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Foreword

Biosafety in Microbiological and Biomedical Laboratories (BMBL) has served

as the cornerstone of biosafety practice in the United States since its initial
release. We wish to emphasize that the sixth edition of BMBL remains an
advisory document recommending best practices for the safe conduct of work

in biomedical and clinical laboratories from a biosafety perspective. The BMBL
is not intended to be a regulatory document although we recognize that some
may use it in that way. The core principle of this document is protocol-driven risk
assessment; it is not possible for a single document to identify all of the possible
combinations of risks and mitigations feasible in biomedical and clinical labora-
tories. The BMBL should be used as a tool in the assessment and proposed
mitigation steps in biomedical and clinical laboratories.

This edition of BMBL includes revised sections, agent summary statements,

and appendices. We harmonized the recommendations included in this edition
with guidance issued and regulations promulgated by other organizations and
federal agencies. Wherever possible, we clarified both the language and intent
of the information provided. In order to serve the needs of our community better,
this edition includes new appendices on the following topics: inactivation and
verification; laboratory sustainability; large-scale biosafety; and clinical laboratory
biosafety.

Over 200 of our scientific and professional colleagues contributed to the prepa-
ration of the sixth edition through participation in technical working groups and
serving as reviewers, guest editors, and subject matter experts. We wish to thank
them all for their dedication and hard work. Without them, the sixth edition of
BMBL would not be possible. We also recognize the hard work and contributions
made by all who participated in preparation of the previous editions of BMBL; we
have built on their solid work and commitment.

It would have been impossible to publish this revision without recognizing the
visionary leadership of the previous BMBL editors—Drs. John Richardson,

W. Emmett Barkley, Jonathan Richmond, Robert W. McKinney, Casey Chosewood,
and Deborah Wilson—without whom the BMBL would not be the respected
resource it is today. The Steering Committee members, Drs. Christy Myrick,
Richard G. Baumann, Margy Lambert, Patricia Delarosa, and Theresa Lawrence,
were instrumental in identifying authors, selecting additions to this edition, and
reviewing submissions. Their significant contribution to this edition is sincerely
appreciated.

We are truly grateful to Ms. Shaina Mangino and Dr. Mallory Pomales of Eagle
Medical Services, LLC for their expertise and patience in assisting us with this
undertaking. Their superb organizational and editing skills were critical in the
creation of this document.
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We hope you find the sixth edition of Biosafety in Microbiological and Biomedical
Laboratories complete, timely, and most of all, easy to use. Thank you for your
patience and understanding during the long and comprehensive revision process.

Paul J. Meechan, PhD, MPH, RBP, CBSP(ABSA)
Associate Director for Laboratory Safety

Office of Laboratory Science and Safety

Centers for Disease Control and Prevention
Atlanta, GA

Jeffrey Potts, MPH, CBSP(ABSA)

Chief, Biorisk Management Branch
Division of Occupational Health and Safety
National Institutes of Health

Bethesda, MD
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Section |I—Introduction

Biosafety in Microbiological and Biomedical Laboratories (BMBL) has become
the overarching guidance document for the practice of biosafety in the U.S.—
the mechanism for addressing the safe handling and containment of infectious
microorganisms and hazardous biological materials. The principles of biosafety
introduced in 1984 in the first edition of BMBL' and carried through this edition
remain steadfast. These principles are containment and risk assessment.

The fundamentals of containment include the microbiological practices,

safety equipment, and facility safeguards that protect laboratory workers, the
environment, and the public from exposure to infectious microorganisms that
are handled and stored in the laboratory. Risk assessment is the process that
enables the appropriate selection of microbiological practices, safety equipment,
and facility safeguards that can help prevent Laboratory-associated infections
(LAI). The purpose of periodic updates of BMBL is to refine guidance based

on new knowledge and experiences and to address contemporary issues that
present new risks that confront laboratory workers and the public health. In this
way, the guidance provided within the BMBL will continue to serve the microbio-
logical and biomedical community as a relevant and valuable reference.

The uncertainty and change regarding the identification of emerging agents

and the requirements for containment and safe storage of pathogens continues
to accelerate since the last edition of the BMBL was published. New infectious
agents and diseases have emerged. Work with infectious agents in public and
private research, public health, clinical and diagnostic laboratories, and in animal
care facilities has expanded. World events have demonstrated new threats

of bioterrorism. For these reasons, organizations and laboratory directors are
compelled to evaluate and ensure the effectiveness of their biosafety programs,
the proficiency of their workers, as well as the capability of equipment, facilities,
and management practices to provide containment and security of microbiological
agents. Similarly, individual workers who handle pathogenic microorganisms
must understand the containment conditions under which infectious agents can
be safely manipulated and secured. Application of this knowledge and the use
of appropriate techniques and equipment will enable the microbiological and
biomedical community to help prevent personal, laboratory, and environmental
exposure to potentially infectious agents or biohazards.

The Occurrence of Laboratory-associated infections

Published reports of LAls first appeared around the start of the 20th century. By
1978, four studies by Pike and Sulkin collectively identified 4,079 LAls resulting
in 168 deaths occurring between 1930 and 1978.2-° These studies found that

the ten most common causative agents of overt infections among workers were
Brucella spp., Coxiella burnetii, hepatitis B virus (HBV), Salmonella enterica
serotype Typhi, Francisella tularensis, Mycobacterium tuberculosis, Blastomyces
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dermatitidis, Venezuelan equine encephalitis virus, Chlamydia psittaci, and
Coccidioides immitis. The authors acknowledged that the 4,079 cases did not
represent all LAls that occurred during this period, since many laboratories chose
not to report overt cases or conduct surveillance programs to identify subclinical
or asymptomatic infections.

In addition, historical reports of LAls seldom provided data sufficient to determine
incidence rates, complicating quantitative assessments of risk. Similarly, there
were no distinguishable accidents or exposure events identified in more than
80% of the LAIs reported before 1978. Studies did show that, in many cases,

the infected person worked with a microbiological agent or was in the vicinity of
another person handling an agent.?®

During the 20 years following the Pike and Sulkin publications, a worldwide
literature search by Harding and Byers revealed 1,267 overt infections with 22
deaths.” Five deaths were of fetuses aborted as the consequence of a maternal
LAl. Mycobacterium tuberculosis, Coxiella burnetii, hantavirus, arboviruses,
HBYV, Brucella spp., Salmonella spp., Shigella spp., hepatitis C virus, and Crypto-
sporidium spp. accounted for 1,074 of the 1,267 infections. The authors also
identified an additional 663 cases that presented as subclinical infections. Like
Pike and Sulkin, Harding and Byers reported that only a small number of the LAI
involved a documented specific incident. The non-specific associations reported
most often by these authors were working with a microbiological agent, being in
or around the laboratory, or being around infected animals.

The findings of Harding and Byers indicated that clinical (diagnostic) and research
laboratories accounted for 45% and 51%, respectively, of the total LAls reported.
This is a marked difference from the LAls reported by Pike and Sulkin prior to
1979, which indicated that clinical and research laboratories accounted for 17%
and 59%, respectively. The relative increase of LAls in clinical laboratories may
be due in part to improved employee health surveillance programs that are able
to detect subclinical infections, or to the use of inadequate containment proce-
dures during the early stages of culture identification.

Comparison of the more recent LAls reported by Harding and Byers with those
reported by Pike and Sulkin suggests that the number is decreasing. Harding and
Byers note that improvements in containment equipment, engineering controls,
and greater emphasis on safety training may be contributing factors to the
apparent reduction in LAls over two decades. However, due to the lack of infor-
mation on the actual numbers of infections and the population at risk, it is difficult
to determine the true incidence of LAls.

Publication of the occurrence of LAls provides an invaluable resource for the
microbiological and biomedical community. For example, one report of occupa-
tional exposures associated with Brucella melitensis, an organism capable of
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transmission by the aerosol route, described how a staff member in a clinical
microbiology laboratory accidentally sub-cultured B. melitensis on the open
bench.8 This error and a breach in containment practices resulted in eight LAls
with B. melitensis among 26 laboratory members—an attack rate of 31%.

Reports of LAls can serve as lessons in the importance of maintaining safe
conditions in biomedical and clinical laboratories.

Evolution of National Biosafety Guidelines

National biosafety guidelines evolved from the efforts of the microbiological and
biomedical community to promote the use of safe microbiological practices,
safety equipment, and facility safeguards that reduce LAls and protect public
health and the environment. The historical accounts of LAls raised awareness
about the hazards of infectious microorganisms and the health risks to laboratory
workers who handle them. Many published accounts suggested practices and
methods that might prevent LAls.® Arnold G. Wedum was the Director of Industrial
Health and Safety at the United States Army Biological Research Laboratories,
Fort Detrick, from 1944 to 1969. His pioneering work in biosafety provided the
foundation for evaluating the risks of handling infectious microorganisms and

for recognizing biological hazards and developing practices, equipment, and
facility safeguards for their control. Fort Detrick also advanced the field by aiding
the development of biosafety programs at the United States Department of
Agriculture (USDA), National Animal Research Center (NARC) and the United
States Department of Health and Human Services (DHHS), Centers for Disease
Control and Prevention (CDC), and National Institutes of Health (NIH). These
governmental organizations subsequently developed several national biosafety
guidelines that preceded the first edition of BMBL.

In 1974, the CDC published Classification of Etiologic Agents on the Basis of
Hazard."® This report introduced the concept for establishing ascending levels of
containment that correspond to risks associated with handling infectious microor-
ganisms that present similar hazardous characteristics. Human pathogens were
grouped into four classes according to mode of transmission and the severity

of disease they caused. A fifth class included non-indigenous animal pathogens
whose entry into the United States was restricted by USDA policy.

The NIH published National Cancer Institute Safety Standards for Research
Involving Oncogenic Viruses in 1974." These guidelines established three

levels of containment based on an assessment of the hypothetical risk of cancer
in humans from exposure to animal oncogenic viruses or a suspected human
oncogenic virus isolate.'?'® In 1976, NIH first published the NIH Guidelines for
Research Involving Recombinant DNA Molecules (NIH Guidelines).** The current
NIH Guidelines described in detail the microbiological practices, equipment,

and facility safeguards that correspond to four ascending levels of physical
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containment and established criteria for assigning experiments to a containment
level based on an assessment of potential hazards of this continually evolving
technology.'® The evolution of these guidelines set the foundation for developing
a code of practice for biosafety in microbiological and biomedical laboratories.
Led by the CDC and NIH, a broad collaborative initiative involving scientists,
laboratory directors, occupational physicians, epidemiologists, public health
officials, and health and safety professionals developed the first edition of BMBL
in 1984. The BMBL provided the technical content not previously available in
biosafety guidelines by adding summary statements conveying guidance pertinent
to infectious microorganisms that had caused LAls. The sixth edition of BMBL is
also the product of a broad collaborative initiative committed to perpetuate the
value of this national biosafety code of practice.

Risk Criteria for Establishing Ascending Levels of Containment

The primary risk criteria used to define the four ascending levels of containment,
referred to as Biosafety Levels 1 through 4, are infectivity, severity of disease,
transmissibility, and the nature of the work being conducted. Another important
risk factor for agents that cause moderate to severe disease is the origin of the
agent, whether indigenous or exotic. Each level of containment describes the
microbiological practices, safety equipment, and facility safeguards for the corre-
sponding level of risk associated with handling an agent. The facility safeguards
associated with Biosafety Levels 1 through 4 help protect non-laboratory
occupants of the facility, the public health, and the environment.

Biosafety Level 1 (BSL-1) is the basic level of protection and is appropriate for
defined and characterized strains of viable biological agents that are not known
to cause disease in immunocompetent adult humans. Biosafety Level 2 (BSL-2)
is appropriate for handling moderate-risk agents that cause human disease of
varying severity by ingestion or through percutaneous or mucous membrane
exposure. Biosafety Level 3 (BSL-3) is appropriate for agents with a known
potential for aerosol transmission, for agents that may cause serious and poten-
tially lethal infections, and that are indigenous or exotic in origin. Exotic agents
that pose a high individual risk of life-threatening disease by infectious aerosols
and for which no treatment is available are restricted to high containment labora-
tories that meet Biosafety Level 4 (BSL-4) guidelines.

It is important to emphasize that the causative incident for most LAls is
unknown.”® Less obvious exposures such as the inhalation of infectious

aerosols or direct contact of broken skin or mucous membranes with droplets
containing an infectious microorganism or surfaces contaminated by droplets
may possibly explain the incident responsible for a number of LAls. Manipulations
of liquid suspensions of microorganisms may produce aerosols and droplets.
Small-particle aerosols have respirable size particles that may contain one or
several microorganisms. These small particles stay airborne and easily disperse
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throughout the laboratory. When inhaled, the human lung will retain these
particles. Larger particle droplets rapidly fall out of the air, contaminating gloves,
the immediate work area, and the mucous membranes of unprotected workers.
A procedure’s potential to release microorganisms into the air as aerosols and
droplets is the most important operational risk factor that supports the need for
containment equipment and facility safeguards.

Agent Summary Statements

The sixth edition, as in all previous editions, includes agent summary statements
that describe the hazards, recommended precautions, and levels of containment
appropriate for handling specific human and zoonotic pathogens in the laboratory
and in facilities that house laboratory vertebrate animals. Agent summary
statements are included for agents that meet one or more of the following three
criteria:

1. The agent is a proven hazard to laboratory personnel working with
infectious materials;

2. The agent is suspected to have a high potential for causing LAls
even though no documented cases exist; and

3. The agent causes grave disease or presents a significant public
health hazard.

Scientists, clinicians, and biosafety professionals prepared the statements by
assessing the risks of handling the agents using standard protocols followed in
many laboratories. No one should conclude that the absence of an agent
summary statement for a human pathogen means that the agent is safe to
handle at BSL-1 or without a risk assessment to determine the appropriate
level of containment. Laboratory directors should also conduct independent
risk assessments before beginning work with an agent or procedure new to the
laboratory, even though an agent summary statement is available. There may
be situations where a laboratory director should consider modifying the precau-
tionary measures or recommended practices, equipment, and facility safeguards
described in an agent summary statement. In addition, laboratory directors
should seek guidance when conducting risk assessments. Knowledgeable
colleagues, institutional safety committees, institutional biosafety committees,
biosafety officers, and public health, biosafety, and scientific associations are
excellent resources.

The agent summary statements in the fifth edition of BMBL were reviewed in the
course of preparing the sixth edition. There are new and updated agent summary
statements including those for agents classified as Select Agents. For example,
there is an updated section on arboviruses and related zoonotic viruses including
new agent summary statements as well as statements for recently emerged
agents such as Middle East Respiratory Syndrome coronavirus (MERS-CoV).
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The sixth edition includes a substantially revised section on risk assessment that
emphasizes the critical importance of this process in selecting the appropriate
practices and level of containment. That section intentionally follows this intro-
duction because risk assessment is the core principle that supports a code of
practice for safe handling of infectious agents in microbiological and biomedical
laboratories.

Laboratory Biosecurity

The nation also continues to face a challenge in safeguarding the public health
from potential domestic or international bioterrorism. Existing standards and
practices may require adaptation to ensure protection from such hostile actions.
Federal regulations mandate increased security within the microbiological and
biomedical community in order to protect high consequence biological pathogens
and toxins from theft, loss, or misuse. The sixth edition of BMBL includes an
update on laboratory biosecurity—the discipline addressing the security of
microbiological agents and toxins and the threats posed to human and animal
health, the environment, and the economy by deliberate misuse or release. A
careful review of the laboratory biosecurity concepts and guidelines in Section VI
is essential for all laboratory workers.

Using Biosafety in Microbiological and Biomedical Laboratories

BMBL is a code of practice and an authoritative reference. Knowledge sufficient to
work safely with hazardous microorganisms requires a careful review of multiple
sections of the BMBL. This will offer the reader an understanding of the biosafety
principles that serve as the basis for the concepts and recommendations included
in this reference. Reading only selected sections will not adequately prepare even
an experienced laboratory worker to handle potentially infectious agents safely.

The recommended practices, safety equipment, and facility safeguards described
in the BMBL are advisory. The intent was and is to establish a voluntary code of
practice, one that all members of a laboratory community will together embrace to
safeguard themselves and their colleagues, and to protect the public health and
environment.

Additional appendices have been added to the sixth edition of the BMBL,
including: Appendix K—Inactivation and Verification; Appendix L—Sustainability;
Appendix M—Large Scale Biosafety; and Appendix N—Clinical Laboratories. In
Appendix K, content has been added on inactivation verification, as recent events
have demonstrated that it may be insufficient to follow a published inactivation
procedure and assume that it is capable of providing complete inactivation

of all pathogenic organisms present in a sample. In Appendix L, content has
been added to assist laboratories with finding methods to reduce the significant
operating costs associated with laboratories. In Appendix M, biosafety consider-
ations for large-scale production of agents has been added, in recognition of the
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interest in the use of biological agents in the generation of biopharmaceuticals.
Finally, in Appendix N, content on the safe handling of biological materials

in clinical laboratories has been added, as the risk assessment of handling
specimens with unconfirmed but suspected high-risk agents can be significantly
different from the assessment traditionally generated in microbiology laboratories.

The BMBL should not be used as a single source of biosafety information; it
provides the basis for a rational risk assessment to be developed and reviewed
by the competent stakeholders at an institution. Inclusion of all relevant stake-
holders, including the biosafety office or officer, animal care staff, facilities staff,
management, and the Institutional Biosafety Committee, or equivalent resource,
is needed to ensure all relevant parties provide input and reach consensus on
the risk assessment.

Looking Ahead

Although Laboratory-associated infections are infrequent, it is critical that the
microbiological and biomedical communities continue their resolve to remain
vigilant and avoid complacency. The widely reported incidents of accidental
shipments of or potential exposures to high-consequence pathogens over the
last several years demonstrate that accidents and unrecognized exposures
continue to occur. The absence of clear evidence of the means of transmission
in most documented LAls should motivate persons at risk to be alert to all
potential routes of exposure. The accidental release of microbial aerosols is a
probable cause of many LAls,'” which demonstrates the importance of worker
training and the ability to recognize potential hazards and correct unsafe
habits. Attention to and proficient use of work practices, safety equipment, and
engineering controls are also essential.

Understanding the principles of biosafety, the use of well-executed risk assess-
ments, and the adherence to the microbiological practices, containment, and
facility safeguards described in BMBL will continue to contribute to a safer and
healthier working environment for laboratory staff, adjacent personnel, and the
community.
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Section lI—Biological Risk Assessment

The ongoing practice of biological risk assessment is the foundation of safe
laboratory operations. Risk assessment requires careful judgment and is an
important responsibility for directors and principal investigators (PI) of micro-
biological and biomedical laboratories. Institutional leadership and oversight
resources, such as Institutional Biosafety Committees (IBCs) or equivalent
resources, animal care and use committees, biological safety professionals,
occupational health staff, and laboratory animal veterinarians also share in this
responsibility. When assessing risk, it is essential to broadly engage stakeholders,
including laboratory and facility staff and subject matter experts, in committee
reviews of work and discussions of past studies of Laboratory-associated infec-
tions (LAls) and other published research. The biological risk assessment process
is used to identify the hazardous characteristics of an infectious or potentially
infectious agent or material, if known; the activities that can result in a person’s
exposure to an agent; the likelihood that such exposure will cause an LAI; and
the probable consequences of such an infection. The information identified by
risk assessment will provide a guide for the selection of appropriate mitigations,
including the application of Biosafety Levels and good microbiological practices,
safety equipment, and facility safeguards that can help prevent LAls.

Promoting a positive culture of safety by integrating a risk management process
into daily laboratory operations results in the ongoing identification of hazards and
prioritization of risks and the establishment of risk mitigation protocols tailored

to specific situations. To be successful, this process must be collaborative and
inclusive of all stakeholders. Further, it must recognize a hierarchy of controls,
beginning with the elimination or reduction of hazards, then progress to imple-
menting the appropriate engineering and/or administrative controls to address
residual risks, and, if necessary, identifying personal protective equipment (PPE)
to protect the worker.’

For the purposes of this section, hazards are defined as substances or situations
capable of causing adverse effects to health or safety.? Risks occur when people
interact with hazards and are a function of both the probability of adverse events
and expected consequences of a potential incident.?2 The product of probability
and consequence estimates provide a relative value that can be used to prioritize
risks. Since it is impossible to eliminate all risk, unless the associated hazard is
eliminated, the risk assessment evaluates recognized risks associated with a
particular hazard and reduces risk to an institutionally acceptable level through a
documented process. For the biological laboratory, this process is usually quali-
tative with classifications from high- to low-risk. This section provides guidance on
conducting a risk assessment, implementing a risk mitigation program, commu-
nicating during and after the assessment, and developing practices to support
ongoing application of the risk assessment process.
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Risks are best mitigated by combining and overlapping risk management
practices and risk mitigation controls to offer redundant protections for the worker,
community, and the environment. Working through the risk assessment process
identifies best practices for manipulating biological agents, how to integrate
multiple containment or protection strategies, and how to respond if something
does not go as planned. When performed comprehensively, it accounts for
changing methodologies, procedures, and regulations as the work evolves.

Adverse consequences, like LAls, are more likely to occur if the risks are uniden-
tified or underestimated. By contrast, imposition of safeguards more rigorous
than needed may result in additional expense and burden for the laboratory

with little enhancement of laboratory safety. However, where there is insufficient
information to make a clear determination of risk, consider the need for additional
safeguards until more data are available.

The Risk Management Process

The sixth edition of Biosafety in Microbiological and Biomedical Laboratories
(BMBL) provides guidance on risk mitigation measures to address common
agent and protocol risks. As all possible adverse incidents can’t be predicted,
judgments and decisions about control measures sometimes need to be based
on incomplete information. Special risks, associated with a particular type of
laboratory, may require more caution in the risk assessment; for example, clinical
laboratories rarely have the benefit of agent information, as they are typically
looking to identify the causative agent for a medical diagnosis. Please refer to
Appendix N for additional information on clinical laboratories.

This section describes a six-step approach that gives structure to the risk
management process and reinforces an ongoing positive culture of safety. Other
methodologies may be useful, including the process described in the WHO
Laboratory Biosafety Manual.

The initial factors to consider in risk assessment fall into two broad categories:
agent hazards and laboratory procedure hazards. Following the assessment
of the inherent risk, the Biosafety Level and any additional indicated mitigation
strategies are determined. Before implementation of the controls, the risk
assessment and selected safeguards should be reviewed with a biosafety
professional, subject matter expert, and the IBC or equivalent resource. Then,
as part of an ongoing assessment of risk management, the proficiency of staff
regarding safe practices and the integrity of safety equipment is evaluated and
training or competency gaps are addressed. Finally, the management strategies
are revisited regularly to reassess risks and mitigations and are updated when
appropriate.
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First, identify hazardous characteristics of the agent and perform an
assessment of the inherent risk, which is the risk in the absence of
mitigating factors. Consider the principal hazardous characteristics of the agent,
which include its capability to infect and cause disease in a susceptible host,
severity of disease, and the availability of preventive measures and effective
treatments. Also consider possible routes of transmission of infection in the
laboratory, infectious dose (ID), stability in the environment, host range, whether
the agent is indigenous or exotic to the local environment, and the genetic
characteristics of the agent.3-®

Several excellent resources provide information and guidance for making an
initial risk assessment. Section VIl of BMBL provides agent summary statements
for many agents that are associated with LAls or are of increased public concern.
Agent summary statements also identify known and suspected routes of trans-
mission of Laboratory-associated infections and, when available, information on
infective dose, host range, agent stability in the environment, protective immuni-
zations, and attenuated strains of the agent. Safety documents from reputable
sources are also valuable, such as the Pathogen Data Safety Sheets generated
by the Public Health Agency of Canada (PHAC); the Pathogen Data Safety
Sheets are available at https://www.canada.ca/en/public-health/services/labora-
tory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment.html. A
thorough examination of the agent hazards is necessary when the intended use
of an agent does not correspond with the general conditions described in the
agent summary statement or when an agent summary statement is not available.
In addition, it is always helpful to seek guidance from colleagues with experience
in handling the agent and from biological safety professionals.

The NIH Guidelines for Research Involving Recombinant or Synthetic Nucleic
Acid Molecules (NIH Guidelines) has incorporated an agent Risk Group (RG)
classification for laboratory use that describes four general Risk Groups based
on these principle characteristics and the route of transmission of the natural
disease; this list is found in Appendix B of the NIH Guidelines. ABSA International
also has a compendium of organisms and Risk Group assignments from several
countries and organizations available at https://my.absa.org/Riskgroups. Agent
Risk Group assignments assist with an initial estimate of the pathogen’s risk;
the assessment must be modified appropriately based on the unique risks faced
by each laboratory for the specific work being done. The four groups address
the risk to both the laboratory worker and the community and correlate
with, but do not equate to, Biosafety Levels. See Section Ill for additional
information about Risk Groups and Biosafety Levels.
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Genetically modified agent hazardous characteristics The identification and
assessment of hazardous characteristics of genetically modified agents involve
consideration of the same factors used in risk assessment of the wild-type
organism. It is particularly important to address the possibility that the genetic
modification could increase or decrease an agent’s pathogenicity or affect its
susceptibility to antibiotics or other effective treatments. The risk assessment
can be difficult or incomplete because important information may not be available
for a newly engineered agent. Several investigators have reported that they
observed unanticipated enhanced virulence in recent studies with engineered
agents;”~"* these observations give reasons to remain alert to the possibility that
experimental alteration of virulence genes may lead to altered risk and reinforce
the nature of risk assessment as a continuing process that requires updating as
research progresses.

The NIH Guidelines are the key reference in assessing risk and establishing
an appropriate Biosafety Level for work involving recombinant DNA molecules.
Please refer to Appendix J for more information about the NIH Guidelines and
the NIH Office of Science Policy (OSP). The NIH Guidelines are available at
https://osp.od.nih.gov/wp-content/uploads/NIH_Guidelines.pdf."

Cell Cultures Workers who handle or manipulate human or animal cells and
tissues are at risk for possible exposure to potentially infectious latent and
adventitious agents that may be present in those cells and tissues. This risk is
illustrated by the reactivation of herpes viruses from latency,'?'? the inadvertent
transmission of disease to organ recipients,'*'5 and the persistence of human
immunodeficiency virus (HIV), hepatitis B virus (HBV), and hepatitis C virus
(HCV) within infected individuals in the U.S. population.'® In addition, human and
animal cell lines that are not well characterized or are obtained from secondary
sources may introduce an infectious hazard to the laboratory. For example, the
handling of nude mice inoculated with a tumor cell line unknowingly infected with
lymphocytic choriomeningitis virus resulted in multiple LAls."” See Appendix H for
additional information.

Other hazardous characteristics of an agent include probable routes of trans-
mission in the laboratory, infective dose, stability in the environment, host range,
and its endemic nature. In addition, reports of LAls are a clear indicator of hazard
and often are sources of information helpful for identifying agent and procedural
hazards, and the precautions for their control. The absence of a report does not
indicate minimal risk. The number of infections reported for a single agent may
be an indication of the frequency of use as well as risk. Reporting of LAls by
laboratory directors in scientific and medical literature is encouraged. The agent
summary statements in BMBL include specific references to reports on LAls.
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Once the inherent risk associated with the agent is considered, the next step in
the process involves addressing the possibility of transmission of the agent. The
most likely routes of transmission in the laboratory are:

1. Direct skin, eye or mucosal membrane exposure to an agent;

2.  Parenteral inoculation by a syringe needle or other contaminated sharp,
or by bites from infected animals and arthropod vectors;

3. Ingestion of liquid suspension of an infectious agent, or by contaminated
hand to mouth exposure; and

4. Inhalation of infectious aerosols.

An awareness of the routes of transmission for the natural human disease is
helpful in identifying probable routes of transmission in the laboratory and the
potential for any risk to public health. For example, transmission of infectious
agents can occur by direct contact with discharges from respiratory mucous
membranes of infected persons, which would be a clear indication that a
laboratory worker is at risk of infection from mucosal membrane exposure to
droplets generated while handling that agent. Additional information used to
identify both natural and often noted laboratory modes of transmission can

be found in the Control of Communicable Diseases Manual.® It is important to
remember that the nature and severity of disease caused by a Laboratory-asso-
ciated infection and the probable route of transmission of the infectious agent in
the laboratory may differ from the route of transmission and severity associated
with the naturally-acquired disease.®

An agent capable of transmitting disease through respiratory exposure to infec-
tious aerosols is a serious laboratory hazard, both for the person handling the
agent and for other laboratory occupants. Infective dose and agent stability are
particularly important in establishing the risk of airborne transmission of disease.
For example, the reports of multiple infections in laboratories associated with
the use of Coxiella burnetii are explained by its low inhalation infective dose,
which is estimated to be 10 inhaled infectious particles, and its resistance to
environmental stresses that enables the agent to survive outside of a living host
or culture media long enough to become an aerosol hazard.

When work involves the use of laboratory animals, the hazardous charac-
teristics of zoonotic agents require careful consideration when completing

a risk assessment. Evidence that experimental animals can shed zoonotic
agents and other infectious agents under study in saliva, urine, or feces is an
important indicator of hazard. The death of a primate center laboratory worker
from Macacine herpesvirus 1 (MHV-1, also known as Monkey B virus) infection
following an ocular splash exposure to biologic material from a rhesus macaque
emphasizes the seriousness of this hazard.?° Experiments that demonstrate
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transmission of disease from an infected animal to a normal animal housed in the
same cage are reliable indicators of hazard. Experiments that do not demonstrate
transmission, however, do not rule out the hazard. For example, experimental
animals infected with Francisella tularensis, Coxiella burnetii, Coccidioides
immitis, or Chlamydia psittaci—agents that have caused many LAls—rarely infect
cagemates.?'

The origin of the agent is also important when conducting a risk assessment.
Non-indigenous agents are of special concern because of their potential to
transmit or spread infectious diseases from foreign countries into the United
States. Importation of agents of human disease requires a permit from the CDC.
Importation of many agents of livestock, poultry, and other animal diseases
requires a permit from the USDA’s Animal and Plant Health Inspection Service
(APHIS). For additional details, see Appendix C.

Often, there is not sufficient information to make an appropriate assessment

of risk. For example, the hazard of an unknown agent that may be present in a
specimen may not be known until the completion of agent identification and typing
procedures. It would be prudent to assume the specimen contains an unknown
agent presenting the hazardous classification that correlates with a minimum

of BSL-2 containment, unless additional information suggests the presence of
an agent of higher risk. Identification of agent hazards associated with newly
emergent pathogens also requires judgments based on incomplete information.
Often, epidemiologic findings are the best sources for information in these cases.
When assessing the hazards of a newly attenuated pathogen, experimental data
should support a judgment that the attenuated pathogen is less hazardous than
the wild-type parent pathogen before making any reduction in the containment
recommended for that pathogen.

Second, identify laboratory procedure hazards. The principal laboratory
procedure hazards are agent concentration, suspension volume, equipment and
procedures that generate small particle aerosols and larger airborne particles
(droplets), and use of sharps. Procedures involving animals can present a
number of hazards such as bites and scratches, exposure to zoonotic agents,
and the handling of experimentally generated infectious aerosols.

Investigations of LAls have identified the following routes of transmission: paren-
teral inoculations with syringe needles or other contaminated sharps, spills and
splashes onto skin and mucous membranes, ingestion through mouth pipetting,
animal bites and scratches, and inhalation exposures to infectious aerosols. The
first four routes of laboratory transmission were easy to detect but accounted

for less than 20% of the LAls reported in the 1979 retrospective review by
Pike.??2 Subsequent research on LAls has confirmed that the probable sources of
infection are frequently not known.?
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Aerosols and droplets Aerosols are a serious hazard because they are
ubiquitous in laboratory procedures, are usually undetected, and are extremely
pervasive, placing the laboratory worker carrying out the procedure and other
persons in the laboratory at risk of exposure. There is general agreement among
biosafety professionals, laboratory directors, and principal investigators who have
investigated LAls that an aerosol generated by procedures and operations is the
probable source of many LAls, particularly in cases involving workers whose only
known risk factor was that they worked with an agent or were in an area where
that work was done.

Procedures that impart energy to a microbial suspension will produce aerosols.
Equipment used for handling and analyzing infectious agents in laboratories,
such as pipettes, blenders, centrifuges, sonicators, vortex mixers, cell sorters,
and matrix-assisted laser desorption/ionization-time of flight (MALDI-TOF) mass
spectrometers are potential sources of aerosols.?*?5 These procedures and
equipment generate respirable-size particles that remain airborne for protracted
periods. These particles can remain in the lungs if inhaled or create an exposure
hazard for coworkers in the laboratory or persons occupying adjacent spaces
open to airflow from the laboratory. A number of investigators have determined
the aerosol output of common laboratory procedures. In addition, investigators
have proposed a model for estimating inhalation dosage from a laboratory
aerosol source. Parameters that characterize aerosol hazards include an agent’s
inhalation infective dose, its viability in an aerosol, aerosol concentration, and
particle size.?6-28

A careful and proficient worker will minimize the generation of aerosols. For
example, the hurried worker may operate a sonic homogenizer with maximum
aeration, but the careful worker will consistently operate the device to ensure
minimal aeration. Experiments show that the aerosol burden with maximal
aeration is approximately 200 times greater than aerosol burden with minimal
aeration.? Similar results were shown for improper pipetting which generated
bubbles versus pipetting with minimal bubble generation.

Procedures and equipment that generate respirable size particles also generate
larger size droplets that settle out of the air rapidly, contaminating hands, work
surfaces, and possibly the mucous membranes of the persons performing the
procedure. An evaluation of the release of both respirable particles and droplets
from laboratory operations determined that the respirable component is relatively
small; in contrast, hand and surface contamination can be substantial.?® The
potential risk from exposure to droplet contamination requires as much attention
in a risk assessment as the respirable component of aerosols.

Personal Protective Equipment (PPE) and Safety Equipment Hazards There
may be hazards that require specialized PPE in addition to safety glasses,
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laboratory gowns, and gloves. For example, a procedure that presents a splash
hazard may require the use of a mask and a face shield to provide adequate
protection. Inadequate training in the proper use of PPE may reduce its effec-
tiveness, provide a false sense of security, and could increase the risk to the
laboratory worker. For example, a respirator worn incorrectly may impart a risk to
the wearer independent of the agents being manipulated.

Safety equipment such as biological safety cabinets (BSCs), centrifuge safety
cups, and sealed rotors are used to provide a high degree of protection for the
laboratory worker from exposure to microbial aerosols and droplets. Safety
equipment that is not working properly is hazardous, especially when the user is
unaware of the malfunction. Poor location, room air currents, decreased airflow,
leaking filters, raised sashes, crowded work surfaces, and poor user technique
compromise the containment capability of a BSC. The safety characteristics of
modern centrifuges are only effective if the equipment is operated properly.

Facility Control Hazards Facility safeguards help prevent the accidental release
of an agent from the laboratory. For example, one facility safeguard is directional
airflow, which helps to prevent aerosol transmission from a laboratory into other
areas of the building. Directional airflow is dependent on the operational integrity
of the laboratory’s heating, ventilation, and air conditioning (HVAC) system.
HVAC systems require careful monitoring and periodic maintenance to sustain
operational integrity. Loss of directional airflow may compromise safe laboratory
operation. BSL-4 containment facilities provide more complex safeguards that
require significant expertise to design and operate.

Consideration of facility safeguards is an integral part of the risk assessment.

A biological safety professional, building and facilities staff, and the IBC, or
equivalent safety committee, should help assess the facility’s capability to
provide appropriate protection for the planned work and recommend changes as
necessary. Risk assessment may support the need to include additional facility
safeguards in the construction of new or renovation of old facilities.

Third, make a determination of the appropriate Biosafety Level and select
additional precautions indicated by the risk assessment. The selection of the
appropriate Biosafety Level and the selection of any additional laboratory precau-
tions require a comprehensive understanding of the practices, safety equipment,
and facility safeguards described in Sections Ill, IV, and V of this publication.

There will be situations where the intended use of an agent requires greater
precautions than those described in the agent’s summary statement. These
situations will require the careful selection of additional precautions. An obvious
example would be a procedure for exposing animals to experimentally generated
infectious aerosols.
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It is unusual that a risk assessment would indicate a need to alter the recom-
mended facility safeguards specified for the selected Biosafety Level. If this does
occur, it is important that a biological safety professional validate this judgment
before augmenting any facility secondary barrier.

While an entity’s biosafety plan is based on a risk assessment, the biosafety

plan may be influenced by federal regulations and guidelines. For example,

the 2017 notice published by the National Science Foundation (NSF) defines
standard terms and conditions for federal research grants.*® A listing of statutory,
regulatory, and executive requirements is provided in Appendix C of the updated
National Policy Requirements Matrix.3' The biosafety plan required by the Federal
Select Agents and Toxins regulations (9 CFR Part 121, 42 CFR Part 73) must

be based on an assessment that addresses the risk of the Select Agent or Toxin
given its intended use and consider, where appropriate, the NIH Guidelines for
Research Involving Recombinant or Synthetic Nucleic Acid Molecules. 1t is also
important to recognize that individuals in the laboratory may differ in their suscep-
tibility to disease. Pre-existing conditions, medications, compromised immunity,
and pregnancy or breast-feeding that may increase exposure of infants to certain
agents are some of the conditions that may increase the risk of an individual for
acquiring an LAI. Consultation with an occupational health care provider knowl-
edgeabile in infectious diseases is advisable in these circumstances.

Laboratory directors and principal investigators, or their designees, are respon-
sible for ensuring that the identified controls (equipment, administrative, and

PPE) have been made available and are adhered to or operating properly. For
example, a BSC that is not certified represents a potentially serious hazard to

the laboratory worker using it and to others in the laboratory. The director should
have all equipment deficiencies corrected before starting work with an agent.
Vaccination(s) may be recommended for laboratory personnel based on safety
and availability; however, the protection afforded by a vaccine to an individual
depends on the effectiveness of the vaccine and duration of immunity. Vaccination
does not substitute for engineering and administrative risk mitigation controls.

Institutions must address risk perception by setting risk tolerance limits or perfor-
mance expectations on program elements and equipment identified as critical to
operations.?>% Risk mitigation requires finding a balanced approach that includes
ongoing hazard identification and review of control measures with a commitment
at all levels to reduce identified risk to a level tolerable to the institution. Risk
acceptance is not equal acceptance of all risks; a level of biological risk may be
essential to performing research, while acceptance of an equal risk of scientific
misconduct is not.

Section llI—Biological Risk Assessment 17



Fourth, before implementation of the controls, review the risk assessment
and selected safeguards with a biosafety professional, subject matter
expert, and the IBC or equivalent resource. This review is strongly recom-
mended and may be required by regulatory or funding agencies. Review of
potentially high-risk protocols by the IBC should become standard practice.
Adopting this step voluntarily will promote the use of safe practices in work with
hazardous agents in microbiological and biomedical laboratories.

Fifth, as part of an ongoing process, evaluate the proficiencies of staff
regarding safe practices and the integrity of safety equipment. The
protection of laboratory workers, other persons associated with the laboratory,
and the public will depend ultimately on the laboratory workers themselves. The
laboratory director or principal investigator should ensure that laboratory workers
have acquired the technical proficiency in the use of microbiological practices and
safety equipment required for the safe handling of the agent and have developed
good habits that sustain excellence in the performance of those practices. Staff
at all skill levels need to know how to identify hazards in the laboratory and

how to obtain assistance in protecting themselves and others in the laboratory.
An evaluation of a worker’s training, experience in handling infectious agents,
proficiency in following good microbiological practices, correct use of safety
equipment, consistent use of standard operating procedures (SOPs) for specific
laboratory activities, ability to respond to emergencies, and willingness to accept
responsibility for protecting one’s self and others is an important indication that a
laboratory worker is capable of working safely.

An assessment should identify any potential deficiencies in the knowledge,
competency, and practices of the laboratory workers. Carelessness is a serious
concern because it can compromise any safeguards of the laboratory and
increase the risk for coworkers. Fatigue and its adverse effects on safety have
been well documented.? Training, experience, knowledge of the agent and
procedure hazards, good habits, caution, attentiveness, and concern for the
health of coworkers are prerequisites for laboratory staff in order to reduce the
risks associated with work with hazardous agents. Not all workers who join a
laboratory staff will have these prerequisite traits even though they may possess
excellent scientific credentials. Laboratory directors or principal investigators
should consider the use of competency assessment(s) to train and retrain new
staff to the point where aseptic techniques and safety precautions become
second nature.3%-%7

Sixth, revisit regularly and verify risk management strategies and determine
if changes are necessary. Continue the risk management cycle, and adjust and
adapt as the need arises. This includes a regular update of biosafety manuals
and SOPs when changes in procedures or equipment occur. A cyclical, adaptable
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risk management process forms the basis for a robust culture of safety in the
biological laboratory.

Risk Communication

An effective culture of safety depends on the effective communication and
reporting of risk indicators, including incidents and near misses, in a non-
punitive manner.®® Documents communicating the fundamental elements of a
safety program are an important part of this culture and form the basis of the
risk assessment; this includes hazard communication to all stakeholders.3®
Institutional leadership can engage workers at all levels by collaborating with
institutional safety programs and committing to and supporting a safe working
environment.

Institutions that work with infectious agents and toxins need an appropriate
organizational and governance structure to ensure compliance with biosafety,
biocontainment, and laboratory biosecurity regulations and guidelines, and

to communicate risks.*° In particular, the principal investigator or the facility
equivalent has the primary responsibility for communicating hazards and risks

in the laboratory. Staff must have the ability to report issues, including incidents
and near misses without fear of reprisal. Laboratory staff, IBCs or equivalent
resource, biosafety professionals, Institutional Animal Care and Use Committees
(IACUCs), and laboratory animal veterinarians also have responsibility for
identifying biological risks associated with laboratory work and communicating
institute-wide risk management practices. A biosafety officer (BSO) and/or other
safety personnel can coordinate the institution’s safety program and may assist
in the development of risk communication documents including incident trends
and mitigations, SOPs, biosafety manuals, hazard control plans, and emergency
response plans. Risk management can identify deficiencies in laboratory

worker performance or institutional policies and assists institutional leadership
responsible to make the necessary changes to safety programs to address those
deficiencies. Biosafety program changes that promote the building of a culture
of safety are most effectively communicated across the institution using multiple
communication routes to ensure that all staff are informed. Good communication
practices include messages from leadership, risk management documents, IBCs
or equivalent resource, and other committee reviews, as necessary.

Facilitating a Culture of Safety through Risk Assessment

The goal of your risk assessment is to address all realistic, perceivable risks to
protect personnel, the community, and the environment. Research progress,
changes in personnel, and changes in regulation over time drive programmatic
change and demand reconsideration of all factors, as periodically necessary. Risk
assessment is an ongoing process, and all personnel have a role in its success.
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The challenge is to develop good habits and procedures through training and
competency checks with the support of leadership. Once established, these
practices will persist to further instill a culture of safety. A sound risk commu-
nication strategy is also critical for both hazard identification and successful
implementation. While policies and plans are tangible assets derived from the
risk assessment process, the ultimate success will be measured by whether you
establish, strengthen, and sustain a culture of safety while encouraging commu-
nication about risks between management and staff to prevent accidents before
they happen.

The regular review of all hazards, prioritization of risk, multidisciplinary review
of priority risks, and establishment of risk mitigation measures demonstrate the
institution’s commitment to a safe and secure working environment and form the
cornerstone of a biosafety program. The approach to risk assessment outlined
in the preceding section is not static and benefits from active participation by all
relevant stakeholders. Aim for ongoing evaluation and periodic readjustments to
stay aligned with the changing needs of the institution and to protect all persons
from potential exposure to biological materials in laboratories and associated
facilities.

Conclusion

The BMBL is designed to assist organizations with the protection of workers

in biological laboratories and associated facilities from Laboratory-associated
infections. Risk assessment is the basis for the safeguards developed by the
CDC, the NIH, and the microbiological and biomedical community to protect
the health of laboratory workers and the public from the risks associated with
the use of hazardous biological agents in laboratories. Experience shows that
these established safe practices, equipment, and facility safeguards work; new
knowledge and experience may justify altering these safeguards.
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Section lll—Principles of Biosafety

A fundamental objective of any biosafety program is the containment of potentially
hazardous biological agents and toxins. The term containment describes a
combination of primary and secondary barriers, facility practices and procedures,
and other safety equipment, including personal protective equipment (PPE), for
managing the risks associated with handling and storing hazardous biological
agents and toxins in a laboratory environment. The purpose of containment is to
reduce the risk of exposure to staff and the unintentional release of hazardous
biological agents or toxins into the surrounding community and environment. Final
determination on the combination of containment measures required to address
the relevant biosafety risk present at a facility should be based on a compre-
hensive biosafety risk assessment. A comprehensive biosafety risk assessment

is a key component of a successful biosafety program and should be part of

an all-hazards risk assessment; it should be conducted on a continual basis to
address evolving risks within the laboratory environment. Detailed information on
the biological risk assessment process is found in Section Il of BMBL.

