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Abstract

Biosafety is a critical component of laboratory practice when working
with infectious microorganisms, as improper handling can lead to
laboratory-acquired infections, environmental contamination, and
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potential public health risks. Biosafety Levels (BSLs) provide a
standardized framework for safely handling infectious agents based on
their level of risk. These levels, ranging from Biosafety Level 1 (BSL-1) to

Published online: 17 March 2026 Biosafety Level 4 (BSL-4), define specific laboratory practices,

containment equipment, and facility design requirements necessary to
protect laboratory personnel, the environment, and the community. BSL-
1 is intended for work with non-pathogenic organisms requiring basic
microbiological practices, whereas BSL-2 involves moderate-risk
pathogens that require enhanced safety measures and controlled
laboratory access. BSL-3 laboratories are designed for highly infectious
agents that may cause serious or potentially lethal diseases through
aerosol transmission and therefore require specialized containment
systems and strict operational controls. BSL-4 represents the highest
level of biological containment, used for handling extremely dangerous
pathogens such as Ebola and Marburg viruses, which demand maximum
security facilities, positive-pressure protective suits, and complete
laboratory isolation. The implementation of these biosafety levels
ensures safe scientific research, supports diagnostic and vaccine
development activities, and plays an essential role in preventing
accidental pathogen release. Adherence to biosafety guidelines is
therefore fundamental for maintaining laboratory safety, strengthening
public health protection, and enhancing global preparedness for
emerging infectious diseases.
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Introduction

for low-risk agents, up to BSL-4 with maximum
containment for extremely hazardous and fatal
infectious agents.

BIOSAFETY LEVELS

‘ High Risk Microbes

Laboratories play a vital role in the study of
infectious agents for disease diagnosis, research,
and vaccine development and handling of
microorganisms also carries higher risks not
only for the laboratory personnel, but also for
the environment, and the public health.
Improper handling of these pathogenic agents
may cause the laboratory-acquired infections or
it can lead to unintended outbreaks. A
standardized system known as Biosafety Levels
(BSLs) has been established to ensure the safe
handling of infectious materials. These levels
define specific laboratory practices, safety
equipment, and facility requirements according
to the risk posed by the microorganism.
Biosafety levels are categorised into four;
starting from BSL-1 with minimum precautions

BSL 2

Fig- Levels of Biosafety
Source- www.biotechreality.com/wp-

content/uploads/2023/08/Biosafety-levels.jpg
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Definition

A set of standardised safety classifications
known as biosafety levels (BSLs) were created
to ensure that infectious microorganisms are
handled safely in lab settings. It starts with
Biosafety Level 1 (BSL-1), which deals with low-
risk agents, which further progressed to
Biosafety Level 4 (BSL-4), which is designated
for extremely contagious and potentially fatal
infections. The pathogen's characteristics,
including its transmissibility, disease severity,
treatment accessibility, and community danger,
are the basis for the classification.

Every biosafety level specifies particular safety
equipment, laboratory procedures, and facility
needs. The containment procedures get
increasingly more stringent as the infectious
agent's risk rises. The guidelines developed by
international health authorities such as the
Centers for Disease Control and Prevention
(CDC) and the World Health Organization
(WHO) made these rules for helping to prevent
accidental exposure and environmental release
of pathogens. Therefore, biosafety levels provide
a well-organised framework that permits
researchers to operate in a secure manner while
safeguarding the environment, laboratory staff,
and the general public.

Table 1- Overview of all the Biosafety Levels

Biosaf | Type of | Key Safety | Primary | Facility

ety Agents Practices Safety Features
Level Handled Equipm
ent

BSL-1 Non- Basic Lab coat, | Open
pathogen | microbiolo | gloves as | bench, no
ic or | gical needed special
minimal practices containm
risk ent
agents

BSL-2 Moderate | Limited Class 1II | Controlle
risk access, biosafety | d access,
agents training on | cabinet, autoclave
(e.g., HIV, | pathogens enhance
Salmonell d PPE
a)

BSL-3 Serious Controlled Respirat | Negative
or access, ors, pressure,

potentiall | respiratory | biosafety | HEPA-
y lethal | protection cabinets | filtrated

agents exhaust
(e.g, M.

tuberculo

sis)

BSL-4 High-risk, | Strict Positive- | Isolated
lethal access, pressure | facility,
agents multiple suits, dedicate
(e.g., safety Class III | d air
Ebola, barriers cabinets | supply
Marburg)

BSL-1: Level with Basic Protection

The lowest level of laboratory segregation,
known as Biosafety Level 1 (BSL-1), is
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appropriate for handling well-characterized
microbes that are not known to cause illness in
healthy individuals. These organisms pose less
potential hazard to laboratory personnel and
the environment. Some Common examples of
such microbes include non-pathogenic strains of
Escherichia coli which is used in teaching and
basic research laboratories. Working at this
level is conducted on open laboratory benches
using standard microbiological practices.
Regular handwashing, a restriction on eating
and drinking in the lab, thorough surface
disinfection, and the secure disposal of lab
waste are all examples of basic safety
procedures that are observed in BSL-1. Gloves
and lab coats are examples of personal
protective equipment that can be used when
necessary. Other than a washbasin for
handwashing, no  specific = containment
equipment or facility design is needed.

