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BSL-4 and BioE3 — Is India Building the
Biodefence Architecture It Needs?

& The Hindu 17 January 2026

TH The Hindu MAINS RELEVANCE: = GS Paper 3 GS Paper 2

; INTERVIEW ANGLE

‘ "India has just one central BSL-4 lab (NIV Pune) and is building its second (GBRC
Gandhinagar). COVID-19 exposed India's preparedness gaps. How robust is India's biodefence
and pandemic preparedness architecture? What does BioE3 policy aim to achieve beyond

laboratory infrastructure?"

& WHY IN NEWS

India’s first state-funded BSL-4 (Bio-Safety Level 4) laboratory was announced at the Gujarat Biotechnology
Research Centre (GBRC), Gandhinagar, at a cost of Rs 362 crore. It is designated under the BioE3 Policy as
the National Centre for High Containment Pathogen Research Facility — the second BSL-4 lab in India after
the National Institute of Virology (NIV), Pune.

WHAT IS BSL-4 AND WHY IT MATTERS

Biosafety levels (BSL 1—4) classify laboratories by the containment measures required based on the danger

level of the pathogens being studied:

Level Pathogen Examples Containment India Facilities
BSL-1  Non-pathogenic E. coli Open bench, gloves Thousands

BSL- Hepatitis B, Salmonella Cabinets, limited access Hundreds

2

BSL- Tuberculosis, West Nile virus, Negative pressure, full PPE ~20-25

3 SARS-CoV-2

BSL- Ebola, Nipah, Marburg, Lassa Positive pressure suits, airlocks, total 2 (NIV Pune + GBRC
4 fever containment Gandhinagar)

BSL-4 and BioE3 — Is India Building the Biodefence Architecture It Needs? 2/9


https://ujiyari.com/

\\ \
& ujivari UPSC & STATE PGS CURRENT AFFAIRS

BSL-4 capabilities are essential for:

Studying highly dangerous pathogens for which no vaccines or treatments exist
Testing experimental vaccines and antivirals against these pathogens
Developing diagnostic tools (so healthcare workers can identify BSL-4 infections in field conditions)
Training national first-responder teams and biosecurity personnel
As climate change expands the range of tropical pathogens and creates new animal-human interfaces, the risk
of novel BSL-4-class pathogens emerging in India increases. The Nipah virus (Kerala outbreaks: 2018, 2019,

2023) — while currently not BSL-4 classified in all protocols — illustrates the speed with which bat-origin

viruses can create human epidemics.

THE GBRC FACILITY: WHAT INDIA IS GETTING

The Gujarat Biotechnology Research Centre (GBRC) facility:

BSL-4 and BSL-3 modules: For the highest-risk pathogen research

ABSL-4 and ABSL-3 modules: Animal Bio-Safety Level facilities — for research on zoonotic

pathogens in animal models (critical for understanding cross-species transmission)
BSL-2 laboratories: Supporting work

Interconnected facility on 11,000 sq metres

The GBRC has a prior track record — it conducted major COVID-19 genome sequencing during the pandemic,

helping identify variant emergence in Gujarat. The BSL-4 expansion builds on this capability.

THE BIOE3 POLICY: INDIA'S BIOTECHNOLOGY INDUSTRIAL VISION

The BioE3 Policy (Biotechnology for Economy, Environment and Employment), notified in 2024, is India’s
overarching biotech industrial strategy. It is not simply a biosafety policy — it is a bioeconomy growth

framework.
Three pillars of BioE3:

Economy: India targets a $300 billion bioeconomy by 2030 (from ~$130 billion in 2024). BioE3

incentivises:

Bio-based manufacturing (replacing petrochemicals with bio-derived alternatives)
Agricultural biotechnology (drought-resistant crops, biofertilisers)
Medical biotechnology (biosimilars, mRNA vaccines, diagnostics)

Marine biotechnology (blue bioeconomy)

Environment: Green biotech priorities under BioE3:
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Bioremediation of contaminated soil and water
Bio-based plastics and packaging

Carbon capture using biological systems (algae, engineered microbes)

Employment: 10 lakh direct jobs in the bioeconomy sector by 2030.

«

High Containment Pathogen Research falls under BioE3’s “Biomanufacturing and Bio-AI” vertical — the

rationale being that knowledge of dangerous pathogens drives medical countermeasure (MCM) development,

which is a manufacturing and employment opportunity.