Management and leadership, with support from the facility’s biosafety profes-
sionals and other health and safety personnel, must perform and review the risk
assessment using the best available information. Management and leadership
are responsible for assessing the risks and selecting the appropriate combination
of risk mitigation measures. All persons in the institution are responsible for
performing their work in a manner that ensures the successful implementation
and performance of the safety measures identified in the risk assessment and
review.

Safety Equipment (Primary Barriers)

Primary barrier or primary containment is defined as physical containment
measure(s) placed directly at the level of the hazard. Safety equipment such

as biological safety cabinets (BSCs), enclosed containers, and other biosafety
controls are designed to protect personnel, the surrounding community, and the
environment from possible exposure to hazardous biological agents and toxins.
Primary barriers can function to either provide containment (e.g., BSCs) or direct
personal protection from the hazardous biological agents and toxins used. The
BSC is the standard device used to provide containment of hazardous biological
agents and toxins when conducting microbiological activities. Three primary
types of BSCs (Class I, Il, Ill) are used in laboratory facilities and selection of
the appropriate BSC should be based on the risks identified for each respective
laboratory. The three classes of BSCs are described and illustrated in Appendix A
of BMBL.

Additional primary containment devices may include sealed containers
(e.g., sealed rotors and centrifuge safety cups). These enclosed containers
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are designed to contain aerosols, droplets, and leakage of hazardous biological
agents and toxins that may result during certain activities (e.g., centrifugation).
Sealed containers provide containment for transfers between laboratories

within a facility, between facilities, and depending upon risk assessment, within
a laboratory. Selection of the appropriate primary containment device should

be based on the risks identified for those activities likely to produce aerosols,
droplets, or result in potential leakage of hazardous biological agents and toxins.

Note that in some cases, such as when working with large animals, secondary
barriers may become primary barriers. This lack of traditional primary barriers
(e.g., BSC) can lead to additional risks to personnel, the surrounding community,
and the environment. In these cases, the facility becomes the primary barrier
and personnel must rely on administrative and personal protective equipment

to reduce the risk of exposure. This type of facility may require additional
enginerring controls and precautions (e.g., HEPA filtration on the exhaust air)

to mitigate the risks posed to personnel, the surrounding community, and the
environment.

Personal Protective Equipment

Personal protective equipment (PPE) helps protect the user’s body from injury
from a variety of sources (e.g., physical, electrical, heat, noise, chemical) or
potential exposure to biological hazards and airborne particulate matter. PPE
includes gloves, coats, gowns, shoe covers, closed-toe laboratory footwear,
respirators, face shields, safety glasses, goggles, or ear plugs. PPE is usually
used in combination with other biosafety controls (e.g., BSCs, centrifuge safety
cups, and small animal caging systems) that contain the hazardous biological
agents and toxins, animals, or materials being handled. In situations where a
BSC cannot be used, PPE may become the primary barrier between personnel
and the hazardous biological agents and toxins. Examples include fieldwork,
resource-limited settings, certain animal studies, animal necropsy, and activities
relating to operations, maintenance, service, or support of the laboratory facility.
Selection of the appropriate PPE should be based on the risks identified for each
respective laboratory.

Facility Design and Construction (Secondary Barriers)

The design and construction of the laboratory facility provide a means of
secondary containment of hazardous biological agents and toxins. The secondary
barriers, together with other biosafety controls, help provide protection of
personnel, the surrounding community, and the environment from possible
exposure to hazardous biological agents and toxins.

When the risk of infection by aerosol or droplet exposure is present, higher levels
of secondary containment and multiple primary barriers may be used in combi-
nation with other controls to minimize the risk of exposure to personnel and the
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unintentional release into the surrounding community or the environment.
Such design features may include, but are not limited to the following:

n Ventilation strategies to ensure containment of the hazards;
n Effluent decontamination systems; and
[ ] Specialized building/suite/laboratory configurations, including:
] Controlled access zones to support the separation of the
laboratory from office and public spaces;
o Anterooms; and
m] Airlocks.

Design engineers may refer to specific ventilation recommendations as found in
the American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) Laboratory Design Guide.! Please note that depending on the
laboratory facility, design professionals may need to follow or consult with the
current versions of additional design recommendations and requirements such as:

] The National Institutes of Health (NIH) Design Requirements Manual
(DRM);

u World Health Organization (WHQO) Laboratory Biosafety Manual;

u World Organization for Animal Health (OIE) Manual of Diagnostic Tests
and Vaccines for Terrestrial Animals; and/or

[ ] Other similar national or international design reference documents.

Facility Practices and Procedures

Established facility-specific best practices and procedures are essential to
support the implementation and sustainability of a successful biosafety program.
Persons working in facilities that handle and store hazardous biological agents
and toxins must be able to properly identify all potential hazards and be trained
and proficient in necessary safe practices and procedures. Management and
leadership are responsible for providing and arranging the appropriate training of
all personnel based on their functional roles and responsibilities in support of the
biosafety program. Strict adherence to documented laboratory best practices and
procedures is an essential element of a robust biosafety program since failure

to follow the established procedures could result in an accidental exposure to
personnel or unintentional release of hazardous biological agents and toxins into
the surrounding community or the environment.

All facilities should develop and implement a biosafety program that identifies

the hazards and specifies risk mitigation strategies to eliminate or reduce the
likelihood of exposures and unintentional releases of hazardous materials.
Management and leadership are ultimately responsible for the work conducted
within laboratory facilities. When existing safety practices and procedures are not
sufficient to minimize the risk(s) associated with a particular hazardous biological
agent and/or toxin to an acceptable level, additional risk mitigation measures may
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be needed. Safety best practices and procedures must be developed and imple-
mented in coordination with other components of the overall biosafety program.

Biosafety Levels

The four primary Biosafety Levels (BSLs) for laboratories described in Section IV
of BMBL consist of combinations of facility design features and safety equipment
(primary and secondary barriers), facility practices and procedures, and personal
protective equipment. Selection of the appropriate combinations to safely conduct
the work should be based upon a comprehensive facility-specific biosafety risk
assessment that documents the properties of the biological agents and toxins

to be used, potential host characteristics, potential routes of infection, and the
laboratory work practices and procedures conducted or anticipated to be used in
the future. Recommended Biosafety Level(s) for the biological agents and toxins
in Section VIII of BMBL represent suggested practices for work with an agent or
toxin using standard protocols. Not all biological agents and toxins capable of
causing disease in humans are included in Section VIII.

When working with well-defined organisms, identification of the appropriate
biosafety controls should be based on the comprehensive biosafety risk
assessment. However, when information is available to suggest that virulence,
pathogenicity, antibiotic resistance patterns, vaccine and treatment availability,
or other factors are significantly altered, an adjustment to the stringency of
biosafety controls may be needed. For example, handling large volumes or high
concentrations of a biological agent or toxin may require additional practices
outlined in Sections IV and V of BMBL. Similarly, procedures that produce large
amounts of aerosols may also require additional biosafety controls to reduce the
likelihood of exposures to personnel and the unintentional release of a biological
agent or toxin in the surrounding community or the environment. Furthermore,
vaccines should not be considered non-pathogenic simply because they are
vaccine strains.

It is important to note that the four Biosafety Levels described below are not to
be confused and equated with Agent Risk Groups as described in the National
Institutes of Health Guidelines for Research Involving Recombinant or Synthetic
Nucleic Acid Molecules (NIH Guidelines). The Risk Group (RG) of an agent is an
important factor to be considered during the biosafety risk assessment process.
Biological agents and toxins are assigned to their relevant Risk Groups based
on their ability to cause disease in healthy human adults and spread within the
community. However, just because a biological agent is listed as a Risk Group 3
agent, it does not mean the activities conducted with that biological agent must
occur in a BSL-3 laboratory.
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Biosafety Level 1

Biosafety Level 1 (BSL-1) standard practices, safety equipment, and facility speci-
fications are generally appropriate for undergraduate and secondary educational
training and teaching laboratories and for other laboratories that work with defined
and characterized strains of viable biological agents not known to consistently
cause disease in healthy adult humans. Bacillus subtilis, Naegleria gruberi,
infectious canine hepatitis virus, and exempt organisms under the NIH Guidelines
are examples of the biological agents meeting these criteria. BSL-1 represents a
basic level of containment that relies on standard, microbiological best practices
and procedures with no special primary or secondary barriers, other than a door,
a sink for handwashing, and non-porous work surfaces that are cleanable and
easy to decontaminate.

Biosafety Level 2

Biosafety Level 2 (BSL-2) standard practices, safety equipment, and facility
specifications are applicable to laboratories in which work is performed using a
broad-spectrum of biological agents and toxins that are associated with causing
disease in humans of varying severity. With good practices and procedures, these
agents and toxins can generally be handled safely on an open bench, provided
the potential for producing splashes and aerosols is low. Hepatitis B virus, human
immunodeficiency virus (HIV), Salmonella, and Toxoplasma are examples of the
biological agents that meet these criteria. Work done with any human, animal, or
plant-derived specimens (e.g., blood, body fluids, tissues, or primary cell lines),
where the presence of a biological agent or toxin may be unknown, can often be
safely conducted under conditions typically associated with BSL-2.3-5 Personnel
working with human-derived materials should refer to the OSHA Bloodborne
Pathogens Standard for specific required precautions.?

The primary routes of exposure to personnel working with these types of
biological agents and toxins relate to accidents including exposure via the
percutaneous or mucosal routes and ingestion of potentially infectious materials.
Extreme caution should be taken with contaminated needles and other sharp
materials. Even though the biological agents and toxins routinely manipulated

at BSL-2 are not known to be transmissible by the aerosol route, procedures
with aerosol or high splash potential are conducted within primary containment
equipment, such as a BSC or safety centrifuge cups. Furthermore, the use of
primary containment equipment is also recommended when high-risk infectious
agents are suspected to be present in any human, animal, or plant-derived
specimens. Selection of the appropriate personal protective equipment should be
based on the risks identified for each respective laboratory. Special practices for
BSL-2 and ABSL-2 are recommended in Sections |V and V.
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Secondary barriers should include those previously mentioned for BSL-1. Waste
decontamination capabilities to reduce the potential of environmental contami-
nation and the separation of laboratory spaces from office and public spaces to
reduce the risk of exposure to other personnel should be considered.

Biosafety Level 3

Biosafety Level 3 (BSL-3) standard practices, safety equipment, and facility
specifications are applicable to laboratories in which work is performed using
indigenous or exotic biological agents with a potential for respiratory transmission
and those that may cause serious and potentially lethal infection. Mycobacterium
tuberculosis, St. Louis encephalitis virus, and Coxiella burnetii are examples of
the biological agents that meet these criteria.

The primary routes of exposure to personnel working with these types of
biological agents and toxins relate to accidental exposure via the percutaneous or
mucosal routes and inhalation of potentially infectious aerosols. At BSL-3, more
emphasis is placed on primary and secondary barriers to protect personnel, the
surrounding community, and the environment from exposure to potentially infec-
tious aerosols. All procedures involving the manipulation of infectious materials
are conducted within a BSC or other primary containment device. No work with
open vessels is conducted on the bench. When a procedure cannot be performed
within a BSC, a combination of personal protective equipment and other primary
containment strategies (e.g., centrifuge safety cups, sealed rotors or softwall
containment enclosures) are implemented based on a risk assessment. Loading
and unloading of the rotors and centrifuge safety cups take place in the BSC or
another containment device.

Secondary barriers for BSL-3 laboratories include those previously mentioned for
BSL-1 and BSL-2 laboratories. They also include enhanced ventilation strategies
to ensure inward directional airflow, controlled access zones to limit access to
only laboratory approved personnel, and may contain anterooms, airlocks, exit
showers, and/or exhaust HEPA filtration.

Biosafety Level 4

Biosafety Level 4 (BSL-4) standard practices, safety equipment, and facility speci-
fications are applicable primarily for laboratories working with dangerous and
exotic biological agents that pose a high individual risk of life-threatening disease
that may be transmitted via the aerosol route and for which there is no available
vaccine or therapy. Marburg virus and Congo-Crimean hemorrhagic fever virus
are examples of the biological agents that meet these criteria. Agents with a close
or identical antigenic relationship to agents requiring BSL-4 containment must be
handled at this level until sufficient data are obtained either to confirm continued
work at this level or to re-designate the level.
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The primary routes of exposure to personnel working with these types of
biological agents relate to accidental exposure via the percutaneous and mucous
membrane routes and inhalation of potentially infectious aerosols. The laboratory
worker’s complete isolation from aerosolized infectious materials is accomplished
primarily by working in a Class Ill BSC or in a Class || BSC with a full-body,
air-supplied positive-pressure personnel suit.

Secondary barriers for BSL-4 laboratories should include those previously
mentioned for previous Biosafety Levels. Additionally, the BSL-4 facility itself is
often a separate building or completely isolated zone with complex, specialized
ventilation requirements and waste management systems, for both solid and
liquid waste, to prevent the release of hazardous biological agents into the
surrounding community and the environment.

Animal Facilities

Four primary Biosafety Levels are also described for activities involving
hazardous biological agent and toxin work conducted with animals. These four
combinations of facility design and construction, safety equipment, and practices
and procedures are designated Animal Biosafety Levels (ABSL) 1, 2, 3, and 4,
and provide increasing levels of protection to personnel, the surrounding
community, and the environment.

One additional Biosafety Level, designated Animal Biosafety Level 3-Agriculture
(ABSL-3Ag) addresses activities involving the use of hazardous biological
agents and toxins designated as High-Consequence Foreign Animal Diseases
and Pests by the U.S. Department of Agriculture’s (USDA) Animal and Plant
Health Inspection Service (APHIS) in large or loose-housed animals. ABSL-3Ag
laboratories are designed so that the laboratory building itself serves as a primary
barrier to prevent the unintentional release of these high consequence agents
into the environment. More information on the design and operation of ABSL-3Ag
facilities and USDA/APHIS High-Consequence Foreign Animal Diseases and
Pests is provided in Appendix D of BMBL. Appendix D also provides guidance
for containment of loose-housed or open penned animals at other containment
levels, designated ABSL-2Ag and ABSL-4Ag.

Clinical Laboratories

Clinical laboratories routinely work with unknown specimens and specimens that
have the potential to be infected with multiple pathogens; as such, the occupa-
tional risks in a clinical laboratory environment differ from those of a research

or teaching laboratory. Most public and animal health clinical laboratories use
Biosafety Level 2 (BSL-2) facility, engineering, and biosafety practices.® Clinical
diagnostic laboratory personnel may not know what infectious agent or other
hazard(s) exist in the specimen they handle and process. More information on
clinical laboratory biosafety is provided in Appendix N.
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Laboratory Biosecurity

In recent years, with the passing of federal legislation regulating the possession,
use, and transfer of biological Select Agents and Toxins with high adverse public
health and/or agricultural consequences (DHHS, USDA APHIS Select Agents),

a much greater emphasis has been placed in the emerging field of biosecurity.
Biosecurity and Select Agent issues are covered in detail in Section VI and
Appendix F of BMBL. While biosafety focuses on the protection of personnel,
the surrounding community, and the environment from the unintentional release
of hazardous biological agents and toxins, the field of laboratory biosecurity is
focused on the prevention of the theft, loss, and misuse of hazardous biological
agents and toxins, equipment, and/or valuable information by an individual(s) for
malicious use. Nonetheless, a successful containment strategy must incorporate
aspects of both biosafety and laboratory biosecurity to adequately address the
risks present at the facility.
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Section IV—Laboratory Biosafety Level Criteria

The essential elements of the Biosafety Levels 1—4 are standard microbiological
practices, special practices, safety equipment, and laboratory facilities as
discussed in Section Ill; these elements apply to activities involving infectious
microorganisms, toxins, and laboratory animals. The four levels are organized

in ascending order by the degree of protection provided to personnel, the
environment, and the community. Special practices address any unique risks
associated with the handling of agents requiring increasing levels of containment.
Appropriate safety equipment and laboratory facilities enhance worker and
environmental protection.

The features of each Biosafety Level (BSL) are summarized in Table 1 of this
section. Adjustments to the containment levels described are based on an
assessment of all risks, as detailed in Section Il. Each facility ensures that worker
safety and health concerns are coordinated with the Institutional Biosafety
Committee (IBC), or equivalent resource, and/or other applicable institutional safety
committee(s) and that all hazards are addressed as part of the protocol review
process. Additional occupational health information is provided in Section VII.

Biosafety Level 1

Biosafety Level 1 (BSL-1) is suitable for work involving well-characterized agents
not known to consistently cause disease in immunocompetent adult humans

and that present minimal potential hazard to laboratory personnel and the
environment. BSL-1 laboratories are not necessarily separated from the general
traffic patterns in the building. Work is typically conducted on open benchtops
using standard microbiological practices. Special containment equipment or
facility design is not generally required but may be used as determined by
appropriate risk assessment. Laboratory personnel receive specific training in the
procedures conducted in the laboratory and are supervised by a scientist with
training in microbiology or a related science.

The following standard practices, safety equipment, and facility specifications are
recommended for BSL-1.

A. Standard Microbiological Practices

1. The laboratory supervisor enforces the institutional policies that control
safety in and access to the laboratory.

2. The laboratory supervisor ensures that laboratory personnel receive
appropriate training regarding their duties, potential hazards, manipula-
tions of infectious agents, necessary precautions to minimize exposures,
and hazard/exposure evaluation procedures (e.g., physical hazards,
splashes, aerosolization) and that appropriate records are maintained.
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Personnel receive annual updates and additional training when
equipment, procedures, or policies change. All persons entering the
facility are advised of the potential hazards, are instructed on the appro-
priate safeguards, and read and follow instructions on practices and
procedures. An institutional policy regarding visitor training, occupational
health requirements, and safety communication is considered.

Personal health status may affect an individual's susceptibility to
infection and ability to receive available immunizations or prophylactic
interventions. Therefore, all personnel, and particularly those of
reproductive age and/or those having conditions that may predispose
them to increased risk for infection (e.g., organ transplant, medical
immunosuppressive agents), are provided information regarding immune
competence and susceptibility to infectious agents. Individuals having
such conditions are encouraged to self-identify to the institution’s
healthcare provider for appropriate counseling and guidance. See
Section VII.

A safety manual specific to the facility is prepared or adopted in consul-
tation with the facility director and appropriate safety professionals. The
safety manual is available, accessible, and periodically reviewed and
updated, as necessary.

a. The safety manual contains sufficient information to describe the
biosafety and containment procedures for the organisms and
biological materials in use, appropriate agent-specific decontami-
nation methods, and the work performed.

b. The safety manual contains or references protocols for emergency
situations, including exposures, medical emergencies, facility
malfunctions, and other potential emergencies. Training in
emergency response procedures is provided to emergency
response personnel and other responsible staff according to institu-
tional policies.

A sign is posted at the entrance to the laboratory when infectious
materials are present. Posted information includes: the laboratory’s
Biosafety Level, the supervisor’s or other responsible personnel’s name
and telephone number, PPE requirements, general occupational health
requirements (e.g., immunizations, respiratory protection), and required
procedures for entering and exiting the laboratory. Agent information is
posted in accordance with the institutional policy.

Long hair is restrained so that it cannot contact hands, specimens,
containers, or equipment.

Section [IV—Laboratory Biosafety Level Criteria 33



34

10.

11.
12.

Gloves are worn to protect hands from exposure to hazardous materials.
a. Glove selection is based on an appropriate risk assessment.
b. Gloves are not worn outside the laboratory.

c. Change gloves when contaminated, glove integrity is compromised,
or when otherwise necessary.

d. Do not wash or reuse disposable gloves, and dispose of used
gloves with other contaminated laboratory waste.

Gloves and other PPE are removed in a manner that minimizes personal
contamination and transfer of infectious materials outside of the areas
where infectious materials and/or animals are housed or manipulated.

Persons wash their hands after working with potentially hazardous
materials and before leaving the laboratory.

Eating, drinking, smoking, handling contact lenses, applying cosmetics,
and storing food for human consumption are not permitted in laboratory
areas. Food is stored outside the laboratory area.

Mouth pipetting is prohibited. Mechanical pipetting devices are used.

Policies for the safe handling of sharps, such as needles, scalpels,
pipettes, and broken glassware are developed, implemented, and
followed; policies are consistent with applicable state, federal, and
local requirements. Whenever practical, laboratory supervisors adopt
improved engineering and work practice controls that reduce risk of
sharps injuries. Precautions are always taken with sharp items. These
include:

a. Plasticware is substituted for glassware whenever possible.

b. Use of needles and syringes or other sharp instruments is limited
in the laboratory and is restricted to situations where there is no
alternative (e.g., parenteral injection, blood collection, or aspiration
of fluids from laboratory animals or diaphragm bottles). Active or
passive needle-based safety devices are to be used whenever
possible.

i.  Uncapping of needles is performed in such a manner to reduce
the potential for recoil causing an accidental needlestick.

ii. Needles are not bent, sheared, broken, recapped, removed
from disposable syringes, or otherwise manipulated by hand
before disposal.

iii. If absolutely necessary to remove a needle from a syringe
(e.g., to prevent lysing blood cells) or recap a needle
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13.

14.

15.

16.

17.

(e.g., loading syringes in one room and injecting animals in
another), a hands-free device or comparable safety procedure
must be used (e.g., a needle remover on a sharps container,
the use of forceps to hold the cap when recapping a needle).

iv. Used, disposable needles and syringes are carefully placed
in puncture-resistant containers used for sharps disposal
immediately after use. The sharps disposal container is located
as close to the point of use as possible.

c. Non-disposable sharps are placed in a hard-walled container for
transport to a processing area for decontamination, preferably by
autoclaving.

d. Broken glassware is not handled directly. Instead, it is removed
using a brush and dustpan, tongs, or forceps.

Perform all procedures to minimize the creation of splashes and/or
aerosols.

Decontaminate work surfaces after completion of work and after any spill
or splash of potentially infectious material with appropriate disinfectant.
Spills involving infectious materials are contained, decontaminated, and
cleaned up by staff who are properly trained and equipped to work with
infectious material. A spill procedure is developed and posted within the
laboratory.

Decontaminate all cultures, stocks, and other potentially infectious
materials before disposal using an effective method, consistent with
applicable institutional, local, and state requirements. Depending on
where the decontamination will be performed, the following methods are
used prior to transport:

a. Materials to be decontaminated outside of the immediate laboratory
are placed in a durable, leak-proof container and secured for
transport. For infectious materials, the outer surface of the container
is disinfected prior to moving materials and the transport container
has a universal biohazard label.

b. Materials to be removed from the facility for decontamination are
packed in accordance with applicable local, state, and federal
regulations.

An effective integrated pest management program is implemented. See
Appendix G.

Animals and plants not associated with the work being performed are not
permitted in the laboratory.
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B. Special Practices

36

None required.

Safety Equipment (Primary Barriers and Personal Protective Equipment)

1.

Special containment devices or equipment, such as biosafety cabinets
(BSCs), are not generally required.

Protective laboratory coats, gowns, or uniforms are worn to prevent
contamination of personal clothing.

Protective eyewear is worn by personnel when conducting procedures
that have the potential to create splashes and sprays of microorganisms
or other hazardous materials. Eye protection and face protection are
disposed of with other contaminated laboratory waste or decontaminated
after use.

In circumstances where research animals are present in the laboratory,
the risk assessment considers appropriate eye, face, and respiratory
protection, as well as potential animal allergens.

Laboratory Facilities (Secondary Barriers)

1.
2.
3.

Laboratories have doors for access control.

Laboratories have a sink for handwashing.

An eyewash station is readily available in the laboratory.
The laboratory is designed so that it can be easily cleaned.
a. Carpets and rugs in laboratories are not appropriate.

b. Spaces between benches, cabinets, and equipment are accessible
for cleaning.

Laboratory furniture can support anticipated loads and uses.

a. Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.

b. Chairs used in laboratory work are covered with a non-porous
material that can be easily cleaned and decontaminated with appro-
priate disinfectant.

Laboratory windows that open to the exterior are fitted with screens.

Illumination is adequate for all activities and avoids reflections and glare
that could impede vision.
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Biosafety Level 2

Biosafety Level 2 (BSL-2) builds upon BSL-1. BSL-2 is suitable for work with
agents associated with human disease and pose moderate hazards to personnel
and the environment. BSL-2 differs from BSL-1 primarily because: 1) laboratory
personnel receive specific training in handling pathogenic agents and are
supervised by scientists competent in handling infectious agents and associated
procedures; 2) access to the laboratory is restricted when work is being
conducted; and 3) all procedures in which infectious aerosols or splashes may be
created are conducted in BSCs or other physical containment equipment.

The following standard and special practices, safety equipment, and facility
specifications are recommended for BSL-2.

A. Standard Microbiological Practices

1.

The laboratory supervisor enforces the institutional policies that control
safety in and access to the laboratory.

The laboratory supervisor ensures that laboratory personnel receive
appropriate training regarding their duties, potential hazards, manipula-
tions of infectious agents, necessary precautions to minimize exposures,
and hazard/exposure evaluation procedures (e.g., physical hazards,
splashes, aerosolization) and that appropriate records are maintained.
Personnel receive annual updates and additional training when
equipment, procedures, or policies change. All persons entering the
facility are advised of the potential hazards, are instructed on the appro-
priate safeguards, and read and follow instructions on practices and
procedures. An institutional policy regarding visitor training, occupational
health requirements, and safety communication is considered.

Personal health status may affect an individual’s susceptibility to
infection and ability to receive available immunizations or prophylactic
interventions. Therefore, all personnel, and particularly those of
reproductive age and/or those having conditions that may predispose
them to increased risk for infection (e.g., organ transplant, medical
immunosuppressive agents), are provided information regarding immune
competence and susceptibility to infectious agents. Individuals having
such conditions are encouraged to self-identify to the institution’s
healthcare provider for appropriate counseling and guidance. See
Section VII.

A safety manual specific to the facility is prepared or adopted in consul-
tation with the facility director and appropriate safety professionals. The
safety manual is available, accessible, and periodically reviewed and
updated as necessary.
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10.

11.

a. The safety manual contains sufficient information to describe the
biosafety and containment procedures for the organisms and
biological materials in use, appropriate agent-specific decontami-
nation methods, and the work performed.

b. The safety manual contains or references protocols for emergency
situations, including exposures, medical emergencies, facility
malfunctions, and other potential emergencies. Training in
emergency response procedures is provided to emergency
response personnel and other responsible staff according to institu-
tional policies.

A sign incorporating the universal biohazard symbol is posted at the
entrance to the laboratory when infectious materials are present. Posted
information includes: the laboratory’s Biosafety Level, the supervisor’s
or other responsible personnel’s name and telephone number, PPE
requirements, general occupational health requirements (e.g., immuniza-
tions, respiratory protection), and required procedures for entering and
exiting the laboratory. Agent information is posted in accordance with the
institutional policy.

Long hair is restrained so that it cannot contact hands, specimens,
containers, or equipment.

Gloves are worn to protect hands from exposure to hazardous materials.
a. Glove selection is based on an appropriate risk assessment.
b. Gloves are not worn outside the laboratory.

c. Change gloves when contaminated, glove integrity is compromised,
or when otherwise necessary.

d. Do not wash or reuse disposable gloves, and dispose of used
gloves with other contaminated laboratory waste.

Gloves and other PPE are removed in a manner that minimizes personal
contamination and transfer of infectious materials outside of the areas
where infectious materials and/or animals are housed or manipulated.

Persons wash their hands after working with potentially hazardous
materials and before leaving the laboratory.

Eating, drinking, smoking, handling contact lenses, applying cosmetics,
and storing food for human consumption are not permitted in laboratory
areas. Food is stored outside the laboratory area.

Mouth pipetting is prohibited. Mechanical pipetting devices are used.
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12. Policies for the safe handling of sharps, such as needles, scalpels,
pipettes, and broken glassware are developed, implemented, and
followed; policies are consistent with applicable state, federal, and
local requirements. Whenever practical, laboratory supervisors adopt
improved engineering and work practice controls that reduce risk of
sharps injuries. Precautions are always taken with sharp items. These
include:

a.

b.

Plasticware is substituted for glassware whenever possible.

Use of needles and syringes or other sharp instruments is limited
in the laboratory and is restricted to situations where there is no
alternative (e.g., parenteral injection, blood collection, or aspiration
of fluids from laboratory animals or diaphragm bottles). Active or
passive needle-based safety devices are to be used whenever
possible.

i.  Uncapping of needles is performed in such a manner to reduce
the potential for recoil causing an accidental needlestick.

ii. Needles are not bent, sheared, broken, recapped, removed
from disposable syringes, or otherwise manipulated by hand
before disposal.

iii. If absolutely necessary to remove a needle from a syringe
(e.g., to prevent lysing blood cells) or recap a needle (e.g.,
loading syringes in one room and injecting animals in another),
a hands-free device or comparable safety procedure must be
used (e.g., a needle remover on a sharps container, the use of
forceps to hold the cap when recapping a needle).

iv. Used, disposable needles and syringes are carefully placed
in puncture-resistant containers used for sharps disposal
immediately after use. The sharps disposal container is located
as close to the point of use as possible.

Non-disposable sharps are placed in a hard-walled container for
transport to a processing area for decontamination, preferably by
autoclaving.

Broken glassware is not handled directly. Instead, it is removed
using a brush and dustpan, tongs, or forceps.

13. Perform all procedures to minimize the creation of splashes and/or
aerosols.
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14.

15.

16.

17.

Decontaminate work surfaces after completion of work and after any spill
or splash of potentially infectious material with appropriate disinfectant.
Spills involving infectious materials are contained, decontaminated, and
cleaned up by staff who are properly trained and equipped to work with
infectious material. A spill procedure is developed and posted within the
laboratory.

Decontaminate all cultures, stocks, and other potentially infectious
materials before disposal using an effective method, consistent with
applicable institutional, local, and state requirements. Depending on
where the decontamination will be performed, the following methods are
used prior to transport:

a. Materials to be decontaminated outside of the immediate laboratory
are placed in a durable, leak-proof container and secured for
transport. For infectious materials, the outer surface of the container
is disinfected prior to moving materials and the transport container
has a universal biohazard label.

b. Materials to be removed from the facility for decontamination are
packed in accordance with applicable local, state, and federal
regulations.

An effective integrated pest management program is implemented. See
Appendix G.

Animals and plants not associated with the work being performed are not
permitted in the laboratory.

B. Special Practices

1.
2.

Access to the laboratory is controlled when work is being conducted.

The laboratory supervisor is responsible for ensuring that laboratory
personnel demonstrate proficiency in standard microbiological practices
and techniques for working with agents requiring BSL-2 containment.

Laboratory personnel are provided medical surveillance, as appropriate,
and offered available immunizations for agents handled or potentially
present in the laboratory.

Properly maintained BSCs or other physical containment devices are
used, when possible, whenever:

a. Procedures with a potential for creating infectious aerosols or
splashes are conducted. These include pipetting, centrifuging,
grinding, blending, shaking, mixing, sonicating, opening containers
of infectious materials, inoculating animals intranasally, and
harvesting infected tissues from animals or eggs.
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b. High concentrations or large volumes of infectious agents are used.
Such materials may be centrifuged in the open laboratory using
sealed rotors or centrifuge safety cups with loading and unloading
of the rotors and centrifuge safety cups in the BSC or another
containment device.

c. Ifitis not possible to perform a procedure within a BSC or other
physical containment device, a combination of appropriate personal
protective equipment and administrative controls are used, based on
a risk assessment.

Laboratory equipment is decontaminated routinely; after spills, splashes,
or other potential contamination; and before repair, maintenance, or
removal from the laboratory.

A method for decontaminating all laboratory waste is available (e.g.,
autoclave, chemical disinfection, incineration, or other validated decon-
tamination method).

Incidents that may result in exposure to infectious materials are immedi-
ately evaluated per institutional policies. All such incidents are reported
to the laboratory supervisor and any other personnel designated by the
institution. Appropriate records are maintained.

C. Safety Equipment (Primary Barriers and Personal Protective Equipment).

1.

Protective laboratory coats, gowns, or uniforms designated for laboratory
use are worn while working with hazardous materials and removed
before leaving for non-laboratory areas (e.g., cafeteria, library, and
administrative offices). Protective clothing is disposed of appropriately

or deposited for laundering by the institution. Laboratory clothing is not
taken home.

Eye protection and face protection (e.g., safety glasses, goggles,

mask, face shield or other splatter guard) are used for manipulations

or activities that may result in splashes or sprays of infectious or other
hazardous materials. Eye protection and face protection are disposed of
with other contaminated laboratory waste or decontaminated after use.

The risk assessment considers whether respiratory protection is needed
for the work with hazardous materials. If needed, relevant staff are
enrolled in a properly constituted respiratory protection program.

In circumstances where research animals are present in the laboratory,
the risk assessment considers appropriate eye, face, and respiratory
protection, as well as potential animal allergens.

Section [IV—Laboratory Biosafety Level Criteria 41



D. Laboratory Facilities (Secondary Barriers)

1.

10.

Laboratory doors are self-closing and have locks in accordance with the
institutional policies.

Laboratories have a sink for handwashing. It should be located near the
exit door.

An eyewash station is readily available in the laboratory.
The laboratory is designed so that it can be easily cleaned.
a. Carpets and rugs in laboratories are not appropriate.

b. Spaces between benches, cabinets, and equipment are accessible
for cleaning.

Laboratory furniture can support anticipated loads and uses.

a. Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.

b. Chairs used in laboratory work are covered with a non-porous
material that can be easily cleaned and decontaminated with appro-
priate disinfectant.

Laboratory windows that open to the exterior are not recommended.
However, if a laboratory does have windows that open to the exterior,
they are fitted with screens.

lllumination is adequate for all activities and avoids reflections and glare
that could impede vision.

Vacuum lines in use are protected with liquid disinfectant traps and
in-line HEPA filters or their equivalent. See Appendix A, Figure 11. Filters
are replaced, as needed, or are on a replacement schedule determined
by a risk assessment.

There are no specific requirements for ventilation systems. However, the
planning of new facilities considers mechanical ventilation systems that
provide an inward flow of air without recirculation to spaces outside of
the laboratory.

BSCs and other primary containment barrier systems are installed and
operated in a manner to ensure their effectiveness. See Appendix A.

a. BSCs are installed so that fluctuations of the room air supply and
exhaust do not interfere with proper operations. BSCs are located
away from doors, windows that can be opened, heavily traveled
laboratory areas, and other possible airflow disruptions.
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b. BSCs can be connected to the laboratory exhaust system by either
a canopy connection (Class IIA only) or directly exhausted to the
outside through a hard connection (Class IIB, IIC, or Ill). Class IIA or
IIC BSC exhaust can be safely recirculated back into the laboratory
environment if no volatile toxic chemicals are used in the cabinet.

c. BSCs are certified at least annually to ensure correct performance,
or as specified in Appendix A, Part 7.

Biosafety Level 3

Biosafety Level 3 (BSL-3) is suitable for work with indigenous or exotic agents
that may cause serious or potentially lethal disease through the inhalation route
of exposure. Laboratory personnel receive specific training in handling pathogenic
and potentially lethal agents, and they are supervised by scientists competent in
handling infectious agents and associated procedures.

A BSL-3 laboratory has special engineering and design features.

The following standard and special practices, safety equipment, and facility
specifications are recommended for BSL-3.

A. Standard Microbiological Practices

1.

The laboratory supervisor enforces the institutional policies that control
safety in and access to the laboratory.

The laboratory supervisor ensures that laboratory personnel receive
appropriate training regarding their duties, potential hazards, manipula-
tions of infectious agents, necessary precautions to minimize exposures,
and hazard/exposure evaluation procedures (e.g., physical hazards,
splashes, aerosolization) and that appropriate records are maintained.
Personnel receive annual updates and additional training when
equipment, procedures, or policies change. All persons entering the
facility are advised of the potential hazards, are instructed on the appro-
priate safeguards, and read and follow instructions on practices and
procedures. An institutional policy regarding visitor training, occupational
health requirements, and safety communication is considered.

Personal health status may affect an individual’'s susceptibility to
infection and ability to receive available immunizations or prophylactic
interventions. Therefore, all personnel, and particularly those of
reproductive age and/or those having conditions that may predispose
them to increased risk for infection (e.g., organ transplant, medical
immunosuppressive agents), are provided information regarding immune
competence and susceptibility to infectious agents. Individuals having
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such conditions are encouraged to self-identify to the institution’s
healthcare provider for appropriate counseling and guidance. See
Section VII.

4. A safety manual specific to the facility is prepared or adopted in consul-
tation with the facility director and appropriate safety professionals. The
safety manual is available, accessible, and periodically reviewed and
updated as necessary.

a. The safety manual contains sufficient information to describe the
biosafety and containment procedures for the organisms and
biological materials in use, appropriate agent-specific decontami-
nation methods, and the work performed.

b. The safety manual contains or references protocols for emergency
situations, including exposures, medical emergencies, facility
malfunctions, and other potential emergencies. Training in
emergency response procedures is provided to emergency
response personnel and other responsible staff according to institu-
tional policies.

5. Asign incorporating the universal biohazard symbol is posted at the
entrance to the laboratory when infectious materials are present. Posted
information includes: the laboratory’s Biosafety Level, the supervisor’s
or other responsible personnel’s name and telephone number, PPE
requirements, general occupational health requirements (e.g., immuniza-
tions, respiratory protection), and required procedures for entering and
exiting the laboratory. Agent information is posted in accordance with the
institutional policy.

6. Long hair is restrained so that it cannot contact hands, specimens,
containers, or equipment.

7. Gloves are worn to protect hands from exposure to hazardous materials.
a. Glove selection is based on an appropriate risk assessment.
b. Gloves are not worn outside the laboratory.

c. Change gloves when contaminated, glove integrity is compromised,
or when otherwise necessary.

d. Do not wash or reuse disposable gloves and dispose of used gloves
with other contaminated laboratory waste.

8. Gloves and other PPE are removed in a manner that minimizes personal
contamination and transfer of infectious materials outside of the areas
where infectious materials and/or animals are housed or manipulated.
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10.

1.
12.

Persons wash their hands after working with potentially hazardous
materials and before leaving the laboratory.

Eating, drinking, smoking, handling contact lenses, applying cosmetics,
and storing food for human consumption are not permitted in laboratory
areas. Food is stored outside the laboratory area.

Mouth pipetting is prohibited. Mechanical pipetting devices are used.

Policies for the safe handling of sharps, such as needles, scalpels,
pipettes, and broken glassware are developed, implemented, and
followed; policies are consistent with applicable state, federal, and
local requirements. Whenever practical, laboratory supervisors adopt
improved engineering and work practice controls that reduce risk of
sharps injuries. Precautions are always taken with sharp items. These
include:

a. Plasticware is substituted for glassware whenever possible.

b. Use of needles and syringes or other sharp instruments is limited
in the laboratory and is restricted to situations where there is no
alternative (e.g., parenteral injection, blood collection, or aspiration
of fluids from laboratory animals or diaphragm bottles). Active or
passive needle-based safety devices are to be used whenever
possible.

i.  Uncapping of needles is performed in such a manner to reduce
the potential for recoil causing an accidental needlestick.

ii. Needles are not bent, sheared, broken, recapped, removed
from disposable syringes, or otherwise manipulated by hand
before disposal.

iii. If absolutely necessary to remove a needle from a syringe
(e.g., to prevent lysing blood cells) or recap a needle (e.g.,
loading syringes in one room and injecting animals in another),
a hands-free device or comparable safety procedure must be
used (e.g., a needle remover on a sharps container, the use of
forceps to hold the cap when recapping a needle).

iv. Used, disposable needles and syringes are carefully placed
in puncture-resistant containers used for sharps disposal
immediately after use. The sharps disposal container is located
as close to the point of use as possible.

c. Non-disposable sharps are placed in a hard-walled container for
transport to a processing area for decontamination, preferably by
autoclaving.
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d. Broken glassware is not handled directly. Instead, it is removed
using a brush and dustpan, tongs, or forceps.

13. Perform all procedures to minimize the creation of splashes and/or
aerosols.

14. Decontaminate work surfaces after completion of work and after any spill
or splash of potentially infectious material with appropriate disinfectant.
Spills involving infectious materials are contained, decontaminated, and
cleaned up by staff who are properly trained and equipped to work with
infectious material. A spill procedure is developed and posted within the
laboratory.

15. Decontaminate all cultures, stocks, and other potentially infectious
materials before disposal using an effective method, consistent with
applicable institutional, local, and state requirements. Depending on
where the decontamination will be performed, the following methods are
used prior to transport:

a. Materials to be decontaminated outside of the immediate laboratory
are placed in a durable, leak-proof container and secured for
transport. For infectious materials, the outer surface of the container
is disinfected prior to moving materials and the transport container
has a universal biohazard label.

b. Materials to be removed from the facility for decontamination are
packed in accordance with applicable local, state, and federal
regulations.

16. An effective integrated pest management program is implemented. See
Appendix G.

17. Animals and plants not associated with the work being performed are not
permitted in the laboratory.

B. Special Practices

1. All persons entering the laboratory are advised of the potential hazards
and meet specific entry/exit requirements in accordance with institutional
policies. Only persons whose presence in the facility or laboratory areas
is required for scientific or support purposes are authorized to enter.

2. All persons who enter operational laboratory areas are provided
information on signs and symptoms of disease and receive occupational
medical services including medical evaluation, surveillance, and
treatment, as appropriate, and offered available immunizations for
agents handled or potentially present in the laboratory.
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The laboratory supervisor is responsible for ensuring that laboratory
personnel demonstrate proficiency in standard microbiological practices
and techniques for working with agents requiring BSL-3 containment.

A system is established for reporting and documenting near misses,
laboratory accidents, exposures, unanticipated absences due to potential
Laboratory-associated infection, and for the medical surveillance of
potential laboratory-associated illnesses.

Incidents that result in exposure to infectious materials are immediately
evaluated per institutional policy. All such incidents are reported to the
laboratory supervisor, institutional management, and appropriate safety,
compliance, and security personnel according to institutional policy.
Appropriate records are maintained.

Biological materials that require BSL-3 containment are placed in a
durable leak-proof sealed primary container and then enclosed in a
non-breakable, sealed secondary container prior to removal from the
laboratory. Once removed, the primary container is opened within a BSC
in BSL-3 containment unless a validated inactivation method is used.
See Appendix K. The inactivation method is documented in-house with
viability testing data to support the method.

All procedures involving the manipulation of infectious materials are
conducted within a BSC or other physical containment device, when
possible. No work with open vessels is conducted on the bench. If it

is not possible to perform a procedure within a BSC or other physical
containment device, a combination of personal protective equipment
and other administrative and/or engineering controls, such as centrifuge
safety cups or sealed rotors, are used, based on a risk assessment.
Loading and unloading of the rotors and centrifuge safety cups take
place in the BSC or another containment device.

Laboratory equipment is routinely decontaminated after spills, splashes,
or other potential contamination, and before repair, maintenance, or
removal from the laboratory.

a. Equipment or material that might be damaged by high temperatures
or steam is decontaminated using an effective and verified method,
such as a gaseous or vapor method.

A method for decontaminating all laboratory waste is available in the
facility, preferably within the laboratory (e.g., autoclave, chemical disin-
fection, or other validated decontamination method).
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10. Decontamination of the entire laboratory is considered when there has

11.

been gross contamination of the space, significant changes in laboratory
usage, major renovations, or maintenance shutdowns. Selection of the
appropriate materials and methods used to decontaminate the laboratory
is based on a risk assessment.

Decontamination processes are verified on a routine basis.

C. Safety Equipment (Primary Barriers and Personal Protective Equipment)

1.

Laboratory workers wear protective clothing with a solid-front, such as
tie-back or wrap-around gowns, scrub suits, or coveralls. Protective
clothing is not worn outside of the laboratory. Reusable clothing is
decontaminated before being laundered. Clothing is changed when
contaminated.

Based on work being performed, additional PPE may be required.

a. Eye protection and face protection (e.g., safety glasses, goggles,
mask, face shield or other splash guard) are used for manipulations
or activities that may result in splashes or sprays of infectious or
other hazardous materials. Eye protection and face protection are
disposed of with other contaminated laboratory waste or decontami-
nated after use.

b. Two pairs of gloves are worn when appropriate.

c. Respiratory protection is considered. Staff wearing respiratory
protection are enrolled in a properly constituted respiratory
protection program.

d. Shoe covers are considered.

In circumstances where research animals are present in the laboratory,
the risk assessment considers appropriate eye, face, and respiratory
protection, as well as potential animal allergens.

D. Laboratory Facilities (Secondary Barriers)

1.

48

The laboratory is separated from areas that are open to unrestricted
traffic flow within the building.

a. Laboratory access is restricted. Laboratory doors are lockable in
accordance with institutional policies. Access to the laboratory is
through two consecutive self-closing doors. A clothing change room
and/or an anteroom may be included in the passageway between
the two self-closing doors.

Laboratories have a sink for handwashing. The sink is hands-free
or automatically operated and should be located near the exit door.
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If a laboratory suite is segregated into different zones, a sink is also
available for handwashing in each zone.

An eyewash station is readily available in the laboratory.

