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Foreword

The World Health Organization (WHO) has long recognized that safety and, in
particular, biological safety are important international issues. WHO published the
first edition of the Laboratory biosafety manual in 1983. The manual encouraged
countries to accept and implement basic concepts in biological safety and to develop
national codes of practice for the safe handling of pathogenic microorganisms in
laboratories within their geographical borders. Since 1983, many countries have used
the expert guidance provided in the manual to develop such codes of practice. A second
edition of the manual was published in 1993.

WHO continues to provide international leadership in biosafety through this third
edition of the manual by addressing biological safety and security issues facing us in
the current millennium. The third edition stresses throughout the importance of
personal responsibility. New chapters have been added on risk assessment, safe use of
recombinant DNA technology and transport of infectious materials. Recent world
events have revealed new threats to public health through deliberate misuse and release
of microbiological agents and toxins. The third edition therefore also introduces
biosecurity concepts — the protection of microbiological assets from theft, loss or
diversion, which could lead to the inappropriate use of these agents to cause public
health harm. This edition also includes safety information from the 1997 WHO
publication Safety in health-care laboratories (1).

The third edition of the WHO Laboratory biosafety manual is a helpful reference
and guide to nations that accept the challenge to develop and establish national codes
of practice for securing microbiological assets, yet ensuring their availability for clinical,
research and epidemiological purposes.

Dr A. Asamoa-Baah
Assistant Director-General
Communicable Diseases
World Health Organization
Geneva, Switzerland
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1. General principles

Introduction

Throughout this manual, references are made to the relative hazards of infective
microorganisms by risk group (WHO Risk Groups 1, 2, 3 and 4). This risk group
classification is to be used for laboratory work only. Table 1 describes the risk groups.

Table 1. Classification of infective microorganisms by risk group

Risk Group 1 (no or low individual and community risk)
A microorganism that is unlikely to cause human or animal disease.

Risk Group 2 (moderate individual risk, low community risk)

A pathogen that can cause human or animal disease but is unlikely to be a serious hazard to
laboratory workers, the community, livestock or the environment. Laboratory exposures may
cause serious infection, but effective treatment and preventive measures are available and the
risk of spread of infection is limited.

Risk Group 3 (high individual risk, low community risk)
A pathogen that usually causes serious human or animal disease but does not ordinarily spread
from one infected individual to another. Effective treatment and preventive measures are available.

Risk Group 4 (high individual and community risk)

A pathogen that usually causes serious human or animal disease and that can be readily
transmitted from one individual to another, directly or indirectly. Effective treatment and preventive
measures are not usually available.

Laboratory facilities are designated as basic — Biosafety Level 1, basic — Biosafety Level 2,
containment — Biosafety Level 3, and maximum containment — Biosafety Level 4.
Biosafety level designations are based on a composite of the design features,
construction, containment facilities, equipment, practices and operational procedures
required for working with agents from the various risk groups. Table 2 relates but
does not “equate” risk groups to the biosafety level of laboratories designed to work
with organisms in each risk group.

Countries (regions) should draw up a national (regional) classification of
microorganisms, by risk group, taking into account:
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Table 2. Relation of risk groups to hiosafety levels, practices and equipment

RISK  BIOSAFETY LABORATORY LABORATORY SAFETY
GROUP  LEVEL TYPE PRACTICES EQUIPMENT
1 Basic - Basic teaching, GMT None; open bench
Biosafety research work
Level 1
2 Basic - Primary health GMT plus protective  Open bench plus BSC
Biosafety services; diagnostic  clothing, biohazard for potential aerosols
Level 2 services, research sign
3 Containment — Special diagnostic As Level 2 plus BSC and/or other
Biosafety services, research special clothing, primary devices for all
Level 3 controlled access, activities

directional airflow

Maximum Dangerous pathogen As Level 3 plus Class 111 BSG, or
containment — units airlock entry, shower positive pressure suits
Biosafety exit, special waste in conjunction with
Level 4 disposal Class 11 BSCs, double-

ended autoclave
(through the wall),
filtered air

BSC, biological safety cabinet; GMT, good microbiological techniques (see Part IV of this manual)

. Pathogenicity of the organism.
. Mode of transmission and host range of the organism. These may be influenced

by existing levels of immunity in the local population, density and movement of
the host population, presence of appropriate vectors, and standards of environ-
mental hygiene.

. Local availability of effective preventive measures. These may include: prophylaxis

by immunization or administration of antisera (passive immunization); sanitary
measures, e.g. food and water hygiene; control of animal reservoirs or arthropod
vectors.

. Local availability of effective treatment. This includes passive immunization,

postexposure vaccination and use of antimicrobials, antivirals and chemo-
therapeutic agents, and should take into consideration the possibility of the
emergence of drug-resistant strains.

The assignment of an agent to a biosafety level for laboratory work must be based on

a risk assessment. Such an assessment will take the risk group as well as other factors

into consideration in establishing the appropriate biosafety level. For example, an agent

that is assigned to Risk Group 2 may generally require Biosafety Level 2 facilities,

equipment, practices and procedures for safe conduct of work. However, if particular
experiments require the generation of high-concentration aerosols, then Biosafety
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Level 3 may be more appropriate to provide the necessary degree of safety, since it
ensures superior containment of aerosols in the laboratory workplace. The biosafety
level assigned for the specific work to be done is therefore driven by professional
judgement based on a risk assessment, rather than by automatic assignment of a
laboratory biosafety level according to the particular risk group designation of the
pathogenic agent to be used (see Chapter 2).

Table 3 summarizes the facility requirements at the four biosafety levels.

Table 3. Summary of biosafety level requirements

BIOSAFETY LEVEL

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.

4 For example, window, closed-circuit television, two-way communication.

Thus, the assignment of a biosafety level takes into consideration the organism
(pathogenic agent) used, the facilities available, and the equipment practices and
procedures required to conduct work safely in the laboratory.





