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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, 3@ 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.
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Some basics: used so far!

Microorganisms

Risk groups 1- 4
Hazard groups 1-4

Country specific lists

Laboratories, facilities....

Biosafety Level 1- 4
Pathogen Level 1-4
Protection Level 1-4
Safety Level 1-4
Containment Level 1-4
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WHO:
Risk group 1-4

Russia:

Group | to 1V,
whereas | is the
most dangerous
category

Applied Biosafety, 8 (3),
p.118-127, 2003
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Biological material — organisms: risk u
group 1-4
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The classification of organisms is based on their characteristics:
Pathogenicity, virulence, infectious dose, transmission route, prophylaxis,

endemicity etc.

WHO* Examples
Group 1 no or low individual Acetobacter cerevisiae
P and community risk Bacillus subtilis
moderate individual risk, Influenza Virus, Heamophilus influenzae
Group 2 . ) . .
low community risk Klebsiella pneumoniae, Toxoplasma gondii
Group 3 high individual risk, Mycobacterium tuberculosis
P low community risk SARS-CoV-2, Hepatitis C, Rabies virus
Group 4 high individual Ebola, Lassa, Marburg

and community risk

Smallpox




Relation of risk groups to biosafety U
levels, practices and equipment
Risk Biosafety Laboratory type Laboratory procedures Safety equipment o
group level
1 1 Basic teaching, Good Microbiological Open bench
research Technique (GMT)
2 2 Primary health GMT, protective clothing, Open bench, biosafety
services, diagnostic biohazard sign cabinet
services, research
3 3 Special diagnostic In addition: special clothing, | Biosafety cabinet,
services, research controlled access, further primary
directional airflow containment equipment
4 4 Dangerous pathogen | In addition: airlock entry, Class Il biosafety
units shower exit, special waste cabinet or positive
disposal pressure suits in

combination with Class
Il, double ended
autoclave, filtered air

Source: Laboratory Biosafety Manual, 3rd Edition, WHO, 2004
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Figure 3. A typical Biasalely Level 2 laboratory

) {graphics kindly prowided by CUH24, Princeton, NJ, USA). Proceduras ikely fo generate

Figura 2, A typleal Blosafely Level 1 labotatory aerosals are performed within a biological safely cabinet. Doors are kept cosed and
(graphics kinaly provided by CLUM2A, Princaton, M, USA) are posted with appropriate hazard signs. Polendially comaminated wasles are separated

from the ganaral waste sfraam.

Source: Laboratory Biosafety Manual, 3rd Edition, WHO, 2004
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Figure 4. A typical Biosafety Level 3 laboratory
foraphics kinaly provided by CUH2A, Princatan, NJ, USA). The laboratory s separatad
from general ralfic fow and accessed Mraugh an antereom (doubie door entry or
hasic faboratory — Biosafely Leve! 2] or an airfock. An aufockave is availzble within the [ T—— L TR —— P () tmemrer s
faciiity for deconiamination of wastes prior to dispasal. A sink with hands-free aperation
is available, inward direchional airfow & estabiished and ail work with infectious
materials s conducted within a lological safely binst.

Source: Laboratory Biosafety Manual, 3rd Edition, WHO, 2004 Source: Wikipedia
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I t IS more th an th @  Table 3. Summary of biosafety level requirements

infrastructure —

1 2 3 4

Isolation® of laboratory No No Yes Yes
Room sealable for decontamination No No Yes Yes
Ventilation:

— inward airflow No Desirable  Yes Yes

— controlled ventilating system No Desirable  Yes Yes

— HEPA-filtered air exhaust No No Yes/No® Yes
Double-door entry No No Yes Yes
Airlock No No No Yes
Airlock with shower No No No Yes
Anteroom No No Yes —
Anteroom with shower No No Yes/No® No
Effluent treatment No No Yes/No® Yes
Autoclave:

— on site No Desirable  Yes Yes

— inlaboratory room No No Desirable  Yes

— double-ended No No Desirable  Yes
Biological safety cabinets No Desirable  Yes Yes
Personnel safety monitoring capability? No No Desirable  Yes

* Environmental and functional isolation from general traffic.
& Dependent on location of exhaust (see Chapter 4).
© Dependent on agent(s) used in the laboratory.
WHO LBM, 3rd Edition, 2004 ¢ For example, window, closed-circuit television, two-way communication.



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




Information needed: u

Biological Material « Diagnostic specimen?
« \What information do we have?

» Characteristics of organisms?

* Is an organism endemic? (e.g. CCHF)

* |s vaccination available and used in the
lab? (e.g. SARS-CoV-2, Vaccinia)

« Can it be treated?

« How is it transmitted?




Information needed:
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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?
|s staff trained?

Other issues to be considered?
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How to choose mitigation measures u
including a biosafety level? :
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Key is Risk Assessment

Risk: consequences x probability (c, p)




Mitigation measures: more than just a BSL u
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 What are the procedures?

> « Which biosafety level is required?

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

Ricklin, M.E., Garcia-Nicolas, O., Brechbiihl, 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.



Summary — Risk groups and Biosafety Levels
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Biological material(=risk group 1 —4)

o Activity — equipment - procedures
/'.n::f;::;n\i l Risk (p, c)
) Review risks and Evolguie
risk conirel measures “y’"“ Good microbiological practices and procedures

o @ SOP - Instructions — organisational measures — PPE
e

Select and implement Develep a
risk control measures risk contrel strategy -

Increasing complexity with regard to engineering controls




Thank you for your attention!
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Contact : katharina.summermatter@ifik.unibe.ch
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