The laboratory is designed, constructed, and maintained to facilitate
cleaning, decontamination, and housekeeping.

a. Carpets and rugs are not permitted.

b. Spaces between benches, cabinets, and equipment are accessible

for cleaning.

c. Seams, floors, walls, and ceiling surfaces are sealed. Spaces

around doors and ventilation openings are capable of being sealed

to facilitate space decontamination.

d. Floors are slip-resistant, impervious to liquids, and resistant to
chemicals. Flooring is seamless, sealed, or poured with integral
cove bases.

e. Walls and ceilings are constructed to produce a sealed smooth
finish that can be easily cleaned and decontaminated.

Laboratory furniture can support anticipated loads and uses.

a. Benchtops are impervious to water and resistant to heat, organic

solvents, acids, alkalis, and other chemicals.

b. Chairs used in laboratory work are covered with a non-porous
material that can be easily cleaned and decontaminated with an
appropriate disinfectant.

All windows in the laboratory are sealed.

Illumination is adequate for all activities and avoids reflections and glare

that could impede vision.

Vacuum lines in use are protected with liquid disinfectant traps and

in-line HEPA filters or their equivalent. See Appendix A, Figure 11. Filters
are replaced, as needed, or are on a replacement schedule determined

by a risk assessment. Vacuum lines not protected as described are

capped. The placement of an additional HEPA filter immediately prior to

a central vacuum pump is considered.

A ducted mechanical air ventilation system is required. This system

provides sustained directional airflow by drawing air into the laboratory

from “clean” areas toward “potentially contaminated” areas. The

laboratory is designed such that under failure conditions the airflow will

not be reversed at the containment barrier.
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a. A visual monitoring device that confirms directional airflow is
provided at the laboratory entry. Audible alarms to notify personnel
of airflow disruption are considered.

b. The laboratory exhaust air is not re-circulated to any other area in
the building.

c. The laboratory exhaust air is dispersed away from occupied areas
and from building air intake locations or the exhaust air is HEPA
filtered.

10. BSCs and other primary containment barrier systems are installed and
operated in a manner to ensure their effectiveness. See Appendix A.

a. BSCs are installed so that fluctuations of the room air supply and
exhaust do not interfere with proper operations. BSCs are located
away from doors, heavily traveled laboratory areas, and other
possible airflow disruptions.

b. BSCs can be connected to the laboratory exhaust system by either
a canopy connection (Class IIA only) or directly exhausted to the
outside through a hard connection (Class IIB, IIC, or Ill). Class IlA or
IIC BSC exhaust can be safely recirculated back into the laboratory
environment if no volatile toxic chemicals are used in the cabinet.

c. BSCs are certified at least annually to ensure correct performance,
or as specified in Appendix A, Part 7.

d. Class lll BSCs are provided supply air in such a manner that
prevents positive pressurization of the cabinet or the room.

11. Equipment that may produce infectious aerosols is used within primary
barrier devices that exhaust air through HEPA filtration or other equiv-
alent technology before being discharged into the laboratory. These
HEPA filters are tested annually and replaced as needed.

12. Facility is constructed to allow decontamination of the entire laboratory
when there has been gross contamination of the space, significant
changes in usage, major renovations, or maintenance shutdowns.
Selection of the appropriate materials and methods used to decontam-
inate the laboratory is based on the risk assessment.

a. Facility design consideration is given to means of decontaminating
large pieces of equipment before removal from the laboratory.

13. Enhanced environmental and personal protection may be necessary
based on risk assessment and applicable local, state, or federal
regulations. These laboratory enhancements may include one or more of
the following: an anteroom for clean storage of equipment and supplies
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with dress-in, shower-out capabilities; gas-tight dampers to facilitate
laboratory isolation; final HEPA filtration of the laboratory exhaust air;
laboratory effluent decontamination; containment of other piped services;
or advanced access control devices, such as biometrics.

14. When present, HEPA filter housings have gas-tight isolation dampers,
decontamination ports, and/or bag-in/bag-out (with appropriate decon-
tamination procedures) capability. All HEPA filters are located as near
as practicable to the laboratory to minimize the length of potentially
contaminated ductwork. The HEPA filter housings allow for leak testing
of each filter and assembly. The filters and housings are certified at least
annually.

15. The BSL-3 facility design, operational parameters, and procedures are
verified and documented prior to operation. Facilities are tested annually
or after significant modification to ensure operational parameters are
met. Verification criteria are modified as necessary by operational
experience.

16. Appropriate communication systems are provided between the
laboratory and the outside (e.g., voice, fax, and computer). Provisions
for emergency communication and emergency access or egress are
developed and implemented.

Biosafety Level 4

Biosafety Level 4 (BSL-4) is required for work with dangerous and exotic agents
that pose a high individual risk of aerosol-transmitted laboratory infections and
life-threatening diseases that are frequently fatal, agents for which there are no
vaccines or treatments, or work with a related agent with unknown risk of trans-
mission. Agents with a close or identical antigenic relationship to agents requiring
BSL-4 containment are handled at this level until sufficient data are obtained to
re-designate the level. Laboratory staff receive specific and thorough training in
handling extremely hazardous infectious agents. Laboratory staff understand the
primary and secondary containment functions of standard and special practices,
containment equipment, and laboratory design characteristics. All laboratory
staff and supervisors are competent in handling agents and procedures requiring
BSL-4 containment. The laboratory supervisor controls access to the laboratory
in accordance with institutional policies.

There are two models for BSL-4 laboratories:

1. Cabinet Laboratory: manipulation of agents is performed in a Class llI
BSC; and

2. Suit Laboratory: personnel wear a positive-pressure supplied-air
protective suit.
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BSL-4 cabinet and suit laboratories have special engineering and design features
to prevent microorganisms from dissemination into the environment.

The following standard and special practices, safety equipment, and facility
specifications are necessary for BSL-4.

A. Standard Microbiological Practices

1.

52

The laboratory supervisor enforces the institutional policies that control
safety in and access to the laboratory.

The laboratory supervisor ensures that laboratory personnel receive
appropriate training regarding their duties, potential hazards, manipula-
tions of infectious agents, necessary precautions to minimize exposures,
and hazard/exposure evaluation procedures (e.g., physical hazards,
splashes, aerosolization) and that appropriate records are maintained.
Personnel receive annual updates and additional training when
equipment, procedures, or policies change. All persons entering the
facility are advised of the potential hazards, are instructed on the appro-
priate safeguards, and read and follow instructions on practices and
procedures. An institutional policy regarding visitor training, occupational
health requirements, and safety communication is considered.

Personal health status may affect an individual's susceptibility to
infection and ability to receive available immunizations or prophylactic
interventions. Therefore, all personnel, and particularly those of
reproductive age and/or those having conditions that may predispose
them to increased risk for infection (e.g., organ transplant, medical
immunosuppressive agents), are provided information regarding immune
competence and susceptibility to infectious agents. Individuals having
such conditions are encouraged to self-identify to the institution’s
healthcare provider for appropriate counseling and guidance. See
Section VII.

A safety manual specific to the facility is prepared or adopted in consul-
tation with the facility director and appropriate safety professionals. The
safety manual is available, accessible, and periodically reviewed and
updated as necessary.

a. The safety manual contains sufficient information to describe the
biosafety and containment procedures for the organisms and
biological materials in use, appropriate agent-specific decontami-
nation methods, and the work performed.

b. The safety manual contains or references protocols for emergency
situations, including exposures, medical emergencies, facility
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10.
1.

malfunctions, and other potential emergencies. Training in
emergency response procedures is provided to emergency
response personnel and other responsible staff according to institu-
tional policies.

A sign incorporating the universal biohazard symbol is posted at the
entrance to the laboratory when infectious materials are present. Posted
information includes: the laboratory’s Biosafety Level, the supervisor’s
or other responsible personnel’s name and telephone number, PPE
requirements, general occupational health requirements (e.g., immuniza-
tions, respiratory protection), and required procedures for entering and
exiting the laboratory. Agent information is posted in accordance with the
institutional policy.

Long hair is restrained so that it cannot contact hands, specimen,
containers, or equipment

Gloves are worn to protect hands from exposure to hazardous materials.
a. Glove selection is based on an appropriate risk assessment.

b. Inner gloves are not worn outside the laboratory.

c. Change inner gloves when contaminated, glove integrity is compro-
mised, or when otherwise necessary.

d. Do not wash or reuse disposable gloves,and dispose of used gloves
with other contaminated laboratory waste.

Gloves and other PPE are removed in a manner that minimizes personal
contamination and transfer of infectious materials outside of the areas
where infectious materials and/or animals are housed or manipulated.

Eating, drinking, smoking, handling contact lenses, applying cosmetics,
and storing food for human consumption are not permitted in laboratory
areas. Food is stored outside the laboratory area.

Mouth pipetting is prohibited. Mechanical pipetting devices are used.

Policies for the safe handling of sharps, such as needles, scalpels,
pipettes, and broken glassware are developed, implemented, and
followed; policies are consistent with applicable state, federal, and
local requirements. Whenever practical, laboratory supervisors adopt
improved engineering and work practice controls that reduce risk of
sharps injuries. Precautions are always taken with sharp items. These
include:

a. Plasticware is substituted for glassware whenever possible.
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Use of needles and syringes or other sharp instruments is limited
in the laboratory and is restricted to situations where there is no
alternative (e.g., parenteral injection, blood collection, or aspiration
of fluids from laboratory animals or diaphragm bottles). Active or
passive needle-based safety devices are to be used whenever
possible.

i.  Uncapping of needles is performed in such a manner to reduce
the potential for recoil causing an accidental needlestick.

ii. Needles are not bent, sheared, broken, recapped, removed
from disposable syringes, or otherwise manipulated by hand
before disposal.

iii. If absolutely necessary to remove a needle from a syringe
(e.g., to prevent lysing blood cells) or recap a needle (e.g.,
loading syringes in one room and injecting animals in another),
a hands-free device or comparable safety procedure must be
used (e.g., a needle remover on a sharps container, the use of
forceps to hold the cap when recapping a needle).

iv. Used, disposable needles and syringes are carefully placed
in puncture-resistant containers used for sharps disposal
immediately after use. The sharps disposal container is located
as close to the point of use as possible.

Non-disposable sharps are placed in a hard-walled container for
transport to a processing area for decontamination, preferably by
autoclaving.

Broken glassware is not handled directly. Instead, it is removed
using a brush and dustpan, tongs, or forceps.

12. Perform all procedures to minimize the creation of splashes and/or

13.

aerosols.

laboratory.

14. Decontaminate all cultures, stocks, and other potentially infectious

materials before disposal using an effective method, consistent with
applicable institutional, local, and state requirements. A method for
decontaminating all laboratory wastes is available in the laboratory
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15.

16.

(e.g., autoclave, chemical disinfection, incineration, or other validated
decontamination method). See B. Special Practices, #7 in the following
sub-section for additional details.

An effective integrated pest management program is implemented. See
Appendix G.

Animals and plants not associated with the work being performed are not
permitted in the laboratory.

Special Practices

1.

All persons entering the laboratory are advised of the potential hazards
and meet specific entry/exit requirements in accordance with institutional
policies. Only persons whose presence in the facility or individual
laboratory rooms is required for scientific or support purposes are
authorized to enter. Additional training/security requirements may be
required prior to gaining independent access to BSL-4 laboratories.

All persons who enter operational laboratory areas are provided
information on signs and symptoms of disease and receive occupational
medical services including medical evaluation, surveillance, and
treatment, as appropriate, and offered available immunizations for
agents handled or potentially present in the laboratory.

a. An essential adjunct to such an occupational medical services
system is the availability of a facility for the isolation and medical
care of personnel with potential or known Laboratory-associated
infections.

Laboratory personnel and support staff are trained and approved to work
in the facility. The laboratory supervisor is responsible for ensuring that,
prior to working independently with agents requiring BSL-4 containment,
laboratory personnel demonstrate high proficiency in standard and
special microbiological practices and techniques for working with agents
requiring BSL-4 containment. Personnel are required to read and follow
instructions on practices, and procedural changes are addressed as part
of the protocol review.

A system is established for reporting and documenting near misses,
laboratory accidents, exposures, unanticipated absence due to potential
Laboratory-associated infection, and for the medical surveillance of
potential laboratory-associated illnesses.

Incidents that result in exposure to infectious materials are immediately
evaluated per institutional policy. All such incidents are reported to the
laboratory supervisor, institutional management, and appropriate safety,
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10.
11.

12.

compliance, and security personnel according to institutional policy.
Appropriate records are maintained.

Biological materials that require BSL-4 containment are placed in a
durable, leak-proof sealed primary container and then enclosed in a
non-breakable, sealed secondary container prior to removal from the
BSL-4 facility by authorized personnel. These materials are transferred
through a disinfectant dunk tank, fumigation chamber, or decontam-
ination shower for receipt by authorized personnel. Once removed,

the primary container is not to be opened outside BSL-4 containment
unless a validated inactivation method is used (e.g., gamma irradiation).
See Appendix K. The inactivation method is documented in-house with
viability testing data to support the method.

All waste is decontaminated by a verified method prior to removal from
the laboratory.

Equipment is routinely decontaminated and is decontaminated after
spills, splashes, or other potential contamination and before repair,
maintenance, or removal from the laboratory.

a. Equipment or material that might be damaged by high temperatures
or steam is decontaminated using an effective and verified method,
such as a gaseous or vapor method, in an airlock or chamber
designed for this purpose.

A logbook, or other means of documenting the date and time of all
persons entering and leaving the laboratory, is maintained.

An inventory system for agents stored within the laboratory is in place.

While the laboratory is operational, personnel enter and exit the
laboratory through the clothing change and shower rooms except during
emergencies. All personal clothing and jewelry (except eyeglasses)

are removed in the outer clothing change room. All persons entering

the laboratory use laboratory clothing, including undergarments, pants,
shirts, socks, jumpsuits, shoes, and gloves, as appropriate. All persons
leaving the laboratory take a personal body shower. Used laboratory
clothing and other waste, including gloves, are not removed from the
inner change room through the personal shower. These items are treated
as contaminated materials and decontaminated before laundering or
disposal.

After the laboratory has been completely decontaminated by verification
of a validated method and all infectious agents are secured, necessary
staff may enter and exit without following the clothing change and
shower requirements described above.
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13. Daily inspections of essential containment and life support systems are
completed and documented before laboratory work is initiated to ensure
that the laboratory is operating according to established parameters.

14.

Only necessary equipment and supplies are stored inside the laboratory.
All equipment and supplies taken inside the laboratory are decontami-
nated before removal from the laboratory.

a.

Supplies and materials that are not brought into the laboratory
through the change room are brought in through a dunk tank,
previously decontaminated double-door autoclave, fumigation
chamber, or airlock. After securing the outer doors, personnel within
the laboratory retrieve the materials by opening the interior doors
of the autoclave, fumigation chamber, or airlock. The inner door

is secured after materials are brought into the facility. The outer
door of the autoclave or fumigation chamber is not opened until

the autoclave, fumigation chamber, or airlock has been operated
through a successful decontamination cycle.

C. Safety Equipment (Primary Barriers and Personal Protective Equipment)

Cabinet Laboratory

1.

All procedures involving the manipulation of infectious materials are
conducted within a Class Il BSC.

A Class Ill BSC contains:

a.

Double-door, pass-through autoclave for decontaminating materials
passing out of the Class Ill BSC(s). The autoclave doors are
interlocked so that only one door can be opened at any time and are
automatically controlled so that the outside door to the autoclave
can only be opened after a successful decontamination cycle has
been completed.

A pass-through dunk tank, fumigation chamber, or equivalent decon-
tamination method so that materials and equipment that cannot be
decontaminated in the autoclave can be safely removed from the
cabinet. Containment between the cabinet and the surrounding
laboratory is maintained at all times.

A HEPA filter on the supply air intake and two HEPA filters in series
on the exhaust outlet of the unit. Supply air is provided in such a
manner that prevents positive pressurization of the cabinet. There
are gas-tight dampers on the supply and exhaust ducts of the
cabinet to permit gas or vapor decontamination of the unit. Ports for
injection of test medium are present on all HEPA filter housings.

Section [IV—Laboratory Biosafety Level Criteria 57



d. Aninterior constructed with smooth finishes that can be easily
cleaned and decontaminated. All sharp edges on cabinet finishes
are eliminated to reduce the potential for cuts and tears of gloves.
Equipment to be placed in the Class Il BSC is also free of sharp
edges or other surfaces that may damage or puncture the cabinet
gloves.

e. Gloves that are inspected for damage prior to use and changed
if necessary. Gloves are replaced annually during cabinet
recertification.

3. The cabinet is designed to permit maintenance and repairs of cabinet
mechanical systems (e.g., refrigeration, incubators, centrifuges) to be
performed from the exterior of the cabinet whenever possible.

4. Manipulation of high concentrations or large volumes of infectious agents
within the Class Il BSC is performed using physical containment devices
inside the cabinet whenever practical. Such materials are centrifuged
inside the cabinet using sealed rotors or centrifuge safety cups.

5. The interior of the Class Il BSC and all contaminated plenums, fans, and
filters are decontaminated using a validated gaseous or vapor method
when there have been significant changes in cabinet usage, before
major renovations or maintenance shutdowns, and in other situations,
as determined by risk assessment. Success of the decontamination is
verified before accessing the interior spaces of the cabinet.

6. The Class Ill BSC is certified at least annually.

7. For Class lll BSCs directly connected via a double-door, pass-through to
a BSL-4 suit laboratory, materials may be placed into and removed from
the Class Ill BSC via the suit laboratory.

8. Workers in the laboratory wear protective laboratory clothing with a solid
front, such as tie-back or wrap-around gowns, scrubs, or coveralls. Shoe
coverings are considered based on a risk assessment.

a. Upon exit, all protective clothing is removed in the inner change
room before showering.

b. Prescription eyeglasses are decontaminated before removal through
the personal body shower.

9. Disposable gloves are worn underneath cabinet gloves to protect the
worker from exposure should a break or tear occur in a cabinet glove.
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Suit Laboratory

1. All procedures involving the manipulation of infectious materials are
conducted within a BSC or other physical containment devices. No work
with open vessels is conducted on the bench.

2. Equipment that may produce aerosols is used within primary barrier
devices that exhaust air through HEPA filtration before being discharged
into the laboratory or facility exhaust system. These HEPA filters are
tested annually and replaced as needed.

3. Materials centrifuged in the laboratory use sealed rotors or centrifuge
safety cups. Loading and unloading of the rotors and centrifuge safety
cups take place in the BSC or another containment device.

4. All procedures are conducted by personnel wearing a one-piece,
positive-pressure supplied-air suit.

a. All persons don laboratory clothing, such as scrubs, before entering
the room used for donning positive-pressure suits.

b. Procedures are in place to control and verify the operation of the
one-piece positive-pressure supplied-air suit, including gloves,
before each use.

c. Decontamination of outer suit gloves is performed during the course
of normal laboratory operations to remove gross contamination and
minimize further contamination of the laboratory.

d. Inner disposable gloves are worn to protect the laboratorian should
a break or tear in the outer suit gloves occur. Disposable inner
gloves are not worn outside the inner change area.

e. Upon exit from the chemical shower, inner gloves and all laboratory
clothing are removed and discarded or collected for autoclaving
before laundering prior to entering the personal shower.

f.  Prescription eyeglasses are decontaminated before removal through
the personal body shower.

D. Laboratory Facilities (Secondary Barriers)

Cabinet Laboratory

1. The BSL-4 cabinet facility may be located in a separate building or a
clearly demarcated and isolated zone within a building.

a. Facility access is restricted. Laboratory doors are lockable.
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b. Exit from the laboratory is by sequential passage through an inner
(i.e., dirty) changing area, a personal shower, and an outer (i.e.,
clean) change room upon exiting the cabinet laboratory.

An automatically activated emergency power source is provided, at a
minimum, for the laboratory exhaust system, alarms, lighting, entry and
exit controls, BSCs, and door gaskets.

a. Monitoring and control systems for air supply, exhaust, life support,
alarms, entry and exit controls, and security systems are on an
uninterrupted power supply (UPS).

A double-door autoclave, dunk tank, fumigation chamber, or ventilated
airlock is provided at the containment barrier for the passage of
materials, supplies, or equipment.

A hands-free sink is provided near the door of the cabinet laboratory(ies)
and the inner change room. A sink is provided in the outer change room.

An eyewash station is readily available in the laboratory.

Walls, floors, and ceilings of the cabinet laboratory are constructed to
form a sealed internal shell to facilitate fumigation and prohibit animal
and insect intrusion. The internal surfaces of this shell are resistant to
liquids and chemicals used for cleaning and decontamination of the area.
Floors are monolithic, sealed, and coved.

a. All penetrations in the internal shell of the cabinet laboratory and
inner change room are sealed.

b. Openings around doors into the cabinet laboratory and inner
change room are minimized and capable of being sealed to facilitate
decontamination.

Services and plumbing that penetrate the cabinet laboratory walls, floors,
or ceiling are installed to ensure that no backflow from the laboratory
occurs. These penetrations are fitted with two (in series) backflow
prevention devices. Consideration is given to locating these devices
outside of containment. Atmospheric venting systems are provided with
two HEPA filters in series and are sealed up to the second filter.

Furniture is minimized, of simple construction, and capable of supporting
anticipated loads and uses.

a. Spaces between benches, cabinets, and equipment are accessible
for cleaning and decontamination.

b. Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.
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10.

1.

12.

13.

c. Chairs used in laboratory work are covered with a non-porous
material that can be easily cleaned and decontaminated.

Windows are break-resistant and sealed.

Illumination is adequate for all activities and avoids reflections and glare
that could impede vision.

If Class Il BSCs or other primary containment barrier systems are
needed in the cabinet laboratory, they are installed and operated in a
manner to ensure their effectiveness. See Appendix A.

a. BSCs are installed so that fluctuations of the room air supply and
exhaust do not interfere with proper operations. BSCs are located
away from doors, heavily traveled laboratory areas, and other
possible airflow disruptions.

b. BSCs can be connected to the laboratory exhaust system by either
a canopy connection (Class IIA only) or directly exhausted to the
outside through a hard connection (Class IIB, IIC, or Ill). Cabinet
exhaust air passes through two HEPA filters, including the HEPA
in the BSC, prior to release outside. Class IlA or [IC BSC exhaust
can be safely recirculated back into the laboratory environment if no
volatile toxic chemicals are used in the cabinet.

c. BSCs are certified at least annually to ensure correct performance,
or as specified in Appendix A, Part 7.

Central vacuum systems are discouraged. If there is a central vacuum
system, it does not serve areas outside the cabinet. Two in-line HEPA
filters are placed near each use point and overflow collection is provided
while in use. Filters are installed to permit in-place decontamination and
replacement.

A dedicated, non-recirculating ventilation system is provided. Only
cabinet laboratories with the same HVAC requirements (i.e., other BSL-4
cabinet laboratories, ABSL-4 cabinet facilities) may share ventilation
systems if gas-tight dampers and HEPA filters isolate each individual
laboratory system.

a. The supply and exhaust components of the ventilation system
are designed to maintain the laboratory at negative pressure to
surrounding areas and provide differential pressure or directional
airflow, as appropriate, between adjacent areas within the laboratory.

b. Redundant supply fans are recommended. Redundant exhaust fans
are required. Supply and exhaust fans are interlocked to prevent
positive pressurization of the cabinet laboratory.
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c. The ventilation system is monitored and alarmed to indicate
malfunction or deviation from design parameters. A visual monitoring
device is installed outside of containment so proper differential
pressures within the laboratory may be verified prior to entry and
during regular checklist procedures. Visual monitoring is also in
place within containment.

d. Supply air to and exhaust air from the cabinet laboratory, inner
change room, and fumigation/decontamination chambers pass
through a HEPA filter. The air exhaust discharge is located away
from occupied spaces and building air intakes.

e. All HEPA filters are located as near as practicable to the cabinet
and laboratory to minimize the length of potentially contaminated
ductwork. All HEPA filters are tested and certified annually.

f.  The HEPA filter housings are designed to allow for in situ decon-
tamination and verification of the validated decontamination process
prior to removal. The design of the HEPA filter housing has gas-tight
isolation dampers, decontamination ports, and the ability to individ-
ually scan each filter in the assembly for leaks.

14. Pass-through dunk tanks, fumigation chambers, or equivalent decon-
tamination methods are provided so that materials and equipment that
cannot be decontaminated in the autoclave can be safely removed from
the cabinet laboratory(ies). Access to the exit side of the pass-through is
limited to those with authorized access to the BSL-4 laboratory and with
specific clearance, if required.

15. Liquid effluents from cabinet laboratory sinks, floor drains, autoclave
chambers, and other sources within the cabinet laboratory are decon-
taminated by a proven method, preferably heat treatment, before being
discharged to the sanitary sewer.

a. Decontamination of all liquid effluents is documented. The decon-
tamination process for liquid effluents is validated physically and
biologically. Biological validation is performed at least annually or
more often, if required by institutional policy.

b. Effluents from personal body showers and toilets may be discharged
to the sanitary sewer without treatment.

16. A double-door, pass-through autoclave is provided for decontaminating
materials passing out of the cabinet laboratory. Autoclaves that open
outside of the laboratory are sealed to the wall through which the
autoclave passes. This bioseal is durable, airtight, and capable of
expansion and contraction. Positioning the bioseal so that the equipment
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17.

18.

can be accessed and maintained from outside the laboratory is strongly
recommended. The autoclave doors are interlocked so that only one
can be opened at any time and are automatically controlled so that the
outside door to the autoclave can only be opened after the decontami-
nation cycle has been completed.

a. Gas discharge from the autoclave chamber is HEPA-filtered
or decontaminated. Autoclave decontamination processes are
designed so that unfiltered air or steam exposed to infectious
material cannot be released to the environment.

The facility design parameters and operational procedures are
documented. The facility is tested to verify that the design and opera-
tional parameters have been met prior to operation. Facilities are also
re-tested annually or after significant modification to ensure operational
parameters are met. Verification criteria are modified, as necessary, by
operational experience.

Appropriate communication systems are provided between the
laboratory and the outside (e.g., voice, fax, video, and computer).
Provisions for emergency communication and emergency access or
egress are developed and implemented.

Suit Laboratory

1.

The BSL-4 suit facility may be located in a separate building or a clearly
demarcated and isolated zone within a building.

a. Facility access is restricted. Laboratory doors are lockable.

b. Entry into the laboratory is through an airlock fitted with airtight
doors.

c. Exit from the laboratory is by sequential passage through the
chemical shower, inner (i.e., dirty) change room, personal shower,
and outer (i.e., clean) changing area.

Personnel who enter this area wear a positive-pressure suit supplied
with HEPA-filtered breathing air. The breathing air systems have
redundant compressors, failure alarms, and emergency back-up capable
of supporting all workers within the laboratory to allow the personnel to
safely exit the laboratory.

A chemical shower is provided to decontaminate the surface of the
positive-pressure suit before the worker leaves the laboratory. In the
event of an emergency exit or failure of the chemical shower system, a
method for decontaminating positive-pressure suits, such as a gravity-fed
supply of chemical disinfectant, is provided.
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4. An automatically activated emergency power source is provided at a
minimum for the laboratory exhaust system, alarms, lighting, entry and
exit controls, BSCs, and door gaskets.

a. Monitoring and control systems for air supply, exhaust, life support,
alarms, entry and exit controls, and security systems are on an
uninterrupted power supply (UPS).

5. Adouble-door autoclave, dunk tank, or fumigation chamber is provided
at the containment barrier for the passage of materials, supplies, or
equipment in or out of the laboratory.

6. Hands-free sinks inside the suit laboratory are placed near procedure
areas.

7. An eyewash station for use during maintenance is readily available in the
laboratory area.

8. Walls, floors, and ceilings of the laboratory are constructed to form a
sealed internal shell to facilitate fumigation and prohibit animal and
insect intrusion. The internal surfaces of this shell are resistant to liquids
and chemicals used for cleaning and decontamination of the area. Floors
are monolithic, sealed, and coved.

a. All penetrations in the internal shell of the laboratory, suit storage
room, and the inner change room are sealed.

9. Services and plumbing that penetrate the laboratory walls, floors, or
ceiling are installed to ensure that no backflow from the laboratory
occurs. Breathing air systems are exempt from this provision. These
penetrations are fitted with two (in series) backflow prevention devices.
Consideration is given to locating these devices outside of containment.
Atmospheric venting systems are provided with two HEPA filters in series
and are sealed up to the second filter.

10. Decontamination of the entire laboratory is performed using a validated
gaseous or vapor method when there have been significant changes
in usage, before major renovations or maintenance shutdowns, and in
other situations, as determined by risk assessment. Decontamination is
verified prior to any change in the status of the laboratory.

11. Furniture is minimized, of simple construction, and capable of supporting
anticipated loads and uses.

a. Spaces between benches, cabinets, and equipment are accessible
for cleaning, decontamination, and unencumbered movement of
personnel.
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13.

14.

15.

16.

b. Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.

c. Chairs used in laboratory work are covered with a non-porous
material that can be easily cleaned and decontaminated.

d. Sharp edges and corners are avoided.
Windows are break-resistant and sealed.

Illumination is adequate for all activities and avoids reflections and glare
that could impede vision.

BSCs and other primary containment barrier systems are installed and
operated in a manner to ensure their effectiveness. See Appendix A.

a. BSCs are installed so that fluctuations of the room air supply and
exhaust do not interfere with proper operations. BSCs are located
away from doors, windows that can be opened, heavily traveled
laboratory areas, and other possible airflow disruptions.

b. BSCs can be connected to the laboratory exhaust system by either
a canopy connection (Class IIA only) or directly exhausted to the
outside through a hard connection (Class IIB, IIC, or Ill), which
contains a HEPA filter.

c. Class IlAor lIC BSC exhaust can be safely recirculated back into
the laboratory environment if no volatile toxic chemicals are used in
the cabinet.

d. BSCs are certified at least annually to ensure correct performance,
or as specified in Appendix A, Part 7.

e. Class Ill BSCs are provided supply air in such a manner that
prevents positive pressurization of the cabinet or the room.

Central vacuum systems are discouraged. If there is a central vacuum
system, it does not serve areas outside the laboratory. Two in-line HEPA
filters are placed near each use point and overflow collection is provided
while in use. Filters are installed to permit in-place decontamination and
replacement. Consideration is made to the provision of two HEPA filters
in series as close to the vacuum pump as possible.

A dedicated, non-recirculating ventilation system is provided. Only
laboratories or facilities with the same HVAC requirements (i.e., other
BSL-4 laboratories, ABSL-4, ABSL-3Ag, ABSL-4Ag facilities) may share
ventilation systems if gas-tight dampers and HEPA filters isolate each
individual laboratory system.

Section [IV—Laboratory Biosafety Level Criteria 65



a. The ventilation system is designed to maintain the laboratory at
negative pressure to surrounding areas and provide differential
pressure or directional airflow as appropriate between adjacent
areas within the laboratory.

b. Redundant supply fans are recommended. Redundant exhaust fans
are required. Supply and exhaust fans are interlocked to prevent
positive pressurization of the laboratory.

c. The ventilation system is monitored and alarmed to indicate
malfunction or deviation from design parameters. A visual monitoring
device is installed outside of containment so proper differential
pressures within the laboratory may be verified prior to entry and
during regular checklist procedures. Visual monitoring is also in
place within containment.

d. Supply air to the laboratory, including the decontamination shower,
passes through a HEPA filter. All exhaust air from the suit laboratory,
decontamination shower, and fumigation or decontamination
chambers passes through two HEPA filters, in series, before
discharge to the outside. The exhaust air discharge is located away
from occupied spaces and air intakes.

e. All HEPA filters are located as near as practicable to the laboratory
to minimize the length of potentially contaminated ductwork. All
HEPA filters are tested and certified annually.

f.  The HEPA filter housings are designed to allow for in situ decon-
tamination of the filter and verification of the validated process prior
to removal. The design of the HEPA filter housing has gas-tight
isolation dampers, decontamination ports, and the ability to individ-
ually scan each filter in the assembly for leaks.

17. Pass-through dunk tanks, fumigation chambers, or equivalent decon-
tamination methods are provided so that materials and equipment that
cannot be decontaminated in the autoclave can be safely removed from
the laboratory. Access to the exit side of the pass-through is limited to
those individuals authorized to be in the facility and provided appropriate
clearance if required.

18. Liquid effluents from chemical showers, sinks, floor drains, autoclave
chambers, and other sources within the laboratory are decontaminated
by a proven method, preferably heat treatment, before being discharged
to the sanitary sewer.

a. Decontamination of all liquid effluents is documented. The decon-
tamination process for liquid effluents is validated physically and
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biologically. Biological validation is performed at least annually or
more often if required by institutional policy.

b. Effluents from personal body showers and toilets may be discharged
to the sanitary sewer without treatment.

19. A double-door, pass-through autoclave(s) is provided for decontam-
inating materials passing out of the laboratory. Autoclaves that open
outside of the laboratory are sealed to the wall through which the
autoclave passes. This bioseal is durable, airtight, and capable of
expansion and contraction. Positioning the bioseal so that the equipment
can be accessed and maintained from outside the laboratory is strongly
recommended. The autoclave doors are interlocked so that only one
can be opened at any time and be automatically controlled so that the
outside door to the autoclave can only be opened after a successful
decontamination cycle has been completed.

a. Gas discharge from the autoclave chamber is HEPA-filtered or
is decontaminated. Autoclave decontamination processes are
designed so that unfiltered air or steam exposed to infectious
material cannot be released to the environment.

20. The facility design parameters and operational procedures are
documented. The facility is tested to verify that the design and opera-
tional parameters have been met prior to operation. Facilities are also
re-tested annually or after significant modification to ensure operational
parameters are maintained. Verification criteria are modified, as
necessary, by operational experience.

21. Appropriate communication systems are provided between the
laboratory and the outside (e.g., voice, fax, video, and computer).
Provisions for emergency communication and emergency access or
egress are developed and implemented.
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Table 1. Summary of Laboratory Biosafety Levels (BSLs)

Primary Barrier

and Personal Facilities
Special Protective (Secondary

BSL Agents Practices?® Equipment® Barriers)?

1 Well-characterized Standard No primary barriers Laboratory
agents not known microbiological required; protective doors; sink for
to consistently practices laboratory clothing; handwashing;
cause disease in protective face, laboratory bench;
immunocompetent eyewear, as needed windows fitted with
adult humans and screens; lighting
present minimal adequate for all
potential hazard to activities
laboratory personnel
and the environment.

2 Agents associated Limited access; BSCs or other Self-closing doors;
with human disease occupational medical  primary containment  sink located near
and pose moderate services including device used for exit; windows
hazards to personnel  medical evaluation, manipulations of sealed or fitted with
and the environment  surveillance, and agents that may screens; autoclave

treatment, as cause splashes or available
appropriate; all aerosols; protective

procedures that laboratory clothing;

may generate an other PPE,

aerosol or splash including respiratory

conducted in a BSC;  protection, as

decontamination needed

process needed for

laboratory equipment

3 Indigenous or Access limited to BSCs for all Physical
exotic agents; may those with need to procedures with separation from
cause serious or enter; viable material  viable agents; solid access corridors;
potentially lethal removed from front gowns, scrubs, access through
disease through the laboratory in primary  or coveralls; two two consecutive
inhalation route of and secondary pairs of gloves, self-closing doors;
exposure containers; opened when appropriate; hands-free sink near

only in BSL-3 or protective eyewear, exit; windows are
ABSL-3 laboratories;  respiratory sealed; ducted air
all procedures with protection, as ventilation system
infectious materials needed with negative airflow
performed in a BSC into laboratory;
autoclave available,
preferably in
laboratory
Continued on next page »
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Primary Barrier

and Personal Facilities
Special Protective (Secondary

BSL Agents Practices? Equipment? Barriers)?

4 Dangerous and Clothing change BSCs for all Entry sequence;
exotic agents before entry; procedures with entry through airlock
that pose high daily inspections viable agents; with airtight doors;®
individual risk of of essential solid front gowns, walls, floors, ceilings
aerosol-transmitted containment scrubs, or coveralls;®  form sealed internal
laboratory infections  and life support gloves;® full-body, shell; dedicated,
and life-threatening systems; all wastes air-supplied, positive-  non-recirculating
disease that are decontaminated pressure suit® ventilation
frequently fatal, prior to removal from system required;
for which there laboratory; shower double-door,
are no vaccines on exit pass-through
or treatments; and autoclave required
related agents with
unknown risk of
transmission

a. Each successive BSL contains the recommendations of the preceding level(s) and the criteria in the cell.
b.  Applies to Cabinet Laboratory
c. Applies to Suit Laboratory
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Section V—Vertebrate Animal Biosafety Level Criteria for
Vivarium Research Facilities

This guidance is provided for the use of experimentally infected animals housed
in indoor research facilities (e.g., vivarium research facilities) and applies to the
maintenance of laboratory animals that may naturally harbor zoonotic infectious
agents. In both instances, institutional management provides facilities, staff, and
established practices that reasonably ensure appropriate levels of environmental
quality, safety, security, and care for the laboratory animal." Laboratory animal
facilities are to be considered a special type of laboratory. As a general principle,
the Biosafety Level (e.g., facilities, practices, and operational requirements)
recommended for working with infectious agents in vivo and in vitro are
comparable.

The animal room can present unique concerns. Animals may generate aerosols,
may bite and scratch, and/or may be infected with a zoonotic agent. The appli-
cation of the Animal Biosafety Levels (ABSL) is determined by a protocol-driven
risk assessment.

These recommendations presuppose that laboratory animal facilities, operational
practices, and quality of animal care are approved by an Institutional Animal Care
and Use Committee (IACUC)? and meet applicable standards and regulations
(e.g., Guide for the Care and Use of Laboratory Animals,® Animal Welfare
Regulations).*% In addition, the organization has an occupational health and
safety program that addresses potential hazards associated with the conduct of
laboratory animal research. Occupational Health and Safety in the Care and Use
of Research Animals,® published by the Institute for Laboratory Animal Research
(ILAR), is most helpful in this regard. Additional safety guidance on working with
non-human primates (NHPs) is available in the ILAR publication, Occupational
Health and Safety in the Care and Use of Nonhuman Primates.”

Personnel receive specific training in humane animal care and handling

in accordance with the appropriate regulatory requirements and guidance
documents (e.g., Animal Welfare Regulations,* Guide for the Care and Use of
Laboratory Animals,® and taxon-specific publications for wild/exotic animals)

as well as animal facility procedures, and are supervised by an individual with
adequate knowledge of potential hazards and experimental animal procedures.
This includes training on proper use of engineering controls, including biosafety
cabinets (BSCs) or downdraft tables, as well as personal protective equipment
(PPE) appropriate to the ABSL as determined by a risk assessment. The
biosafety officer (BSO), the IBC, or equivalent resource, and/or other applicable
committees are responsible for the review of protocols and policies to protect
personnel who manipulate and care for animals from hazardous exposures.
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Facilities for laboratory animals used in studies of infectious or non-infectious
disease should be physically separate from other activities, such as animal
production, quarantine, clinical laboratories, and from facilities providing patient
care. Traffic flow that will minimize the risk of cross-contamination should be
incorporated into the facility.

The recommendations detailed below describe four combinations of practices,
safety equipment, and facilities for experiments with animals involved in infectious
disease research and other studies that may require containment. These four
combinations, designated ABSL-1-4, provide increasing levels of protection to
personnel and to the environment, and are recommended as minimum standards
for activities involving infected laboratory animals. The four ABSLs describe
animal facilities and practices applicable to work with animals infected with agents
requiring BSL-1-4 containment, respectively. Investigators who are inexperienced
should seek help in designing their experiments from individuals experienced in
this specialized work.

In addition to the ABSLs described in this section, the USDA has developed
facility parameters and work practices for handling agents of agricultural signifi-
cance. Appendix D includes a discussion on Animal Biosafety Levels 2, 3, and 4
Agriculture (ABSL-2Ag, ABSL-3Ag, ABSL-4Ag). The “Ag” designation is used for
animals that are loose-housed or in open penning and may be exposed to agents
of concern from an agricultural perspective. USDA requirements are unique to
agriculture because of the necessity to protect the environment from pathogens
of economic or environmental impact. Appendix D also describes some of the
enhancements beyond standard recommendation at ABSL-2—4 that may be
required by USDA APHIS when working in the laboratory or vivarium with certain
veterinary agents of concern.

Facility standards and practices for invertebrate vectors and hosts are not
specifically addressed in this section. Please refer to Appendix E for additional
information on the Arthropod Containment Guidelines (ACG).

Animal Biosafety Level 1

Animal Biosafety Level 1 (ABSL-1) is suitable for animal work involving
well-characterized agents that are not known to consistently cause disease
in immunocompetent adult humans and present minimal potential hazard to
personnel and the environment.

Special containment equipment or facility design may be required as determined
by risk assessment. See Section |l for additional information on the Biological
Risk Assessment.
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Personnel receive specific training in animal facility procedures and are
supervised by an individual with adequate knowledge of potential hazards and
experimental animal procedures.

The following standard practices, safety equipment, and facility specifications are
recommended for ABSL-1.

A. Standard Microbiological Practices

1. The animal facility director establishes and enforces policies, proce-
dures, and protocols for biosafety, biosecurity, and emergencies within
the animal facility.

2. Access to the animal room is limited. Only those persons required for
experimental, husbandry, or support purposes are authorized to enter
the facility.

3. Each institution ensures that worker safety and health concerns are
addressed as part of the animal protocol review process. Consideration
is given to specific biohazards unique to the animal species and protocol
in use. Prior to beginning a study, animal protocols are reviewed and
approved by the Institutional Animal Care and Use Committee (IACUC)
as well as the Institutional Biosafety Committee (IBC), as appropriate.

4. The supervisor ensures that animal care, facility, and support personnel
receive appropriate training regarding their duties, animal husbandry
procedures, potential hazards, manipulations of infectious agents,
necessary precautions to minimize exposures, and hazard/exposure
evaluation procedures (e.g., physical hazards, splashes, aerosolization).
Personnel receive annual updates and additional training when
equipment, procedures, or policies change. Records are maintained
for all hazard evaluations, training sessions, and staff attendance. All
persons, including facility equipment personnel, service workers, and
visitors, are advised of the potential hazards (e.g., naturally acquired
or research pathogens, allergens); are instructed on the appropriate
safeguards; and read and follow instructions on practices and proce-
dures. An institutional policy regarding visitor training, occupational
health requirements, and safety communication is considered.

5. Personal health status may affect an individual’s susceptibility to
infection or ability to receive available immunizations or prophylactic
interventions. Therefore, all personnel, and particularly those of
reproductive age and/or those having conditions that may predispose
them to increased risk for infection (e.g., organ transplant, medical
immunosuppressive agents), are provided information regarding immune
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competence and susceptibility to infectious agents. Individuals having
such conditions are encouraged to self-identify to the institution’s
healthcare provider for appropriate counseling and guidance. See
Section VII. Facility supervisors ensure that medical staff are informed of
potential occupational hazards within the animal facility, to include those
associated with research, animal husbandry duties, animal care, and
manipulations.

6. Appropriate occupational medical services are in place, as determined
by risk assessment.

a. An animal allergy prevention program is part of the medical
surveillance.

b. Personnel using respirators for animal allergy prevention are
enrolled in an appropriately constituted respiratory protection
program.

7. A safety manual specific to the facility is prepared or adopted in consul-
tation with the facility director and appropriate safety professionals. The
safety manual is available, accessible, and periodically reviewed and
updated, as necessary.

a. The safety manual contains sufficient information to describe the
biosafety and containment procedures for the experimental animals,
organisms, and biological materials in use, appropriate agent-spe-
cific decontamination methods, and the work performed.

b. The safety manual contains or references protocols for emergency
situations, including exposures, medical emergencies, facility
malfunctions, escape of animals within the animal facility, and other
potential emergencies. A plan for the disposition of animals during
emergency situations is included. Training in emergency response
procedures is provided to emergency response personnel and other
responsible staff according to institutional policies.

8. Asign is posted at the entrance to the animal room when infectious
agents are present. Posted information includes: the room’s Animal
Biosafety Level, the supervisor’s or other responsible personnel’s name
and telephone number, PPE requirements, general occupational health
requirements (e.g., immunizations, respiratory protection), and required
procedures for entering and exiting the animal room. Agent information is
posted in accordance with the institutional policy.

9. Long hair is restrained so that it cannot contact hands, animals,
specimens, containers, or equipment.
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10.

1.

12.

13.

14.
15.

Gloves are worn to protect hands from exposure to hazardous materials
and when handling animals.

a. Glove selection is based on an appropriate risk assessment.®-'?
b. Consider the need for bite and/or scratch-resistant gloves.

c. Gloves worn inside the animal facility are not worn outside the
animal facility.

d. Change gloves when contaminated, glove integrity is compromised,
or when otherwise necessary.

e. Do not wash or reuse disposable gloves, and dispose of used
gloves with other contaminated animal facility waste.

Gloves and other PPE are removed in a manner that minimizes personal
contamination and transfer of infectious materials outside of the areas
where infectious materials and/or animals are housed or manipulated.

Persons wash their hands after handling animals and before leaving
the areas where infectious materials and/or animals are housed or
manipulated.

Eating, drinking, smoking, handling contact lenses, applying cosmetics,
and storing food for human consumption are not permitted in animal
areas.