INDIA'S BIODEFENCE GAPS EXPOSED BY COVID-19

The COVID-19 pandemic (2020-23) was an unplanned audit of India’s biodefence capabilities. The findings

were mixed:

Successes:
Vaccine development (Covaxin by Bharat Biotech — India’s first indigenously developed BSL-3-
requiring live attenuated vaccine; Covishield manufacturing at Serum Institute)

Genome sequencing network (INSACOG — Indian SARS-CoV-2 Genomics Consortium) activated

rapidly using existing GBRC and other capacities
Cold chain adaptation for vaccine distribution at scale
Failures:
Diagnostic reagent dependence: India imported ~80% of RT-PCR test kit reagents and

components in early 2020; domestic supply chains were absent

PPE shortage: India had no meaningful strategic reserve of Ng5 masks, face shields, or medical

gowns; early healthcare worker infections were the consequence

Ventilator manufacturing gap: Filled through emergency procurement and crowdsourced

domestic manufacturing (not a sustainable solution)

ICU capacity: India has ~2.3 ICU beds per 1,00,000 population (versus 29 in USA, 33 in Germany) —
a structural deficit untouched by COVID-19 response

One Health integration: India’s animal disease surveillance (under DAHD — Department of Animal
Husbandry and Dairying) and human disease surveillance (under MOHFW — Ministry of Health and

Family Welfare) operated in separate silos; spillover events were not identified in time

THE NIPAH WARNING SIGNAL

The Nipah virus (NiV) is a paramyxovirus hosted in fruit bats (Pteropus species). India has experienced four

outbreaks:
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2018: Kozhikode, Kerala — 17 deaths; source identified as fruit bats; controlled in 3 weeks
2019: Ernakulam, Kerala — 1 case; contact tracing identified and quarantined

2021: Kozhikode, Kerala — 1 confirmed case; source unclear

2023: Kozhikode, Kerala — 6 confirmed cases; 2 deaths

Nipah CFR (Case Fatality Rate): 40—75% in India. There is no approved vaccine. The WHO lists Nipah as a

priority pathogen for epidemic preparedness research.

India’s response to Nipah was remarkably effective — reflecting Kerala’s public health infrastructure and
contact tracing capabilities. But the effectiveness depends on early detection, which requires BSL-3/4-
equivalent diagnostic capacity within the region. Currently, all Nipah confirmatory testing goes to NIV Pune

— a 24-hour delay in a 40-75% CFR disease.

The GBRC BSL-4 facility in Gujarat does not immediately solve Kerala’s Nipah problem (geographic
mismatch). India needs a regional network of BSL-3 facilities and at least 2-3 BSL-4 nodes nationally

(South, Northeast, and North/West) for adequate response capability.

WHAT A ROBUST BIODEFENCE ARCHITECTURE REQUIRES

1. Laboratory network (physical):

Current: 1 fully operational BSL-4 (NIV Pune) + 1 under construction (GBRC Gandhinagar)
Required: 3-4 BSL-4 facilities regionally distributed; 10-15 BSL-3 nodes
Gap: Northeast India (bat corridors, proximity to Southeast Asian outbreak zones) has no BSL-3+
facility

2. Strategic Medical Countermeasure (MCM) reserves:

USA maintains Strategic National Stockpile (SNS) — antiviral drugs, vaccines, PPE for 9go-day supply

India has no equivalent; Emergency Drug Use Authorization framework exists but strategic reserves do

not
Post-COVID, MOHFW is building the Health Emergency Operations Centre (HEOC) network —
but commodity reserves lag

3. One Health integration:
DAHD animal surveillance + MOHFW human surveillance + DST environmental monitoring must
share data in real-time

India ratified the WHO International Health Regulations (IHR) 2005 — mandatory 48-hour

notification of potential PHEIC (Public Health Emergency of International Concern) events

Actual inter-ministerial data sharing remains weak
4. Biosafety regulatory framework:

BSL-4 and BioE3 — Is India Building the Biodefence Architecture It Needs? 5/9


https://ujiyari.com/

\\ \
& ujivari UPSC & STATE PGS CURRENT AFFAIRS

India’s biosafety is governed by the Environment (Protection) Act, 1986 and rules thereunder; no

dedicated Biosafety Act
Recombinant DNA Advisory Committee (RDAC): Policy advisory body

Review Committee on Genetic Manipulation (RCGM): Under DBT — approves contained

research

Genetic Engineering Appraisal Committee (GEAC): Under MoEFCC — approves commercial
release of GMOs

