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Introduction

Just this year, global concern rose again over the detection 
of H5N1 in US dairy cattle and potential zoonotic 
transmission. 

In 2020 the highly pathogenic avian influenza (HPAI) H5N1 
subtype clade 2.3.4.4b emerges.

Unprecedented number of wild bird & poultry deaths in 
Africa, Asia, and Europe. 

In 2021, this virus spreads to birds of North America and, 
in 2022, to Central & South America. 

Since 2022, 19 countries on 3 continents report outbreaks 
in mammals to the World Organization for Animal Health.

Since the start of 2003 and as of 20 January 2025, 964 human cases of avian influenza A(H5N1), including 
466 deaths (48% case fatality rate or CFR) reported to the World Health Organization by 24 countries.

En México un caso humano por H5N1 HPAI fue detectado en el 2024 y otro en el 2025.

http://www.paho.org/sites/default/files/2025-03/2025-mar-4-phe-epidupdate-avianinfluenza-eng-final.pdf
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Introduction

In recent years we have faced similar events caused by:

• SARS-CoV-2 (Ongoing): >770 million cases, ~ 7 million deaths (~0.5% to 1.0% CFR).

• Influenza A(H1N1) 2009: 700 to 1,400 million cases, ≈300,000 deaths (≈ 0.04% CFR).

• SARS-CoV 2002 to 2003: ~8,098 cases, ~774 deaths (≈9.6% CFR).

And we are currently experiencing re-emerging challenges:

• SARS-CoV-2 2023–2025 subvariants XBB, BA.2.86 (Pirola), JN.1, KP.2, & other immune-evasive.

• Human metapneumovirus 2023–2024 resurgence in North America and Europe

• Measles 2023–2025 resurgence in Europe, Africa, parts of Asia and the Americas.

• Respiratory Syncytial Virus (RSV) 2022–2024 global resurgence post-COVID mitigation relaxation.

• Mycoplasma pneumoniae & Atypical pneumonia late 2023 into 2024 China, Europe and US.

What do all of these have in common:

• Respiratory pathogens and each one—at some point—represents a potential global catastrophe.
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Introduction

While headlines focus on the outbreak, few realize that behind the scenes, BSL-3 laboratories 
are where diagnostic tools, vaccines, and countermeasures begin.

In an era where zoonotic spillovers, antimicrobial 
resistance, and biological threats are increasing in 
frequency and complexity, the infrastructure that 
supports safe, ethical, and effective biomedical 
research is no longer optional.

What does it take to work safely with pathogens that 
have no cure? 

Let me take you inside that world by taking you 
through one of the quiet cornerstones of that 
infrastructure: 

The Biosafety Level 3 (BSL-3) high-containment 
laboratory.
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NIH Biological Agent Risk Groups

Classification of human etiologic agents on the basis of hazard.

BSL-2

BSL-3

BSL-4

BSL-1

https://osp.od.nih.gov/wp-content/uploads/NIH_Guidelines.pdf
https://www.cdc.gov/labs/pdf/SF__19_308133-A_BMBL6_00-BOOK-WEB-final-3.pdf
https://iris.who.int/bitstream/handle/10665/337956/9789240011311-eng.pdf?sequence=1
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Summary of Biosafety Level Requirements

WHO Laboratory biosafety manual 3rd Edition

https://iris.who.int/bitstream/handle/10665/42981/9241546506_eng.pdf?sequence=1
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Core BSL-3 Design and Engineering Principles

Isolated or Dedicated Facility Location
BSL-3 labs are typically located in isolated 
buildings or segregated facility zones to reduce 
escape risk and enhance perimeter security.

Containment Envelope Integrity
The laboratory is constructed as a sealed, 
leak-tested envelope designed to withstand 
chemical decontamination and prevent 
backflow or containment breaches.
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Hierarchical biocontainment levels
BSL-3 work zones are fully surrounded by other BSL-3 barrier areas, creating a layered 
containment envelope.

This nested design ensures that all adjacent spaces maintain equal or higher biocontainment, 
reducing the risk of pathogen escape.

Core BSL-3 Design and Engineering Principles
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Core BSL-3 Design and Engineering Principles

Anterooms and Airlocks
Anterooms with interlocking doors maintain air 
pressure differentials to contain aerosols and 
often include pass-through chambers for safe 
transfer of materials.

Seamless, Cleanable Surfaces
The lab features sealed, epoxy-coated surfaces 
with coved joints, designed for easy 
decontamination and resistance to liquid 
absorption, with no exposed utility 
penetrations.
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Core BSL-3 Design and Engineering Principles

Dedicated HVAC System
Supply and exhaust are fully isolated from the 
building’s general ventilation.

Maintains negative pressure relative to 
adjacent areas to contain airborne pathogens.

HEPA-Filtered Exhaust Air
All exhaust air passes through high-efficiency 
particulate air (HEPA) filters before discharge.

Prevents environmental release of pathogens.
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Key Technologies and Equipment

Class II biosafety cabinets

Provide primary containment for 
manipulations involving infectious aerosols, 
preventing exposure to personnel and the 
environment.

Maintain a HEPA-filtered laminar airflow that 
protects both the product and the user.

Essential for conducting aerosol-generating 
procedures safely, such as pipetting, 
vortexing, or centrifuge loading.

Prevent cross-contamination of samples and 
support containment of Risk Group 3 
pathogens.
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Key Technologies and Equipment

Double-door steam sterilizer autoclaves

Critical for decontaminating biohazardous waste 
before it is removed from the containment area.

Ensure complete inactivation of infectious 
agents through high-pressure steam 
sterilization.