Mouth pipetting is prohibited. Mechanical pipetting devices are used.

Policies for the safe handling of sharps, such as needles, scalpels,
pipettes, and broken glassware are developed, implemented, and
followed; policies are consistent with applicable state, federal, and
local requirements.'®* Whenever practical, supervisors adopt improved
engineering and work practice controls that reduce the risk of sharps
injuries. Precautions are always taken with sharp items. These include:

a. Plasticware is substituted for glassware whenever possible.

b. Use of needles and syringes or other sharp instruments is limited
in the animal facility and is restricted to situations where there is no
alternative (e.g., parenteral injection, blood collection, or aspiration
of fluids from laboratory animals or diaphragm bottles). Active or
passive needle-based safety devices are used whenever possible.

i.  Uncapping of needles is performed in such a manner to reduce
the potential for recoil causing an accidental needlestick.

ii. Needles are not bent, sheared, broken, recapped, removed
from disposable syringes, or otherwise manipulated by hand
before disposal.
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iii. If absolutely necessary to remove a needle from a syringe
(e.g., to prevent lysing blood cells) or recap a needle (e.g.,
loading syringes in one room and injecting animals in another),
a hands-free device or comparable safety procedure must be
used (e.g., a needle remover on a sharps container, or the use
of forceps to hold the cap when recapping a needle).

iv. Used, disposable needles and syringes are carefully placed
in puncture-resistant containers used for sharps disposal
immediately after use. The sharps disposal container is located
as close to the point of use as possible.

c. Non-disposable sharps (e.g., necropsy instruments such as forceps,
pins, reusable scalpels) are placed in a hard-walled container for
transport to a processing area for decontamination.

d. Broken glassware is not handled directly. Instead, it is removed
using a brush and dustpan, tongs, or forceps.

16. All procedures are carefully performed to minimize the creation of
aerosols or splatters of infectious materials and waste.

17. Decontaminate work surfaces after completion of work and after any spill
or splash of potentially infectious material with appropriate disinfectant.
Spills involving infectious materials are contained, decontaminated, and
cleaned up by staff who are properly trained and equipped to work with
infectious material. A spill procedure is developed and posted within the
animal facility.

18. Decontaminate all cultures, stocks, and other potentially infectious
materials before disposal using an effective method, consistent with
applicable institutional, local and state requirements. Depending on
where the decontamination will be performed, the following methods are
used prior to transport:

a. Materials to be decontaminated outside of the immediate animal
room are placed in a durable, leak-proof container and secured for
transport. For infectious materials, the outer surface of the container
is disinfected prior to moving materials and the transport container
has a universal biohazard label.

b. Materials to be removed from the facility for decontamination are
packed in accordance with applicable local, state, and federal
regulations.

19. An effective integrated pest management program is required. See
Appendix G.
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20. Animals and plants not associated with the work being performed are
not permitted in the areas where infectious materials and/or animals are
housed or manipulated.

B. Special Practices

None required.

C. Safety Equipment (Primary Barriers and Personal Protective Equipment)

1. Specialized devices or equipment for restraint or containment may be
required as determined by appropriate risk assessment.

2. Laboratory coats, gowns, or uniforms are the minimum recommended
to prevent contamination of personal clothing. Protective outer clothing
is not worn outside areas where infectious materials and/or animals are
housed or manipulated. Gowns and uniforms are not worn outside the
animal facility.

3. Eye protection and face protection (e.g., safety glasses, goggles,
mask, face shield, or other splatter guard) are used for manipulations
or activities that may result in splashes or sprays of infectious or other
hazardous materials. Eye protection and face protection are disposed of
with other contaminated facility waste or decontaminated after use.

4. Persons having contact with NHPs assess the risk of mucous membrane
exposure and wear protective equipment (e.g., face shield, surgical
mask, goggles), as appropriate.

5. Additional PPE is considered for persons working with large animals.

D. Animal Facilities (Secondary Barriers)

1. ABSL-1 facilities should be separated from the general traffic patterns of
the building and restricted as appropriate. Consider placing animal areas
away from exterior walls of buildings to minimize the impact from the
outside environment temperatures.

a. External facility doors are self-closing and self-locking.
b. Access to the animal facility is restricted.

c. Doors to areas where infectious materials and/or animals are
housed open inward, are self-closing, are kept closed when
experimental animals are present, and never propped open. Doors
to cubicles inside an animal room may open outward or slide
horizontally or vertically.
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2. The animal facility has a sink for handwashing.

a.

Emergency eyewash and shower are readily available, easily
accessible, and appropriately maintained.

Sink traps are filled with water and/or appropriate disinfectant to
prevent the migration of vermin and gases.

If open floor drains are provided, the traps are filled with water and/
or appropriate disinfectant or sealed to prevent the migration of
vermin and gases.

3. The animal facility is designed, constructed, and maintained to facilitate
cleaning and housekeeping. The interior surfaces (e.g., walls, floors,
ceilings) are water-resistant.

a.

Floors are slip-resistant, impervious to liquids, and resistant to
chemicals. Floors with drains are sloped toward drains to facilitate
cleaning.

It is recommended that penetrations in floors, walls, and ceilings be
sealed, including openings around ducts, doors, doorframes, outlets,
and switch plates to facilitate pest control and proper cleaning.

Internal facility fixtures, such as light features, air ducts, and utility
pipes, are designed and installed to minimize horizontal surface
areas to facilitate cleaning and minimize the accumulation of debris
or fomites.

External windows are not recommended; if present, they are
resistant to breakage. Where possible, windows are sealed. If
the animal facility has windows that open, they are fitted with fly
screens.

lllumination is adequate for all activities and avoids reflections and
glare that could impede vision.

4. Furniture can support anticipated loads and uses.

a.

Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.

Chairs used in animal areas are covered with a non-porous material
that can be easily cleaned and decontaminated with an appropriate
disinfectant and sealed to prevent harboring of insects/vermin.

Equipment and furnishings are carefully evaluated to minimize
exposure of personnel to pinch points and sharp edges and corners.
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5. Ventilation is provided in accordance with the Guide for the Care and
Use of Laboratory Animals.®

a. Ventilation system design considers the heat and high moisture load
produced during the cleaning of animal rooms and the cage wash
process.

6. Cages are washed manually or preferably in a mechanical cage washer.
The mechanical cage washers have a final rinse temperature of at
least 180°F. If manual cage washing is utilized, ensure that appropriate
disinfectants are selected.

Animal Biosafety Level 2

Animal Biosafety Level 2 (ABSL-2) builds upon the practices, procedures,
containment equipment, and facility requirements of ABSL-1. ABSL-2 is suitable
for work involving laboratory animals infected with agents associated with human
disease and posing a moderate hazard to personnel and the environment. It
also addresses hazards from ingestion and from percutaneous and mucous
membrane exposure.

ABSL-2 requires that, in addition to the requirements for ABSL-1, a BSC or other
physical containment equipment is used when procedures involve the manipu-
lation of infectious materials or where aerosols or splashes may be created.

Appropriate PPE is worn to reduce exposure to infectious agents, animals, and
contaminated equipment. An appropriate occupational health program is in place,
as determined by risk assessment.

The following standard and special practices, safety equipment, and facility
specifications are recommended for ABSL-2.

A. Standard Microbiological Practices

1. The animal facility director establishes and enforces policies, proce-
dures, and protocols for biosafety, biosecurity, and emergencies within
the animal facility.

2. Access to the animal room is limited. Only those persons required for
experimental, husbandry, or support purposes are authorized to enter
the facility.

3. Each institution ensures that worker safety and health concerns are
addressed as part of the animal protocol review process. Consideration
is given to specific biohazards unique to the animal species and protocol
in use. Prior to beginning a study, animal protocols are also reviewed
and approved by the Institutional Animal Care and Use Committee
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(IACUC) and the Institutional Biosafety Committee (IBC), or equivalent
resource, as appropriate.

4. The supervisor ensures that animal care, facility, and support personnel
receive appropriate training regarding their duties, animal husbandry
procedures, potential hazards, manipulations of infectious agents,
necessary precautions to minimize exposures, and hazard/exposure
evaluation procedures (e.g., physical hazards, splashes, aerosolization).
Personnel receive annual updates and additional training when
equipment, procedures, or policies change. Records are maintained
for all hazard evaluations, training sessions, and staff attendance. All
persons, including facility equipment personnel, service workers, and
visitors, are advised of the potential hazards (e.g., naturally acquired
or research pathogens, allergens); are instructed on the appropriate
safeguards; and read and follow instructions on practices and proce-
dures. An institutional policy regarding visitor training, occupational
health requirements, and safety communication is considered.

5. Personal health status may affect an individual’s susceptibility to
infection and ability to receive available immunizations or prophylactic
interventions. Therefore, all personnel, and particularly those of
reproductive age and/or those having conditions that may predispose
them to increased risk for infection (e.g., organ transplant, medical
immunosuppressive agents), are provided information regarding immune
competence and susceptibility to infectious agents. Individuals having
such conditions are encouraged to self-identify to the institution’s
healthcare provider for appropriate counseling and guidance. See
Section VII. Facility supervisors ensure that medical staff are informed of
potential occupational hazards within the animal facility, to include those
associated with research, animal husbandry duties, animal care, and
manipulations.

6. Appropriate occupational medical services are in place, as determined
by risk assessment.

a. An animal allergy prevention program is part of the medical
surveillance.

b. Personnel using respirators for animal allergy prevention are
enrolled in an appropriately constituted respiratory protection
program.

7. A safety manual specific to the facility is prepared or adopted in consul-
tation with the facility director and appropriate safety professionals. The
safety manual is available, accessible, and periodically reviewed and
updated as necessary.
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a. The safety manual contains sufficient information to describe the
biosafety and containment procedures for the experimental animals,
organisms, biological materials in use, and the work performed.

b. The safety manual contains or references protocols for emergency
situations, including exposures, medical emergencies, facility
malfunctions, escape of animals within the animal facility, and other
potential emergencies. A plan for the disposition of animals during
emergency situations is included. Training in emergency response
procedures is provided to emergency response personnel and other
responsible staff according to institutional policies.

8. Asign is posted at the entrance to the animal room when infectious
agents are present. Posted information includes: the universal biohazard
symbol, the room’s Animal Biosafety Level, the supervisor’s or other
responsible personnel’s name and telephone number, PPE require-
ments, general occupational health requirements (e.g., immunization,
respiratory protection), and required procedures for entering and exiting
the animal room. Agent information is posted in accordance with the
institutional policy.

9. Long hair is restrained so that it cannot contact hands, animals,
specimens, containers, or equipment.

10. Gloves are worn to protect hands from exposure to hazardous materials
and when handling animals.

a. Glove selection is based on an appropriate risk assessment.
b. Consider the need for bite and/or scratch-resistant gloves.

c. Gloves worn inside the animal facility are not worn outside the
animal facility.

d. Change gloves when contaminated, glove integrity is compromised,
or when otherwise necessary.

e. Do not wash or reuse disposable gloves, and dispose of used
gloves with other contaminated animal facility waste.

11. Gloves and other PPE are removed in a manner that minimizes personal
contamination and transfer of infectious materials outside of the areas
where infectious materials and/or animals are housed or manipulated.

12. Persons wash their hands after handling animals and before leaving
the areas where infectious materials and/or animals are housed or
manipulated.
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13. Eating, drinking, smoking, handling contact lenses, applying cosmetics,
and storing food for human consumption are not permitted in animal areas.

14. Mouth pipetting is prohibited. Mechanical pipetting devices are used.

15. Policies for the safe handling of sharps, such as needles, scalpels,
pipettes, and broken glassware are developed, implemented, and
followed; policies are consistent with applicable state, federal, and
local requirements. Whenever practical, supervisors adopt improved
engineering and work practice controls that reduce the risk of sharps
injuries. Precautions are always taken with sharp items. These include:

a. Plasticware is substituted for glassware whenever possible.

b. Use of needles and syringes or other sharp instruments is limited
in the animal facility and is restricted to situations where there is no
alternative (e.g., parenteral injection, blood collection, or aspiration
of fluids from laboratory animals or diaphragm bottles). Active or
passive needle-based safety devices are to be used whenever
possible.

i.  Uncapping of needles is performed in such a manner to reduce
the potential for recoil causing an accidental needlestick.

ii. Needles are not bent, sheared, broken, recapped, removed
from disposable syringes, or otherwise manipulated by hand
before disposal.

iii. If absolutely necessary to remove a needle from a syringe
(e.g., to prevent lysing blood cells) or recap a needle (e.g.,
loading syringes in one room and injecting animals in another),
a hands-free device or comparable safety procedure must be
used (e.g., a needle remover on a sharps container, or the use
of forceps to hold the cap when recapping a needle).

iv. Used, disposable needles and syringes are carefully placed
in puncture-resistant containers used for sharps disposal
immediately after use. The sharps disposal container is located
as close to the point of use as possible.

c. Non-disposable sharps (e.g., necropsy instruments such as forceps,
pins, reusable scalpels) are placed in a hard-walled container for
transport to a processing area for decontamination.

d. Broken glassware is not handled directly. Instead, it is removed
using a brush and dustpan, tongs, or forceps.
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16. All procedures are carefully performed to minimize the creation of
aerosols or splatters of infectious materials and waste.

17. Decontaminate work surfaces after completion of work and after any spill
or splash of potentially infectious material with appropriate disinfectant.
Decontaminate all potentially infectious materials before transport or
disposal using an effective method. Spills involving infectious materials
are contained, decontaminated, and cleaned up by staff who are properly
trained and equipped to work with infectious material. A spill procedure is
developed and posted within the animal facility.

18. Decontaminate all cultures, stocks, and other potentially infectious
materials before disposal using an effective method, consistent with
applicable institutional, local and state requirements. Depending on
where the decontamination will be performed, the following methods are
used prior to transport:

a. Materials to be decontaminated outside of the immediate animal
room are placed in a durable, leak-proof container and secured for
transport. For infectious materials, the outer surface of the container
is disinfected prior to moving materials and the transport container
has a universal biohazard label.

b. Materials to be removed from the facility for decontamination are
packed in accordance with applicable local, state, and federal
regulations.

19. An effective integrated pest management program is required. See
Appendix G.

20. Animals and plants not associated with the work being performed are
not permitted in the areas where infectious materials and/or animals are
housed or manipulated.

B. Special Practices

1. Animal care staff are provided information on signs and symptoms
of disease, receive occupational medical services including medical
evaluation, surveillance, and treatment, as appropriate, and are offered
available immunizations for agents handled or potentially present in the
facility.

2. All procedures involving the manipulation of infectious materials that
may generate an aerosol are conducted within a BSC or other physical
containment device, when possible. If it is not possible to perform
a procedure within a BSC or other physical containment device, a
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combination of appropriate personal protective equipment, administrative
and/or engineering controls (e.g., downdraft table) are used, based on a
risk assessment.

a. Restraint devices and practices that reduce the risk of exposure
during animal manipulations (e.g., physical restraint, chemical
restraint) are used whenever possible.

b. Equipment, cages, and racks are handled in a manner that
minimizes contamination of other areas. Cages are decontaminated
prior to washing.

Develop and implement an appropriate decontamination program in
compliance with applicable institutional, local, and state requirements.

a. Equipment is decontaminated before repair, maintenance, or
removal from the animal facility. A method for decontaminating
routine husbandry equipment and sensitive electronic or medical
equipment is identified and implemented.

b. Decontamination of an entire animal room is considered when there
has been gross contamination of the space, significant changes
in usage, and for major renovations or maintenance shutdowns.
Selection of the appropriate materials and methods used to decon-
taminate the animal room is based on the risk assessment.

c. Decontamination processes are verified on a routine basis.

Incidents that may result in exposure to infectious materials are immedi-
ately evaluated per institutional policies. All such incidents are reported
to the animal facility supervisor and any other personnel designated by
the institution. Appropriate records are maintained.

C. Safety Equipment (Primary Barriers and Personal Protective Equipment).

1.

Properly maintained BSCs and other physical containment devices or
equipment are used whenever conducting procedures with a potential for
creating aerosols, splashes, or other potential exposures to hazardous
materials. These include the necropsy of infected animals, harvesting

of tissues or fluids from infected animals or eggs, and intranasal inocu-
lation of animals. A risk assessment dictates the type of other physical
containment devices used when BSCs may not be suitable.

a. When indicated by risk assessment, animals are housed in primary
biosafety containment equipment appropriate for the animal species,
such as solid wall and bottom cages covered with micro-isolator lids
or other equivalent primary containment systems for larger animals.
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b. If used, actively ventilated caging systems are designed to contain
microorganisms. Exhaust plenums for these systems are sealed.
Safety mechanisms are in place to prevent the cage and exhaust
plenums from becoming positively pressurized if the exhaust fan
fails. The system is also alarmed to indicate operational malfunc-
tions. Exhaust HEPA filters and filter housings are certified annually.

Protective clothing, such as gowns, uniforms, scrubs, or laboratory
coats, and other PPE are worn while in the areas where infectious
materials and/or animals are housed or manipulated.

a. Scrubs and uniforms are removed before leaving the animal facility.

b. Reusable clothing is appropriately contained and decontaminated
before being laundered. Animal facility and protective clothing is
never taken home.

c. Disposable PPE and other contaminated waste are appropriately
contained and decontaminated prior to disposal.

Eye protection and face protection (e.g., safety glasses, goggles, mask,
face shield, or other splatter guard) are used for manipulations or
activities that may result in splashes or sprays from infectious or other
hazardous materials when the animal or microorganisms is handled
outside the BSC or another containment device. Eye protection and
face protection are disposed of with other contaminated facility waste or
decontaminated after use.

Persons having contact with NHPs assess the risk of mucous membrane
exposure and wear protective equipment (e.g., face shield, surgical
mask, goggles), as appropriate.

Additional PPE is considered for persons working with large animals.

Based on the pathogen and work performed, respiratory protection may
be considered for staff enrolled in a properly constituted respiratory
protection program.

D. Animal Facilities (Secondary Barriers)
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1.

ABSL-2 facilities should be separated from the general traffic patterns
of the building and restricted, as appropriate. Consider placing animal
areas away from exterior walls of buildings to minimize the impact from
the outside environment temperatures.

a. External facility doors are self-closing and self-locking.
b. Access to the animal facility is restricted.

c. Doors to areas where infectious materials and/or animals are
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housed open inward, are self-closing, are kept closed when exper-
imental animals are present, and are never to be propped open.
Doors to cubicles inside an animal room may open outward or slide
horizontally or vertically.

2. A handwashing sink is located at the exit of the areas where infectious
materials and/or animals are housed or manipulated. Additional sinks for
handwashing are located in other appropriate locations within the facility.
If the animal facility has segregated areas where infectious materials
and/or animals are housed or manipulated, a sink is also available for
handwashing at the exit from each segregated area.

a.

Emergency eyewash and shower are readily available, easily
accessible, and appropriately maintained.

Sink traps are filled with water and/or appropriate disinfectant to
prevent the migration of vermin and gases.

If open floor drains are provided, the traps are filled with water and/
or appropriate disinfectant or sealed to prevent the migration of
vermin and gases.

3. The animal facility is designed, constructed, and maintained to facilitate
cleaning and housekeeping. The interior surfaces (e.g., walls, floors, and
ceilings) are water-resistant.

a.

Floors are slip-resistant, impervious to liquids, and resistant to
chemicals. Floors with drains are sloped toward drains to facilitate
cleaning.

Penetrations in floors, walls, and ceiling surfaces are sealed,
including openings around ducts, doors, doorframes, outlets, and
switch plates to facilitate pest control and proper cleaning.

Internal facility fixtures, such as light features, air ducts, and utility
pipes, are designed and installed to minimize horizontal surface
areas to facilitate cleaning and minimize the accumulation of debris
or fomites.

External windows are not recommended; if present, they are sealed
and resistant to breakage.

Illumination is adequate for all activities and avoids reflections and
glare that could impede vision.

4. Furniture is minimized and can support anticipated loads and uses.

a.

Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.
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b. Chairs used in animal areas are covered with a non-porous material
that can be easily cleaned and decontaminated with an appropriate
disinfectant and sealed to prevent harboring of insects/vermin.

c. Equipment and furnishings are carefully evaluated to minimize
exposure of personnel to pinch points and sharp edges and corners.

5. Ventilation is provided in accordance with the Guide for the Care and
Use of Laboratory Animals.®

a. Ventilation system design considers the heat and high moisture
load produced during the cleaning of animal rooms and the cage
wash process.

b. The direction of airflow into the animal facility is inward; animal
rooms maintain inward directional airflow compared to adjoining
hallways.

c. Aducted exhaust air ventilation system is provided.

d. Exhaust air is discharged to the outside without being recirculated
to other rooms.

6. Mechanical cage washers have a final rinse temperature of at least
180°F. The cage wash area is designed to accommodate the use of
high-pressure spray systems, humidity, strong chemical disinfectants,
and 180°F water temperatures during the cage/equipment cleaning
process.

7. BSCs and other primary containment barrier systems are installed and
operated in a manner to ensure their effectiveness. See Appendix A.

a. BSCs are installed so that fluctuations of the room air supply and
exhaust do not interfere with proper operations. BSCs are located
away from doors, windows that can be opened, heavily traveled
areas, and other possible airflow disruptions.

b. BSCs can be connected to the animal facility exhaust system by
either a canopy connection (Class IIA only) or directly exhausted to
the outside through a hard connection (Class IIB, IIC, or IIl). Class
IIA or 1IC BSC exhaust can be safely recirculated back into the
animal facility environment if no volatile toxic chemicals are used in
the cabinet.

c. BSCs are certified at least annually to ensure correct performance,
or as specified in Appendix A, Part 7.

8. Vacuum lines in use are protected with liquid disinfectant traps and
in-line HEPA filters or their equivalent. See Appendix A, Figure 11. Filters
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are replaced, as needed, or on a replacement schedule determined by a
risk assessment.

9. An autoclave is present in the animal facility to facilitate decontamination
of infectious materials and waste. A validated alternative process (e.g.,
alkaline digestion, incineration) may be used for decontamination and
disposal of carcasses.

Animal Biosafety Level 3

Animal Biosafety Level 3 (ABSL-3) involves practices suitable for work with
laboratory animals infected with indigenous or exotic agents, agents that present
a potential for aerosol transmission, and agents causing serious or potentially
lethal disease. ABSL-3 builds upon the standard practices, procedures,
containment equipment, and facility requirements of ABSL-2.

The ABSL-3 facility has special engineering and design features.

ABSL-3 requires that in addition to the requirements for ABSL-2, all procedures
are conducted in BSCs or by use of other physical containment equipment.
Inward airflow at the containment boundary is maintained. Handwashing sinks are
capable of hands-free operation.

Appropriate PPE is worn to reduce exposure to infectious agents, animals, and
contaminated equipment.

The following standard and special safety practices, safety equipment, and facility
specifications are necessary for ABSL-3.

A. Standard Microbiological Practices

1. The animal facility director establishes and enforces policies, proce-
dures, and protocols for biosafety, biosecurity, and emergencies within
the animal facility.

2. Access to the animal room is limited. Only those persons required for
experimental, husbandry, or support purposes are authorized to enter
the facility.

3. Each institution ensures that worker safety and health concerns are
addressed as part of the animal protocol review process. Consideration
is given to specific biohazards unique to the animal species and protocol
in use. Prior to beginning a study, animal protocols are also reviewed
and approved by the Institutional Animal Care and Use Committee
(IACUC) and the Institutional Biosafety Committee (IBC), or equivalent
resource, as appropriate.
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4. The supervisor ensures that animal care, facility, and support personnel
receive appropriate training regarding their duties, animal husbandry
procedures, potential hazards, manipulations of infectious agents,
necessary precautions to minimize exposures, and hazard/exposure
evaluation procedures (e.g., physical hazards, splashes, aerosolization).
Personnel receive annual updates and additional training when
equipment, procedures, or policies change. Records are maintained
for all hazard evaluations, training sessions, and staff attendance. All
persons, including facility equipment personnel, service workers, and
visitors, are advised of the potential hazards (e.g., naturally acquired
or research pathogens, allergens); are instructed on the appropriate
safeguards; and read and follow instructions on practices and proce-
dures. An institutional policy regarding visitor training, occupational
health requirements, and safety communication is considered.

5. Personal health status may affect an individual’s susceptibility to
infection, ability to receive available immunizations or prophylactic
interventions. Therefore, all personnel, and particularly those of
reproductive age and/or those having conditions that may predispose
them to increased risk for infection (e.g., organ transplant, medical
immunosuppressive agents), are provided information regarding immune
competence and susceptibility to infectious agents. Individuals having
such conditions are encouraged to self-identify to the institution’s
healthcare provider for appropriate counseling and guidance. See
Section VII. Facility supervisors ensure that medical staff are informed of
potential occupational hazards within the animal facility, to include those
associated with research, animal husbandry duties, animal care, and
manipulations.

6. Appropriate occupational medical services are in place, as determined
by risk assessment.

a. An animal allergy prevention program is part of the medical
surveillance.

b. Personnel using respirators for animal allergy prevention are
enrolled in an appropriately constituted respiratory protection
program.

7. A safety manual specific to the facility is prepared or adopted in consul-
tation with the facility director and appropriate safety professionals. The
safety manual is available, accessible, and periodically reviewed and
updated as necessary.
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a. The safety manual contains sufficient information to describe the
biosafety and containment procedures for the experimental animals,
organismes, biological materials in use, and the work performed.

b. The safety manual contains or references protocols for emergency
situations, including exposures, medical emergencies, facility
malfunctions, escape of animals within the animal facility, and other
potential emergencies. A plan for the disposition of animals during
emergency situations is included. Training in emergency response
procedures is provided to emergency response personnel and other
responsible staff according to institutional policies.

8. Asign is posted at the entrance to the animal room when infectious
agents are present. Posted information includes: the universal biohazard
symbol, the room’s Animal Biosafety Level, the supervisor’s or other
responsible personnel’'s name and telephone number, PPE require-
ments, general occupational health requirements (e.g., immunization,
respiratory protection), and required procedures for entering and exiting
the animal room. Agent information is posted in accordance with the
institutional policy.

9. Long hair is restrained so that it cannot contact hands, animals,
specimens, containers, or equipment.

10. Gloves are worn to protect hands from exposure to hazardous materials
and when handling animals.

a. Glove selection is based on an appropriate risk assessment.
b. Consider the need for bite and/or scratch-resistant gloves.

c. Gloves worn inside the animal facility are not worn outside the
animal facility.

d. Change gloves when contaminated, glove integrity is compromised,
or when otherwise necessary.

e. Do not wash or reuse disposable gloves, and dispose of used
gloves with other contaminated facility waste.

11. Gloves and other PPE are removed in a manner that minimizes personal
contamination and transfer of infectious materials outside of the areas
where infectious materials and/or animals are housed or manipulated.

12. Persons wash their hands after handling animals and before leaving
the areas where infectious materials and/or animals are housed or
manipulated.
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13. Eating, drinking, smoking, handling contact lenses, applying cosmetics,
and storing food for human consumption are not permitted in animal
areas.

14. Mouth pipetting is prohibited. Mechanical pipetting devices are used.

15. Policies for the safe handling of sharps, such as needles, scalpels,
pipettes, and broken glassware are developed, implemented, and
followed; policies are consistent with applicable state, federal, and
local requirements. Whenever practical, supervisors adopt improved
engineering and work practice controls that reduce the risk of sharps
injuries. Precautions are always taken with sharp items. These include:

a. Plasticware is substituted for glassware whenever possible.

b. Use of needles and syringes or other sharp instruments is limited
in the animal facility and is restricted to situations where there is no
alternative (e.g., parenteral injection, blood collection, or aspiration
of fluids from laboratory animals or diaphragm bottles). Active or
passive needle-based safety devices are to be used whenever
possible.

i.  Uncapping of needles is performed in such a manner to reduce
the potential for recoil causing an accidental needlestick.

ii. Needles are not bent, sheared, broken, recapped, removed
from disposable syringes, or otherwise manipulated by hand
before disposal.

iii. If absolutely necessary to remove a needle from a syringe
(e.g., to prevent lysing blood cells) or recap a needle (e.g.,
loading syringes in one room and injecting animals in another),
a hands-free device or comparable safety procedure must be
used (e.g., a needle remover on a sharps container, or the use
of forceps to hold the cap when recapping a needle).

iv. Used, disposable needles and syringes are carefully placed
in puncture-resistant containers used for sharps disposal
immediately after use. The sharps disposal container is located
as close to the point of use as possible.

c. Non-disposable sharps (e.g., necropsy instruments such as forceps,
pins, reusable scalpels) are placed in a hard-walled container for
transport to a processing area for decontamination.

d. Broken glassware is not handled directly. Instead, it is removed
using a brush and dustpan, tongs, or forceps.
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16.

17.

18.

19.

20.

All procedures are carefully performed to minimize the creation of
aerosols or splatters of infectious materials and waste.

Decontaminate work surfaces after completion of work and after any spill
or splash of potentially infectious material with appropriate disinfectant.
Spills involving infectious materials are contained, decontaminated, and
cleaned up by staff who are properly trained and equipped to work with
infectious material. A spill procedure is developed and posted within the
animal facility.

Decontaminate all cultures, stocks, and other potentially infectious
materials before disposal using an effective method, consistent with
applicable institutional, local and state requirements. Depending on
where the decontamination will be performed, the following methods are
used prior to transport:

a. Materials to be decontaminated outside of the immediate animal
room are placed in a durable, leak-proof container and secured for
transport. For infectious materials, the outer surface of the container
is disinfected prior to moving materials and the transport container
has a universal biohazard label.

b. Materials to be removed from the facility for decontamination are
packed in accordance with applicable local, state, and federal
regulations.

An effective integrated pest management program is required. See
Appendix G.

Animals and plants not associated with the work being performed are
not permitted in the areas where infectious materials and/or animals are
housed or manipulated.

B. Special Practices

1.

Animal care staff are provided information on signs and symptoms of
disease, receive occupational medical services including medical evalu-
ation, surveillance, and treatment as appropriate, and are offered available
immunizations for agents handled or potentially present in the facility.

A system is established for reporting and documenting near misses,
animal facility accidents, exposures, unanticipated absences due to
potential Laboratory-associated infection, and for the medical surveil-
lance of potential laboratory-associated illnesses.

Incidents that result in exposure to infectious materials are immediately
evaluated per institutional policy. All such incidents are reported to the
animal facility director, facility supervisor, institutional management, and
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appropriate facility safety, compliance, and security personnel according
to institutional policy. Appropriate records are maintained.

4. Only necessary equipment and supplies are recommended to be taken
inside the animal facility.

5. All procedures involving the manipulation of infectious materials are
conducted within a BSC or other physical containment device, when
possible. If it is not possible to perform a procedure within a BSC
or other physical containment device, a combination of appropriate
personal protective equipment, administrative and/or engineering
controls (e.g., downdraft table) are used, based on a risk assessment.

a. Restraint devices and practices that reduce the risk of exposure
during animal manipulations (e.g., physical restraint, chemical
restraint) are used whenever possible.

b. Equipment, cages, and racks are handled in a manner that
minimizes contamination of other areas.

6. Biological materials that are to remain in a viable state during removal
from the animal facility are placed in a durable leak-proof sealed primary
container and then enclosed in a non-breakable, sealed secondary
container prior to removal from the facility by authorized personnel.
Once removed, the primary container is opened within a BSC in BSL-3
or ABSL-3 containment unless a validated inactivated method is used.
See Appendix K. The inactivation method is documented in-house with
viability testing data to support the method.

7. Develop and implement an appropriate decontamination program
in compliance with applicable institutional, local, state, and federal
requirements.

a. Equipment is decontaminated before repair, maintenance, or
removal from the areas where infectious materials and/or animals
are housed or manipulated. A method for decontaminating routine
husbandry equipment and sensitive electronic or medical equipment
is identified and implemented.

b. Decontamination of an entire animal room is considered when there
has been gross contamination of the space, significant changes in
usage, major renovations, or maintenance shutdowns. Selection of
the appropriate materials and methods used to decontaminate the
animal room is based on the risk assessment.

c. Decontamination processes are verified on a routine basis.
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C. Safety Equipment (Primary Barriers and Personal Protective Equipment)

1. Properly maintained BSCs and other physical containment devices
or equipment are used for manipulations of infectious materials and
animals as determined by risk assessment.

a. The risk of infectious aerosols from infected animals or their
bedding can be reduced if animals are housed in containment
caging systems, such as solid wall and bottom cages covered with
micro-isolator lids, open cages placed in inward flow ventilated
enclosures, HEPA filter isolators and caging systems, or other
equivalent primary containment systems.

i.  Actively ventilated caging systems are designed to prevent the
escape of microorganisms from the cage. Exhaust plenums
for these systems are sealed to prevent the escape of micro-
organisms if the ventilation system becomes static, and the
exhaust is HEPA-filtered. Safety mechanisms are in place to
prevent the cage and exhaust plenums from becoming positive
to the surrounding area should the exhaust fan fail. The system
is alarmed to indicate operational malfunctions.

b. When animals cannot be housed in ventilated containment cages/
units, certain features of the animal room act as the primary barriers.
The procedures in place include how workers are protected from
agents shed by the animals (e.g., PPE enhancements) as well as
how the environment is protected from such agents through the use
of biocontainment enhancements such as some combination of boot
or PPE change or surface decontamination at the door, a personal
shower at the room level, and/or other procedures.

2. Special consideration is given to the potential for cross-contamination
when open caging is used. See Appendix D for additional information.

3. Personnel within the animal facility wear protective clothing, such as
uniforms or scrubs.

a. Disposable PPE such as non-woven, olefin cover-all suits, or
wrap-around or solid-front gowns are worn over this clothing before
entering areas where infectious materials and/or animals are housed
or manipulated. Front-button, laboratory coats are unsuitable.

b. Reusable clothing is appropriately contained and decontaminated
before being laundered. Animal facility and protective clothing is
never taken home.
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c. Disposable PPE is removed when leaving the areas where infec-
tious materials and/or animals are housed or manipulated. Scrubs
and uniforms are removed before leaving the animal facility.

d. Disposable PPE and other contaminated waste are appropriately
contained and decontaminated prior to disposal.

4. All personnel entering areas where infectious materials and/or animals
are housed or manipulated wear appropriate head covering, eye, face,
and respiratory protection. To prevent cross-contamination, boots, shoe
covers, or other protective footwear are used where indicated and
disposed of or decontaminated after use.

5. Head covering, eye protection, and face protection are disposed of with
other contaminated animal facility waste or decontaminated after use.

6. Procedures may require wearing two pairs of gloves (i.e., double-glove).
Change outer gloves when contaminated, glove integrity is compro-
mised, or when otherwise necessary.

7. Additional PPE is considered for persons working with large animals.

D. Animal Facilities (Secondary Barriers)

1. ABSL-3 facilities should be separated from the general traffic patterns of
the building and restricted as appropriate. Consider placing animal areas
away from exterior walls of buildings to minimize the impact from the
outside environment temperatures.

a. External facility doors are self-closing and self-locking.
b. Access to the animal facility is restricted.

c. Doors to areas where infectious materials and/or animals are
housed open inward, are self-closing, are kept closed when experi-
mental animals are present, and are never propped open.

d. Entry into the containment area is via a double-door entry, which
constitutes an anteroom/airlock and a change room. Exit showers
may be considered based on risk assessment. An additional
double-door anteroom or double-doored autoclave may be provided
for movement of supplies and wastes into and out of the facility.

2. A handwashing sink is located at the exit of the areas where infectious
materials and/or animals are housed or manipulated. Additional sinks for
handwashing are located in other appropriate locations within the facility.
If the animal facility has segregated areas where infectious materials
and/or animals are housed or manipulated, a handwashing sink is also
available near the exit from each segregated area.
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a. The sink is hands-free or automatically operated.

b. Emergency eyewash and shower are readily available, easily
accessible, and appropriately maintained.

c. Sink traps are filled with water and/or appropriate disinfectant or
sealed to prevent the migration of vermin and gases.

d. Floor drains are maintained and filled with water and/or appropriate
disinfectant or sealed to prevent the migration of vermin and gases.

3. The animal facility is designed, constructed, and maintained to facilitate
cleaning, decontamination, and housekeeping. The interior surfaces
(e.g., walls, floors, and ceilings) are water-resistant.

a. Floors are slip-resistant, impervious to liquids, and resistant to
chemicals. Flooring is seamless, sealed, or poured with integral
cove bases. Floors slope to drain, if present.

b. Penetrations in floors, walls, and ceiling surfaces are sealed,
including openings around ducts, outlets, switch plates, and
doorframes, to facilitate pest control, proper cleaning, and decon-
tamination. Walls, floors, and ceilings form a sanitizable and sealed
surface.

c. Internal facility fixtures, such as light features, air ducts, and utility
pipes, are designed and installed to minimize horizontal surface
areas to facilitate cleaning and minimize the accumulation of debris
or fomites.

d. External windows are not recommended; if present, they are sealed
and resistant to breakage.

e. lllumination is adequate for all activities and avoids reflections and
glare that could impede vision.

4. Furniture is minimized and can support anticipated loads and uses.

a. Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.

b. Chairs used in animal areas are covered with a non-porous material
that can be easily cleaned and decontaminated with an appropriate
disinfectant and sealed to prevent harboring of insects/vermin.

c. Equipment and furnishings are carefully evaluated to minimize
exposure of personnel to pinch points and sharp edges and corners.
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5. Ventilation is provided in accordance with the Guide for the Care and
Use of Laboratory Animals.?

a.

Ventilation system design considers the heat and high moisture
load produced during the cleaning of animal rooms and the cage
wash process.

The direction of airflow into the animal facility is inward; animal

rooms maintain inward directional airflow compared to adjoining
hallways. A visual monitoring device, which confirms directional
airflow, is provided at the animal room entrance.

A ducted exhaust air ventilation system is provided. Exhaust air is
discharged to the outside without being recirculated to other rooms.
This system creates directional airflow, which draws air into the
animal room from “clean” areas and toward “contaminated” areas.

The exhaust air is dispersed away from occupied areas and from
building air intake locations or the exhaust air is HEPA-filtered.

The ABSL-3 animal facility is designed such that under failure
conditions the airflow will not be reversed at the containment barrier.
Alarms are considered to notify personnel of ventilation and HVAC
system failure.

6. Cages are decontaminated prior to removal from the containment barrier
and prior to washing in a mechanical cage washer. The cage wash area
is designed to accommodate the use of high-pressure spray systems,
humidity, strong chemical disinfectants, and 180°F water temperatures
during the cage/equipment cleaning process.

7. BSCs and other primary containment barrier systems are installed and
operated in a manner to ensure their effectiveness. See Appendix A.

a.

BSCs are installed so that fluctuations of the room air supply and
exhaust do not interfere with proper operations. BSCs are located
away from doors, windows that can be opened, heavily traveled
areas, and other possible airflow disruptions.

BSCs can be connected to the animal facility exhaust system by
either a canopy connection (Class IIA only) or directly exhausted to
the outside through a hard connection (Class IIB, IIC, or IIl). Class
IIA or 1IC BSC exhaust can be safely recirculated back into the
animal facility environment if no volatile toxic chemicals are used in
the cabinet.
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c. BSCs are certified at least annually to ensure correct performance,
or as specified in Appendix A, Part 7.

d. Class lll BSCs are provided supply air in such a manner that
prevents positive pressurization of the cabinet or the animal room.

8. Equipment that may produce infectious aerosols is contained in primary
barrier devices that exhaust air through HEPA filtration, or other equiv-
alent technology, before being discharged into the animal facility. These
HEPA filters are tested annually and replaced as needed.

9. All vacuum lines are protected with HEPA filters, or their equivalent, or
are capped. Vacuum lines in use are protected with liquid disinfectant
traps and in-line HEPA filters or their equivalent. See Appendix A, Figure
11. Filters are replaced, as needed, or are on a replacement schedule
determined by a risk assessment. The placement of an additional HEPA
filter immediately prior to a central vacuum pump is considered.

10. An autoclave is available within the containment barrier. The autoclave
is utilized to decontaminate infectious materials and waste before
moving these materials to the other areas of the facility. If not within
the containment barrier, special practices are developed for the
transport of infectious materials to designated alternate locations
for decontamination. A validated alternative process (e.g., alkaline
digestion, incineration) may be used for decontamination and disposal
of carcasses.

11. The ABSL-3 facility design, operational parameters, and procedures are
verified and documented prior to operation. Facilities are tested annually
or after significant modification to ensure operational parameters are
met. Verification criteria are modified as necessary by operational
experience.

12. Enhanced environmental and personal protection may be necessary
based on risk assessment and applicable local, state, or federal regula-
tions. These enhancements may include one or more of the following:
an anteroom for clean storage of equipment and supplies with dress-in,
shower-out capabilities; gas-tight dampers to facilitate animal room
isolation; final HEPA filtration of the animal room exhaust air; animal
room effluent decontamination; containment of other piped services; or
advanced access control devices, such as biometrics.
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Animal Biosafety Level 4

Animal Biosafety Level 4 (ABSL-4) is required for work with animals infected with
dangerous and exotic agents that pose a high individual risk of aerosol-trans-
mitted laboratory infections and life-threatening diseases that are frequently fatal,
agents for which there are no vaccines or treatments, or work with a related agent
with unknown risk of transmission. Agents with a close or identical antigenic
relationship to agents requiring ABSL-4 containment are handled at this level until
sufficient data are obtained to re-designate the level. Animal care staff receive
specific and thorough training in handling extremely hazardous, infectious agents
and infected animals. Animal care staff understand the primary and secondary
containment functions of standard and special practices, containment equipment,
and facility design characteristics. All animal care staff and supervisors are
competent in handling animals, agents, and procedures requiring ABSL-4
containment. The animal facility director and/or supervisor control(s) access to
the ABSL-4 animal facility in accordance with institutional policies.

There are two models for ABSL-4 facilities:

1. Cabinet Facility: All handling of agents, infected animals, and housing of
infected animals is performed in Class Ill BSCs. See Appendix A; and

2. Suit Facility: Personnel wear a positive-pressure suit. The animal room
maintains negative pressure relative to the surrounding areas and
have HEPA-filtered supply and exhaust systems. A site-specific risk
assessment that considers the agent, the potential for agent shedding,
and aerosol generation from infected animals is conducted to determine
appropriate animal housing. Most infected animals are housed in a
primary containment system and handled under a primary barrier system
such as a Class Il BSC or another containment system.

ABSL-4 builds upon the standard practices, procedures, containment equipment,
and facility requirements of ABSL-3. However, ABSL-4 cabinet and suit facilities
have special engineering and design features to prevent microorganisms from
dissemination into the environment and to protect personnel.

The ABSL-4 cabinet facility is distinctly different from an ABSL-3 facility containing
a Class lll BSC.

The following standard and special practices, safety equipment, and facility
specifications are necessary for ABSL-4.

A. Standard Microbiological Practices

1. The animal facility director establishes and enforces policies, proce-
dures, and protocols for biosafety, biosecurity, and emergencies within
the animal facility.
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2. Access to the animal room is limited. Only those persons required for
experimental, husbandry, or support purposes are authorized to enter
the facility.

3. Each institution ensures that worker safety and health concerns are
addressed as part of the animal protocol review process. Consideration
is given to specific biohazards unique to the animal species and protocol
in use. Prior to beginning a study, animal protocols are also reviewed
and approved by the Institutional Animal Care and Use Committee
(IACUC) and the Institutional Biosafety Committee (IBC), or equivalent
resource, as appropriate.

4. The supervisor ensures that animal care, facility, and support personnel
receive appropriate training regarding their duties, animal husbandry
procedures, potential hazards, manipulations of infectious agents,
necessary precautions to minimize exposures, and hazard/exposure
evaluation procedures (e.g., physical hazards, splashes, aerosolization).
Personnel receive annual updates and additional training when
equipment, procedures or policies change. Records are maintained
for all hazard evaluations, training sessions, and staff attendance. All
persons, including facility equipment personnel, service workers, and
visitors, are advised of the potential hazards (e.g., naturally acquired
or research pathogens, allergens); are instructed on the appropriate
safeguards; and read and follow instructions on practices and proce-
dures. An institutional policy regarding visitor training, occupational
health requirements, and safety communication is considered.

5. Personal health status may affect an individual’s susceptibility to
infection and ability to receive available immunizations or prophylactic
interventions. Therefore, all personnel, and particularly those of
reproductive age and/or those having conditions that may predispose
them to increased risk for infection (e.g., organ transplant, medical
immunosuppressive agents), are provided information regarding
immune competence and susceptibility to infectious agents. Individuals
having such conditions are encouraged to self-identify to the institu-
tion’s healthcare provider for appropriate counseling and guidance. See
Section VII. Facility supervisors ensure that medical staff are informed
of potential occupational hazards within the animal facility, to include
those associated with research, animal husbandry duties, animal care,
and manipulations.

6. Appropriate occupational medical services are in place, as determined
by risk assessment.
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a. An animal allergy prevention program is part of the medical
surveillance.

b. Personnel using respirators for animal allergy prevention are
enrolled in an appropriately constituted respiratory protection
program.