BSL-1 laboratories are typically can be seen in
educational institutions and research facilities
where foundational microbiological training is
provided. Despite the low danger, following
proper laboratory techniques is still essential to
ensure safety and avoid unintentional
contamination.

BSL-2: Level with added Precautions

Biosafety Level 2 (BSL-2) is designed for
laboratories that handle microorganisms
associated with human disease and pose a
moderate risk to personnel and the
environment. Ingestion, unintentional
needlesticks, or contact with mucosal
membranes can all result in infection from these
substances. Salmonella species, Staphylococcus
aureus, hepatitis viruses, and the human
immunodeficiency virus (HIV) are a few
examples of these pathogens. BSL-2 laboratories
employ additional safety measures in addition
to the usual microbiological procedures used in
BSL-1 laboratories. This is because people
should be specially trained in handling
pathogenic agents, and access to the laboratory
is restricted while work is underway. A Class Il
biosafety cabinet is used for procedures that
could produce aerosols or splashes. BSL-2
environments should regularly employ personal
protective equipment. Handwashing sinks,
biohazard warning signs, and an autoclave for
decontaminating infectious material should all
be included in the facility. These extra safety
measures guarantee safer handling of
moderately hazardous infectious agents and
drastically lower the chance of unintentional
exposure.
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BSL-3: Level with High Containment

Biosafety Level 3 (BSL-3) laboratories are made
for work with infectious agents that can cause
potentially fatal diseases, specifically those
which are transmitted through aerosols. These
organisms have a significant risk to laboratory
personnel and can have severe public health
consequences if not properly handled. The
examples of such pathogens are Mycobacterium
tuberculosis, SARS-CoV-2, and certain emerging
respiratory viruses. Working at this level
requires enhanced operational controls beyond
BSL-2 practices like entry to the laboratory is
strictly regulated, and personnel must undergo
specialized training in handling high-risk
pathogens. All works which involves infectious
materials should be carried out within certified
biosafety cabinets to minimize related risks.
Wearing protective clothes and the appropriate
breathing protection is crucial (Tang et al,
2024). In order to keep contaminated air from
escaping to nearby areas, the laboratory's
airflow is carefully controlled to guarantee that
air moves within. Before being released, exhaust
air is filtered using HEPA. These containment
techniques guarantee safe research on high-risk
infectious organisms and drastically lower the
possibility of airborne transmission.

BSL-4: Level with Maximum Security

The greatest level of biological containment,
known as Biosafety Level 4 (BSL-4), is only used
when dealing with extremely hazardous and
unusual infections that could be fatal. These
drugs often result in severe diseases for which
there are now no effective therapies or licensed
vaccines. Examples include the Ebola virus, the
Marburg virus, and other viral haemorrhagic
fevers. The highest safety standards are
necessary for work at this level. Laboratory
workers must get thorough training and follow
tightly controlled access and leave procedures.
Work is carried out by staff members wearing
positive-pressure, fully encapsulated protective
suits that are supplied with filtered air, or in
fully enclosed Class III biosafety cabinets,
depending on the laboratory design.

With separate waste management and air
supply systems, the laboratory infrastructure is
totally cut off from other parts of the facility.
Before removal, decontamination procedures
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including chemical washing and material
sterilisation must be carried out. By keeping the
most dangerous diseases safely isolated, these
tiered defences protect both laboratory
personnel and the general public.

What Makes Biosafety Levels Important?

Biosafety standards are crucial for safely
handling the infectious agents in laboratories.
By matching containment techniques to the
level of threat posed by bacteria, they help
prevent accidental environmental release and
laboratory-acquired infections. Prior incidents
have demonstrated the detrimental
consequences of inadequate biosafety protocols,
emphasising the need for strict adherence
(Burnett et al, 2009). Properly managed BSL-2
and BSL-3 facilities have facilitated safe
diagnostic testing and research operations
throughout recent global health catastrophes
(Tang et al, 2024). Therefore, biosafety levels
are essential for responsible scientific research,
public health protection, and pandemic
preparedness.

Conclusion

Biosafety levels offer a systematic framework
for the management of infectious agents in
laboratory settings is mandatory for ensuring
the safeguarding researchers, lab associates as
well as the environment. By categorising
pathogens according to risk and suggesting
appropriate containment methods, the chances
of laboratory-acquired illnesses will be
minimised and prevent accidental release. From
low-level research settings to high-containment
institutions, every biosafety level ensures that
scientific work is conducted in an ethical and
safe manner. Adhering to these guidelines
enhances public health protection and fosters
global preparedness against newly emerging
infectious diseases.
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