Support on-site waste management, minimizing 
the risk of pathogen release during transport.

Often located within or adjacent to 
containment zones, with pass-through 
configurations to prevent cross-contamination 
between clean and dirty areas.
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Key Technologies and Equipment

Air handling units

Maintain negative air pressure relative to 
adjacent areas to prevent airborne pathogen 
escape.

Ensure unidirectional airflow, moving from 
clean zones to potentially contaminated 
zones.

Provide HEPA-filtered supply and exhaust air, 
essential for aerosol containment.

Operate with redundant systems and alarms 
to ensure continuous containment during 
power or equipment failures.
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Key Technologies and Equipment

Vapor-phase H₂O₂ decon systems

Deliver automated, validated sterilization using 
vaporized 30–35% hydrogen peroxide.

Achieve >6-log reduction of viruses, bacteria, and 
spores (e.g., B. stearothermophilus).

Operate through controlled injection, dwell, and 
aeration cycles, monitored for optimal humidity 
and concentration.

Integrated into sealed spaces or equipment (e.g., 
HEPA housings, pass-throughs) to allow safe, 
residue-free decontamination.

Support both routine and emergency disinfection 
of containment zones without manual 
intervention.
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Key Technologies and Equipment

Backup Power and Redundancy

Critical containment systems—including 
ventilation, negative pressure controls, HEPA 
filtration, and access control—are backed by 
uninterruptible power supplies (UPS) and 
emergency generators.

Maintains biocontainment integrity and prevents 
system failure during power outages or 
infrastructure disruptions.

Redundancy protocols ensure continuous 
operation of safety-critical functions and 
automated alarm response.
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Digital Technologies

Remote Surveillance
Video systems enable monitoring of access points 
and critical lab zones to verify procedural compliance 
and enhance biosecurity.

Cyberbiosecurity
Ensures protection of digital systems (e.g., HVAC 
controls, access logs) from cyber threats that could 
compromise biocontainment integrity.
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Digital Technologies

Environmental Monitoring
Continuously tracks pressure differentials, 
temperature, and airflow to verify containment 
conditions and trigger alarms if thresholds are 
breached.

BAS/BMS Integration
Building automation systems coordinate HVAC, 
power, and safety infrastructure, allowing real-time 
adjustments and centralized system oversight.
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Relevance to Public Health 

Enable safe handling and study of airborne and 
high-risk pathogens (e.g., H5N1, SARS-CoV-2, 
MERS-CoV, Mycobacterium tuberculosis).

Support early detection and characterization of 
novel zoonotic viruses.

Critical for pathogenesis studies, host–pathogen 
interaction models, and risk assessments.

Support national efforts towards controlling 
spread of outbreak.
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Relevance to Science and R&D

R&D: Research and Development

Essential for preclinical testing of vaccines, antivirals, 
and therapeutic monoclonal antibodies.

Facilitate the development of molecular diagnostics 
under high-containment conditions.

Allow for in vitro and in vivo models to evaluate 
immune responses and transmission dynamics.

Comply with strict regulatory and ethical standards, 
ensuring reliable and reproducible data.
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Relevance to Pandemic Preparedness and Response

Mapping Biosafety Level-3 Laboratories by Publications, Schuerger C et al. Aug 2022

Serve as frontline infrastructure for 
responding to novel pathogen threats.

Enable rapid isolation and sequencing of 
outbreak strains.

Provide capacity for surge testing, high-
containment surveillance, and vaccine seed 
strain production.

Integral to national and international 
laboratory networks (e.g., WHO, CDC, 
CONAHCYT) in coordinating biosurveillance 
and response strategies.

https://cset.georgetown.edu/wp-content/uploads/CSET-Mapping-Biosafety-Level-3-Laboratories-by-Publications.pdf
https://cset.georgetown.edu/wp-content/uploads/CSET-Mapping-Biosafety-Level-3-Laboratories-by-Publications.pdf
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Relevance to One Health & Global Health Security

Provide a secure interface for studying zoonotic 
pathogens at the human–animal–environment nexus.

Support cross-sectoral research on diseases emerging 
from wildlife, livestock, and environmental reservoirs.

Enable safe testing of high-risk agents with pandemic 
potential (e.g., H5N1, SARS-CoV-2, MERS-CoV, Nipah).

Facilitate early warning systems through surveillance of 
animal and environmental samples.

Contribute to regional diagnostic sovereignty and 
reduce dependence on foreign reference labs during 
outbreaks.
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BSL-3 laboratories are often viewed narrowly as containment barriers, but in reality, they 
serve as critical platforms for scientific advancement.

These facilities enable high-impact research on emerging and re-emerging pathogens that 
cannot be safely studied elsewhere.

By supporting the development of vaccines, diagnostics, and therapeutics, BSL-3 labs directly 
contribute to global biomedical R&D pipelines.

Their infrastructure—advanced air handling, real-time monitoring, automated 
decontamination—represents a convergence of engineering, biosafety, and translational 
science.

Far from hindering research, modern BSL-3 labs accelerate innovation under controlled 
conditions, bridging the gap between discovery and public health readiness.

In the context of pandemic preparedness, One Health, and global health security, BSL-3 
facilities are not just safeguards—they are strategic assets for innovation and response.

Not just biohazardous waste containers!

BSL-3 facilities as technological enablers of biomedical innovation
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Viral & Human Genomics  Laboratory
A Biosafety Level 3 (BSL-3 ) High-Biocontainment Facility and member of the

WHO Collaborating Centre on Health Risk Assessment
San Luis Potosí State University, School of Medicine 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24