7. A safety manual specific to the facility is prepared or adopted in consul-
tation with the facility director and appropriate safety professionals. The
safety manual is available, accessible, and periodically reviewed and
updated as necessary.

a. The safety manual contains sufficient information to describe the
biosafety and containment procedures for the experimental animals,
organisms and biological materials in use, appropriate agent-specific
decontamination methods, and the work performed.

b. The safety manual contains or references protocols for emergency
situations, including exposures, medical emergencies, facility
malfunctions, escape of animals within the animal facility, and other
potential emergencies. A plan for the disposition of animals during
emergency situations is included. Training in emergency response
procedures is provided to emergency response personnel and other
responsible staff according to institutional policies.

8. Asign is posted at the entrance to the animal room when infectious
agents are present. Posted information includes: the universal biohazard
symbol, the room’s Animal Biosafety Level, the supervisor’s or other
responsible personnel’s name and telephone number, general occupa-
tional health requirements (e.g., immunization, respiratory protection),
PPE requirements and required procedures for entering and exiting
the animal room. Agent information is posted in accordance with the
institutional policy.

9. Gloves are worn to protect hands from exposure to hazardous materials
and when handling animals.

a. Glove selection is based on an appropriate risk assessment.

b. Inner gloves worn inside the animal facility are not worn outside the
animal facility.

c. Change inner gloves when contaminated, glove integrity is compro-
mised, or when otherwise necessary.

d. Do not wash or reuse disposable gloves, and dispose of used
gloves with other contaminated animal facility waste.
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10.

1.

12.
13.

Gloves and other PPE are removed in a manner that minimizes personal
contamination and transfer of infectious materials outside of the areas
where infectious materials and/or animals are housed or manipulated.

Eating, drinking, smoking, handling contact lenses, applying cosmetics,
and storing food for human consumption are not permitted in animal
areas.

Mouth pipetting is prohibited. Mechanical pipetting devices are used.

Policies for the safe handling of sharps, such as needles, scalpels,
pipettes, and broken glassware are developed, implemented, and
followed; policies are consistent with applicable state, federal, and
local requirements. Whenever practical, supervisors adopt improved
engineering and work practice controls that reduce the risk of sharps
injuries. Precautions are always taken with sharp items. These include:

a. Plasticware is substituted for glassware whenever possible.

b. Use of needles and syringes or other sharp instruments is limited
in the animal facility and is restricted to situations where there is no
alternative (e.g., parenteral injection, blood collection, or aspiration
of fluids from laboratory animals or diaphragm bottles). Active or
passive needle-based safety devices are to be used whenever
possible.

i.  Uncapping of needles is performed in such a manner to reduce
the potential for recoil causing an accidental needlestick.

ii. Needles are not bent, sheared, broken, recapped, removed
from disposable syringes, or otherwise manipulated by hand
before disposal.

iii. If absolutely necessary to remove a needle from a syringe
(e.g., to prevent lysing blood cells) or recap a needle (e.g.,
loading syringes in one room and injecting animals in another),
a hands-free device or comparable safety procedure must be
used (e.g., a needle remover on a sharps container, or the use
of forceps to hold the cap when recapping a needle).

iv. Used, disposable needles and syringes are carefully placed
in puncture-resistant containers used for sharps disposal
immediately after use. The sharps disposal container is located
as close to the point of use as possible.

c. Non-disposable sharps (e.g., necropsy instruments such as forceps,
pins, reusable scalpels) are placed in a hard-walled container for
transport to a processing area for decontamination.
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14.

15.

16.

17.

18.

d. Broken glassware is not handled directly. Instead, it is removed
using a brush and dustpan, tongs, or forceps.

All procedures are carefully performed to minimize the creation of
aerosols or splatters of infectious materials and waste.

Decontaminate work surfaces after completion of work and after any spill
or splash of potentially infectious material with appropriate disinfectant.
Spills involving infectious materials are contained, decontaminated, and
cleaned up by staff who are properly trained and equipped to work with
infectious material. A spill procedure is developed and posted within the
animal facility.

All wastes from the animal room, including animal tissues, carcasses,
and bedding are transported from the animal room in leak-proof, covered
containers for appropriate disposal consistent with applicable institu-
tional, local, and state requirements. See B. Special Practices, #7 in the
following sub-section for additional details.

An effective integrated pest management program is required. See
Appendix G.

Animals and plants not associated with the work being performed are
not permitted in the areas where infectious materials and/or animals are
housed or manipulated.

B. Special Practices

1.

All persons entering the animal facility are advised of the potential
hazards and meet specific entry/exit requirements in accordance with
institutional policies. Only persons whose presence in the facility or
individual animal rooms is required for scientific or support purposes are
authorized to enter. Additional training/security requirements may be
required prior to gaining independent access to the animal facility.

All persons who enter operational animal areas are provided information
on signs and symptoms of disease and receive occupational medical
services including medical evaluation, surveillance, and treatment, as
appropriate, and offered available immunizations for agents handled or
potentially present in the facility.

a. An essential adjunct to such an occupational medical services
system is the availability of a facility for the isolation and medical
care of personnel with potential or known Laboratory-associated
infections.

The facility supervisor is responsible for ensuring that, prior to working
independently in ABSL-4 containment, personnel demonstrate high
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proficiency in standard and special microbiological practices, and
techniques for working with agents requiring ABSL-4 containment.

4. Asystem is established for reporting and documenting near misses,
accidents, exposures, unanticipated absences due to potential Labora-
tory-associated infection, and for the medical surveillance of potential
laboratory-associated illnesses.

5. Incidents that may result in exposure to infectious materials are immedi-
ately evaluated per institutional policy. All incidents are reported to the
animal facility director, facility supervisor, institutional management, and
appropriate facility safety, compliance, and security personnel according
to institutional policy. Appropriate records are maintained.

6. Biological materials that are to remain in a viable state during removal
from the animal facility are placed in a durable leak-proof sealed primary
container and then enclosed in a non-breakable, sealed secondary
container prior to removal from the facility by authorized personnel.
These materials are transferred through a disinfectant dunk tank,
fumigation chamber, or decontamination shower. Once removed, the
primary container is not opened outside BSL-4 or ABSL-4 containment
unless a validated inactivation method is used (e.g., gamma irradiation).
See Appendix K. The inactivation method is documented in-house with
viability testing data to support the method.

7. All wastes (including animal tissues, carcasses, and contaminated
bedding) and other materials are decontaminated by a verified method
before removal from the ABSL-4 facility.

8. Equipment is routinely decontaminated and is decontaminated before
repair, maintenance, or removal from the animal facility. Equipment,
cages, and racks are handled in a manner that minimizes contamination
of other areas. Cages are autoclaved or thoroughly decontaminated
before they are cleaned and washed.

a. Equipment (e.g., sensitive electronic, medical, or routine husbandry
equipment) or material that might be damaged by high tempera-
tures or steam is decontaminated using an effective and verified
procedure such as a gaseous or vapor method in a sealable airlock
or chamber designed for this purpose.

9. Procedures to reduce possible worker exposure are instituted, such as
use of squeeze cages, working only with anesthetized animals, or other
appropriate practices. Personnel assigned to work with infected animals
may be required to work in pairs as directed by institutional policies.
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10. Alogbook, or other means of documenting the date and time of all
persons entering and leaving the animal facility, is maintained.

11. While the facility is operational, personnel enter and exit the animal
facility through the clothing change and shower rooms except during
emergencies. All personal clothing and jewelry (except eyeglasses)
are removed in the outer clothing change room. All persons entering
the facility use animal facility clothing, including undergarments, pants,
shirts, jumpsuits, shoes, and gloves, as appropriate. All persons leaving
the animal facility are required to take a personal body shower. Used
animal facility clothing and other waste, including gloves, are treated
as contaminated materials and decontaminated before laundering or
disposal.

12. After the facility has been completely decontaminated by verification
of a validated method, necessary staff may enter and exit the animal
facility without following the clothing change and shower requirements
described above.

13. Daily inspections of essential containment and life support systems are
completed and documented before laboratory work is initiated to ensure
that the animal rooms and animal facilities are operating according to
established parameters.

14. Only necessary equipment and supplies are stored inside the animal
facility. All equipment and supplies taken inside the facility are decontam-
inated before removal from the laboratory.

a. Supplies and materials that are not brought into the animal facility
through the change room are brought in through a dunk tank,
previously decontaminated double-door autoclave, fumigation
chamber, or airlock. After securing the outer doors, personnel within
the laboratory retrieve the materials by opening the interior doors
of the autoclave, fumigation chamber, or airlock. The inner door
is secured after materials are brought into the facility. The outer
door of the autoclave or fumigation chamber is not opened until
the autoclave, fumigation chamber, or airlock has been operated
through a successful decontamination cycle.

C. Safety Equipment (Primary Barriers and Personal Protective Equipment)

Cabinet Facility

1. All procedures involving the manipulation of infectious animals and
materials are conducted within a Class Il BSC.
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2. AClass lll BSC contains:

a. Double-door, pass-through autoclave for decontaminating materials
passing out of the Class Ill BSC(s). The autoclave doors are
interlocked so that only one door can be opened at any time and are
automatically controlled so that the outside door to the autoclave
can only be opened after a successful decontamination cycle has
been completed.

b. A pass-through dunk tank, fumigation chamber, or equivalent decon-
tamination method so that materials and equipment that cannot be
decontaminated in the autoclave can be safely removed from the
cabinet. Containment between the cabinet and the surrounding
animal room is maintained at all times.

c. A HEPAfilter on the supply air intake and two HEPA filters in series
on the exhaust outlet of the unit. Supply air is provided in such a
manner that prevents positive pressurization of the cabinet. There
are gas-tight dampers on the supply and exhaust ducts of the
cabinet to permit gas or vapor decontamination of the unit. Ports for
injection of test medium are present on all HEPA filter housings for
annual filter recertification.

d. Aninterior constructed with smooth finishes that can be easily
cleaned and decontaminated. All sharp edges on cabinet finishes
are eliminated to reduce the potential for cuts and tears of the
cabinet gloves. Equipment to be placed in the Class Il BSC is also
free of sharp edges or other surfaces that may damage or puncture
the cabinet gloves.

e. Class lll cabinet gloves are inspected for leaks periodically and
changed if necessary. Gloves are replaced annually during cabinet
recertification.

3. The cabinet is designed to permit maintenance and repairs of cabinet
mechanical systems (e.g., refrigeration, incubators, centrifuges) to be
performed from the exterior of the cabinet whenever possible.

4. Manipulation of high concentrations or large volumes of infectious agents
within the Class Ill BSC is performed using physical containment devices
inside the cabinet whenever practical. Such materials are centrifuged
inside the cabinet using sealed rotors or centrifuge safety cups.

5. The interior of the Class Ill BSC and all contaminated plenums, fans, and
filters are decontaminated using a validated gaseous or vapor method
when there have been significant changes in cabinet usage, before
major renovations or maintenance shutdowns, and in other situations,
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as determined by risk assessment. Success of the decontamination is
verified before accessing the interior spaces of the cabinet.

6. The Class Il BSC is certified at least annually.

7. For Class Il BSCs directly connected via a double door pass through to
an ABSL-4 suit facility, materials may be placed into and removed from
the Class Ill BSC via the suit facility.

8. Restraint devices and practices that reduce the risk of exposure during
animal manipulations are used where practicable (e.g., physical restraint
devices, chemical restraint medications, mesh, or Kevlar gloves).

9. Workers in the animal facility wear protective animal facility clothing
with a solid front, such as tie-back or wrap-around gowns, scrubs, or
coveralls. Additional PPE may be required based on risk assessment.

a. Upon exit, all protective clothing is removed in the inner change
room before showering.

b. Prescription eyeglasses are decontaminated before removal through
the personal body shower.

10. Disposable gloves are worn underneath cabinet gloves to protect the
worker from exposure should a break or tear occur in a cabinet glove.

Suit Facility

1. All procedures involving the manipulation of infectious materials
or infected animals are conducted within a BSC or other physical
containment devices.

2. Infected animals are housed in a primary containment system. Primary
containment systems include: actively ventilated caging systems; open
cages placed in ventilated enclosures; solid wall and bottom cages
covered with micro-isolator lids and opened in laminar floor hoods or
HEPA-filtered downdraft tables; or other equivalent primary containment
systems.

a. Actively ventilated caging systems are designed to prevent the
escape of microorganisms from the cage. Exhaust plenums for
these systems are sealed to prevent the escape of microorganisms
if the ventilation system becomes static, and the exhaust is
HEPA-filtered. These HEPA filters are tested annually and replaced
as needed. Safety mechanisms are in place to prevent the cage
and exhaust plenums from becoming positive to the surrounding
area should the exhaust fan fail. The system is alarmed to indicate
operational malfunctions.
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3. Infected animals may be housed in open cages within a dedicated
animal-holding room that serves as the primary barrier. A room serving as
a primary barrier is air-tight and capable of being decontaminated using
fumigation. If animals are to be contained in a dedicated animal-holding
room serving as the primary barrier, the following conditions are met:

a. Prior to fumigation of the animal-holding room, cages may be
removed for autoclaving or chemical decontamination.

b. Caging is chosen to reduce the amount of animal detritus that can be
thrown out of the cage and onto the floor of the animal holding room.

c. The flow of personnel, material, and equipment is directed in order
to minimize the spread of contamination from the animal-holding
room into adjacent areas of the animal facility.

4. When large animals cannot be housed in a primary containment system
or ventilated containment cages/units, certain features of the animal
room (e.g., HEPA exhaust filters and the sealed and pressure-tested
room surfaces) act as the primary barriers.

a. Loose-housed or open penned animals may require ABSL-3Ag or
ABSL-4Ag containment. See Appendix D for additional information.

5. Equipment that may produce aerosols is used within primary
containment devices that exhaust air through HEPA filtration before
being discharged into the animal room or facility exhaust system. These
HEPA filters are tested annually and replaced as needed.

6. All procedures are conducted by personnel wearing a one-piece,
positive-pressure supplied-air suit.

a. All persons don animal facility clothing, such as scrubs, before
entering the room used for donning positive-pressure suits.

b. Procedures are in place to control and verify the operation of the
one-piece positive-pressure supplied-air suit, including gloves,
before each use.

c. Decontamination of outer suit gloves is performed during the course
of normal operations to remove gross contamination and minimize
further contamination of the animal room.

d. Inner disposable gloves are worn to protect the laboratorian should
a break or tear in the outer suit gloves occur. Disposable inner
gloves are not worn outside the inner change area.
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e. Upon exit from the chemical shower, inner gloves and all animal
facility clothing are removed and discarded or collected for
autoclaving before laundering prior to entering the personal shower.

f.  Prescription eyeglasses are decontaminated before removal through
the personal body shower.

D. Animal Facilities (Secondary Barriers)

Cabinet Facility

1.

108

The ABSL-4 cabinet facility consists of either a separate building or a
clearly demarcated and isolated zone within a building. Consider placing
animal areas away from exterior walls of buildings to minimize the impact
from the outside environment temperatures.

a. Facility access is restricted. Facility doors are lockable.

b. Exit from the animal facility is by sequential passage through an
inner (i.e., dirty) changing area, a personal shower, and an outer
(i.e., clean) change room upon exiting the cabinet facility.

An automatically activated emergency power source is provided at a
minimum for the animal facility exhaust system, alarms, lighting, entry
and exit controls, BSCs, and door gaskets.

a. Monitoring and control systems for air supply, exhaust, life support,
alarms, entry and exit controls, and security systems are on an
uninterrupted power supply (UPS).

b. The emergency power system(s) is tested at least annually.

A double-door autoclave, dunk tank, fumigation chamber, or ventilated
airlock is provided at the containment barrier for the passage of
materials, supplies, or equipment.

A hands-free sink is provided near the door from the cabinet room to the
inner change rooms. A sink is provided in the outer change room.

An eyewash station is readily available in the animal area.

Walls, floors, and ceilings of the cabinet facility are constructed to form

a sealed internal shell to facilitate fumigation and prohibit animal and
insect intrusion. The internal surfaces of this shell are resistant to liquids
and chemicals used for cleaning and decontamination of the area. Floors
are monolithic, sealed, and coved.

a. All penetrations in the internal shell of the facility are sealed.

b. Openings around doors into the facility are minimized and capable
of being sealed to facilitate decontamination.
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7. Services and plumbing that penetrate the facility walls, floors, or ceiling
are installed to ensure that no backflow from the facility occurs. These
penetrations are fitted with two (in series) backflow prevention devices.
Consideration is given to locating these devices outside of containment.
Atmospheric venting systems are provided with two HEPA filters in series
and are sealed up to the second filter.

8. Furniture is minimized, of simple construction, and capable of supporting
anticipated loads and uses.

a. Spaces between benches, cabinets, and equipment are accessible
for cleaning and decontamination.

b. Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.

c. Chairs used in animal areas are covered with a non-porous material
that can be easily cleaned and decontaminated as appropriate and
sealed to prevent harboring of insects/vermin.

d. Equipment and furnishings are carefully evaluated to minimize
exposure of personnel to pinch points and sharp edges and corners.

9. lllumination is adequate for all activities and avoids reflections and glare
that could impede vision.

10. Windows are break-resistant and sealed.

11. If Class Il BSCs or other primary containment barrier systems are
needed in the cabinet laboratory, they are installed and operated in a
manner to ensure their effectiveness. See Appendix A.

a. BSCs are installed so that fluctuations of the room air supply and
exhaust do not interfere with proper operations. BSCs are located
away from doors, windows that can be opened, heavily traveled
areas, and other possible airflow disruptions.

b. BSCs can be connected to the animal facility exhaust system by
either a canopy connection (Class IIA only) or directly exhausted to
the outside through a hard connection (Class IIB, IIC, or Ill). Cabinet
exhaust air passes through two HEPA filters, including the HEPA in
the BSC, prior to release outside. Class IIA or [IC BSC exhaust can
be safely recirculated back into the animal facility environment if no
volatile toxic chemicals are used in the cabinet.

c. BSCs are certified at least annually to ensure correct performance,
or as specified in Appendix A, Part 7.
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12. Central vacuum systems are discouraged. If there is a central vacuum
system, it does not serve areas outside the cabinet. Two in-line HEPA
filters are placed near each use point and overflow collection is provided
while in use. Filters are installed to permit in-place decontamination and
replacement.

13. Adedicated, non-recirculating ventilation system is provided. Only
facilities with the same HVAC requirements (i.e., other BSL-4 labora-
tories, ABSL-4, ABSL-3Ag, ABSL-4Ag facilities) may share ventilation
systems if gas-tight dampers and HEPA filters isolate each individual
room system.

a. The supply and exhaust components of the ventilation system are
designed to maintain the cabinet facility at negative pressure to
surrounding areas and provide differential pressure or directional
airflow, as appropriate, between adjacent areas within the facility.

b. Redundant supply fans are recommended. Redundant exhaust fans
are required. Supply and exhaust fans are interlocked to prevent
positive pressurization of the facility.

c. The ventilation system is monitored and alarmed to indicate
malfunction or deviation from design parameters. A visual monitoring
device is installed outside of containment so proper differential
pressures within the facility may be verified prior to entry and during
regular checklist procedures. Visual monitoring is also in place
within the cabinet room.

d. Supply air to and exhaust air from the cabinet room, inner change
room, and fumigation/decontamination chambers pass through
a HEPA filter. The air exhaust discharge is located away from
occupied spaces and building air intakes.

e. All HEPA filters are located as near as practicable to the cabinet
room to minimize the length of potentially contaminated ductwork.
All HEPA filters are tested and certified annually.

f.  The HEPA filter housings are designed to allow for in situ decontam-
ination of the filter and verification of the validated decontamination
process prior to removal. The design of the HEPA filter housing has
gas-tight isolation dampers, decontamination ports, and the ability to
individually scan each filter in the assembly for leaks.

14. Pass-through dunk tanks, fumigation chambers, or equivalent decon-
tamination methods are provided so that materials and equipment that
cannot be decontaminated in the autoclave can be safely removed from
the cabinet room(s). Access to the exit side of the pass-through is limited
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to those with authorized access to the animal facility and with specific
clearance, if required.

15. Liquid effluents from cabinet room sinks, floor drains, autoclave
chambers, and other sources within the cabinet facility are decontam-
inated by a proven method, preferably heat treatment, before being
discharged to the sanitary sewer.

a. Decontamination of all liquid effluents is documented. The decon-
tamination process for liquid effluents is validated physically and
biologically. Biological validation is performed annually or more often
as required by institutional policy.

b. Effluents from personal body showers and toilets may be discharged
to the sanitary sewer without treatment.

16. A double-door, pass-through autoclave is provided for decontaminating
materials passing out of the cabinet facility. Autoclaves that open
outside of the facility are sealed to the wall through which the autoclave
passes. This bioseal is durable, airtight, and capable of expansion
and contraction. Positioning the bioseal so that the equipment can be
accessed and maintained from outside the facility is strongly recom-
mended. The autoclave doors are interlocked so that only one can be
opened at any time and are automatically controlled so that the outside
door to the autoclave can only be opened after the decontamination
cycle has been completed.

a. Gas discharge from the autoclave chamber is HEPA-filtered
or decontaminated. Autoclave decontamination processes are
designed so that unfiltered air or steam exposed to infectious
material cannot be released to the environment.

b. The size of the autoclave is sufficient to accommodate the expected
volume of waste, size of equipment and cages, and any future
programmatic needs.

17. Cages are decontaminated prior to removal from the cabinet. The cage
wash area is designed to accommodate the use of high-pressure spray
systems, humidity, strong chemical disinfectants, and 180°F water
temperatures during the cage/equipment cleaning process.

18. The animal facility design parameters and operational procedures
are documented. The facility is tested to verify that the design and
operational parameters have been met prior to operation. Facilities
are also re-tested annually or after significant modification to ensure
operational parameters are maintained. Verification criteria are modified,
as necessary, by operational experience.
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19. Appropriate communication systems are provided between the animal
facility and the outside (e.g., voice, fax, video, and computer). Provisions
for emergency communication and emergency access or egress are
developed and implemented.

Suit Facility

1. The ABSL-4 suit facility may be located in a separate building or a
clearly demarcated and isolated zone within a building. Consider placing
animal areas away from exterior walls of buildings to minimize the impact
from the outside environment temperatures.

a. Facility access is restricted. Facility doors are lockable.

b. Entry into the animal facility is through an airlock fitted with airtight
doors.

c. Exit from the facility is by sequential passage through the chemical
shower, inner (i.e., dirty) change room, personal shower, and outer
(i.e., clean) changing area.

2. Personnel who enter this area wear a positive-pressure suit supplied
with HEPA-filtered breathing air. The breathing air systems have
redundant compressors, failure alarms, and emergency back-up capable
of supporting all workers within the facility to allow the personnel to
safely exit the facility.

3. Achemical shower is provided to decontaminate the surface of the
positive-pressure suit before the worker leaves the facility. In the event
of an emergency exit or failure of the chemical shower system, a method
for decontaminating positive-pressure suits, such as a gravity-fed supply
of chemical disinfectant, is provided.

4. An automatically activated emergency power source is provided at a
minimum for the animal facility exhaust system, alarms, lighting, entry
and exit controls, BSCs, and door gaskets.

a. Monitoring and control systems for air supply, exhaust, life support,
alarms, entry and exit controls, and security systems are on an
uninterrupted power supply (UPS).

5. Adouble-door autoclave, dunk tank, or fumigation chamber is provided
at the containment barrier for the passage of materials, supplies, or
equipment in or out of the facility.

6. Hands-free sinks inside the animal facility are placed near procedure
areas.

112 Biosafety in Microbiological and Biomedical Laboratories



7. An eyewash station for use during maintenance is readily available in
the animal area.

8. Walls, floors, and ceilings of the animal facility are constructed to form
a sealed internal shell to facilitate fumigation and prohibit animal and
insect intrusion. The internal surfaces of this shell are resistant to
liquids and chemicals used for cleaning and decontamination of the
area. Floors are monolithic, sealed, and coved.

a. All penetrations in the internal shell of the animal room(s), suit
storage room, and the inner change room are sealed.

9. Services and plumbing that penetrate the facility walls, floors, or
ceiling are installed to ensure that no backflow from the facility
occurs. Breathing air systems are exempt from this provision. These
penetrations are fitted with two (in series) backflow prevention devices.
Consideration is given to locating these devices outside of containment.
Atmospheric venting systems are provided with two HEPA filters in
series, are sealed up to the second filter, and have protection against
insect and animal intrusion.

10. Decontamination of the entire facility is performed using a validated
gaseous or vapor method when there has been a significant change in
facility usage, before major renovations or maintenance shutdowns, and
in other situations, as determined by risk assessment. Decontamination
is verified prior to any change in the status of the facility.

11. Furniture is minimized, of simple construction, and capable of supporting
anticipated loads and uses.

a. Spaces between benches, cabinets, and equipment are accessible
for cleaning, decontamination and unencumbered movement of
personnel.

b. Benchtops are impervious to water and resistant to heat, organic
solvents, acids, alkalis, and other chemicals.

c. Chairs used in animal areas are covered with a non-porous material
that can be easily cleaned and decontaminated as appropriate and
sealed to prevent harboring of insects/vermin.

d. Equipment and furnishings are carefully evaluated to minimize
exposure of personnel to pinch points and sharp edges and corners.

12. Windows are break-resistant and sealed.

13. lllumination is adequate for all activities and avoids reflections and glare
that could impede vision.
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14.

15.

16.

BSCs and other primary containment barrier systems are installed in a
manner to ensure their effectiveness. See Appendix A.

a. BSCs are installed so that fluctuations of the room air supply and
exhaust do not interfere with proper operations. BSCs are located
away from doors, heavily traveled areas, and other possible airflow
disruptions.

b. BSCs can be connected to the animal facility exhaust system by
either a canopy connection (Class IIA only) or directly exhausted to
the outside through a hard connection (Class IIB, IIC, or IIl), which
contains a HEPA filter. Class IlA or [IC BSC exhaust can be safely
recirculated back into the facility environment if no volatile toxic
chemicals are used in the cabinet.

c. BSCs are certified at least annually to ensure correct performance,
or as specified in Appendix A, Part 7.

d. Class Il BSCs are provided supply air in such a manner that
prevents positive pressurization of the cabinet or the animal room.

Central vacuum systems are discouraged. If there is a central vacuum
system, it does not serve areas outside the ABSL-4 facility. Two in-line
HEPA filters are placed near each use point and overflow collection is
provided while in use. Filters are installed to permit in-place decontam-
ination and replacement. Consideration is made to the provision of two
HEPA filters in series as close to the vacuum pump as possible.

A dedicated, non-recirculating ventilation system is provided. Only
laboratories or facilities with the same HVAC requirements (i.e., other
BSL-4 laboratories, ABSL-4, ABSL-3Ag, ABSL-4Ag facilities) may share
ventilation systems if gas-tight dampers and HEPA filters isolate each
individual animal room.

a. The supply and exhaust components of the ventilation system are
designed to maintain the ABSL-4 facility at negative pressure to
surrounding areas and provide differential pressure or directional
airflow as appropriate between adjacent areas within the facility.

b. Redundant supply fans are recommended. Redundant exhaust fans
are required. Supply and exhaust fans are interlocked to prevent
positive pressurization of the facility.

c. The ventilation system is monitored and alarmed to indicate
malfunction or deviation from design parameters. A visual monitoring
device is installed outside of containment so proper differential
pressures within the facility may be verified prior to entry and during
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regular checklist procedures. Visual monitoring is also in place
within containment.

d. Supply air to the animal facility, including the decontamination
shower, passes through a HEPA filter. All exhaust air from the suit
facility, decontamination shower, and fumigation or decontamination
chambers passes through two HEPA filters, in series, before
discharge to the outside. The exhaust air discharge is located away
from occupied spaces and air intakes.

e. All HEPA filters are located as near as practicable to the areas
where infectious materials and/or animals are housed or manipu-
lated to minimize the length of potentially contaminated ductwork.
All HEPA filters are tested and certified annually.

f.  The HEPA filter housings are designed to allow for in situ decontam-
ination of the filter and verification of the validated decontamination
process prior to removal. The design of the HEPA filter housing has
gas-tight isolation dampers, decontamination ports, and the ability to
individually scan each filter in the assembly for leaks.

17. Pass-through dunk tanks, fumigation chambers, or equivalent decon-
tamination methods are provided so that materials and equipment that
cannot be decontaminated in the autoclave can be safely removed from
the animal facility. Access to the exit side of the pass-through is limited to
those individuals authorized to be in the animal facility and provided with
appropriate clearance if required.

18. Liquid effluents from chemical showers, sinks, floor drains, autoclave
chambers, and other sources within the facility are decontaminated by
a proven method, preferably heat treatment, before being discharged to
the sanitary sewer.

a. Decontamination of all liquid effluents is documented. The decon-
tamination process for liquid effluents is validated physically and
biologically. Biological validation is performed at least annually or
more often as required by institutional policy.

b. Effluents from personal body showers and toilets may be discharged
to the sanitary sewer without treatment.

19. A double-door, pass-through autoclave(s) is provided for decontam-
inating materials passing out of the facility. Autoclaves that open
outside of the facility are sealed to the wall through which the autoclave
passes. This bioseal is durable, airtight, and capable of expansion
and contraction. Positioning the bioseal so that the equipment can
be accessed and maintained from outside the facility is strongly
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20.

21.

22.

23.

recommended. The autoclave doors are interlocked so that only one
can be opened at any time and be automatically controlled so that the
outside door to the autoclave can only be opened after the decontami-
nation cycle has been completed.

a. Gas discharge from the autoclave chamber is HEPA-filtered or
is decontaminated. Autoclave decontamination processes are
designed so that unfiltered air or steam exposed to infectious
material cannot be released to the environment.

b. The size of the autoclave is sufficient to accommodate the expected
volume of waste, size of equipment and cages, and any future
programmatic needs.

Cages are decontaminated prior to removal from the animal facility. The
cage wash area is designed to accommodate the use of high-pressure
spray systems, humidity, strong chemical disinfectants, and 180°F water
temperatures during the cage/equipment cleaning process.

The ABSL-4 facility design parameters and operational procedures

are documented. The facility is tested to verify that the design and
operational parameters have been met prior to operation. Facilities

are also re-tested annually or after significant modification to ensure
operational parameters are maintained. Verification criteria are modified,
as necessary, by operational experience.

Appropriate communication systems are provided between the facility
and the outside (e.g., voice, fax, video, and computer). Provisions

for emergency communication and emergency access or egress are
developed and implemented.

Facilities housing animals in open caging have the following design
elements:

a. Access to the animal holding room from service corridors outside of
the containment space requires passage through two sets of doors,
and the innermost door is an air pressure resistant (APR) door.

b. For any animal holding room considered to be a primary barrier,
the APR door(s) providing direct ingress from the exterior service
corridor is fitted with appropriate and redundant lockout mechanisms
to prevent access when the animal-holding room is contaminated
and in use. There is more than one mechanism to ensure that this
primary barrier door cannot be opened when the animal room is
contaminated and the APR door does not serve as an emergency
exit from the animal facility. The APR door is appropriately tested to
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Section VI—Principles of Laboratory Biosecurity

The anthrax attacks on U.S. citizens in October 2001 and the subsequent
expansion of the United States Select Agent regulations in December 2003 have
led scientists, laboratory managers, security specialists, biosafety professionals,
and other scientific and institutional leaders to consider the need for developing,
implementing, and/or improving the security of biological agents and toxins
within their facilities." Since the publication of the fifth edition of BMBL, laboratory
biosecurity was better defined by biorisk management documents including

the International Standard Organization (ISO) 35001, Biorisk Management for
Laboratories and Other Related Organizations. Other efforts include pre-access
suitability, personnel reliability, and threat management approaches that identify
and manage behavioral problems that could result in laboratory biosecurity risks.

This section describes laboratory biosecurity planning for microbiological and
biomedical laboratories. As indicated below, laboratories with good biosafety
programs already fulfill many of the basic requirements needed to secure
biological materials. For laboratories not handling Select Agents, the access
controls and training requirements specified for BSL-2 and BSL-3 in Section IV

of BMBL may provide sufficient security for the materials being studied. Security
assessments and additional security measures should be considered when
Select Agents, other agents of high public health, environmental, and agriculture
concerns, or agents of high economic/commercial value such as patented vaccine
candidates are introduced into the laboratory.

The recommendations presented in this section are advisory. Excluding the
Select Agent regulations, Executive Order (EO) 13546, and the Global Health
Security Agenda EO 13747 (GHSA), there is no current federal requirement for
the development of a laboratory biosecurity program. However, the application
of these principles and the assessment process may enhance overall laboratory
management, safety, and security. Laboratories that fall under the Select Agent
regulations should consult Appendix F.2*

The term biosecurity has multiple definitions. In the plant and animal industry,
agricultural biosecurity relates to policies, measures, and regulatory frameworks,
based in science, applied to protect, manage, and respond to risks associated
with food, agriculture, health, and the environment. In some countries, biosecurity
is used in place of the term biosafety. For the purposes of this section, the term
laboratory biosecurity® will refer to measures designed to prevent loss, theft, or
deliberate misuse of biological material, technology, or research-related infor-
mation from laboratories or laboratory-associated facilities. See Appendix D for
additional information about agricultural biosecurity.

Security is not a new concept in laboratories handling biological agents and
materials. Several of the security measures discussed in this section are
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embedded in the Biosafety Levels that serve as the foundation for good
laboratory practices throughout the biological laboratory community. Most
biomedical and microbiological laboratories do not have Select Agents or Toxins;
however, they maintain control over and account for research materials, protect
relevant sensitive information, and work in facilities with access controls commen-
surate with the potential public health, agricultural, environmental, and economic
impact of the biological agents in their collections. These measures are in place
in most laboratories that apply good laboratory management practices and have
appropriate biosafety programs.

Biosafety and Laboratory Biosecurity

Biosafety and laboratory biosecurity are related concepts, but they are not
identical. Biosafety programs reduce exposure of individuals and the environment
to potentially hazardous biological agents. Biosafety is achieved by implementing
various degrees of performance-based control and containment measures

for biological materials, through infrastructure design and access restrictions,
personnel expertise and training, use of containment equipment, and safe
methods of managing infectious materials.

Laboratory biosecurity, the prevention of the theft, loss, or misuse of biological
material, technology, or research-related information, is accomplished through
personnel vetting, personnel reliability, violence prevention programs, laboratory
biosecurity training, dual-use research oversight process, cybersecurity
standards, material and facility control, and accountability standards; however,
laboratory biosecurity is not limited to this list.

While the objectives are different, biosafety and laboratory biosecurity measures
are usually complementary and share common components. Both are based
upon risk assessment and management methodology; personnel expertise

and responsibility; control and accountability for research materials including
microorganisms and culture stocks; access control elements; material transfer
documentation; training; emergency planning; and program management.

Both programs assess personnel qualifications. The biosafety program ensures
that personnel are qualified to perform their jobs safely through training and
documentation of technical expertise. Staff must exhibit the appropriate level

of professional responsibility for the management of research materials by
adherence to appropriate materials management procedures. Biosafety practices
require laboratory access to be limited when work is in progress. Laboratory
biosecurity practices ensure that access to the laboratory facility and biological
materials are limited and controlled as necessary. Facilities should have pre-
established reporting mechanisms regarding any concerning behavior/incidents
in order to alleviate laboratory biosecurity insider threat concerns. An inventory
or material management process for control and tracking of biological stocks or
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other sensitive materials is also a component of both programs. For biosafety,

the shipment of infectious biological materials must adhere to safe packaging,
containment, and appropriate transport procedures; laboratory biosecurity
ensures that transfers are controlled, tracked, and documented commensurate
with the potential risks. Both programs must engage laboratory personnel in the
development of practices and procedures that fulfill the biosafety and laboratory
biosecurity program objectives but that do not hinder research or clinical/
diagnostic activities. The success of both programs hinges on a laboratory culture
that understands and accepts the rationale for biosafety and laboratory biose-
curity programs and the corresponding management oversight.

In some cases, laboratory biosecurity practices may conflict with biosafety
practices, requiring personnel and management to devise policies that accom-
modate both sets of objectives (e.g. signage). Standard biosafety practice
requires that signage be posted on laboratory doors to alert people to the hazards
that may be present within the laboratory. The biohazard sign normally includes
the name of the agent, specific hazards, and precautions (e.g., PPE) associated
with the use or handling of the agent and contact information for the investigator.
These hazard communication practices may conflict with security objectives.
Therefore, biosafety and laboratory biosecurity considerations must be balanced
and proportional to the identified risks when developing institutional policies.
Alternative solutions may be developed and implemented to meet both sets of
objectives.

Designing a laboratory biosecurity program that does not jeopardize laboratory
operations or interfere with the conduct of research requires a familiarity with
microbiology and the materials that require protection. Protecting pathogens
and other sensitive biological materials while preserving the free exchange

of research materials and information may present significant institutional
challenges. Therefore, a combination or tiered approach to protecting biological
materials, commensurate with the identified risks, often provides the best
resolution to conflicts that may arise. However, in the absence of legal require-
ments for a laboratory biosecurity program, the health and safety of laboratory
personnel, and the surrounding environment should take precedence over
laboratory biosecurity concerns.

A risk management methodology can be used to identify the need for a laboratory
biosecurity program. A risk management approach to laboratory biosecurity:

1. Establishes which, if any, agents, technology, and/or research-related
information require laboratory biosecurity measures to prevent loss,
theft, diversion, or intentional misuse; and

2.  Ensures that the protective measures provided, and the costs associated
with that protection, are proportional to the risk.
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The need for a laboratory biosecurity program should be based on the possible
impact of the theft, loss, diversion, or intentional misuse of the materials, recog-
nizing that different agents and toxins will pose different levels of risk. Resources
are not infinite. Laboratory biosecurity policies and procedures should not seek

to protect against every conceivable risk. The risks need to be identified and
prioritized, and resources need to be allocated based on that prioritization. Not

all institutions will rank the same agent at the same risk level. Risk management
methodology takes into consideration available institutional resources and the risk
tolerance of the institution.

Developing a Laboratory Biosecurity Program

Management, researchers and laboratory supervisors must be committed to
being responsible stewards of infectious agents and toxins. Development and
implementation of a laboratory biosecurity program should be a collaborative
process involving all stakeholders. The stakeholders include, but are not

limited to: senior management; scientific staff; human resource officials; infor-
mation technology staff; and safety, security, and engineering personnel. The
involvement of organizations and/or personnel responsible for a facility’s overall
security is critical because many potential laboratory biosecurity measures may
already be in place as part of an existing safety or security program. This coordi-
nated approach is essential in ensuring that the laboratory biosecurity program
provides reasonable, timely, and cost-effective solutions addressing the identified
security risks without unduly affecting the scientific or business enterprise or the
provision of clinical and/or diagnostic services.

There is a need to include law enforcement and security communities in the
development of preventive measures and enforcement principles going beyond
response and consequence management, especially for laboratories working at
BSL-3 or BSL-4. The FBI has a Weapons of Mass Destruction (WMD) Coordi-
nator assigned to each of its field offices across the U.S. WMD Coordinators
are responsible for conducting laboratory biosecurity outreach in their area of
responsibility and being a point of contact for any concerns/threats involving
WMD, including biological agents and materials.

The need for a laboratory biosecurity program should reflect sound risk
management practices based on a site-specific risk assessment. A laboratory
biosecurity risk assessment should analyze the probability and consequences
of loss, theft, and potential misuse of biological material, technology, or
research-related information.® Most importantly, the laboratory biosecurity risk
assessment should be used as the basis for making risk management decisions
that are balanced with the needs of the biosafety risk assessment.
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Example Guidance: A Laboratory Biosecurity Risk Assessment and
Management Process

Different models exist regarding laboratory biosecurity risk assessment.

Most models share common components such as asset identification, threat,
vulnerability, and mitigation. What follows is one example of how a laboratory
biosecurity risk assessment may be conducted. In this example, the entire risk
assessment and risk management process may be divided into five main steps,
each of which can be further subdivided. Example guidance for these five steps
is provided below.

Step 1: Identify and Prioritize Biological Materials, Research-Related Information,
and Technology

[ Identify the biological materials, research-related information, and
technology that exist at the institution.

[ Identify the form of the material, location, and quantities, including
non-replicating materials (e.g., toxins).
Evaluate the potential for misuse of these assets.
Evaluate the consequences of misuse of these assets.

Prioritize the assets based on the consequences of misuse (i.e., risk of malicious
use). At this point, an institution may find that none of its biologic materials,
research-related information, or technology merit the development and
implementation of a separate laboratory biosecurity program or that the existing
security at the facility is adequate. In this event, no additional steps would need
to be completed.

Step 2: Identify and Prioritize the Threat to Biological Materials, Research-Re-
lated Information, and Technology

[ Identify the types of “Insiders” who may pose a threat to the biologic
materials, research-related information, and technology at the institution.

n Identify the types of “Outsiders” (if any) who may pose a threat to the
biologic materials, research-related information, and technology at the
institution.

[ Evaluate and prioritize the motive, means, and opportunity of these
various potential adversaries.

Step 3: Analyze the Risk of Specific Security Scenarios

[ Develop a list of possible laboratory biosecurity scenarios or undesired
events that could occur at the institution. Each scenario is a combination
of an item, an adversary, and an action. Consider:

O Access to the item within the laboratory;
O How the undesired event could occur;
o Protective measures in place to prevent occurrence; and
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] How the existing protection measures could be breached
(i.e., vulnerabilities).
[ ] Evaluate the probability of each scenario materializing (i.e., the likelihood)
and its associated consequences. Assumptions include:
| Although a wide range of threats are possible, certain threats are
more probable than others; and
o All agents/assets are not equally attractive to an adversary; valid
and credible threats, existing precautions, and the potential need
for select enhanced precautions are considered.
[ ] Prioritize or rank the scenarios by risk for review by management.

Step 4: Develop an Overall Risk Management Program

[ ] Management commits to oversight, implementation, training, and mainte-
nance of the laboratory biosecurity program.

[ ] Management develops a laboratory biosecurity risk statement,
documenting which laboratory biosecurity scenarios represent an
unacceptable risk and must be mitigated vs. those risks appropriately
handled through existing protection control.

[ ] Management develops a laboratory biosecurity plan to describe how the
institution will mitigate those unacceptable risks including:

o A written security plan, standard operating procedures, and
incident response plans; and

o Written protocols for employee training on potential hazards, the
laboratory biosecurity program, and incident response plans.

[ ] Management ensures necessary resources to achieve the protection
measures documented in the laboratory biosecurity plan.

Step 5: Re-evaluate the Institution’s Risk Posture and Protection Objectives

[ ] Management regularly reevaluates and makes necessary modifications
to the:
] Laboratory biosecurity risk statement;
m] Laboratory biosecurity risk assessment process;
] Institution’s laboratory biosecurity program/plan; and
] Institution’s laboratory biosecurity systems.
[ ] Management assures the daily implementation, training, annual re-evalu-
ation and practice drills of the security program.

Elements of a Laboratory Biosecurity Program

Many facilities may determine that existing safety and security programs provide
adequate mitigation for the security concerns identified through the laboratory
biosecurity risk assessment. This section offers examples and suggestions for
components of a laboratory biosecurity program should the risk assessment
reveal that further protections may be warranted. Program components should be
site-specific and based upon organizational threat/vulnerability assessment and
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as determined appropriate by facility management. Elements discussed below
should be implemented, as needed, based upon the risk assessment process.
They should not be construed as minimum requirements or minimum standards
for a laboratory biosecurity program.

Program Management

If a laboratory biosecurity plan is implemented, institutional management must
support the laboratory biosecurity program. Appropriate authority must be
delegated for implementation and the necessary resources provided to assure
program goals are being met. An organizational structure for the laboratory
biosecurity program that clearly defines the chain of command, roles, and
responsibilities should be distributed to the staff. Program management should
ensure that laboratory biosecurity plans are created, implemented, exercised,
and revised as needed. The laboratory biosecurity program should be integrated
into relevant institutional policies and plans.

Physical Security—Access Control and Monitoring

The physical security elements of a laboratory biosecurity program are intended
to prevent the introduction and removal of assets for non-official purposes. An
evaluation of the physical security measures should include a thorough review of
the building(s) and premises, the laboratories, and the biological material storage
areas. Many requirements for a laboratory biosecurity plan may already exist in a
facility’s overall security plan.

Access should be limited to authorized and designated employees based on the
need to enter sensitive areas. Methods for limiting access could be as simple as
locking doors or having a card key system in place. Evaluations of the levels of
access should consider all facets of the laboratory’s operations and programs
(e.g., laboratory entrance requirements, freezer access). The need for entry by
visitors, laboratory workers, management officials, students, cleaning and mainte-
nance staff, and emergency response personnel should be considered.

Personnel Management

Personnel management includes identifying the roles and responsibilities

for employees who handle, use, store, and transport pathogens and/or other
important assets. The effectiveness of a laboratory biosecurity program against
identified threats depends, first and foremost, on the integrity and awareness of
those individuals who have access to pathogens, toxins, sensitive information
and/or other assets. Employee vetting/screening policies and procedures are
used to help evaluate these individuals. To maintain a personnel reliability and
violence prevention plan, management should conduct periodic reviews of staff,
establish an anonymous peer and threat reporting system, institute an Employee
Health and Wellness Program, and foster leadership accountability to address
submitted reports. Policies should also be developed for personnel and visitor
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identification, visitor management, access procedures, and reporting of security
incidents.

