0.18) 104 (0.85) 78% (60.8-88.4)

Severe 0 9 100% (60.5-100)



COVAXIN
Scientific Publications

PRECLINICAL STUDIES

MOUSE, RABBITS & RATS

Link:

https://doi.org/10.1016/j.isci.2021.10
2298

MONKEYS
Link: 

doi: 10.1038/s41467-021-21639-w.

HAMSTERS
Link: 

https://www.sciencedirect.com/scien
ce/journal/25890042/24/2

COMPARATIVE IMMUNOGENECITY &  
PROTECTIVE EFFICACY OF 18 GLOBAL 
VACCINE CANDIDATES IN MONKEYS: 

COVAXIN IN TOP 6
Link: DOI: 10.4103/ijmr.IJMR_4431_20

CLINICAL TRIALS

PHASE 1: 375 VOLUNTEERS
Link: 

DOI:https://doi.org/10.1016/S1473-
3099(20)30942-7

PHASE 2: 380 VOLUNTEERS

Link:

DOI:https://doi.org/10.1016/S1473-
3099(21)00070-0

PHASE 3: 25800 
VOLUNTEERS

Recruitment complete

https://doi.org/10.1016/j.isci.2021.102298
https://doi.org/10.1016/S1473-3099(20)30942-7
https://doi.org/10.1016/S1473-3099(21)00070-0


COVAXIN And VoCs

B.1.617 (Delta)

P.1 (Beta)

B.1.1.7 (Alpha)

B.1.1.248 (Gamma)

++

++

+

+

B.1 G Clade (standard strain)

+

Journal of Travel Medicine, 2021, 1–3

Clinical Infectious Diseases, 2021 (In press)

MS under review

MS under review



Virus Sharing

Patents

Data Sharing

Partnerships



Virus Sharing: ICMR

Company/Institute Antigen form Inactivated Antigen (ml) Purpose

Karwa Enterprises Pvt Ltd, New Delhi

Gamma Inactivated

12074 

ELISA

Meril diagnostics, Vapi 2868 

J.Mitra & Co. Pvt. Ltd, New Delhi 5670

Trivitron Healthcare Pvt. Ltd., Chennai 5612

Cadila, Ahmedabad 3980

Voxtur Bio Ltd., Palghar 50

Avecon, Haryana 50

Biological E Ltd, Hyderabad 10638

Antisera in horseVins Bioproducts Ltd, Hyderabad 18030

Central Research Institute, Kasauli Formalin Inactivated 500

Bharat Biotech Pvt Ltd, Hyderabad SARS-COV-2 strain 770 10
Vaccine 

Development
Gamma Inactivated 10

Brazil P2 strain 10

Zydus Cadila SARS-COV-2 strain 77 10

CCMB, Hyderabad Gamma Inactivated 0.5 R& D

ICMR NIIH
Gamma & Formalin

Inactivated 10
R& D

CSIR IGIB, New Delhi
Gamma Inactivated 0.5

R& D



ICMR Patents: COVID-19

Title Institute

RT-LAMP Assay for detection of Human β –Actin housekeeping gene
IPA Number: 202111012867
Year: 2021

NIV

Mumbai Field Unit

RAPID Assay targetting SARS CoV-2
IPA: 202011023573
Year: 2021

NIV

Mumbai Field Unit

Development of TaqMan SARS CoV‐2 multiplex RT PCR assay for screening human 
respiratory samples
IPA Number: 202111015708
Year: 2021

NIV

Pune

Human monoclonal antibodies against COVID-19 

IPA Number: 202111002004

Year: 2021

• DBT-ICGEB, Delhi
• ICMR-NIMR, Delhi
• Emory Vaccine Centre, USA



ICMR COVID-19 Data Sharing

• ICMR hosts the data entry portal of COVID-19 testing only

• MoHFW captures hospital capacity, clinical or mortality related information

• All ICMR testing data is accessible to NIC, MoH&FW, NCDC, NDMA, PMO, State Govts

• ICMR data are linked with limited personal identifiers of patients

• In the interest of patient confidentiality, anonymized data access is used

• Request for data sharing is reviewed through a systematic process



Data Entry Portal of ICMR GOI

Disease trends; Policy making; 
Resource planning, Clinical decision 

making etc.

Diagnostic Labs

National Testing Database

Direct data entry

State COVID Apps

MoHFWNDMA NIC

Information Pathways

NCDCPMO

APIs shared with:
• Ministry of Health
• National Centre for Disease Control
• National Information Center
• State Governments
• Diagnostic laboratory chains
• National Disaster Management Authority
• Prime Minister Office

Others



ICMR Data Sharing 
Principles and Practices

Context -PANDEMIC

• Responsible data sharing

• Associated Safety and Security Concerns

• Misinterpretation of data and potential damage



Partnerships



ICMR Coordinated Inter-
Departmental Network for 
Examining Novel Claims for 

COVID-19



Novel Claims

Direct applicants

538

iNovecop online 
portal

103

Traditional medicine 

(AYUSH/Herbal 

products)

Disinfectants/

Sanitizers/

surface coatings

Devices-

UV/Ion/Ozone

Fabrics/masks/ 

gloves/PPE

Categorized through web portal 

AI tools/

technologies
Others

Drugs-New 

Chemical Entities 

(NCE)/Repurposed 

drugs

Categorized manually

63 142 112 35134 9 43



Domains:

1. Validation of diagnostic kits
2. Antiviral screening of new molecules / re-

purposed drugs/ AYUSH regimens
3. Validation of devices, textile products, mobile 

applications etc.
4. On-boarding COVID-19 testing labs
5. Establishment of Biorepositories
6. Development of indigenous vaccines & 

diagnostics

Partnerships

ICMR

CSIRDST

DBT

AYUSH

ICAR

MHRD/IIT



Cabinet Secretary & Empowered Groups, Govt. of India

Ministry of Health & Family Welfare

National Task Force

State Surveillance 
Officers

District Surveillance 
Officers

ICMR

National Centre 
for Disease 

Control

Centre for Health 
Informatics (CHI)

Drug Controller 
General of India

National 
Accreditation 

Board

Emergency 
Medical Relief  

(MoH)

National 
Information 

Center

State 
Governments

Other Deptts,
Min. of S&T, civil 

aviation, 
pharmaceuticals

Whole of Government



Remembering Our Colleagues



“Attention is the 
rarest and purest 
form of generosity”

- Simone Weil

Thank You For Your 
Attention!