This three-committee structure is often criticised for slow approval timelines

UPSC RELEVANCE

BSL-4 (highest biosafety level; Ebola/Nipah/Marburg); GBRC (Gujarat Biotechnology Research Centre;
Gandhinagar; Rs 362 cr; state-funded); NIV Pune (first BSL-4 India; central government); BioE3 Policy
(2024; Biotechnology for Economy, Environment, Employment; $300 bn bioeconomy target 2030);
ABSL (Animal Biosafety Level); Nipah virus (Paramyxovirus; fruit bats Pteropus; CFR 40-75%; Kerala
outbreaks 2018/2019/2021/2023; WHO priority pathogen); INSACOG (Indian SARS-CoV-2 Genomics
Consortium); GEAC (GMO approval; MoEFCC); RCGM (DBT)

MAINS GS-3:

“Evaluate India’s biodefence and pandemic preparedness architecture in the light of the COVID-19
experience and emerging pathogen threats. What structural reforms are needed?” | “Discuss the
significance of the BioE3 Policy for India’s bioeconomy aspirations. What are the risks of treating

biodefence primarily as an economic opportunity?”

MAINS GS-2:

“One Health — integrating human, animal, and environmental health surveillance — is essential for

preventing pandemics. Evaluate India’s institutional readiness to implement One Health.”

INTERVIEW:

“India responded well to Nipah outbreaks because of Kerala’s public health system — not because of a

national biodefence architecture. What does this tell us about where investment should go?”
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FACTS CORNER — KNOWLEDGEPEDIA

| BSL-4 LABS IN INDIA:
BSL-4 Lab 1: National Institute of Virology (NIV), Pune — centrally funded; under ICMR; India’s first BSL-4

BSL-4 Lab 2 (under construction): GBRC, Gandhinagar, Gujarat — state-funded; Rs 362 crore; 11,000 sq metres

Designated under: BioE3 Policy as National Centre for High Containment Pathogen Research Facility

| BIOE3 POLICY (2024):
Full name: Biotechnology for Economy, Environment and Employment
Bioeconomy target: $300 billion by 2030 (from ~$130 billion in 2024)
Employment target: 10 lakh direct jobs

Verticals: Biomanufacturing, Bio-Al, Agricultural Biotech, Marine Biotech

I BIOSAFETY LEVELS:
BSL-1: Non-pathogenic organisms; minimal precautions
BSL-2: Moderate-risk pathogens (Hepatitis B, Salmonella); biosafety cabinets
BSL-3: Serious/potentially lethal (TB, SARS-CoV-2, West Nile); negative pressure; full PPE
BSL-4: Lethal with no known cure (Ebola, Nipah, Marburg); positive pressure suits; airlocks

ABSL: Animal Bio-Safety Level — same 1-4 scale, for animal research facilities

I NIPAH VIRUS — KEY FACTS:
Type: Paramyxovirus
Natural reservoir: Fruit bats (Pteropus species)
Case Fatality Rate (CFR): 40-75% in India
No approved vaccine (as of 2026); experimental vaccines in trials
WHO: Listed as Priority Pathogen for R&D

India outbreaks: Kozhikode 2018 (17 deaths), Ernakulam 2019 (1 case), Kozhikode 2021 (1 case), Kozhikode
2023 (6 cases, 2 deaths)

Confirmatory testing: NIV Pune only

I INDIA’S BIOSAFETY REGULATORY ARCHITECTURE:

RCGM (Review Committee on Genetic Manipulation): Under DBT; approves contained research
GEAC (Genetic Engineering Appraisal Committee): Under MoEFCC; approves commercial GMO release
RDAC (Recombinant DNA Advisory Committee): Policy advisory

Legal basis: Environment (Protection) Act 1986; no dedicated Biosafety Act

I COVID-19 LESSONS FOR BIODEFENCE:
Diagnostic reagent imports: ~80% imported in early 2020
INSACOG: Indian SARS-CoV-2 Genomics Consortium — rapid genome sequencing network
Covaxin: Bharat Biotech; India’s first indigenous COVID-19 vaccine; BSL-3 production
ICU beds per 1,00,000 population: India ~2.3 (USA ~29; Germany ~33)
IHR 2005: WHO International Health Regulations — mandatory 48-hr notification of PHEIC

Sources: The Hindu, PIB, ICMR, DBT, WHO
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