Inventory and Accountability

Material accountability procedures should be established to track the inventory
of biological materials and toxins; storage including physical and digital; the use,
transfer, and destruction of dangerous biological materials and assets when

no longer needed; and the inactivation of biological materials, particularly prior
to transport outside the facility. See Appendix K. The objective is to know what
assets exist at a facility, where they are located, and who is responsible for them.
To achieve this, management should define:

1. The materials (or forms of materials) subject to accountability measures;

2. Records to be maintained and timelines for record retention;

3.  Operating procedures associated with inventory maintenance (e.g., how
material is identified, where it can be used and stored); and

4. Documentation and reporting requirements.

It is important to emphasize that microbiological agents are capable of replication
and are often propagated. Therefore, knowing the exact quantity of organisms

at any given time may be impractical. Depending on the risks associated with a
pathogen or toxin, management can designate an individual who is accountable,
knowledgeable about the materials in use, and responsible for the security of the
materials under his or her control.

Information Security

Policies should be established for handling sensitive information associated with
the laboratory biosecurity program. For the purpose of these policies, “sensitive
information” is information that is related to the security of pathogens and toxins
or other critical infrastructure information. Examples of sensitive information may
include facility security plans, access control codes, newly developed technol-
ogies or methodologies, agent inventories, and storage locations.

Discussion of information security in this section does not pertain to information
that has been designated “classified” by the United States pursuant to Executive
Order 12958, as amended, and is governed by United States law or to
research-related information that is typically unregulated or unrestricted through
the peer-review and approval processes.

The objectives of an information security program are to ensure data integrity,
protect information from unauthorized release, and ensure that the appropriate
level of confidentiality is preserved. Facilities should develop policies that govern
the proper identification, marking, handling, securing, and storage of sensitive
information including electronic files and removable electronic media (e.g., CDs,
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external hard drives, USB flash drives). The information security program should
be tailored to meet the needs of the business environment, support the mission
of the organization, and mitigate the identified threats. It is critical that access to
sensitive information be controlled.

Transport of Biological Agents

Material transport policies should include accountability measures for the
movement of materials within an institution (e.g., between laboratories, during
shipping and receiving activities) and outside of the facility (e.g., between insti-
tutions or locations). Transport policies should address the need for appropriate
documentation and material accountability and control procedures for biological
materials and toxins in transit between locations. Transport security measures
should be instituted to ensure that appropriate authorizations have been received
and that adequate communication between facilities has occurred before,
during, and after transport of pathogens or other potentially hazardous biological
materials. Personnel should be adequately trained and familiar with regulatory
and institutional procedures for proper containment, packaging, labeling,
documentation, and transport of biological materials.

Accident, Injury, and Incident Response Plans

Laboratory security policies should consider situations that may require
emergency responders or public safety personnel to enter the facility in response
to an accident, injury, or other safety issue or security threat. The preservation of
human life and the safety and health of laboratory employees and the surrounding
community must take precedence over laboratory biosecurity and biosafety
concerns in an emergency.

Facilities are encouraged to coordinate with medical, fire, police, and other
emergency officials when preparing emergency and security breach response
plans. Standard Operating Procedures (SOPs) should be developed that
minimize the potential exposure of responding personnel to potentially hazardous
biological materials. Laboratory emergency response plans should be integrated
with relevant facility-wide or site-specific security plans. These plans should also
consider such adverse events as bomb threats, natural disasters and severe
weather, power outages, and other facility emergencies that may introduce
security threats.

Reporting and Communication

Communication is an important aspect of a laboratory biosecurity program. A
“chain-of-notification” should be established in advance of an actual event. This
communication chain should include laboratory and program officials, institution
management, and any relevant regulatory or public authorities. The roles and
responsibilities of all involved officials and programs should be clearly defined.
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Policies should address the reporting and investigation of potential security
breaches (e.g., missing biological agents, unusual or threatening phone calls,
unauthorized personnel in restricted areas, unauthorized transfer of assets to and
from the facility).

Training and Practice Drills

Laboratory biosecurity training is essential for the successful implementation of a
laboratory biosecurity program. Program management should establish training
programs that inform and educate individuals regarding their responsibilities
within the laboratory and the institution. For example, it might be difficult to
identify suspicious activity that warrants attention without appropriate training on
security awareness, laboratory biosecurity best practices, and the facility’s estab-
lished reporting mechanisms. Practice drills should address a variety of scenarios
such as loss or theft of materials, emergency response to accidents and injuries,
incident reporting, and identification of and response to security breaches. These
scenarios may be incorporated into existing emergency response drills such as
fire drills or building evacuation drills associated with bomb threats. Incorporating
laboratory biosecurity measures into existing procedures and response plans
often provide efficient use of resources, saves time, and can minimize confusion
during emergencies.

Security Updates and Re-evaluations

The laboratory biosecurity risk assessment and program should be reviewed

and updated routinely and following any laboratory biosecurity-related incident.
Re-evaluation is a necessary and on-going process in the dynamic environments
of today’s biomedical and research laboratories. Laboratory biosecurity program
managers should develop and conduct laboratory biosecurity program audits
and implement corrective actions as needed. Audit results and corrective actions
should be documented. The appropriate program officials should maintain
records.

Select Agents

If a laboratory possesses, uses, or transfers Select Agents, it must comply with all
requirements of the National Select Agent Program. See Appendix F for additional
information
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Section VIl—Occupational Health Support for Biomedical
Research

The occupational health provider is integral in the promotion of a workplace
culture of safety in biomedical and microbiological research. An occupational
health program that supports staff with access to biological hazards, such as
infectious agents or toxins, should aim to alleviate the risk of adverse health
consequences due to potential exposures to biohazards in the workplace. Health
services should be risk-based and tailored to meet the needs of individual staff
and the research institution based on risk assessment. Ideally, the program
focuses on work-related healthcare to avoid potential conflicts of interest. An
institution must carefully consider available options for implementing robust
occupational health support as an essential component of its risk management
strategy.'?

Framework for Occupational Health Support of Biomedical Research
Basic Concepts for Providing Work-Related Healthcare in a Research Setting

Occupational health services that support a biomedical research community
should be based on detailed risk assessments of hazards in the workplace.?
See Section Il for additional information. Services should complement the
hierarchy of exposure controls and provide relief in case of potential exposure to
a hazard.* Medical countermeasures such as vaccines, wound decontamination,
or pharmaceutical agents may reduce the risk of harm, but they do not eliminate
it (e.g., vaccine failure or antibiotic resistance).>¢

Different elements of occupational health support may be indicated at various
stages of employment, ranging from anticipatory risk mitigation (e.g., preplacement
evaluation or vaccination) to incident-driven medical measures such as post-
exposure immuno- or chemoprophylaxis. A change in a staff member’s health
status suggestive of a Laboratory-associated infection (LAIl) requires clinical care
and an interdisciplinary investigation into a possible antecedent occupational
exposure. At each juncture, the healthcare provider must take care to tailor
services to mitigate the individual staff member’s risk for harm."”

Before research involving biological hazards begins, stakeholders should have
plans in place for providing occupational health support for staff commensurate
with the potential health risks of the proposed work (i.e., pathogens, activities,
and work environment or facility).® An institution may require, as a condition of
employment, its staff to participate in relevant occupational health programs
designed to reduce risks associated with research on biological agents that may
pose grave threats to human health and society (high-consequence pathogens).®
The provider may consider establishing contact with subject matter experts
(SMEs) for consultation on procedural and clinical elements of the program,
especially agent-specific occupational exposure and iliness response plans
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concerning high-consequence pathogens or bioengineered infectious particles
whose pathogenic potential is not established.'®!"

Continual collaboration among stakeholders is key to optimal protection of
biomedical research staff. The designated occupational healthcare provider
should work with institutional safety staff, principal investigators (Pls), and
clinically-oriented SMEs (i.e., infectious diseases specialists) to ensure optimal
work-related health care of laboratorians and their support staff.

Practical and Regulatory Requirements for Occupational Health Programs

Occupational health services may be administered through a variety of arrange-
ments and may be employer- or community-based, provided they are readily
available, allow timely evaluation, and appropriate treatment. Regardless of
employment status, all workers should have access to a comparable level

of care and occupational health services based on their risk of occupational
hazard exposure. Contractors, students, volunteers, and visitors should receive
work-related occupational health services through their employer or sponsor
equivalent to those provided by the host institution for its employees.

The designated occupational health provider should be familiar with the

nature of hazards in the work environment and the controls used to prevent
exposures. The program should have the means to implement promptly any
indicated pre- and post-exposure medical measures and related counseling. The
provider should ensure that services rendered remain consistent and conform to
current practices such as recommended immunization schedules and infection
control.'>'* Expanded discussions of principles of standard occupational health
practices are available in authoritative texts.'>'® The provider should be aware
of and abide by guidance or regulations including but not limited to the NIH
Guidelines for Research Involving Recombinant or Synthetic Nucleic Acid
Molecules (NIH Guidelines); Title 42 of the Code of Federal Regulations, Part
73; relevant Occupational Safety and Health Administration (OSHA) standards;
the Americans with Disabilities Act (ADA) of 1990 and related regulations; the
Pregnancy Discrimination Act of 1978; and patient confidentiality laws including
Health Insurance Portability and Accountability Act of 1996 (HIPAA)."7-24

Risk-based Design of Occupational Health Services

The scope of an occupational health program should match the clinical and
research portfolio of the institution it supports. Institutional biosafety and security
policies may require additional occupational health support. This publication
advises stakeholders in staff members’ safety and health in microbiological and
biomedical research laboratories on recommendations for working safely with
biological agents ranging from Risk Groups (RG) 1 to 4. Please refer to Sections
I, Ill, and IV for additional information on RG classification and Biosafety Level
(BSL) requirements. Work with microbes that are not associated with disease in
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healthy adults (RG1) likely requires minimal occupational health support, although
the provider should be aware of other non-biological hazards that may be present
in the laboratory. Staff with access to RG2, RG3, or RG4 biological agents

should be provided with occupational health services that stand to decrease

the risk of potential harm. The program will need to commit resources that are
likely proportionate to the severity of potential health risks of these agents and
the residual risk of exposure after implementation of applicable controls. This
consideration becomes especially pronounced for programs that support RG3
and RG4 pathogen research where the elevated cost of emergency preparedness
reflects the need to mitigate a wide range of risks, including those associated with
high-impact, low-probability events.?>-?

With increasingly widespread applications of advances in bioengineering, occupa-
tional medical staff must be prepared to adapt established practices to evolving
workplace hazards.?-3%° The principles of expert risk-based occupational health
support for work with naturally occurring biological agents apply to work with
genetically modified organisms, designer biologics, or novel genetic constructs.
For example, viral vectors deployed in gene therapy or vaccinology may be
engineered to incorporate safety features at the genomic level to decrease infec-
tivity or virulence. However, even highly genetically altered particles should not be
presumed to be risk-free to staff who are exposed to them, as illustrated by the
replacement of first-generation lentiviral platforms with third- or fourth-generation
HIV-derived vectors.®' Until immediate and long-term health risks of genetically
modified organisms or synthetic constructs are better characterized (e.g., inser-
tional mutagenesis), the provider must appreciate that an agent’s genome-level
safety features may not fully protect exposed staff from potential health risks.

The NIH Office of Science Policy provides guidance on assessing and mitigating
potential harm from recombinant nucleic acids, genetically modified organisms, or
entirely new constructs with varying capacity to infect human cells.'"32

Staff may require additional occupational health services besides those targeting
biological agents under scientific investigation. For example, researchers
engaged in human subjects research activities or animal care and veterinary staff
who support the use of laboratory animals should receive all applicable medical
care and counseling.?® Laboratory animals may become zoonotic disease vectors
when a staff member is exposed to an infected animal’s body fluids or tissues
(e.g., Macacine alphaherpesvirus 1 [B virus] or Simian immunodeficiency virus
[S1V]).3+3% In turn, susceptible research animals must be protected from reverse
zoonotic transmission of human pathogens. For example, Measles morbillivirus
or Mycobacterium tuberculosis (Mtb) may devastate non-human primates
(NHPs) and cause substantial losses.*¢ Other potential hazards may add to the
complexity of pertinent occupational health support; some with established risk
factors such as human-derived materials; chemical, physical, or environmental
hazards; and others with less well-circumscribed risk to staff (e.g., hazards
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associated with field research or outbreak response). OSHA provides general
guidance on safety and health in a laboratory environment such as respiratory
protection and hearing conservation.'®37% The occupational health program
should collaborate with institutional biosafety, management, and subject matter
experts to customize services that complement risk mitigation in biomedical
research.

Pre- and Post-exposure Communications

All biomedical research laboratories should maintain a laboratory-specific
biosafety manual that specifies the steps all staff should take immediately after an
incident. An effective incident response, including medical care of affected staff,
relies on the coordinated execution of the plan and concise, prompt communi-
cations.* Laying the foundation for proper post-exposure risk mitigation begins
before an occupational exposure occurs (e.g., with risk awareness training in the
workplace and targeted preplacement occupational health evaluations). Incident
response protocols should describe requisite notifications at the time of a potential
exposure, including how to access medical care.*° All staff should identify and
work to remove barriers to prompt, qualified post-exposure medical care. Commu-
nity-based medical care of a staff member after a potential occupational exposure
may require additional steps to ensure optimal assessment and treatment of the
staff member, including connecting the healthcare provider with SMEs.

Occupational Health and Risk Management

The designated occupational health program should design a quality assurance
program to monitor internal operations and interdisciplinary processes with a
healthcare component.*! Each occupational health support offering and procedure
should be reviewed regularly with respect to the most current practice guidelines
and relevance to the research supported. The occupational health program is
uniquely positioned to contribute to the institution’s ongoing risk management
activities. For example, prevention of future exposures should be informed by the
collection and analysis of work-related injury and iliness statistics.4243

Elements of an Occupational Health Program Supporting Biomedical
Research

Preplacement Medical Evaluations

Supervisors should inform all workers about workplace hazards and exposure
controls and refer newly hired staff with proposed access to biological hazards
(e.g., biological agents, human subjects, laboratory animals, or their respective
body fluids or tissues) to the occupational health program for a risk-based
preplacement medical evaluation."'® The healthcare provider must review staff
members’ personal and occupational health history in light of the supervisors’
input on potential hazards and minimum functional requirements of the position.
This standard review includes past and current medical conditions and treatment;
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present use of medications (prescription and non-prescription); allergies and
adverse reactions to medicines, vaccines, animals, and other environmental
allergens; and a complete immunization history, including serology results,
when appropriate, or relevant prior infections. The provider should discuss
agent-specific risk factors and incidental hazards (e.g., zoonotic infections, toxic
chemicals, or laboratory animal allergens), and the provider should dispense
information on health conditions that might increase susceptibility to infection and
complications after an occupational exposure. The provider should ensure staff
members’ familiarity with the need for standard first aid after an exposure, and
the need to promptly report work-related injuries and illnesses. The importance
of exposure prevention should be emphasized while cautioning against overre-
liance on medical countermeasures for curbing work-related health risks. For
example, minimizing exposure to likely allergens (e.g., animal proteins or latex)
is paramount to the control of occupational allergies. Sensitization to specific
allergens may not be reversible even with treatment. Staff should be directed to
supervisors and safety professionals for training and proper use of applicable
exposure control strategies, including personal protective equipment (PPE).2
The provider should also advise staff on steps to take in cases of potentially
work-related illness(es), such as signs or symptoms suggestive of an LAl or an
occupationally-acquired allergy.

The occupational health program should offer only those services that constitute
effective medical support related to workplace hazards and duties. For example,
testing for immunity to a specific pathogen is rarely indicated as a condition for
employment. Pre-immunization serology should be performed in accordance
with established risk-based guidelines.'# Serum banking, the practice of
collecting and storing frozen serum samples, is of questionable value to the care
of research or clinical laboratory staff; it should not be offered routinely without

a clear indication. An exception may be made if a risk assessment suggests

that work conditions are likely to lead to unrecognized exposures, especially to
pathogens with long latency periods or with the potential for subclinical infection.
If serum banking is utilized, the provider must implement it with the requisite
precautions to ensure accurate retrieval, proper storage and disposal, patient
privacy, and observance of applicable ethics standards."*> Serum sampling and
short-term storage should be considered on a case-by-case basis with properly
designed testing strategies for post-incident screening of potentially exposed staff
or investigation of possible LAls.!

Vaccines

The Advisory Committee on Immunization Practices (ACIP) provides expert
advice on the most effective immunization strategies against vaccine-preventable
diseases. The occupational health program should utilize ACIP guidelines for
routine administration of vaccines and offer any licensed vaccine indicated to
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provide risk-based agent-specific immune protection.! 344 Please refer to the
agent summary statements in Section VIII for additional information on available
vaccines for various biological agents.

With few exceptions, acceptance of vaccinations that are medically indicated
should not be a precondition of employment in biomedical research laboratories.
However, under specific legal situations, an institution may be able to exclude a
worker who declines to receive a potentially protective licensed vaccine against
a virulent pathogen strain from working directly with that agent. Each institution
must determine the best risk management strategy for its laboratory-based
workforce. The healthcare provider should counsel staff who refuse recom-
mended immunization against a vaccine-preventable disease and document the
staff members’ lack of protection in the medical record.

Periodic Medical Evaluations

In most cases, there is no medical basis for requiring periodic medical evaluations
for the vast majority of staff solely because they work with biological hazards.
Institutions may require specific work groups to participate in periodic medical
evaluations provided it is justified by a substantial risk of exposure to biohazards.
The possibility of increased health risks due to potential changes in staff health
status should not serve as a basis for requiring workers in biomedical research
to be subjected to periodic medical evaluations; rather, staff should be offered
the chance to seek medical advice when such changes occur. Staff with specific
concerns, such as working with biohazards while immunocompromised or the
effects of hazards on their reproductive capacity, should be directed to seek
confidential medical counseling with a qualified clinician.

Screening programs for work-related infections of staff, such as post-exposure
medical surveillance, contact investigations, or research settings associated with
evidently elevated exposure risk to specific pathogens, should also be risk-based.
Periodic testing, ostensibly to detect unrecognized workplace exposures,

should be avoided unless there is an unusual constellation of risk factors that
could preclude the timely recognition of LAls. For example, a workplace risk
assessment may conclude that there is sufficient residual exposure risk to

Mtb, an easily transmissible agent with a low infectious dose and long latent
period, to warrant surveillance of staff to avoid dire health consequences for
unknowingly infected staff and their contacts. Before an occupational health
program endeavors to screen asymptomatic staff without a recognized exposure
to a specific pathogen, the provider should justify the benefit of such testing,
clearly define criteria for interpretation of results, and develop plans for further
investigation of indeterminate and positive test results. Any medical surveillance
must meet requisite criteria.*¢—°
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Occupational Health Support for Occupational Injuries and Potential Exposures

In case of a potential hazard exposure, the staff member must immediately
perform proper first aid and follow all established agent-specific protocols. All
occupational injuries, including potential exposures to a biohazard, should be
reported to the occupational healthcare provider immediately. The provider should
notify the supervisor and safety staff if the staff member has not already done so.

The provider must take a sufficiently detailed account of the incident to quickly
determine its clinical significance. The primary source of information is typically
the affected staff member. Collateral sources include safety professionals
investigating the incident, the supervisor or Pl, and others with knowledge of the
circumstances of the incident or source materials involved. The following key
factors in this step include:

= Exposure controls used at the time of the incident and work activities
performed leading up to it;

[ ] The mechanism of the potential exposure (e.g., percutaneous injury,
splash to mucous membranes or skin, inhalation of an infectious aerosol);

u The nature of the potential biohazard (e.g., animal body fluid, culture
medium, contaminated fomite) and inoculum size (concentration, volume);

[ Characteristics of agent(s) known or suspected to be involved (e.g.,
species, strain); transmission in natural infection or LAI; minimum
infectious or lethal dose to humans; incubation period; drug susceptibility
or resistance;

] Agent viability (i.e., inactivation by chemical or physical means prior to
incident) and genetic modifications (to enhance viral vector safety); and

[ ] First aid performed at the workplace (e.g., duration and cleansing agent
used, time elapsed from exposure to initiation).

The two most critical determinants that diminish the risk of infection are the
immediate and adequate cleansing of the affected body area and avoidance

of delays in starting appropriate post-exposure prophylaxis (PEP). When in
doubt, the provider should repeat first aid. The provider should take a pertinent
health and social history focused on mitigating the risk of adverse health
consequences for the affected staff member and the community due to the
potential exposure. This should include factors that may affect the individual's
susceptibility to infection with the pathogen of concern, barriers to adherence
to proposed medical management, and the potential for exposure of others
during the incident or close contacts. Prior agent-specific immunization does not
obviate the need for a post-exposure medical evaluation because vaccination
may not fully protect against disease. PEP should be offered whenever such
treatment may prevent or ameliorate illness. The provider may consult clinical
specialists who have experience with the biological agents of concern. If need
be, the staff member should be transferred to a medical facility that can provide
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the necessary level of care.'® The occupational health program should ensure
adequate medical support is available for incidents where multiple staff may
have been exposed.

Clinically-Oriented, Post-Exposure Risk Assessment

In case of an occupational hazard exposure, the clinician’s first priority is
mitigating against the risk of further harm to the affected staff member. The
occupational health program may contribute further by documenting lessons
learned from each incident, thereby decreasing the chances for future exposures.
To achieve both goals, it may help to distinguish between a potential biohazard
and specific pathogens of concern and to stratify the risk of exposure (RoE) and
risk of adverse health consequences or disease (RoD) separately.*® It may be
unknown at the time of an incident whether the source material (hazard) involved
harbors any potentially harmful biological agents. Some biological materials

(i.e., animal or human body fluids and tissues) may present a mixed hazard with
more than one specific pathogen of concern, each warranting separate RoE and
RoD estimates. The RoE to a pathogen informs agent-specific subsequent clinical
decision-making (e.g., initiating treatment to lower the initial RoD).

For a biohazard exposure to occur two conditions must be met: (1) a biohazard
must be present (i.e., released from containment by aerosolization, splash, spill,
or mishandling of a contaminated object), and (2) the staff member must come
into direct contact with the biohazard. The provider must determine whether a
pathogen may have been transmitted to the staff member and the mechanism of
exposure is compatible with transmission of an agent of concern. Whenever the
possibility of transmission of a specific biological agent cannot be excluded, the
provider must estimate the level of RoD. Risk factors for infection, illness, and
potential for complications include circumstances of the incident, characteristics
of the biological agents involved, host factors such as immune function or
pre-exposure vaccination, and the utilization of post-exposure medical counter-
measures. Generally, initial estimates of RoE and RoD levels will correlate.
Post-exposure medical measures such as immediate wound decontamination
and PEP may lower the initial RoD estimate but they cannot eliminate the
possibility of an LAL.

Post-Exposure Follow-Up Care and Testing

The provider should counsel each staff member who reports a potential occupa-
tional exposure on the significance of the incident and clearly communicate the
post-exposure care plan, including treatment options, alternatives to treatment,
testing procedures, and interpretation and implications of laboratory results.
When PEP is recommended, the staff member should be followed closely for
signs of an LAI, compliance with treatment and possible adverse medication
effects. Staff exposed to infectious agents for which there is no effective PEP
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must receive appropriate post-incident care tailored to the agent involved and

the worker’s personal health. Staff may be asked to adhere to an agent-specific
monitoring protocol to facilitate early detection of a symptomatic LAI. The provider
may recommend isolation of a staff member to avoid secondary transmission
during the prodromal phase associated with pathogens that may render a person
infectious prior to the onset of symptoms (e.g., influenza).

The optimal post-exposure testing strategy for evidence of infection depends on
the pathogen of concern, potential spectrum of iliness, performance of available
commercial assays, and the affected worker’s host risk factors. Awaiting test
results, including pregnancy testing, should not delay initiation of clinically
indicated and appropriately selected PEP. Certain PEP protocols, such as
antiretroviral regimens, may justify targeted baseline laboratory testing.5' A serum
specimen collected at the time of the incident may be useful for exposure-related
surveillance; however, screening for pre-existing infection with an agent of
concern should not be conducted routinely. When there are no signs or symptoms
of an LAI, subsequent laboratory or imaging studies to assess if transmission
occurred should be avoided in most cases. However, when there is clinical value
in detecting acute infections that may remain asymptomatic for prolonged periods,
post-exposure testing strategies should aim for early detection. For example,
nucleic acid testing for Hepacivirus C (HCV) even before antibodies may be
present or screening for latent Mtb infection could lead to timely recognition of
the need for treatment of an LAI. For serologic assays, comparison of results
from paired serum samples, collected at appropriate time points, constitutes
more reliable laboratory evidence of recent infection than results of screening of
a single serum specimen. Ideally, the provider performs serial serological assays,
simultaneously testing aliquots of baseline serum and samples collected when
specific immune markers are assumed to become detectable. The clinician may
consider blinding the testing facility to the times the samples were obtained.
Documented seroconversion, or a significant increase in antibody titer (at least
four-fold) associated with a compatible clinical syndrome, is usually highly
suggestive of acute infection. The typical timing of serial serum collections

in each case may be modified by circumstances of the exposure, the agent’s
characteristics, host factors, and medical countermeasures taken. For example,
screening too soon may fail to detect low levels of early immune markers. Repeat
screening at appropriate intervals may be indicated when seroconversion may
be delayed; for example, repeat screening may be indicated due to the nature of
the agent (e.g., human retroviruses), the immediate use of PEP (e.g., B virus), or
the affected staff members’ immune system function. If a staff member is to be
screened with a non-commercial assay based on expert consensus, the provider
should submit samples from uninfected source(s) as negative controls, positive
control samples, whenever possible, and blind the testing facility to sources

and timing of sample collection. The provider should caution the exposed staff
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member that the clinical utility of such assays is not the same as licensed tests
and must be interpreted with extreme caution.

Post-exposure occupational health care of an affected staff member may be
informed by establishing whether the biological material involved harbored
specific pathogens of concern. The provider should work with the principal inves-
tigator, veterinarian, or clinician responsible for the source material to determine if
testing appropriate samples could help establish if a specific infectious agent was
present. Negative results may not indicate the absence of a specific infectious
agent and should be interpreted with caution.

Occupational Health Support for Occupational llinesses

Staff in biomedical research and clinical laboratories should be encouraged to
seek timely care for illnesses attributable to their work. Full implementation of
laboratory exposure controls at recommended Biosafety Levels clearly reduces
the chance of LAls.?%2 However, there is little evidence to corroborate the
effectiveness of biocontainment practices in preventing occupational exposures
due to underreporting and a lack of centralized data-sharing on biological hazard
exposures and LAIs.% The true incidence of LAls remains unknown and, although
increased adherence to safer work practices in biomedical and microbiological
laboratories has eliminated many opportunities for occupational exposures, staff
remain at risk for LAls.525* Historically, staff with proven LAls often did not recall
an antecedent exposure. Unexpectedly, serious illnesses have resulted from
exposures that were deemed trivial at the time of the incident or were not recog-
nized as an LAI at initial presentation.®>-%” Research and clinical laboratorians who
work with human pathogens, or access spaces where such agents are handled,
should maintain an awareness of the timing of a febrile iliness in light of their work
activities. They should be encouraged (e.g., at preplacement or post-exposure
medical evaluations) to have a low threshold for contacting the designated
occupational health provider with the earliest signs and symptoms that could be
compatible with an LAI.

The provider must conduct a risk assessment for any acutely ill staff member
who handled a potential pathogen during a time span prior to the onset of
symptoms equal to the pathogen’s range of incubation period. In addition to a
focused clinical history, the interview should include an inquiry into recent work
with biological materials, potential breaches of exposure controls, adherence
to biosafety practices, sick contacts at work and outside, and other plausible
exposure opportunities to infectious agents (e.g., hobbies or travel). Clinicians
should be aware that in cases of occupational exposures, a pathogen’s typical
incubation period or initial clinical presentation may differ markedly from naturally
acquired infections (e.g., due to disparate exposure mechanisms or an agent’s
genetic modifications). Prior vaccination or infection with certain pathogens
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may also affect the clinical course of an LAl with a related infectious agent

(e.g., tick-borne encephalitis or dengue). Close-working relationships among all
stakeholders and ready access to expert medical care are absolutely essential to
an adequate LAI response. Risk stratification of a possible LAl follows the same
considerations as a post-incident evaluation except in a retrospective fashion and
with increased emphasis on risk for the ill staff member’s close contacts who may
be subject to contemporaneous workplace exposure or secondary transmission.
The occupational health program should be prepared to work with supervisors
and biosafety professionals to conduct workplace contact investigations or case
finding, taking care to balance the needs for privacy protection and infection
control. An LAI that meets criteria for a reportable disease requires notification of
public health authorities.

Additional workplace hazards and ergonomic conditions in the laboratory
environment may give rise to work-related health conditions that may diminish
staff’s ability to work safely with human pathogens such as work-related muscu-
loskeletal disorders or occupationally acquired allergies. In most cases, allergies
to laboratory animals develop within the first year of occupational exposure

to the allergens. Of the 20 to 30% of workers who become allergic to animal
proteins, 5% may progress to asthma that may, rarely, threaten workers’ lives
and livelihood due to anaphylaxis.”” The occupational health program should be
prepared to evaluate and treat these conditions to ensure a safe return of staff to
full duty.

Occupational Health Support of Staff in High and Maximum Biocontainment

Adequate occupational health support of research in BSL-3 and BSL-4 labora-
tories may pose special challenges for occupational health providers.%® BSL-3,
BSL-4, and associated animal facilities (i.e., ABSL-3, ABSL-4, and the high
containment facilities described for open penned or loose-housed animals in
Appendix D) are designed to minimize the risk of exposure to high-consequence
biological agents for workers, the community, and the environment.5®%° See
Sections lll, IV, V, and Appendix D for additional information. BSL-3 or BSL-4
researchers who participate in field research or outbreak response involving
RG3 or RG4 pathogens may need additional occupational health services due to
increased exposure risks.®

The same principles of incident and illness response outlined above apply to
potential hazard exposures and LAls in a BSL-3 or BSL-4 laboratory environment,
but with an increased concern for public health and potential harm to society if
RG3 or RG4 agents were to be released, diverted, or intentionally misused. See
Section VI for additional information about laboratory biosecurity. A staff member
with access to RG3 or RG4 pathogens who develops an unexplained acute
febrile illness should seek medical consultation at the earliest onset of symptoms.
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Supervisory staff may encourage RG3 and RG4 agent researchers to contact the
designated medical provider in case of a possible LAI, rather than seeking care
from a community-based medical provider who may be less familiar with hazards
involved. Depending on risk, a fever watch for the duration of the incubation
period, with calls to the occupational health program in the event of a fever,

may be a useful component of institutional emergency preparedness. Advance
planning for appropriate care in case of an occupational exposure or possible
LAl is a fundamental component of an occupational health program supporting
research of RG3 or RG4 pathogens.® The designated medical provider may forge
liaisons with clinical programs capable of the requisite advanced level of care

for patients infected with high-consequence pathogens.'%%°¢2 |ncident and illness
response plans should also include timely and appropriate notification of local
health authorities as warranted by the circumstances in each case.

Conclusion

Occupational health support for a biomedical research community should

consist of select, expert services tailored to address the risks identified for the
individual staff member and the institution and commensurate with the scope

of work involving potential biological hazards. The strength of an occupational
health program supporting staff in laboratories or animal care facilities where
such biological materials are present depends on sound coordination with each
component of the institution’s occupational safety and health operations. The
occupational healthcare provider has a vital role in the health, safety, and security
of staff in the biomedical research environment and the establishment of a robust
culture of safety.
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Section VIll—Agent Summary Statements

The agent summary statements contained in Section VIl of the sixth edition of
Biosafety in Microbiological and Biomedical Laboratories (BMBL) are designed to
assist the reader with the risk assessment for their work, as directed in Section II.
The statements are assembled by subject matter experts and represent a
summary of key information regarding pathogens with significance to the
biomedical community. Although the statements provide recommendations
regarding containment for specific activities, they should serve only as the starting
point for a laboratory’s risk assessment and should not serve as a substitute

for an assessment. The statements cannot fully factor in the change in risk due
to the size of a sample, concentration of agent present, change in virulence or
pathogenicity, nor any change in ability to provide medical countermeasures due
to antibiotic or antiviral resistance.

The following list of agents is also not comprehensive, and the reader is directed
to other information to assist in the risk assessment, including the Public Health
Agency of Canada’s Pathogen Safety Data Sheets (PSDS),' the American Public
Health Association’s Control of Communicable Diseases Manual,? American
Society for Microbiology Manual of Clinical Microbiology,® and the ABSA Interna-
tional Risk Group Database.*
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Section VIlI-A: Bacterial Agents

Bacillus anthracis

Bacillus anthracis, a Gram-positive, non-hemolytic, and non-motile bacillus,

is the etiologic agent of anthrax, an acute bacterial disease among wild and
domestic mammals, including humans. Like all members of the genus Bacillus,
under adverse conditions, B. anthracis has the ability to produce spores that
allow the organism to persist for long periods (i.e., years), withstanding heat and
drying, until the return of more favorable conditions for vegetative growth. It is
because of this ability to produce spores coupled with significant pathogenic
potential in humans that this organism is considered one of the most serious and
threatening biowarfare or bioterrorism agents.? Most mammals are susceptible

to anthrax; it mostly affects herbivores that ingest spores from contaminated soil
and, to a lesser extent, carnivores that scavenge on the carcasses of diseased
animals. In the United States, it occurs sporadically in animals in parts of the
West, Midwest, and Southwest. Human case rates for anthrax are highest in
Africa and central and southern Asia.® The infectious dose varies greatly from
species to species and is route-dependent. The inhalation anthrax infectious
dose (ID) for humans has been primarily extrapolated from inhalation challenges
of non-human primates (NHPs) or studies done in contaminated wool mills.
Estimates vary greatly but the median lethal dose (LD50) is likely within the range
of 2,500-55,000 spores.* It is believed that very few spores (ten or fewer) are
required for cutaneous anthrax infection.® Anthrax cases have been rare in the
United States since the first half of the 20th century. The mortality rates have
been reported to be approximately 20% for cutaneous anthrax without antibiotics,
25-75% for gastrointestinal anthrax, and 80% or more for inhalation anthrax. With
treatment, <1% of cutaneous anthrax cases are fatal. The fatality rate of a series
of inhalation anthrax cases in 2001 was 36% with antibiotics.®” Bacillus cereus
biovar anthracis, if inhaled, can produce symptoms similar to inhalation anthrax.
Rapid rule-out tests to differentiate B. cereus biovar anthracis from other Bacillus
spp. are currently not available.5

Occupational Infections

Occupational infections are possible when in contact with contaminated animals,
animal products, or pure cultures of B. anthracis, and may include ranchers,
veterinarians, and laboratory workers. Although numerous cases of laboratory-
associated anthrax (primarily cutaneous) were reported in earlier literature, in
recent years, cases of anthrax due to laboratory accidents have been rare in the
United States.?®

Natural Modes of Infection

The clinical forms of anthrax in humans that result from different routes of
infection include:
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Cutaneous (via broken skin);

Gastrointestinal (via ingestion);

Inhalation anthrax;'® and

Injection (to date, identified in heroin-injecting drug users in northern
Europe)." 12

N~

Cutaneous anthrax is the most common (> 95% of human cases worldwide) and
is a readily treatable form of the disease. While naturally occurring disease is no
longer a significant public health problem in the United States, B. anthracis has
become a bioterrorism concern. In 2001, 22 people were diagnosed with anthrax
acquired from spores sent through the mail, including 11 cases of inhalation
anthrax with five deaths and 11 cutaneous cases."® A report of accidental
shipment of live organisms highlights the importance of adherence to handling
guidelines.™ The approach to prevention and treatment of anthrax differs from
that for other bacterial infections. When selecting post-exposure prophylaxis or
a combination of antimicrobial drugs for treatment of anthrax, it is recommended
to consider the production of toxin, the potential for antimicrobial drug resistance,
the frequent occurrence of meningitis, and the presence of latent spores.'®

Laboratory Safety and Containment Recommendations

B. anthracis may be present in blood, skin lesion exudates, cerebrospinal fluid
(CSF), pleural fluid, sputum, and rarely, in urine and feces.'? Primary hazards to
laboratory personnel are: direct and indirect contact of broken skin with cultures
and contaminated laboratory surfaces, accidental parenteral inoculation and,
rarely, exposure to infectious aerosols. Spores are resistant to many disinfectants
and may remain viable on some surfaces for years.

BSL-3 practices, containment equipment, and facilities are recommended for
work involving production quantities or high concentrations of cultures, screening
environmental or unknown samples (especially powders) from anthrax-contami-
nated locations, diagnostics or suspected anthrax samples, and for activities with
a high potential for aerosol production. As soon as B. anthracis is suspected in
the sample, BSL-3 practices are recommended for further culture and analysis.
BSL-2 practices, containment equipment, and facilities are recommended for
primary inoculation of cultures from potentially infectious clinical materials.
ABSL-2 practices, containment equipment, and facilities are recommended for
studies utilizing experimentally infected laboratory rodents. It is recommended
that all centrifugation be performed using autoclavable, aerosol-tight rotors

or safety cups that are opened within the BSC after each run. In addition, it is
recommended to collect routine surveillance swabs for culture inside the rotor
and rotor lid and, if contaminated, it is recommended to autoclave rotors before
re-use.
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Special Issues

Be advised of possible misidentification using automated systems. For identifi-
cation using MALDI-TOF MS, it is recommended to use alternative tube extraction
that kills viable organisms in the BSC, followed by filtration through a 0.1-0.2 um
filter to remove any remaining viable cells or spores, and not direct spotting of
plates in the open laboratory.'16

Vaccines Control of anthrax begins with control of the disease in livestock,

and vaccination of livestock has long been central to control programs. Human
anthrax is best controlled through prevention, including (a) pre-exposure
vaccination for persons at high-risk for encountering aerosolized B. anthracis
spores, (b) reduction of animal illness by vaccination of livestock at risk for
anthrax, and (c) environmental controls to decrease exposure to contaminated
animal products, such as imported hair and skins. After a person is exposed to
aerosolized B. anthracis spores, a combination of antimicrobials and vaccine
provides the best available protection.'” A licensed vaccine for anthrax in humans
is available, the anthrax vaccine adsorbed (AVA). AVA is produced from the
protective antigen of an attenuated non-encapsulated strain of B. anthracis. The
vaccine is approved by the Food and Drug Administration (FDA) for at-risk adults
before exposure to anthrax. Guidelines for its use in occupational settings are
available from the ACIP."® CDC has reviewed and updated guidelines for anthrax
post-exposure prophylaxis and treatment.'” Vaccination is not recommended for
workers involved in routine processing of clinical specimens or environmental
swabs in general clinical diagnostic laboratories. Of interest, Obiltoxaximab, a
novel monoclonal antibody directed against the protective antigen of B. anthracis,
which plays a key role in the pathogenesis of anthrax, has received approval

for treatment and prevention of inhalational anthrax.'® Because of the limited
potential of antibiotic treatment once toxemia has already set in, numerous
strategies are being explored for therapy directed against the action of anthrax
toxins.2°

Select Agent B. anthracis and Bacillus cereus biovar anthracis are Select Agents
requiring registration with CDC and/or USDA for possession, use, storage and/or
transfer. See Appendix F for additional information.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A Department of Commerce (DoC) permit may be required for the
export of this agent to another country. See Appendix C for additional information.

Bordetella pertussis

Bordetella pertussis, an exclusively human respiratory pathogen of worldwide
distribution, is the etiologic agent of whooping cough or pertussis. The organism
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is a fastidious, small, Gram-negative coccobacillus that requires specialized
culture and transport media for cultivation in the laboratory.?! Alternatively,
infection may be diagnosed by molecular methodologies on a direct specimen.
Its natural habitat is the human respiratory tract.

Occupational Infections

Occupational transmission of pertussis has been reported, primarily among
healthcare workers.?? Outbreaks, including secondary transmission, among
workers have been documented in hospitals, long-term care institutions, and
laboratories. Nosocomial transmission has been reported in healthcare settings
and laboratory-associated pertussis has also been documented.?24

Natural Modes of Infection

Pertussis is highly communicable, with person-to-person transmission occurring
via aerosolized respiratory secretions (droplets) containing the organism. The
attack rate among susceptible hosts is affected by the frequency, proximity, and
time of exposure to infected individuals; however, transmission rates to suscep-
tible contacts may be close to 90% with the infectious dose only around 100
CFU.2" Although the number of reported pertussis cases declined by over 99%
following the introduction of vaccination programs in the 1940s, the incidence
of pertussis remains cyclical, with epidemic peaks occurring every three to five
years within a given region.? In 2015, the World Health Organization reported
142,512 pertussis cases globally and estimated that there were 89,000 deaths
attributed to pertussis.?® However, a recent publication modeling pertussis case
and death estimates proposed that there were 24.1 million pertussis cases and
160,700 deaths in children younger than five years in 2014 worldwide.?” Of
significance, B. pertussis continues to circulate in populations despite high vacci-
nation of infants and children because protection wanes after several years.?8

Nevertheless, in vaccinating countries, although pertussis is primarily observed
in neonates, infections are found in under-vaccinated or unvaccinated individuals
of all ages, including young infants, older school children, adolescents, and
adults.?-? Adults and adolescents with atypical or undiagnosed B. pertussis
infections are a primary reservoir. Pertactin is an outer membrane protein and
virulence factor for B. pertussis, and it should be noted that pertactin-negative
strains may evade vaccine-mediated immunity.*°

Laboratory Safety and Containment Recommendations

The agent may be present in high levels in respiratory secretions and may be
found in other clinical material, such as blood and lung tissue.3'*2 Aerosol gener-
ation during the manipulation of cultures and contaminated clinical specimens
generate the greatest potential hazard. Direct contact is also a hazard with the
agent being able to survive a number of days on surfaces such as clothing.
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BSL-3 practices, containment equipment, and facilities are appropriate for
production operations. BSL-2 practices, containment equipment, and facilities
are recommended for all activities involving the use or manipulation of known

or potentially infectious clinical material and cultures. ABSL-2 practices and
containment equipment are recommended for housing experimentally infected
animals. Primary containment devices and equipment, including biological safety
cabinets, safety centrifuge cups, or sealed rotors are recommended for activities
likely to generate potentially infectious aerosols.

Special Issues

Vaccines A number of pertussis vaccines are available for infants, children,
preteens, teens, and adults. DTaP (Diphtheria/Tetanus/Pertussis) is the childhood
vaccine, and Tdap (Tetanus/Diphtheria/Pertussis) is the pertussis booster vaccine
for preteens, teens, and adults.3®

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Brucella species

The genus Brucella consists of slow-growing, very small, Gram-negative
coccobacilli whose natural hosts are mammals. The taxonomy of Brucella species
remains in flux; however, this genus currently includes 10 recognized species:

] Six terrestrial
o B. melitensis (preferred hosts: sheep, goats, and camels)
suis (preferred hosts: swine and other wild animals)
abortus (natural hosts: cattle and buffalo)
canis (natural host: dogs)
ovis (natural host: rams)
] B. neotomae (natural host: desert and wood rats)
[ Three marine
o B. delphini
o B. pinnipedialis
o B. ceti
[ ] One proposed species of unknown origin.3*

B.
B.
B.
B.

0O o o o

High-risk species for human infections include Brucella abortus, B. melitensis,
and B. suis. There is a wide spectrum of clinical manifestations, and patients may
have an extended recovery period. Mortality is estimated to be less than 1%.343%
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Occupational Infections

Brucellosis is a frequently reported Laboratory-associated infection.34-3¢ Airborne
and mucocutaneous exposures can produce Laboratory-associated infections.
Many cases of laboratory-associated disease appear to be due to mishandling
and misidentification of the organism.* The need to improve compliance with
recommended guidelines was highlighted when 916 laboratory workers were
exposed to the RB51 vaccine strain, which is known to cause human illness,
due to mishandling of a proficiency test sample.*' Brucellosis is an occupational
disease for workers who handle infected animals or their tissues. Accidental
self-inoculation with vaccine strains is an occupational hazard for veterinarians
and other animal handlers.

Natural Modes of Infection

Brucellosis (Undulant fever, Malta fever, Mediterranean fever) is a zoonotic
disease of worldwide occurrence. Mammals, particularly cattle, goats, swine, and
sheep, act as reservoirs for Brucella spp. as animals are generally asymptomatic.
Multiple routes of transmission have been identified, including direct contact with
infected animal tissues or products, ingestion of contaminated milk, and airborne
exposure in animal pens and stables.

