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History of biosafety levels

The designation of 4 levels of biosafety originated in the mid-
1970s, and the safety requirements for research with recombinant 
DNA were hotly debated……
1984: Biosafety in Microbiological and Biomedical Laboratories 
(BMBL) laid out 4 Biosafety Levels
2004: WHO Laboratory Biosafety Manual, 3rd Edition adopted the 
Biosafety Levels. It states: a risk group do not “equate” to a 
biosafety level.

Biosafety levels in different countries don’t equate each other and 
can not compared to each other.



Some basics: used so far!

Risk groups 1- 4
Hazard groups 1-4 

Microorganisms

Country specific lists

Biosafety Level 1- 4
Pathogen Level 1-4
Protection Level 1-4
Safety Level 1-4
Containment Level 1-4 

Laboratories, facilities….



Applied Biosafety, 8 (3), 
p.118-127, 2003

WHO: 
Risk group 1-4

Russia:
Group I to IV, 
whereas I is the
most dangerous
category



Biological material – organisms: risk 
group 1 - 4

WHO* Examples

Group 1 no or low individual 
and community risk

Acetobacter cerevisiae
Bacillus subtilis

Group 2 moderate individual risk, 
low community risk

Influenza Virus, Heamophilus influenzae
Klebsiella pneumoniae, Toxoplasma gondii

Group 3 high individual risk, 
low community risk

Mycobacterium tuberculosis
SARS-CoV-2, Hepatitis C, Rabies virus

Group 4 high individual 
and community risk

Ebola, Lassa, Marburg
Smallpox

The classification of organisms is based on their characteristics:
Pathogenicity, virulence, infectious dose, transmission route, prophylaxis, 
endemicity etc.



Relation of risk groups to biosafety 
levels, practices and equipment
Risk 
group

Biosafety 
level

Laboratory type Laboratory procedures Safety equipment

1 1 Basic teaching, 
research

Good Microbiological 
Technique (GMT)

Open bench

2 2 Primary health 
services, diagnostic 
services, research

GMT, protective clothing, 
biohazard sign

Open bench, biosafety 
cabinet

3 3 Special diagnostic 
services, research

In addition: special clothing, 
controlled access, 
directional airflow

Biosafety cabinet, 
further primary 
containment equipment

4 4 Dangerous pathogen 
units

In addition: airlock entry, 
shower exit, special waste 
disposal 

Class III biosafety 
cabinet or positive 
pressure suits in 
combination with Class 
II, double ended 
autoclave, filtered air

Source: Laboratory Biosafety Manual, 3rd Edition, WHO, 2004



Biosafety Level 1 Biosafety Level 2

Source: Laboratory Biosafety Manual, 3rd Edition, WHO, 2004



Biosafety Level 3 Biosafety Level 4

Source: Laboratory Biosafety Manual, 3rd Edition, WHO, 2004 Source: Wikipedia



It is more than the
infrastructure

WHO LBM, 3rd Edition, 2004



Pro’s and con’s
So far: Risk group -> biosafety level
Prescriptive measures, checklist approach, easy to implement on a local
/ national level

BUT very often:
• Measures not considering local situation
• Measures not based on risk assessment
• Sustainability of labs not guaranteed:

• Funding for construction and maintenance
• Staff
• Scientific programme

Risk group classification depends on country / region
Biosafety levels offer only limited flexibility for outbreak situations



The concept of biosafety levels (BSL)
• BSL is a classification system for laboratories working with 

biological agents 
• Risk groups were so far linked to a biosafety level -> overly 

simplification RG = BSL
• Risk assessment not always seen as needed as an essential 

element to define safety measures including practices and 
procedures

• Categorisation differs for individual microorganisms between 
different countries e.g. Foot- and Mouth Disease virus; CCHF

• On a national / regional level they may have their value

Biological Material Biosafety Levels?



Information needed:

Biological Material • Diagnostic specimen?
• What information do we have?
• Characteristics of organisms?
• Is an organism endemic? (e.g. CCHF)
• Is vaccination available and used in the 

lab? (e.g. SARS-CoV-2, Vaccinia)
• Can it be treated?
• How is it transmitted?
• …….



Information needed:

? • What activity is done? 
• Diagnostic, research, animal 

experiments?
• Scale of the experiment? 
• Which equipment is used?
• What are the procedures?
• What type of laboratory exists?
• Who is going to do the activity?
• Is staff trained?
• Other issues to be considered?



How to choose mitigation measures
including a biosafety level?

Risk: consequences x probability (c, p)

Key is Risk Assessment



Mitigation measures: more than just a BSL

Biosafety Levels
• Which biosafety level is required?
• What are the procedures?
• Which safety equipment is needed?
• What organizational measures are needed ? 

(e.g. vaccination)

 Technical – Organizational - Personal

Example: Activities with HIV require different safety measures
than with SARS-CoV-2



Research with Japanese
encephalitis virus
(risk group 3 organism)



Necropsy of pigs infected with
Japanese encephalitis virus
(risk group 3 organism)

Ricklin, M.E., García-Nicolás, O., Brechbühl, D., Python, S., Zumkehr, B., Nougairede, A., 
Charrel, R.N., Posthaus, H., Oevermann, A., Summerfield, A.: Vector-free transmission and 
persistence of Japanese encephalitis virus in pigs. Nature Communications 7, 10832, 2016.

©IVI



Summary – Risk groups and Biosafety Levels

BSL1 BSL2 BSL3 BSL4 

Increasing complexity with regard to engineering controls

Risk (p, c)

Biological material(risk group 1 – 4)

Activity – equipment - procedures

Good microbiological practices and procedures

SOP – Instructions – organisational measures – PPE 



Thank you for your attention!

Contact : katharina.summermatter@ifik.unibe.ch

mailto:katharina.summermatter@ifik.unibe.ch
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