Laboratory Safety and Containment Recommendations

Brucella may be found in a wide variety of body tissues, including blood, CSF,
semen, pulmonary excretions, placenta, and occasionally urine. Most laboratory-
associated cases occur in research facilities and involve exposures to zoonotic
Brucella organisms grown in large quantities or exposure to placental tissues
containing zoonotic Brucella spp. Cases have also occurred in clinical laboratory
settings from sniffing bacteriological cultures or working on open benchtops.*243
Human infections are commonly attributed to exposure to aerosols or direct skin
contact with cultures or infectious animal specimens.**#4 The infectious dose of
Brucella is 10—100 organisms by aerosol or subcutaneous routes in laboratory
animals.**“¢ Brucella spp. are environmentally stable, surviving days to months in
carcasses and organs, in soil and on surfaces.*54

BSL-3 practices, containment equipment, and facilities are recommended for all
manipulations of cultures of pathogenic Brucella spp. BSL-3 practices are recom-
mended when handling products of conception or clinical specimens suspected to
contain Brucella.'? ABSL-3 practices are recommended for experimental animal
studies. BSL-2 practices, containment equipment, and facilities are recommended
for routine handling of clinical specimens of human or animal origin.
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Special Issues

Be advised of possible misidentification using automated systems. For identifi-
cation using MALDI-TOF MS, it is recommended to use alternative tube extraction
that kills viable organisms and not direct spotting of plates in the open laboratory.

Vaccines Human Brucella vaccines have been developed and tested in other
countries with limited success.*® Although a number of successful vaccines are
available for immunization of animals, no licensed human vaccines are currently
available. Some recently described ribosomal proteins and fusion proteins
demonstrate a protective effect against Brucella based on antibody and cell-me-
diated responses, which may prove useful in potential vaccines.®*

Select Agent Brucella abortus, B. melitensis, and B. suis are Select Agents
requiring registration with CDC and/or USDA for possession, use, storage and/or
transfer. See Appendix F for additional information.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Burkholderia mallei

Burkholderia mallei is a non-motile, Gram-negative rod associated with glanders,
a disease primarily of equine species, but which can be seen in humans. While
endemic foci of infection exist in some areas of the world, glanders due to natural
infection is extremely rare in the United States with the last naturally occurring
case reported in 1934.%° Reported mortality rates are over 90% if left untreated,
and up to 50% with treatment.*®

Occupational Infections

Glanders occurs almost exclusively among individuals who work with equine
species and/or handle B. mallei cultures in the laboratory. B. mallei can be very
infectious in the laboratory setting. The only reported case of human glanders in
the United States over the past 50 years resulted from a laboratory exposure.®
Modes of transmission may include inhalation and/or mucocutaneous exposure.

Natural Modes of Infection

Glanders is a highly communicable disease of solipeds (such as horses, goats,
and donkeys). Zoonotic transmission occurs to humans, but person-to-person
transmission is rare. Glanders in solipeds and humans has been eradicated from
North America and Western Europe. However, sporadic infections of animals
are still reported in Far East Asia, South America, Eastern Europe, North Africa,
and the Middle East.%® Clinical manifestations in humans include localized
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infection, pulmonary infection, bacteremia, or chronic infection, characterized by
suppurative tissue abscesses. The organism is transmitted by direct invasion of
abraded or lacerated skin; inhalation with deep lung deposition; and by bacterial
invasion of the nasal, oral, and conjunctival mucous membranes. Occupational
exposures most often occur through exposed skin.%°

Laboratory Safety and Containment Recommendations

B. mallei can be hazardous in a laboratory setting. Laboratory-associated
infections have resulted from aerosol and cutaneous exposure. A laboratory-
associated infection in 2001 was the first case of glanders reported in the United
States in over 50 years.?"52 The ability of B. mallei to survive for up to 30 days

in water at room temperature should be a consideration in development and
implementation of safety, disinfection, and containment procedures for labora-
tories and animal facilities handling this agent.

BSL-3 and ABSL-3 practices, containment equipment, and facilities are recom-
mended for all manipulations of suspect cultures, animal necropsies, and for
experimental animal studies. BSL-3 practices are recommended for preparatory
work on cultures or contaminated materials for automated identification systems.
BSL-3 practices, containment equipment, and facilities are appropriate for
production operations. BSL-2 practices, containment equipment, and facilities
are recommended for primary inoculation of cultures from potentially infectious
clinical materials. Primary containment devices and equipment, including
biological safety cabinets, safety centrifuge cups, or sealed rotors are recom-
mended for activities likely to generate potentially infectious aerosols.

Special Issues

Be advised of possible misidentification using automated systems. For identifi-
cation using MALDI-TOF MS, it is recommended to use alternative tube extraction
that kills viable organisms and not direct spotting of plates in the open laboratory.

Vaccines Vaccine research and development has been conducted, but there is
no available vaccine.5?

Select Agent B. mallei is a Select Agent requiring registration with CDC and/or
USDA for possession, use, storage and/or transfer. See Appendix F for additional
information.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.
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Burkholderia pseudomallei

Burkholderia pseudomallei is a motile, Gram-negative, oxidase-positive rod that
is found in soil and water environments of equatorial regions, including Southeast
Asia, Northern Australia, Madagascar, Africa, India, China, Taiwan, Central
America, and South America.? This organism, the causative agent of melioidosis,
is capable of infecting both humans and animals. A recent study estimates the
global incidence of melioidosis is 165,000 cases with 89,000 deaths.%®

Occupational Infections

Melioidosis is a disease associated with activities that expose people to soil

and water such as rice farming or gardening; however, B. pseudomallei can be
hazardous for laboratory workers, with two possible cases of aerosol transmission
of melioidosis in laboratory staff.56-58

Natural Modes of Infection

Natural modes of transmission usually occur through direct contact with an
environmental source (usually water or soil) by ingestion, percutaneous inocu-
lation, or inhalation of the organism. In endemic areas, a significant number

of agricultural workers have positive antibody titers to B. pseudomallei in the
absence of overt disease.>® Manifestations include localized disease, pulmonary
disease, bacteremia, and disseminated disease. Abscesses can be seen in a
variety of tissues and organs. However, the majority of persons exposed to this
organism do not develop clinical infection.>* Latent infection with subsequent
reactivation is well recognized. Risk factors for contracting melioidosis include
diabetes, liver or renal disease, chronic lung disease, thalassemia, malignancy,
and immunosuppression.5460.61

Laboratory Safety and Containment Recommendations

B. pseudomallei can cause systemic disease in human patients. Infected tissues
and purulent drainage from cutaneous or tissue abscesses can be sources of
infection as can blood and sputum. The ability of B. pseudomallei to survive for
years in water (as well as soil) should be a consideration in development and
implementation of safety, disinfection, and containment procedures for labora-
tories and animal facilities handling this agent.®263

BSL-3 and ABSL-3 practices, containment equipment, and facilities are recom-
mended for all manipulations of suspect cultures, animal necropsies, and for
experimental animal studies. BSL-3 practices are recommended for preparatory
work on cultures or contaminated materials for automated identification systems.
BSL-3 practices, containment equipment, and facilities are appropriate for
production operations. BSL-2 practices, containment equipment, and facilities
are recommended for primary inoculation of cultures from potentially infectious
clinical materials.
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Special Issues

Be advised of possible misidentification using automated systems. For identifi-
cation using MALDI-TOF MS, it is recommended to use alternative tube extraction
that kills viable organisms and not direct spotting of plates in the open laboratory.

Select Agent B. pseudomallei is a Select Agent requiring registration with CDC
and/or USDA for possession, use, storage and/or transfer.®* See Appendix F for
additional information.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Campylobacter species

Campylobacters are curved, S-shaped, or spiral Gram-negative rods associated
with gastrointestinal infections, bacteremia, and sepsis. Organisms are isolated
from stool specimens using selective media, reduced oxygen tension, and
elevated incubation temperature (43°C) for some species, or they may be
detected by molecular testing of primary clinical specimens.

Occupational Infections

These organisms rarely cause Laboratory-associated infections (LAI), although
laboratory-associated cases have been documented.®>-¢" Infected animals are
also a potential source of infection.5®

Natural Modes of Infection

Numerous domestic and wild animals, including poultry, pets, farm animals,
laboratory animals, and wild birds, are known reservoirs and are a potential
source of infection for laboratory and animal care personnel. While the infective
dose is not firmly established, ingestion of as few as 350-800 organisms has
caused symptomatic infection.®®"' Natural transmission usually occurs from
ingestion of organisms in contaminated food such as poultry and milk products,
contaminated water, or from direct contact with infected pets and farm animals—
particularly exposure to cow manure.’? Person-to-person transmission has been
documented.” Although the iliness is usually self-limiting, relapses can occur in
untreated cases and in association with some immunocompromised conditions.™
Although infection can be mild, significant complications can occur in pregnant
women, including septic abortion.”57®

Laboratory Safety and Containment Recommendations

Pathogenic Campylobacter spp. may occur in fecal specimens in large numbers.
C. fetus subsp. fetus may also be present in blood, exudates from abscesses,
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tissues, and sputa. Campylobacter spp. can survive for many weeks in water at
4°C. The primary laboratory hazards are ingestion and parenteral inoculation of
the organism. The significance of aerosol exposure is not known.

BSL-2 practices, containment equipment, and facilities are recommended

for activities with cultures or potentially infectious clinical materials. ABSL-2
practices, containment equipment, and facilities are recommended for activities
with naturally or experimentally infected animals.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Chlamydia psittaci, C. trachomatis, C. pneumoniae

Chlamydia psittaci, C. pneumoniae, and C. trachomatis are the three species of
Chlamydia known to infect humans. Alternative nomenclature may include the
names Chlamydophila pneumoniae and Chlamydophila psittaci. Chlamydiae are
non-motile, bacterial pathogens with obligate intracellular life cycles. These three
species of Chlamydia vary in host spectrum, pathogenicity, and in the clinical
spectrum of disease. C. psittaci is a zoonotic agent that commonly infects
psittacine (i.e., parrot family) birds and is highly pathogenic for humans. With
appropriate treatment, the mortality rate for C. psittaci is about 1%.7-"°

C. trachomatis is historically considered an exclusively human pathogen.

C. pneumoniae is considered the least pathogenic species, often resulting in
subclinical or asymptomatic infections in both animals and humans. Chlamydiae
have a biphasic life cycle: elementary bodies form the extracellular stage and
are infective, while the reticulate bodies are intracellular and replicate by binary
fission in vacuoles.”8-80

Occupational Infections

Chlamydial infections caused by C. psittaci and C. trachomatis lymphogranuloma
venereum (LGV) strains were at one time among the commonly reported
laboratory-associated bacterial infections.?¢#3 In cases reported before 1955, the
majority of infections were psittacosis, and these had the highest case fatality rate
of laboratory-associated infectious agents.® The major sources of laboratory-
associated psittacosis are contact with and exposure to infectious aerosols in

the handling, care, or the necropsy of naturally or experimentally infected birds.
Infected mice and eggs also are important sources of C. psittaci. Most reports

of Laboratory-associated infections with C. trachomatis attribute the infection

to inhalation of large quantities of aerosolized organisms during purification or
sonification procedures. Early reports commonly attributed infections to exposure
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to aerosols formed during nasal inoculation of mice or inoculation of egg yolk
sacs and harvest of chlamydial elementary bodies. Infections are associated
with fever, chills, malaise, and headache; a dry cough is also associated with

C. psittaci infection. Some workers exposed to C. trachomatis have developed
conditions including mediastinal and supraclavicular lymphadenitis, pneumonitis,
conjunctivitis, and keratitis.?" Seroconversion to chlamydial antigens is common
and often striking; however, early antibiotic treatment may prevent an antibody
response. Antibiotics are effective against chlamydial infections. A case of
Laboratory-associated infection attributed to inhalation of droplet aerosols with
C. pneumoniae has been reported.® There has been a report of an outbreak
attributed to exposure to equine fetal membranes.?-% With all species of
Chlamydia, occupational exposures that can lead to infection most often occur
through exposure to mucosal tissues in the eyes, nose, and respiratory tract.

Natural Modes of Infection

C. psittaci is the cause of psittacosis, a respiratory infection that can lead to
severe pneumonia requiring intensive care support and possible death. Sequelae
include endocarditis, hepatitis, abortion, and neurological complications.”
Natural infections are acquired by inhaling dried secretions from infected birds.
Psittacine birds commonly kept as pets (e.g., parrots, parakeets, cockatiels) and
poultry are most frequently involved in transmission. C. trachomatis can cause

a spectrum of clinical manifestations including genital tract infections, inclusion
conjunctivitis, trachoma, pneumonia in infants, and LGV. The LGV strains cause
more severe and systemic disease than do genital strains. C. trachomatis genital
tract infections are sexually transmitted and ocular infections (trachoma) are
transmitted by exposure to secretions from infected persons through contact or
fomite transmission. C. pneumoniae is a common cause of respiratory infection;
up to 50% of adults have serologic evidence of previous exposure. Infections with
C. pneumoniae are transmitted by droplet aerosolization and are most often mild
or asymptomatic, although there is research on the possible association of this
agent with chronic diseases such as atherosclerosis, asthma, and others.528°

Laboratory Safety and Containment Recommendations

C. psittaci may be present in the tissues, feces, nasal secretions, and blood

of infected birds, and in the blood, sputum, and tissues of infected humans.

C. psittaci can remain infectious in the environment for months and on dry,
inanimate surfaces for 15 days.*®® C. trachomatis may be present in genital,

bubo, and conjunctival fluids of infected humans. Exposure to infectious aerosols
and droplets, created during the handling of infected birds and tissues, are

the primary hazards to laboratory personnel working with C. psittaci.®"*2 The
primary laboratory hazards of C. trachomatis and C. pneumoniae are accidental
parenteral inoculation and direct and indirect exposure of mucous membranes
of the eyes, nose, and mouth to genital, bubo, or conjunctival fluids, cell culture
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materials, and fluids from infected cell cultures or eggs. Infectious aerosols,
including those that may be created as a result of centrifugation, also pose a risk
for infection.

BSL-3 practices and containment equipment are recommended for activities
involving work with cultures, specimens, or clinical isolates known to contain or
be potentially infected with the LGV serovars (L1 through L3) of C. trachomatis.
BSL-3 practices, containment equipment, and facilities are indicated for activities
with high potential for droplet or aerosol production and for activities involving
large quantities or concentrations of infectious materials.

BSL-3 practices, containment equipment, and facilities are also recommended
for activities involving the necropsy of infected birds and the diagnostic
examination of tissues or cultures known to contain or be potentially infected
with C. psittaci strains of avian origin. Wetting the feathers of infected birds

with a detergent-disinfectant prior to necropsy can appreciably reduce the risk

of aerosols of infected feces and nasal secretions on the feathers and external
surfaces of the bird. ABSL-3 practices, containment equipment, and facilities and
respiratory protection are recommended for personnel working with naturally or
experimentally infected caged birds.

Activities involving non-avian strains of C. psittaci may be performed in a BSL-2
facility as long as BSL-3 practices are followed. Laboratory work with the LGV
serovars of C. trachomatis can be conducted in a BSL-2 facility as long as BSL-3
practices are followed when handling potentially infectious materials.

BSL-2 practices, containment equipment, and facilities are recommended

for personnel working with clinical specimens and cultures or other materials
known or suspected to contain the ocular or genital serovars of C. trachomatis
or C. pneumoniae. ABSL-2 practices, containment equipment, and facilities are
recommended for activities with animals that have been experimentally infected
with genital serovars of C. frachomatis or C. pneumoniae.

Special Issues

C. trachomatis genital infections are reportable infectious diseases.
Vaccines There are no human vaccines against Chlamydia spp.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

160  Biosafety in Microbiological and Biomedical Laboratories



Clostridium botulinum and neurotoxin-producing species of Clostridia

Clostridium botulinum, and rare strains of C. baratii and C. butyricum, are
anaerobic, spore-forming, Gram-positive bacilli that cause botulism, a life-threat-
ening foodborne illness. The pathogenicity of these organisms results from the
production of botulinum toxin under anaerobic conditions in which C. botulinum
spores germinate. Please refer to Botulinum neurotoxins in Section VIII-G for
biosafety guidance in handling toxin preparations.

Laboratory Safety and Containment Recommendations

Neurotoxin producing Clostridia species or its toxin may be present in a variety
of food products, clinical materials (serum, feces), and environmental samples
(soil, surface water) handled in the laboratory.®® In addition, bacterial cultures
may produce very high levels of toxin.** In healthy adults, it is typically the

toxin and not the organism that causes disease. Risk of laboratory exposure

is primarily due to the presence of the toxin, as opposed to infection from the
organism that produces the toxin. Toxin exposure may occur through ingestion,
contact with non-intact skin or mucosal membranes, or inhalation. Although
spore-forming, there is no known risk from spore exposure except for the
potential presence of residual toxin associated with pure spore preparations. It is
recommended to use laboratory safety protocols that focus on the prevention of
accidental exposure to the toxin produced by these Clostridia species.

BSL-3 practices and containment are recommended for activities with a high
potential for aerosol or droplet production or for those requiring routine handling
of larger quantities of the organism or toxin. ABSL-2 and BSL-2 practices,
containment equipment, and facilities are recommended for diagnostic studies
and titration of toxin. Before the collection of specimens, it is recommended to
call the designated public health laboratory regarding any case of suspected
botulism for guidance on diagnosis, treatment, specimen collection, and
investigation.®® BSL-2 practices, containment equipment, and facilities are
recommended for activities that involve the organism or the toxin including the
handling of potentially contaminated food.%

Special Issues

Select Agent Neurotoxin-producing Clostridia species are Select Agents requiring
registration with CDC and/or USDA for possession, use, storage and/or transfer.
See Appendix F for additional information. See the C. botulinum Toxin Agent
Summary Statement in Section VIII-G and Appendix | for additional information.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent or its toxin
to another country. See Appendix C for additional information.
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Clostridioides (formerly Clostridium) difficile

Clostridioides (formerly Clostridium) difficile is a Gram-positive, spore-forming,
obligate anaerobic bacillus, and it is the most common cause of infectious
diarrhea in hospitalized patients.®” The incidence of infection in the United States
has increased dramatically since 2000. There were a half a million cases and
29,000 deaths reported in the United States in 2011.%8 Increases in incidence
have also been observed worldwide.*® Clinical presentations range from
asymptomatic colonization to mild self-limiting diarrhea to fulminant pseudomem-
branous colitis, toxic megacolon, and multi-organ failure, requiring emergency
colectomy.'® Because individuals may be asymptomatically colonized with
toxigenic or non-toxigenic strains of C. difficile, testing in the clinical diagnostic
laboratory may involve one of several one, two, or three-step algorithms in an
attempt to optimize sensitivity and specificity. Tests include enzyme immuno-
assays for free toxin or glutamate dehydrogenase, toxigenic culture, and nucleic
acid amplification tests for toxin.’

Occupational Infections

There is a report of laboratory-associated C. difficile infection based on a clinical
laboratory survey,'®2but cases are rare.

Natural Modes of Infection

Transmission is primarily via the fecal-oral route through hand-to-hand contact.
Airborne environmental dispersal is also a route of transmission.'%%'% Most
infections present during or shortly after a course of antimicrobial therapy, which
disrupts the intestinal microbial composition, permitting C. difficile colonization
and toxin production. Clindamycin, other macrolides, third-generation cephalo-
sporins, penicillins, and fluoroquinolones are frequently associated with

C. difficile infection.' Between 20—-35% of patients fail initial therapy, and

60% of patients with multiple prior recurrences will fail subsequent therapy.
Fecal transplantation has become a successful therapeutic option for many
patients.'%19 Asymptomatic colonization in neonates and infants (<2 years)

is quite common. There is concern for an increasing incidence in children
beyond this age.'® C. difficile virulence factors include the exotoxins TcdA and
TcdB, which bind to receptors on epithelial cells. NAP1, PCR ribotype 027 is a
hypervirulent strain of Clostridioides difficile, which also contains a binary toxin
(CDT) and a deletion in the tcdC gene that affects the production of toxins.® It
is characterized by high-level fluoroquinolone resistance, efficient sporulation,
enhanced cytotoxicity, and high toxin production. There is an associated higher
mortality rate, as patients are more likely to develop life-threatening complica-
tions. 09110 |nfection or asymptomatic carriage can also occur in domestic, farm,
and wild animals. C. difficile can be recovered from retail meats.'%*
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Laboratory Safety and Containment Recommendations

Infectious fecal specimens are the most common C. difficile-containing specimens
received in the laboratory. Endospores of C. difficile are impervious to desiccation,
temperature fluctuations, freezing, irradiation, and many antiseptic solutions,
including alcohol-based gels and quaternary ammonium-based agents.'% Spores
can survive in the environment for months to years.'™ Guidelines are available
for management of healthcare-associated infections due to C. difficile and for
cleaning to reduce the spread of the organism."

BSL-2 practices, containment equipment, and facilities are recommended for
all activities utilizing known or potentially infected clinical materials or cultures.
ABSL-2 facilities are recommended for studies utilizing infected laboratory
animals.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Clostridium tetani and Tetanus toxin

Clostridium tetani is an anaerobic, endospore-forming, Gram-positive rod

found in the soil and is an intestinal tract commensal. It produces a potent
neurotoxin, tetanospasmin, which causes tetanus, an acute neurologic condition
characterized by painful muscular contractions. Tetanospasmin is an exceedingly
potent protein toxin that consists of a heavy chain subunit that binds the toxin to
receptors on neuronal cells and a light chain subunit that blocks the release of
inhibitory neural transmitter molecules within the central nervous system. The
incidence of tetanus in the United States has declined steadily since the intro-
duction of tetanus toxoid vaccines in the 1940s."2113

Occupational Infections

Although the risk of infection to laboratory personnel is low, there have been
some incidents of laboratory personnel exposure recorded.84

Natural Modes of Infection

Contamination of wounds by sail is the usual mechanism of transmission for
tetanus. Of the 233 cases of tetanus reported to CDC from 1998 through 2000,
acute injury (puncture, laceration, abrasion) was the most frequent predisposing
condition. Elevated incidence rates also were observed for persons aged over
60 years, diabetics, and intravenous drug users."2'3 When introduced into a
suitable anaerobic or microaerophilic environment, C. tetani spores germinate
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and produce tetanospasmin. The incubation period ranges from three to 21 days.
The observed symptoms are primarily associated with the presence of the toxin.
Wound cultures are not generally useful for diagnosing tetanus.®"'® Tetanus is

a medical emergency and immediate treatment with human tetanus immune
globulin is indicated."®

Laboratory Safety and Containment Recommendations

The organism may be found in soil, intestinal, or fecal samples. Accidental
parenteral inoculation of the toxin is the primary hazard to laboratory personnel.
Because it is uncertain if tetanus toxin can be absorbed through mucous
membranes, the hazards associated with aerosols and droplets remain unclear.

BSL-2 practices, containment equipment, and facilities are recommended for
activities involving the manipulation of cultures or toxins. ABSL-2 practices,
containment equipment, and facilities are recommended for animal studies.

Special Issues

Vaccines It is recommended that vaccination status be considered in a risk
assessment for work with this organism and/or toxin. While the risk of laboratory-
associated tetanus is low, vaccination is recommended for some following risk
assessment, and review of the current recommendations of the ACIP."®

Transfer of Agent Importation of this agent or its toxin may require CDC and/or
USDA importation permits. Domestic transport of this agent may require a permit
from USDA APHIS VS. A DoC permit may be required for the export of this agent
to another country. See Appendix C for additional information.

Corynebacterium diphtheriae

Corynebacterium diphtheriae is a pleomorphic, Gram-positive rod that is isolated
from the nasopharynx and skin of humans. The organism will grow on media
containing 5% sheep blood, but it is recommended that primary plating include
one selective agar such as cysteine-tellurite blood agar or fresh Tinsdale

media incubated in 5% CO2-enriched atmosphere to separate from normal oral
flora."” C. diphtheriae produces a potent exotoxin and is the causative agent of
diphtheria, one of the most widespread bacterial diseases of the pre-vaccine era.
The exotoxin gene is found on the beta-corynebacteriophage, which can infect
non-toxigenic strains of C. ulcerans or C. pseudotuberculosis, leading to the
production of toxin by these species.'®

Occupational Infections

Laboratory-associated infections with C. diphtheriae have been documented.?""°
Zoonotic infections with C. diphtheriae have not been recorded. C. ulcerans is

a zoonotic pathogen that has been cultured from untreated milk and companion
animals and infrequently associated with toxic infections in humans. 120121
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Inhalation, accidental parenteral inoculation, and ingestion are the primary
laboratory hazards.

Natural Modes of Infection

The agent may be present in exudates or secretions of the nose, throat (tonsil),
pharynx and larynx, in wounds, blood, and on the skin. C. diphtheriae can be
present for weeks to months in the nasopharynx and skin lesions of infected
individuals and for a lifetime in asymptomatic individuals. C. diphtheriae can
survive for up to six months on dry inanimate surfaces. Travel to endemic areas
or close contact with persons who have returned recently from such areas
increases risk.'?? Transmission usually occurs via direct contact with patients or
carriers, and more rarely, with articles such as clothing contaminated with secre-
tions from infected people. Naturally occurring diphtheria is characterized by the
development of grayish-white, membranous lesions involving the tonsils, pharynx,
larynx, or nasal mucosa. Systemic sequelae are associated with the production of
diphtheria toxin, and the toxic dose of diphtheria toxin in humans is <100 ng per
kg body weight.'? An effective vaccine is available for diphtheria, and this disease
has become a rarity in countries with vaccination programs.

Laboratory Safety and Containment Recommendations

BSL-2 practices, containment equipment, and facilities are recommended for
all activities utilizing known or potentially infected clinical materials or cultures.
ABSL-2 facilities are recommended for studies utilizing infected laboratory
animals.

Special Issues

Vaccines A licensed vaccine is available. The reader is advised to consult the
current recommendations of the ACIP."?* While the risk of laboratory-associated
diphtheria is low, the administration of an adult diphtheria-tetanus toxoid at
ten-year intervals may further reduce the risk of illness to laboratory and animal
care personnel.'?

Transfer of Agent Importation of this agent requires CDC and/or USDA
importation permits. A DoC permit may be required for the export of this agent to
another country. See Appendix C for additional information.

Francisella tularensis

Francisella tularensis is a small, Gram-negative coccobacillus that infects
numerous animal species, especially lagomorphs (including rabbits); it is the
causal agent of tularemia (Rabbit fever, Deer fly fever, Ohara disease, or
Francis disease) in humans. F. tularensis can be divided into three subspecies:
F tularensis (Type A), F. holarctica (Type B), and F. mediasiatica. F. tularensis
subsp. novicida is now considered to be a separate species and referred to as
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F. novicida. Type A and Type B strains are highly infectious, requiring only 10-50
organisms to cause disease, and are the main cause of tularemia worldwide.'?®
The overall fatality rate of infections is <2%, but can be up to 24% for particular
strains.'?® Person-to-person transmission of tularemia has not been documented.
The incubation period varies with the virulence of the strain, dose, and route of
introduction, but ranges from 1-14 days with most cases exhibiting symptoms in
three to five days.'?” Symptoms include sudden fever, chills, headaches, diarrhea,
muscle aches, joint pain, dry cough, and progressive weakness, with possible
development of pneumonia. Other symptoms may include skin or mouth ulcers,
swollen and painful lymph nodes, sore throat, and swollen, painful eyes.

Occupational Infections

Tularemia has been a commonly reported laboratory-associated bacterial
infection.®'2¢ Most cases have occurred at facilities involved in tularemia
research; however, cases have been reported in diagnostic laboratories as well.
Occasional cases are linked to work with naturally or experimentally infected
animals or their ectoparasites.

Natural Modes of Infection

Arthropod bites (e.g., tick, deer fly, horse fly, mosquito), handling or ingesting
infectious animal tissues or fluids, ingestion of contaminated water or food, and
inhalation of infective aerosols are the primary transmission modes in nature.
Occasionally, infections have occurred from bites or scratches by carnivores with
contaminated mouthparts or claws.

Laboratory Safety and Containment Recommendations

The agent may be present in lesion exudates, respiratory secretions, CSF, blood
or lymph node aspirates from patients, tissues from infected animals, fluids from
infected animals, and fluids from infected arthropods. Direct contact of skin or
mucous membranes with infectious materials, accidental parenteral inoculation,
ingestion, and exposure to aerosols and infectious droplets have resulted in
infection. Infection has been more commonly associated with cultures than with
clinical materials and infected animals.'? According to the Public Health Agency
of Canada’s (PHAC) Pathogen Safety Data Sheet for F. tularensis, the agent
can survive for months to years in carcasses, organs, and straw. Additional
information is available at https://www.canada.ca/en/public-health/services/
laboratory-biosafety-biosecurity/pathogen-safety-data-sheets-risk-assessment/
francisella-tularensis-material-safety-data-sheets-msds.html.

BSL-3 and ABSL-3 practices, containment equipment, and facilities are recom-
mended for all manipulations of suspect cultures, animal necropsies, and for
experimental animal studies. BSL-3 practices are recommended for preparatory
work prior to the use of automatic instruments that involves manipulation of
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cultures. Characterized strains of reduced virulence such as LVS and SCHU
S4AclpB can be handled with BSL-2 practices. F. novicida strains can also be
handled with BSL-2 practices. BSL-2 practices, containment equipment, and
facilities are recommended for initial activities involving clinical materials of
human or animal origin suspected to contain F. tularensis.

Special Issues

Be advised of possible misidentification using automated systems. For identifi-
cation of samples suspected of containing F. tularensis using MALDI-TOF MS, it
is recommended to use alternative tube extraction that kills viable organisms and
not direct spotting of plates in the open laboratory.

Vaccines A vaccine for tularemia is under review by the Food and Drug Adminis-
tration and is not currently available in the United States.'°

Select Agent F. tularensis is a Select Agent requiring registration with CDC
and/or USDA for possession, use, storage and/or transfer. See Appendix F for
additional information.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Helicobacter species

Helicobacter species are spiral or curved, Gram-negative rods isolated from
gastrointestinal and hepatobiliary tracts of mammals and birds. There are
currently 37 recognized species, including at least 14 isolated from humans.
Helicobacter pylori is the main cause of peptic ulcer disease and a major risk
factor for gastric cancer. The main habitat of H. pylori is the human gastric
mucosa. Other Helicobacter spp. (H. cinaedi, H. canadensis, H. canis,

H. pullorum, and H. fennelliae) may cause asymptomatic infection as well as
proctitis, proctocolitis, enteritis and extraintestinal infections in humans.
Prevalence of H. pylori infection is decreasing worldwide, but infection is higher
in certain ethnic groups and in migrants.'*2

Occupational Infections

Both experimental and accidental LAls with H. pylori have been reported.333
Ingestion is the primary known laboratory hazard. The importance of aerosol
exposures is unknown.

Natural Modes of Infection

Chronic gastritis and duodenal ulcers are associated with H. pylori infection.
Epidemiologic associations have also been made with gastric adenocarcinoma.'3®
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Human infection with H. pylori may be long in duration with few or no symptoms
or may present as an acute gastric illness. Transmission, while incompletely
understood, is thought to be by the fecal-oral or oral-oral route.

Laboratory Safety and Containment Recommendations

H. pylori may be present in gastric and oral secretions and stool. The enterohe-
patic Helicobacter spp. (e.g., H. canadensis, H. canis, H. cinaedi, H. fennelliae,
H. pullorum, and H. winghamensis) may be isolated from stool specimens,
rectal swabs, and blood cultures.'! It is recommended to incorporate processes
for containment of potential aerosols or droplets into procedures involving
homogenization or vortexing of gastric specimens.'3®

BSL-2 practices, containment equipment, and facilities are recommended for
activities with clinical materials and cultures known to contain or potentially
contain the Helicobacter spp. ABSL-2 practices, containment equipment,
and facilities are recommended for activities with experimentally or naturally
infected animals.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Legionella pneumophila and other Legionella spp.

Legionella spp. are small, faintly staining, Gram-negative bacteria. They are
obligately aerobic, slow-growing, nonfermentative organisms that have a unique
requirement for L-cysteine and iron salts for in vitro growth. Legionellae are
readily found in natural aquatic bodies and some species (L. longbeachae) have
been recovered from soil.'*"'% They are able to colonize hot-water tanks at a
temperature range from 40 to 50°C. There are currently 59 known Legionella
species, three subspecies, and over 70 distinct serogroups of Legionella. While
30 species are known to cause human infection, the most frequent cause of
human infection is L. pneumophila serogroup 1.'%"

Occupational Infections

Although laboratory-associated cases of legionellosis have not been reported

in the literature, at least one case due to presumed aerosol or droplet exposure
during animal challenge studies with L. pneumophila has been recorded.'
There has been one reported case of probable human-to-human transmission of
Legionella spp.'*°
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Natural Modes of Infection

Legionella is commonly found in environmental sources, typically in man-made,
warm water systems. The mode of transmission from these reservoirs is aerosol-
ization, aspiration, or direct inoculation into the airway.'®” Legionella spp. may be
present in amoebae from contaminated water. Legionella spp. have the ability to
persist outside of hosts in biofilms, surviving for months in distilled water and for
over a year in tap water.™' The spectrum of iliness caused by Legionella species
ranges from a mild, self-limited, flu-like iliness (Pontiac fever) to a disseminated
and often fatal disease characterized by pneumonia and respiratory failure
(Legionnaires’ disease). Although rare, Legionella has been implicated in cases
of sinusitis, cellulitis, pericarditis, and endocarditis.'® Legionellosis may be either
community-acquired or nosocomial. Risk factors include smoking, chronic lung
disease, and immunosuppression. Surgery, especially involving transplantation,
has been implicated as a risk factor for nosocomial transmission.

Laboratory Safety and Containment Recommendations

The agent may be present in respiratory tract specimens (i.e., sputum, pleural
fluid, bronchoscopy specimens, lung tissue) and in extrapulmonary sites.

A potential hazard may exist for the generation of aerosols containing high
concentrations of the agent.

For activities likely to produce extensive aerosols or when large quantities of
Legionella spp. are manipulated, BSL-2 with BSL-3 practices are recommended.
BSL-2 practices, containment equipment, and facilities are recommended

for all activities involving materials or cultures suspected or known to contain
Legionella spp.

ABSL-2 practices, containment equipment, and facilities are recommended for
activities with experimentally-infected animals. Routine processing of environ-
mental water samples for Legionella may be performed with standard BSL-2
practices.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Leptospira

The genus Leptospira is composed of spiral-shaped bacteria with hooked ends.
Leptospires are ubiquitous in nature; they are either free-living in freshwater or
associated with renal infection in animals. Historically, these organisms have
been classified into pathogenic (L. interrogans) and saprophytic (L. biflexa)
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groups, but recent studies have identified more than 21 species based on genetic
analysis, nine of which are definitive pathogens.'? These organisms also have
been characterized serologically, with more than 200 pathogenic and 60 sapro-
phytic serovars identified.™? These organisms are the cause of leptospirosis, a
zoonotic disease of worldwide distribution. Growth of leptospires in the laboratory
requires specialized media and culture techniques, and cases of leptospirosis are
usually diagnosed by serology.

Occupational Infections

Leptospirosis is a well-documented, laboratory hazard. In older literature, 70 LAls
and ten deaths have been reported.®®# Direct and indirect contact with fluids and
tissues of experimentally or naturally infected mammals during handling, care,

or necropsy are potential sources of infection.'#3'44 A laboratory-associated case
caused by percutaneous exposure to broth cultures of Leptospira was reported

in 2004.'* 1t is important to remember that rodents are natural carriers of lepto-
spires. Animals with chronic renal infection shed large numbers of leptospires in
the urine continuously or intermittently for long periods of time. Leptospira spp.
may persist for weeks in soil contaminated with infected urine. Rarely, infection
may be transmitted by bites of infected animals.'*?

Natural Modes of Infection

Human leptospirosis typically results from direct contact with infected animals,
contaminated animal products, or contaminated water sources. Common routes
of infection are abrasions, cuts in the skin or via the conjunctiva. Higher rates of
infection are observed in agricultural workers and workers in other occupations
associated with animal contact. Human-to-human transmission is rare. Leptospi-
rosis can cause the following symptoms: fever, headache, chills, muscle aches,
vomiting, jaundice, red eyes, abdominal pain, diarrhea, and rash. After an initial
phase of iliness, the patient may recover, then become ill again with another
more severe phase that can involve kidney failure, liver failure, or meningitis
(Weil's Disease).'6

Laboratory Safety and Containment Recommendations

The organism may be present in urine, blood, and tissues of infected animals
and humans. Asymptomatic infection may occur in carrier animals and humans.
Ingestion, parenteral inoculation, and direct and indirect contact of skin or
mucous membranes, particularly the conjunctiva, with cultures or infected
tissues or body fluids are the primary laboratory hazards. The importance of
aerosol exposure is unclear, but occasional cases of inhalation of droplets of
urine or water have been suspected.’

BSL-2 practices, containment equipment, and facilities are recommended for
all activities involving the use or manipulation of known or potentially infective
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tissues, body fluids, and cultures. ABSL-2 practices are recommended for the
housing and manipulation of infected animals.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Listeria monocytogenes

Listeria monocytogenes is a Gram-positive, catalase-positive, non-spore
forming, aerobic bacillus that is weakly beta-hemolytic on sheep blood agar.'4®
The organism has been isolated from soil, animal feed (silage), and a wide
range of human foods and food processing environments. It may also be
isolated from symptomatic/asymptomatic animals (particularly ruminants) and
humans.' This organism is the causative agent of listeriosis, a foodborne
disease of humans and animals.

Occupational Infections

Cutaneous listeriosis, characterized by pustular or papular lesions on the arms
and hands, has been described in veterinarians and farmers.'s® Asymptomatic
carriage has been reported in laboratorians. s

Natural Modes of Infection

Most human cases of listeriosis result from eating contaminated foods, notably
soft cheeses, ready-to-eat meat products (e.g., hot dogs, luncheon meats),
paté, and smoked fish/seafood.' Listeriosis can present in healthy adults with
symptoms of fever and gastroenteritis; pregnant women and their fetuses;
newborns; and persons with impaired immune function are at greatest risk of
developing severe infections including sepsis, meningitis, and fetal demise.

In pregnant women, L. monocytogents infections occur most often in the third
trimester and may precipitate labor. Transplacental transmission of L. monocyto-
genes poses a grave risk to the fetus.'®?

Laboratory Safety and Containment Recommendations

Listeria monocytogenes may be found in feces, CSF, and blood, as well as
numerous food and environmental samples.'® L. monocytogenes is somewhat
heat-resistant, can tolerate (and replicate in) cold temperatures, can survive at
low pH conditions, and can be resistant to some disinfectants such as quaternary
ammonium compounds.'5®'% Naturally or experimentally infected animals are

a source of exposure to laboratory workers, animal care personnel, and other
animals. While ingestion is the most common route of exposure, Listeria can also
cause eye and skin infections following direct contact with the organism.
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BSL-2 practices, containment equipment, and facilities are recommended when
working with clinical specimens and cultures known or suspected to contain
Listeria. ABSL-2 practices, containment equipment, and facilities are recom-
mended for activities involving experimentally or naturally infected animals. Due
to potential risks to the fetus, it is recommended that pregnant women be advised
of the risk of exposure to L. monocytogenes.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Mycobacterium leprae

Mycobacterium leprae is a Gram-positive bacterium and is the causative agent
of leprosy, also called Hansen’s disease. M. leprae are intracellular bacteria
that cannot be cultured using laboratory medium. Bacteria can be recovered
from infected tissues and propagated in laboratory animals, specifically the
nine-banded armadillo. M. lepromatosis are related bacteria that have now been
identified to cause similar disease.'

Occupational Infections

There are no cases of occupational acquisition of M. leprae reported as a result
of working in a laboratory or being in contact with clinical materials of human or
animal origin.

Natural Modes of Infection

Leprosy is transmitted from person-to-person following prolonged exposure,
presumably via contact with respiratory secretions from infected individuals or
animals. Naturally-occurring leprosy has been reported in armadillos, with both
humans and armadillos recognized as reservoirs for infection.s®'5” Although
transmission from armadillos to humans has not been definitively proven, it is
likely since contact with armadillos is a significant risk factor for acquisition of
human disease.'®'%° Cases in the United States have recently been seen in
Texas, Florida, and Louisiana.'®®'¢" Endemic animal forms of the disease have
been described due to related organisms. 62

Laboratory Safety and Containment Recommendations

M. leprae may be present in tissues and exudates from lesions of infected
humans and experimentally or naturally infected animals. Direct contact of the
skin and mucous membranes with infectious materials and parenteral inoculation
are the primary potential laboratory hazards associated with handling infectious
clinical materials.
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Selection of an appropriate disinfectant is an important consideration for labora-
tories working with mycobacteria. See Appendix B for additional information.

BSL-2 practices, containment equipment, and facilities are recommended for all
activities with known or potentially infectious materials from humans and animals.
It is recommended to use extraordinary care to avoid accidental parenteral
inoculation with contaminated sharp instruments. ABSL-2 practices, containment
equipment, and facilities are recommended for animal studies utilizing rodents,
armadillos, and NHPs.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Mycobacterium tuberculosis complex

The Mycobacterium tuberculosis complex includes the species M. tuberculosis,
M. bovis, M. africanum, M. caprae, M. microti, M. canettii, M. pinnipedii, and the
recently described species M. mungi and M. orygis.'®3'¢* M. tuberculosis grows
slowly, typically requiring several weeks for formation of colonies on solid media.
Incubation in broth culture can at times reduce the incubation time to less than
one week if the inoculum is sufficient.'®® The organism has a thick, lipid-rich cell
wall that renders bacilli resistant to harsh treatments including alkali and deter-
gents. Mycolic acid in the cell wall results in a positive acid-fast stain.

Occupational Infections

M. tuberculosis and M. bovis infections are a proven hazard to laboratory
personnel and others who may be exposed to infectious aerosols in the
laboratory, autopsy rooms, and other healthcare facilities.36:34165-16% The incidence
of tuberculosis in health care personnel working with M. tuberculosis-infected
patients has been reported to be significantly higher than that of those not
working with the agent.’” Multidrug-resistant (MDR) and extensively drug-
resistant (XDR) strains are of particular concern.'®'"! Naturally or experimentally
infected NHPs are a proven source of human infection.'”? Experimentally-infected
guinea pigs and mice do not pose the same hazard because droplet nuclei are
not produced by coughing in these species; however, litter from infected animal
cages may become contaminated and serve as a source of infectious aerosols.

Natural Modes of Infection

M. tuberculosis is the etiologic agent of tuberculosis, a leading cause of morbidity
and mortality worldwide. Infectious aerosols produced by coughing spread
disease from person to person. Some individuals will develop active disease
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within months of infection, and some of those will clear the infection completely.
Others will achieve immunological control with latent (but viable) organisms, with
potential for reactivation later upon immunosuppression. Approximately 5-10%
of latent infections progress to active infections. The primary focus of infection

is the lungs, but extra-pulmonary disease does occur, primarily in immunocom-
promised individuals. Miliary (disseminated) tuberculosis has the most serious
consequences with meningitis developing in 50% of cases, along with a high
fatality rate if not treated effectively. HIV infection is a serious risk factor for the
development of active disease. M. bovis is primarily found in animals but can
also infect humans. It is spread to humans, primarily children, by consumption of
non-pasteurized milk and dairy products, by handling of infected carcasses, or by
inhalation. Human-to-human transmission of M. bovis via aerosols is possible.

Laboratory Safety and Containment Recommendations

Tubercle bacilli may be present in sputum, gastric lavage fluids, CSF, urine,

and in a variety of tissues. Exposure to laboratory-generated aerosols is the

most important laboratory hazard encountered. Tubercle bacilli may survive in
heat-fixed smears and, if present, may be aerosolized in the preparation of frozen
tissue sections.'”" Because of the low infective dose of M. tuberculosis (<10
bacilli), it is recommended that sputa and other clinical specimens from suspected
or known cases of tuberculosis be considered potentially infectious and handled
with appropriate precautions. Mycobacteria can be resistant to disinfection

and may survive on inanimate surfaces for long periods. Needlesticks are also

a recognized hazard. Selection of an appropriate disinfectant is an important
consideration for laboratories working with mycobacteria. See Appendix B for
additional information.

BSL-3 practices, containment equipment, and facilities are recommended for
laboratory activities in the propagation and manipulation of cultures of any of
the subspecies of the M. tuberculosis complex. Use of a slide-warming tray,
rather than a flame, is recommended for fixation of slides. ABSL-3 practices
are recommended for animal studies using experimentally or naturally infected
NHPs or immunocompromised mice, as high titers may be found in organs from
immunocompromised animals. Animal studies using rodents (e.g., guinea pigs,
rats, rabbits, mice) can be conducted at ABSL-2 with ABSL-3 practices.'* All
airborne infections of rodents using M. tuberculosis must be performed in an
appropriate ABSL-3 laboratory.

BSL-2 practices and procedures, containment equipment, and facilities are
recommended for non-aerosol-producing manipulations of clinical specimens.
Manipulation of small quantities of the attenuated vaccine strain M. bovis Bacillus
Calmette-Guérin (BCG) can be performed at BSL-2 in laboratories that do not
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culture M. tuberculosis and do not have BSL-3 facilities. However, considerable
care is suggested to verify the identity of the strain and to ensure that cultures are
not contaminated with virulent M. tuberculosis or other M. bovis strains.

Special Issues

Be advised of possible misidentification using automated systems. For
identification using MALDI-TOF MS, it is recommended to use alternative tube
extraction that kills viable organisms in the BSC, and not direct spotting of plates
in the open laboratory.

Surveillance Annual or semi-annual skin testing with purified protein derivative
(PPD) or FDA-approved Interferon-Gamma Release Assay (IGRA) of previously
skin-test-negative personnel can be used as a surveillance procedure.'”®

Vaccines The attenuated live BCG is available and used in other countries but is
not generally recommended for use in the United States.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Mycobacterium spp. other than M. tuberculosis complex and M. leprae

There are over 150 Mycobacterium species including both slowly and rapidly
growing species.'®® In the past, mycobacterial isolates that were not identified
as M. tuberculosis complex were often called atypical mycobacteria, but these
are now more commonly referred to as nontuberculous mycobacteria (NTM) or
mycobacteria other than tuberculosis (MOTT). The majority of mycobacterial
species are common environmental organisms. There has been a perceived
increase in NTM isolated from hospitalized patients over the past 20 years.'’8177
Approximately 25 species are associated with human infections, with a number
of additional species associated with infections in immunocompromised
persons.'” All of these species are considered opportunistic pathogens in
humans, and they are not considered generally communicable; however, there
is evidence of transmission between some individuals with chronic diseases.'”®
The most common types of infections and causes are:

1. Pulmonary disease with a clinical presentation resembling tuberculosis
caused by M. kansasii, M. avium, and M. intracellulare;

2. Lymphadenitis associated with M. avium, M. scrofulaceum, and other
rapidly growing mycobacteria;8°

3. Disseminated infections in immunocompromised individuals caused by
M. avium and M. intracellulare;
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4.  Pulmonary infection or colonization of patients with cystic fibrosis
caused by M. avium complex, M. kansasii, M. abscessus, and other
rapidly growing mycobacteria;'8"'82 and

5. Skin ulcers and soft tissue wound infections including Buruli ulcer
caused by M. ulcerans, granulomas caused by M. marinum associated
with exposure to organisms in freshwater and saltwater and fish tanks,
and tissue infections resulting from trauma or surgical procedures
caused by M. fortuitum, M. chelonae, and M. abscessus.

Occupational Infections

A Laboratory-associated infection with Mycobacterium spp. other than M. tuber-
culosis complex was reported when a laboratory worker injected bacteria into his
thumb while performing experiments on mice. '8

Natural Modes of Infection

Person-to-person transmission is not considered common, but there is
evidence for transmission in some populations.'® Presumably, pulmonary
infections are most often the result of inhalation of aerosolized bacilli,

most likely from the surface of contaminated water. Mycobacteria are
widely distributed in the environment and in animals, and zoonoses have
occurred.'®'8 They are also common in potable water supplies, perhaps as
the result of the formation of biofilms.

Laboratory Safety and Containment Recommendations

Various species of mycobacteria may be present in sputa, exudates from

lesions, tissues, and in environmental samples. Mycobacteria can be resistant to
disinfection and survive on inanimate surfaces and for long periods in natural and
tap water sources. Direct contact of skin or mucous membranes with infectious
materials, ingestion, and parenteral inoculation are the primary laboratory
hazards associated with clinical materials and cultures. Aerosols created during
the manipulation of broth cultures or tissue homogenates of these organisms also
pose a potential infection hazard.

BSL-2 practices, containment equipment, and facilities are recommended for
activities with clinical materials and cultures of Mycobacterium other than

M. tuberculosis complex. Clinical specimens may also contain M. tuberculosis
and laboratory workers are advised to exercise caution to ensure the correct
identification of mycobacterial isolates. Special caution is recommended in
handling M. ulcerans and M. marinum to avoid skin exposure. ABSL-2 practices,
containment equipment, and facilities are recommended for animal studies.
Selection of an appropriate tuberculocidal disinfectant is an important consider-
ation for laboratories working with mycobacteria. See Appendix B for additional
information.
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Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Neisseria gonorrhoeae

Neisseria gonorrhoeae is a Gram-negative, oxidase-positive diplococcus
associated with gonorrhea, a sexually transmitted disease of humans. The
organism may be isolated from clinical specimens and cultivated in the laboratory
using specialized growth media.'® Infection is often diagnosed using molecular
methods on direct clinical specimens.

Occupational Infections

Laboratory-associated gonococcal infections have been reported in the United
States and elsewhere.'®-8° These infections have presented as conjunctivitis,
with either direct finger-to-eye contact or exposure to splashes of either liquid
cultures or contaminated solutions proposed as the most likely means of
transmission.

Natural Modes of Infection

Gonorrhea is a sexually transmitted disease of worldwide importance. The 2016
rate of reported infection for this disease in the United States was 145.8 per
100,000 population, a steady increase from a low of 98.1 infections per 100,000
population recorded in 2009."" The natural mode of infection is through direct
contact with exudates from mucous membranes of infected individuals. This
usually occurs by sexual activity, although newborns may also become infected
during birth. ¢

Laboratory Safety and Containment Recommendations

The agent may be present in conjunctival, urethral and cervical exudates,
synovial fluid, urine, feces, blood, and CSF. Parenteral inoculation and direct

or indirect contact of mucous membranes with infectious clinical materials are
known primary laboratory hazards. Laboratory-associated illness due to aerosol
transmission has not been documented.

Additional primary containment and personnel precautions such as those
described for BSL-3 may be indicated when there is high risk of aerosol or droplet
production and for activities involving production quantities or high concentrations
of infectious materials. BSL-2 practices, containment equipment, and facilities

are recommended for all activities involving the use or manipulation of clinical
materials or cultures. Animal studies may be performed at ABSL-2.
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Special Issues

Neisseria gonorrhoeae has gained resistance to several classes of antimicrobials
over the last few decades, making the organism increasingly difficult to treat.
Fluoroquinolones, oral cephalosporins such as cefixime, and doxycycline are no
longer recommended for treatment of uncomplicated gonorrhea. An extensively
drug-resistant (XDR) strain has been reported and is being monitored, and
currently, there are no other effective treatments for XDR gonorrhea.'®?

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Neisseria meningitidis

Neisseria meningitidis is a Gram-negative diplococcus which can cause serious
invasive bacterial infections, with clinical manifestations including serious

acute meningitis and septicemia in humans. Virulence is associated with the
expression of a polysaccharide capsule. Among the thirteen defined N. menin-
gitidis capsular serogroups, six are the main causes of invasive meningococcal
disease (serogroups A, B, C, W, X and Y). The handling of N. meningitidis
isolates, particularly from sterile body sites, and/or clinical specimens containing
live N. meningitidis may increase the risk of transmission for microbiologists.'®

Occupational Infections

Manipulating suspensions of N. meningitidis outside a BSC is associated with

a high risk for contracting meningococcal disease.'**'% Microbiologists have

been shown to have a much higher infection rate compared to that of the United
States’ general population aged 30-59 years, and a case fatality rate of 50%—
substantially higher than the 12-15% associated with disease among the general
population. Almost all the microbiologists identified as having an LAl had manip-
ulated invasive N. meningitidis isolates on an open laboratory bench.'® Rigorous
protection from droplets or aerosols (including the use of a BSC) is recommended
when microbiological procedures are performed on all N. meningitidis isolates.
Although there are some molecular assays that can detect N. meningitidis directly
in clinical specimens, cultures are still routinely performed.

Natural Modes of Infection

The human upper respiratory tract is the natural reservoir for N. meningitidis.
Invasion of organisms from the respiratory mucosa into the circulatory system
causes infection that can range in severity from subclinical to fulminant fatal
disease. Transmission occurs from person-to-person and is usually mediated by
direct contact with respiratory droplets from infected individuals.
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Laboratory Safety and Containment Recommendations

N. meningitidis may be present in pharyngeal exudates, CSF, blood, saliva,
sterile body sites (most commonly CSF and blood), and in rare cases, urine or
urethral (genital) discharge. Parenteral inoculation, droplet exposure of mucous
membranes, infectious aerosol generation and ingestion are the primary hazards
to laboratory personnel. Based on the mechanism of natural infection and the risk
associated with the handling of isolates on an open laboratory bench, exposure
to droplets or aerosols of N. meningitidis is the most likely risk for infection in

the laboratory. Although N. meningitidis does not survive well outside of a host,
the organism is able to survive on plastic and glass from hours to days at room
temperature.

BSL-3 practices and procedures are indicated for activities with a high potential
for droplet or aerosol production and for activities involving production quantities
or high concentrations of infectious materials. BSL-2 practices, containment
equipment, and facilities are recommended for handling bacterial cultures and
inoculation of clinical materials. It is recommended to handle all N. meningitidis
cultures within a BSC. ABSL-2 conditions are recommended for animal studies.

Special Issues

Vaccines For protection against N. meningitidis serogroups A, C, Y, and W-135,
there are commercially available polysaccharide and conjugate vaccines. These
are recommended to be administered to otherwise healthy children in adoles-
cence with a booster in late adolescence.'®® Recently, a meningococcal serogroup
B vaccine has become available. Both vaccines are necessary for full protection
as one does not confer immunity for the other.'®® Vaccination with both vaccines is
recommended for laboratorians who handle live bacteria and may be exposed to
N. meningitidis.93197.1%8

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Salmonella serotypes, other than S. enterica serotype Typhi (S. Typhi)

Salmonellae are Gram-negative, enteric bacteria associated with diarrheal illness
in humans. They are motile oxidase-negative organisms that are easily cultivated
on standard bacteriologic media, although enrichment and selective media may
be required for isolation from clinical specimens. Salmonellae can easily be
isolated using selective and differential media or may be detected by molecular
testing of primary clinical specimens. Taxonomic studies have organized this
genus into two species, S. enterica and S. bongori, containing more than 2,500
antigenically distinct serotypes.'%2% S, enterica contains the vast majority of
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serotypes associated with human disease. S. enterica serotypes Typhimurium
and Enteritidis are the serotypes most frequently encountered in the United
States. This summary statement covers all serotypes except S. Typhi.

Occupational Infections

Salmonellosis is a documented hazard to laboratory personnel.'4201-204 Primary
reservoir hosts include a broad-spectrum of domestic and wild animals, including
birds, mammals, and reptiles, all of which may serve as a source of infection to
laboratory personnel. Case reports of LAls indicate a presentation of symptoms
similar to those of naturally-acquired infections.2%

Natural Modes of Infection

Salmonellosis is a foodborne disease of worldwide distribution. An estimated one
million foodborne cases of salmonellosis occur annually in the United States,
and the global burden of non-typhoidal disease is estimated to be 94 million
cases and 155,000 deaths annually.26-20¢ A wide range of domestic and feral
animals (e.g., poultry, swine, rodents, cattle, iguanas, turtles, chicks, dogs, cats,
and others) may serve as reservoirs for this disease, as well as humans.209210
Some human carriers shed the bacteria for years and some patients recovering
from S. enterica infections may shed the bacteria for months. Animals can

also have a latent or carrier state with long-term shedding of the bacteria. The
most common mode of transmission is by ingestion of food from contaminated
animals or contamination during processing. The disease usually presents

as acute enterocolitis (fever, severe diarrhea, abdominal cramping), with an
incubation period ranging from six to 72 hours, most often lasting four to seven
days and patients tend to recover without treatment. Antimicrobial therapy is not
recommended for uncomplicated Salmonella-related gastroenteritis.2 Bacte-
remia occurs in 3—10% of individuals infected with S. enterica. Antimicrobial
resistance of Salmonella spp. is becoming a problem worldwide, and this is a
concern for invasive disease.?"

Laboratory Safety and Containment Recommendations

The agent may be present in feces, blood, urine, food, feed, and environmental
materials. Some Salmonella spp. may survive for long periods in food, feces,
water, and on surfaces. Ingestion and parenteral inoculations are the primary
laboratory hazards. Naturally or experimentally infected animals are a potential
source of infection for laboratory and animal care personnel and for other animals.

BSL-2 practices, containment equipment, and facilities are recommended for
activities using clinical materials and diagnostic quantities of infectious cultures.

It is recommended that special emphasis be placed on personal protective
equipment, handwashing, manipulation of faucet handles, and decontamination of
work surfaces to decrease the risk of LAI. For work involving production quantities
or high concentrations of cultures, and for activities with a high potential for
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aerosol production, it is recommended that a BSC be used and that centrifugation
be performed using autoclavable, aerosol-tight rotors and safety cups. ABSL-2
facilities and practices are recommended for activities with experimentally
infected animals.'®®

Special Issues

Vaccines Human vaccines against non-typhoidal strains are not available.?'?

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Salmonella enterica serotype Typhi (S. Typhi)

The genus Salmonella is divided into two species, S. enterica and S. bongori,
containing more than 2,500 antigenically distinct subtypes or serotypes.?%°

S. enterica contains the vast majority of serotypes associated with human
disease. S. enterica serotype Typhi, commonly designated S. Typhi, is the
causative agent of typhoid fever. Untreated case mortality for typhoid fever is
>10%.2"* S. Typhi is a motile, Gram-negative, enteric bacterium that is easily
cultivated on standard bacteriologic media, although enrichment and selective
media may be required for isolation of this organism from clinical materials.

S. Typhi can easily be isolated using selective and differential media, or it may
be detected by molecular testing of primary clinical specimens. S. enterica
serotype Paratyphi (S. Paratyphi) is also considered a typhoidal serovar causing
a similar illness.

Occupational Infections

Typhoid fever is a demonstrated hazard to laboratory personnel and students
working with S. Typhi in teaching laboratories with many Laboratory-associated
infections and several resulting fatalities being reported.84114203 |ngestion and, less
frequently, parenteral inoculation are the most significant modes of transmission
in the laboratory. Secondary transmission to other individuals outside of the
laboratory is also a concern. Laboratory-associated S. Typhi infections usually
present with headache, abdominal pain, high fever, and possible septicemia.?%

Natural Modes of Infection

Typhoid fever is a serious, potentially lethal, bloodstream infection associated
with sustained high fever and headaches. It is common in the developing world
with 25 million infections and >200,000 deaths annually but rare in the United
States with only 400 cases annually.?'*2'¢ Less than 1% of cases in the U.S. are
lethal, and these cases are often associated with foreign travel. Humans are the
sole reservoir, and asymptomatic carriers may occur. The infectious dose is low
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(<1000 organisms), and the incubation period may vary from one to six weeks
depending upon the dose of the organism. The natural mode of transmission
is by ingestion of food or water contaminated by feces or urine of patients or
asymptomatic carriers.'%2% Antimicrobial resistance of S. Typhi is a significant
global concern.?"”

Laboratory Safety and Containment Recommendations

The agent may be present in feces, blood, bile, and urine. Humans are the only
known natural reservoir of infection. Ingestion and parenteral inoculation of the
organism represent the primary laboratory hazards. The importance of aerosol
exposure in previous cases is not known. To avoid possible secondary trans-
mission related to contaminated surfaces and clothing in teaching laboratories,
the use of nonpathogenic strains is recommended.

BSL-3 practices and equipment are recommended for activities likely to produce
significant aerosols or for activities involving production quantities of organisms.
BSL-2 practices, containment equipment, and facilities are recommended for
activities using clinical materials and diagnostic quantities of infectious cultures.

It is recommended that special emphasis be placed on personal protective
equipment, handwashing, manipulation of faucet handles, and decontamination of
work surfaces to decrease the risk of LAL

It is recommended that centrifugation be performed using autoclavable aerosol-
tight rotors or safety cups. ABSL-2 facilities, practices, and equipment are
recommended for activities with experimentally infected animals.

Special Issues

Vaccines Vaccines for S. Typhi are available and it is recommended that
personnel regularly working with potentially infectious materials consider
vaccination. The reader is advised to consult the current recommendations of the
Advisory Committee on Immunization Practices (ACIP).2'®

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Shiga toxin (Verocytotoxin)-producing Escherichia coli

Escherichia coli (E. coli) is one of six species in the Gram-negative genus Esche-
richia. This organism is a common inhabitant of the bowel flora of healthy humans
and other mammals and is one of the most extensively studied prokaryotes.

An extensive serotyping system has been developed for E. coli based on the

O (somatic) and H (flagellar) antigens expressed by these organisms. Certain
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pathogenic clones of E. coli may cause urinary tract infections, bacteremia,
meningitis, and diarrheal disease in humans, and these clones are associated
with specific serotypes.'®

The diarrheagenic E. coli strains have been characterized into at least five basic
pathogenicity groups: Shiga toxin (Verocytotoxin)-producing E. coli (a subset are
referred to as enterohemorrhagic E. coli), enterotoxigenic E. coli, enteropatho-
genic E. coli, enteroinvasive E. coli, and enteroaggregative E. coli.'®® In addition
to clinical significance, E. coli strains are routinely used as hosts for cloning
experiments and other genetic manipulations in the laboratory. This summary
statement only provides recommendations for safe manipulation of Shiga
toxin-producing E. coli strains.

Occupational Infections

Shiga toxin-producing E. coli strains, including strains of serotype O157:H7,

are a demonstrated hazard to laboratory personnel with the majority of reported
Laboratory-associated infections being caused by enterohemorrhagic E. coli.?'%-?3
Sources of infection include ingestion from contaminated hands and contact

with infected animals. The infectious dose is estimated to be low, similar to that
reported for Shigella spp., at 10—100 organisms.??®

Natural Modes of Infection

Cattle represent the most common natural reservoir of Shiga toxin-producing

E. coli, but it has also been detected in wild birds and rodents in close proximity
to farms.??* Transmission usually occurs by ingestion of contaminated food,
including raw milk, fruits, vegetables, and particularly ground beef. Human-
to-human transmission has been observed in families, daycare centers, and
custodial institutions. Waterborne transmission has been reported from outbreaks
associated with swimming in a crowded lake and drinking unchlorinated municipal
water.2?-227 E, coli has the ability to survive from hours to months on inanimate
surfaces. In a small number of patients (usually children) infected with these
organisms, the disease progresses to hemolytic uremic syndrome or death.

Laboratory Safety and Containment Recommendations

Shiga toxin-producing E. coli are usually isolated from feces. However, a variety
of food specimens contaminated with the organisms including uncooked ground
beef, unpasteurized dairy products, and contaminated produce may present
laboratory hazards. This agent may also be found in blood or urine specimens
from infected humans or animals. Ingestion is the primary laboratory hazard. The
importance of aerosol exposure is not known.

BSL-2 practices, containment equipment, and facilities are recommended for
activities using clinical materials and diagnostic quantities of infectious cultures.
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It is recommended that special emphasis be placed on personal protective
equipment, handwashing, manipulation of faucet handles, and decontamination of
work surfaces to decrease the risk of LAI. For work involving production quantities
or high concentrations of cultures, and for activities with a high potential for
aerosol production, it is recommended that a BSC be used and that centrifugation
be performed using autoclavable aerosol-tight rotors and safety cups. ABSL-2
facilities and practices are recommended for activities with experimentally
infected animals.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Shigella

The genus Shigella is composed of non-motile, Gram-negative bacteria in the
family Enterobacteriaceae. There are four subgroups that have been historically
treated as separate species including: subgroup A (Shigella dysenteriae),
subgroup B (S. flexneri), subgroup C (S. boydii), and subgroup D (S. sonnei).
Members of the genus Shigella have been recognized since the late 19th century
as causative agents of bacillary dysentery, or shigellosis.'® Shigella can easily be
isolated using selective and differential media, or it may be detected by molecular
testing of primary clinical specimens.

Occupational Infections

Shigellosis is one of the most frequently reported Laboratory-associated
infections in the United States.'%2"4 A survey of 397 laboratories in the United
Kingdom revealed that in 1994—1995, four of nine reported Laboratory-associated
infections were caused by Shigella.??® The direct handling of isolates and animal
work, such as experimentally infecting guinea pigs, other rodents, and NHPs are
proven sources of Laboratory-associated infection. 422

Natural Modes of Infection

Humans and other large primates are the only natural reservoirs of Shigella
bacteria. Most transmission is by the fecal-oral route; infection also is caused by
ingestion of contaminated food or water.'®® Infection with Shigella dysenteriae
type 1 causes more severe, prolonged, and frequently fatal illness than does
infection with other Shigella spp., with a fatality rate up to 20%. Complications of
shigellosis can include hemolytic uremic syndrome and reactive arthritis (Reiter’s
syndrome).z°
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Laboratory Safety and Containment Recommendations

The agent may be present in feces and, rarely, in the blood of infected humans
or animals. The organism can be shed for weeks after infection and it is commu-
nicable as long as the organism is present in the feces. Shigella spp. can survive
for days in feces and water. Ingestion is the primary laboratory hazard and to a
lesser extent, parenteral inoculation of the agent and person-to-person trans-
mission are potential laboratory hazards. Although rare, experimentally-infected
guinea pigs and other rodents can transmit infection to laboratory staff. The

50% infectious dose (oral) of Shigella for humans is only 180 organisms.'* The
importance of aerosol exposure is not known.

BSL-2 practices, containment equipment, and facilities are recommended for
activities using clinical materials and diagnostic quantities of infectious cultures.
It is recommended that special emphasis be placed on personal protective
equipment, handwashing, manipulation of faucet handles, and decontamination
of work surfaces to decrease the risk of LAl. For work involving production
quantities or high concentrations of cultures, and for activities with a high
potential for aerosol production, it is recommended that a BSC be used and
that centrifugation be performed using autoclavable, aerosol-tight rotors and
safety cups. ABSL-2 facilities and practices are recommended for activities with
experimentally-infected animals.

Special Issues

Vaccines Vaccines are currently not available for use in humans.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Staphylococcus aureus (Methicillin-Resistant, Vancomycin-Resistant, or
Vancomycin-Intermediate)

Staphylococcus aureus is a Gram-positive bacterium associated with a wide
spectrum of diseases in humans, ranging from minor to severe. S. aureus is
a catalase-positive coccus that is a non-motile, non-spore forming facultative
anaerobe. S. aureus isolates express a coagulase factor, which differentiates
them from other staphylococci that colonize humans. S. aureus is easily
cultivated on standard and selective media, such as high mannitol salt agar.
Several molecular tests are also available for testing from clinical specimens.
Methicillin-resistant S. aureus (MRSA) is common in most areas of the world,
with a resistance rate of 30% in most of North America. Vancomycin is currently
the treatment of choice for MRSA.%' Vancomycin-resistant S. aureus (VRSA)
(vancomycin MIC = 16 pg/mL) is rare, with only 14 cases documented in the
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United States, in addition to unconfirmed cases in India and Iran.%? Vancomycin-
intermediate S. aureus (VISA) (i.e., isolates with reduced susceptibility to vanco-
mycin, defined as a MIC of 4-8 yg/mL) have been documented at a higher rate,
but remain uncommon in most hospitals.?*® To date, all isolates of VRSA and
VISA have remained susceptible to other FDA-approved drugs.

Occupational Infections

Several cases of laboratory-associated MRSA infections have been
documented.?*4-2% To date, no laboratory or occupational infections due to VISA
or VRSA have been reported. Case reports of Laboratory-associated infections
include nasal colonization and minor skin infections. Guidelines have been
provided for investigation and control of VRSA in healthcare settings.?*

Natural Modes of Infection

S. aureus (including MRSA and VISA) is part of the normal human flora,

found primarily in the nares and on the skin of primarily the groin and axillae.
Approximately 20% of the population is persistently colonized by S. aureus, and
60% are colonized intermittently.2*® Animals may act as reservoirs, including
livestock and companion animals.?° S. aureus is an opportunistic pathogen that
causes a wide variety of diseases in humans. The organism is a leading cause
of foodborne gastroenteritis, as a result of consumption of food contaminated
with enterotoxins expressed by some strains. Skin conditions caused by

S. aureus include cellulitis, scalded skin syndrome, furuncles, carbuncles,
impetigo, and abscesses. Certain strains of S. aureus express toxic shock
syndrome toxin-1 (TSST-1), which is responsible for toxic shock syndrome.

S. aureus is also a common cause of surgical site infections, endocarditis,
peritonitis, pneumonia, bacteremia, meningitis, osteomyelitis, and septic arthritis.
Infection modes include ingestion of food containing enterotoxins and person-to-
person transmission via contact with colonized health care workers to patients.
Nasal colonization can lead to auto-infection.

Laboratory Safety and Containment Recommendations

The agent may be present in many human specimens and in food. Primary
hazards to laboratory personnel are direct and indirect contact of broken skin or
mucous membranes with cultures and contaminated laboratory surfaces, paren-
teral inoculation, and ingestion of contaminated materials.

BSL-2 practices, containment equipment, and facilities are recommended for all
activities utilizing known or potentially infected clinical materials or cultures.
ABSL-2 facilities are recommended for studies utilizing infected laboratory animals.
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Special Issues

Vaccines Vaccines are currently not available for use in humans.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Treponema pallidum

Treponema pallidum is a species of extremely fastidious spirochetes that die
readily upon desiccation or exposure to atmospheric levels of oxygen and have
not been cultured continuously in vitro.?*° T. pallidum cells have lipid-rich outer
membranes and are highly susceptible to disinfection with common alcohols

(i.e., 70% isopropanol). This species contains three subspecies including

T. pallidum subsp. pallidum (associated with venereal syphilis), T. pallidum subsp.
endemicum (associated with endemic syphilis), and T. pallidum subsp. pertenue
(associated with yaws). These organisms are obligate human pathogens.

Occupational Infections

T. pallidum is a documented hazard to laboratory personnel, but there have been
no reported cases since the 1970s.84%4" Experimentally-infected animals are a
potential source of infection. Syphilis has been transmitted to personnel working
with a concentrated suspension of T. pallidum obtained from an experimental
rabbit orchitis.?*?> Rabbit-adapted T. pallidum (Nichols strain and possibly others)
retains virulence for humans, and rabbits are used in both clinical and research
laboratories to isolate clinical strains and model venereal syphilis, respectively.?*?
A murine model was recently developed to study venereal syphilis.2*

Natural Modes of Infection

Humans are the only known natural reservoir of T. pallidum; though, non-human
primates may be a potential reservoir.?** Transmission occurs via direct

sexual contact (venereal syphilis), direct skin contact (yaws), or direct mucous
membrane contact (endemic syphilis). Venereal syphilis is a sexually transmitted
disease that occurs worldwide, whereas yaws occurs in tropical areas of Africa,
South America, the Caribbean, and Indonesia. Endemic syphilis is limited to arid
areas of Africa and the Middle East.?4

Laboratory Safety and Containment Recommendations

The agent may be present in materials collected from cutaneous and mucosal
lesions and in blood. T. pallidum has a low infectious dose (57 organisms) by
injection. Parenteral inoculation and contact of mucous membranes or broken
skin with infectious clinical materials are the primary hazards to laboratory
personnel.
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BSL-2 practices, containment equipment, and facilities are recommended for all
activities involving the use or manipulation of blood or other clinical specimens
from humans or infected animals. ABSL-2 practices, containment equipment, and
facilities are recommended for work with infected animals.

Special Issues

Vaccines Vaccines are currently not available for use in humans.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Vibrio species

Vibrio species are straight or curved motile Gram-negative rods. Growth of Vibrio
spp. is stimulated by sodium, and the natural habitats of these organisms are
primarily aquatic environments. Though rare in the U.S., cholera is an acute
intestinal infection caused by V. cholerae with 3—5 million cases and 100,000
deaths each year, globally.?” There are at least 12 different Vibrio spp. isolated
from clinical specimens. V. cholerae and V. parahaemolyticus are common
causes of human enteritis, and V. alginolyticus and V. vulnificus are common
causes of extraintestinal infections including wound infections and septicemia.?*
Vibrio spp. can easily be isolated using selective and differential media, or can
be detected by molecular testing of primary clinical specimens.

Occupational Infections

Rare cases of bacterial enteritis due to Laboratory-associated infections with
either V. cholerae or V. parahaemolyticus have been reported.?24%-251 Naturally-
and experimentally-infected animals and shellfish are potential sources for such
illnesses. No other Vibrio spp. have been implicated in Laboratory-associated
infections.

Natural Modes of Infection

The most common natural mode of infection is the ingestion of contaminated

food or water. The human oral infecting dose of V. cholerae in healthy, non-achlo-
rhydric individuals is approximately 106—1011 colony-forming units, while that of
V. parahaemolyticus ranges from 105—107 cells.?5??5 The importance of aerosol
exposure is unknown; although, it has been implicated in at least one instance.?'
The risk of infection following oral exposure is increased in persons with abnormal
gastrointestinal physiology, including individuals on antacids, with achlorhydria,

or with partial or complete gastrectomies. Fatal cases of septicemia may occur in
individuals who are immunocompromised or have pre-existing medical conditions
such as liver disease, cancer, or diabetes.
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Laboratory Safety and Containment Recommendations

Pathogenic Vibrio spp. can be present in human fecal samples or in the meats
and the exterior surfaces of marine invertebrates such as shellfish. Survival

and growth of Vibrio spp. in water is dependent on high salinity. Other clinical
specimens from which Vibrio spp. may be isolated include blood, arm or leg
wounds, eye, ear, and gallbladder.?®® LAls of V. cholerae or V. parahaemolyticus
have been observed in laboratory researchers after the use of syringes, decon-
tamination of a laboratory spill, or the handling of infected animals.?4-25' Exposure
of open wounds to Vibrio spp. in contaminated seawater or shellfish can result in
infections and septicemia.

BSL-2 practices, containment equipment, and facilities are recommended

for activities with cultures or potentially infectious clinical materials. ABSL-2
practices, containment equipment, and facilities are recommended for activities
with naturally or experimentally infected animals.

Special Issues

Vaccines A cholera vaccine is licensed and available in the United States. It is
currently only recommended for adult travelers to areas of active cholera trans-
mission.?%* There are currently no human vaccines against V. parahaemolyticus.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Yersinia pestis

Yersinia pestis, the causative agent of plague, is a Gram-negative bacillus
frequently characterized by a “safety pin” appearance on stained preparations
from specimens. The incubation period for bubonic plague ranges from two to six
days while the incubation period for pneumonic plague is one to six days.

Occupational Infections

Y. pestis is a documented laboratory hazard. A number of LAls have been
reported in the United States, some of which were fatal.?2%° One lethal case

in a laboratory researcher was due to the attenuated strain KIM D27.25¢ The
condition of hereditary hemochromatosis coupled with diabetes in the researcher
is believed to have contributed to the fatal course of disease. Veterinary staff and
pet owners have become infected when handling domestic cats with oropha-
ryngeal or pneumonic plague.
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Natural Modes of Infection

There is a natural zoonotic cycle of Y. pestis between wild rodents and their fleas.
Infective fleabites are the most common mode of transmission, but direct human
contact with infected tissues or body fluids of animals and humans may also
serve as sources of infection.

Plague has a high mortality rate if untreated (50%) and caused three major
pandemics, including the Black Death of the 14th century. There are three
manifestations of disease: bubonic, septicemic, and pneumonic. Bubonic plague
results in tender and painful lymph nodes (buboes). Septicemic plague, which
may develop directly or from untreated bubonic plague, can lead to shock and
bleeding into the skin and tissues, potentially causing necrosis. Pneumonic
plague results in a rapidly developing pneumonia and can be spread from person
to person via respiratory droplets. Plague occurs in multiple countries of the
world, with the highest incidence in Africa. Most cases in the United States occur
in rural, western states. Sporadic cases in the United States average about seven
cases per year. Contact with infected sylvatic rodents, such as prairie dogs and
ground squirrels, has resulted in human infections.?%”

Laboratory Safety and Containment Recommendations

Y. pestis has been isolated from bubo aspirates, blood, sputum, CSF and autopsy
tissues (spleen, liver, lung), depending on the clinical form and stage of the
disease; feces, urine or bone marrow samples may be positive for Y. pestis DNA
or antigen but not the organism itself. Primary hazards to laboratory personnel
include direct contact with cultures and infectious materials from humans or
animal hosts and inhalation of infectious aerosols or droplets generated during
their manipulation. Laboratory animal studies have shown the lethal and infec-
tious doses of Y. pestis to be quite low, less than 100 colony-forming units.2%8

Y. pestis can survive for months in human blood and tissues. Fleas may remain
infective for months. It is recommended that laboratory and field personnel be
counseled on methods to avoid flea bites and autoinoculation when handling
potentially infected live or dead animals.

BSL-3 and ABSL-3 practices, containment equipment, and facilities are
recommended for all manipulations of suspect cultures, animal necropsies, and
for experimental animal studies. BSL-3 practices, containment equipment, and
facilities are appropriate for production operations. Characterized strains of
reduced virulence such as Y. pestis strain A1122 can be manipulated at BSL-2.
BSL-2 practices, containment equipment, and facilities are recommended for
primary inoculation of cultures from potentially infectious clinical materials.

When performing fieldwork involving animals that may have fleas, gloves and
appropriate clothing should be worn to prevent contact with skin, and insect
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repellent can be used to reduce the risk of flea bites. Arthropod Containment
Level 3 (ACL-3) facilities and practices are recommended for all laboratory work
involving infected arthropods.?® See Appendix G for additional information on
Arthropod Containment Guidelines.

Special Issues

Be advised of possible misidentification using automated systems. For identifi-
cation of samples suspected of containing Y. pestis using MALDI-TOF MS, it is
recommended to use alternative tube extraction that kills viable organisms and
not direct spotting of plates in the open laboratory.

Vaccines There are no licensed vaccines currently available in the United
States.?®® New plague vaccines are in development but are not expected to be
commercially available in the immediate future.2%

Select Agent Y. pestis is a Select Agent requiring registration with CDC and/or
USDA for possession, use, storage and/or transfer. See Appendix F for additional
information.

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.
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Section VIII-B: Fungal Agents

Blastomyces dermatitidis and Blastomyces gilchristii

Blastomyces dermatitidis is a dimorphic fungal pathogen existing in nature and
in laboratory cultures at room temperature as a filamentous mold with asexual
spores (conidia) that are the infectious particles; conidia convert to large budding
yeasts under the appropriate culture conditions in vitro at 37°C and in the
parasitic phase in vivo in warm-blooded animals. Infections with B. dermatitidis
occur when conidia are inhaled or when yeast forms are injected. The sexual
stage is an Ascomycete with infectious ascospores. Blastomyces gilchristii was
recently recognized as a novel species found predominantly in northwestern
Ontario, Wisconsin, and Minnesota.’

Occupational Infections

Three groups are at greatest risk of Laboratory-associated infection (LAI):
microbiologists, veterinarians, and pathologists.? Laboratory-associated local
infections have been reported following accidental parenteral inoculation with
infected tissues or cultures containing yeast forms of B. dermatitidis.>~° Laboratory
infections have also occurred following the presumed inhalation of conidia

from mold-form cultures.'®'" Infection with B. dermatitidis can be pulmonary,
cutaneous, or disseminated. Disseminated blastomycosis usually begins with
pulmonary infection. Transmission occurs rarely via animal bites, sexual means,
or vertical transmission. Forestry workers and other workers with outdoor occupa-
tions have developed blastomycosis after exposure to contaminated soil or plant
material, particularly moist soil with decaying vegetation.'? At least 11 reported
LAls with two fatalities have occurred.'

Natural Modes of Infection

The fungus has been reported in multiple geographically separated countries, but
it is best known as a fungus endemic to North America and in association with
plant material in the environment. Infections are not communicable but require
common exposure from a point source. Although presumed to dwell within the
soil of endemic areas, B. dermatitidis is extremely difficult to isolate from soil.
Outbreaks associated with the exposure of people to decaying wood have been
reported. However, outdoor activities were not a risk factor in the largest outbreak
reported through 2017; instead, the large Hmong population in the area of
Wisconsin that was involved in the outbreak may have had an underlying genetic
predisposition.’® B. dermatitidis infections are most common in humans and dogs
though other animals, such as cats and horses, may also develop blastomycosis.
Human-to-human transmission occurs rarely via perinatal or sexual transmission.
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Laboratory Safety and Containment Recommendations

Yeast forms may be present in the tissues of infected animals and in clinical
specimens. Parenteral (subcutaneous) inoculation of these materials may
cause local skin infection and granulomas. Mold-form cultures of B. dermatitidis
containing infectious conidia and processing of soil or other environmental
samples may pose a hazard of aerosol exposure.

BSL-3 practices, containment equipment, and facilities are recommended for
handling sporulating mold-form cultures already identified as B. dermatitidis and
soil or other environmental samples known or likely to contain infectious conidia.

BSL-2 and ABSL-2 practices, containment equipment, and facilities are recom-
mended for activities with clinical materials, animal tissues, yeast-form cultures,
and infected animals.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Coccidioides immitis and Coccidioides posadasii

Coccidioides spp. are endemic to the Sonoran Desert of the western hemisphere
including northern Mexico, southern Arizona, central and southern California, and
western Texas. In recent decades, C. immitis has been divided into two species:
C. immitis and C. posadasii.'® These species are dimorphic fungal pathogens
existing in nature and in laboratory cultures at room temperature as filamentous
molds with asexual spores (single-cell arthroconidia three to five microns in size)
that are the infectious particles. The arthroconidia convert to spherules under

the appropriate culture conditions in vitro at 37°C and in vivo in warm-blooded
animals.

Occupational Infections

Laboratory-associated coccidioidomycosis is a documented hazard of working with
sporulating cultures of Coccidioides spp.'”-'® Occupational exposure in archeolo-
gists and prison employees in endemic regions has been associated with high dust
exposure.?2! Attack rates for laboratory and occupational exposures where a larger
number of spores are inhaled are higher than for non-occupational environmental
exposures. Smith reported that 28 of 31 (90%) Laboratory-associated infections in
his institution resulted in clinical disease, but more than half of infections acquired in
nature were asymptomatic.?? Risk of respiratory infection from exposure to infected
tissue or aerosols of infected secretions is very low. Accidental percutaneous
inoculation has typically resulted in localized granuloma formation.?®
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Natural Modes of Infection

Single spores in environmental exposures can produce infections by the respi-
ratory route. Peak exposures occur during arid seasons, and exposure can also
occur during natural disasters such as earthquakes.?* Coccidioides spp. grow in
infected tissue as larger multicellular spherules up to 70 microns in diameter and
pose little or no risk of infection from direct exposure.

Most infections from environmental exposure are subclinical and result in

life-long protection from subsequent exposures. The incubation period is one

to three weeks, and the disease manifests as community-acquired pneumonia
with immunologically mediated fatigue, skin rashes, and joint pain. One of the
synonyms for coccidioidomycosis is desert rheumatism. A small proportion of
infections are complicated by hematogenous dissemination from the lungs to
other organs, most frequently skin, the skeleton, and the meninges. Disseminated
infection is much more likely in persons with cellular immunodeficiencies (e.g.,
AIDS, organ transplant recipient, lymphoma, receipt of tumor necrosis factor
[TNF] inhibitors) and in pregnant women in the third trimester.

Laboratory Safety and Containment Recommendations

Because of their size, arthroconidia are conducive to ready dispersal in air and
retention in the deep pulmonary spaces. The much larger size of the spherule
considerably reduces the effectiveness of this form of the fungus as an airborne
pathogen.

Spherules of the fungus may be present in clinical specimens and animal tissues,
and infectious arthroconidia may be present in mold cultures and soil or other
samples from natural sites. Inhalation of arthroconidia from either environmental
samples or mold isolates is a serious laboratory hazard.'® Most exposures occur
due to personnel handling cultures of unknown infectious status on the bench,
rather than in a BSC. Personnel should be aware that infected animal or human
clinical specimens or tissues stored or shipped under temperature and nutrient
conditions that could promote germination of arthroconidia pose a theoretical
laboratory hazard. Slide cultures should never be prepared from unknown hyaline
(colorless) isolates, as they could contain Coccidioides spp.

BSL-3 practices, containment equipment, and facilities are recommended for
propagating and manipulating sporulating cultures already identified as Coccid-
ioides spp. and for processing soil or other environmental materials known or
suspected to contain infectious arthroconidia. Experimental animal studies should
be done at BSL-3 when challenge is via the intranasal or pulmonary route.

BSL-2 practices, containment equipment, and facilities are recommended for
handling and processing clinical specimens, identifying isolates, and processing
animal tissues that may contain Coccidioides spp. ABSL-2 practices, containment
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equipment, and facilities are appropriate for experimental animal studies when
the route of challenge is parenteral.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Histoplasma capsulatum

Histoplasma capsulatum is a dimorphic fungal pathogen existing in nature and

in laboratory cultures at room temperature as a filamentous mold with asexual
spores (macro-and/or microconidia); microconidia are the infectious particles that
convert to small budding yeasts under the appropriate culture conditions in vitro
at 37°C and in the parasitic phase in vivo. The sexual stage is an Ascomycete
with infectious ascospores.

Specific hazards/risks associated with Histoplasma include:

1. Immunocompromised individuals are at increased risk of infection and
experience more severe infections and higher mortality;

2.  Dissemination throughout body has resulted in death but usually results
in chronic infection;

3. Previously controlled infections can be re-activated when cellular
immunity is impaired;

4. The adrenal gland can be destroyed by visceral infection; and

5.  5-20% of cases involve the central nervous system and appear as
chronic meningitis or focal brain lesions.

Occupational Infections

Laboratory-associated histoplasmosis is a documented hazard in facilities
conducting diagnostic or investigative work.®>2527 Pulmonary infections have
resulted from handling mold form cultures.?®? Local infection has resulted from
skin puncture during autopsy of an infected human,*® from accidental needle
inoculation of a viable culture,® from accidental inoculation with a lymph node
biopsy sample from an infected patient,®? and from spray into the eye. Collecting
and processing soil samples from endemic areas has caused pulmonary infec-
tions in laboratory workers,* and one death was reported in 1962.3 Conidia are
resistant to drying and may remain viable for long periods of time. The small size
of the infective conidia (less than five microns) is conducive to airborne dispersal
and intrapulmonary retention. Work with experimental animals suggests that
hyphal fragments are also capable of serving as viable inocula.®
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Natural Modes of Infection

The fungus is distributed worldwide in the environment and is associated with
bird and bat feces. It has been isolated from soil, often in river valleys, between
latitudes 45°N and 45°S. Histoplasmosis is naturally acquired by the inhalation of
infectious microconidia, which can survive in excess of ten years in soil.?® Infec-
tions are not transmissible from person-to-person but require common exposure
to a point source. Large outbreaks have been reported from exposure to soil or
plant material contaminated with bird or bat feces®**" and from exposure to soil
during construction projects.®

Laboratory Safety and Containment Recommendations

The infective stage of this dimorphic fungus (microconidia) is present in
sporulating mold form cultures and in soil from endemic areas. The yeast form is
present in tissues or fluids from infected animals and may produce local infection
following parenteral inoculation or splash onto mucous membranes.

BSL-3 practices, containment equipment, and facilities are recommended for

propagating sporulating cultures of H. capsulatum in the mold form, as well as
for processing soil or other environmental materials known or likely to contain
infectious conidia.

BSL-2 and ABSL-2 practices, containment equipment, and facilities are
recommended for handling and processing clinical specimens; identifying
isolates, animal tissues, and mold cultures; identifying cultures that may contain
Histoplasma in routine diagnostic laboratories; and for inoculating experimental
animals, regardless of route. Any culture identifying dimorphic fungi should be
handled in a Class Il BSC. Protective eyewear should be worn when splash(es)
to mucous membranes may occur.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Sporothrix schenckii species complex

The Sporothrix schenckii species complex is composed of at least six species
(Sporothrix brasiliensis, Sporothrix mexicana, Sporothrix globosa, S. schenckii
sensu stricto, Sporothrix luriei, and Sporothrix albicans) of dimorphic fungal
pathogens existing in nature and in laboratory cultures at room temperature as
filamentous mold with asexual spores (conidia); the conidia are the infectious
particles that convert to small budding yeasts in the parasitic phase in vivo.*
The sexual stage is unknown.

216  Biosafety in Microbiological and Biomedical Laboratories



Occupational Infections

Most cases of sporotrichosis are reported sporadically following accidental
inoculation with contaminated material. Large outbreaks have been documented
in persons occupationally or recreationally exposed to soil or plant material
containing the fungus. However, members of the S. schenckii species complex
have caused a substantial number of local skin or eye infections in laboratory
personnel.*® Most occupational cases have been associated with accidents and
have involved splashing culture material into the eye,*'#? scratching,* injecting
infected material into the skin,* or being bitten by an experimentally infected
animal.*54¢ Skin infections without any apparent trauma to the skin have also
resulted from handling cultures*’-° and from the necropsy of animals.*®

Laboratory Safety and Containment Recommendations

Although localized skin and eye infections have occurred in an occupational
setting, no pulmonary infections have been reported as a result of laboratory
exposure. It should be noted that serious disseminated infections have been
reported in immunocompromised persons.®"

BSL-2 and ABSL-2 practices, containment equipment, and facilities are recom-
mended for laboratory handling of clinical specimens suspected of containing
infectious particles, soil and vegetation suspected to contain S. schenckii, and
experimental animal activities with S. schenckii. Any culture identifying dimorphic
fungi should be handled in a Class Il BSC. Protective eyewear should be worn
when splash(es) to mucous membranes may occur.

Special Issues

Transfer of Agent Importation of this agent requires CDC and/or USDA impor-
tation permits. Domestic transport of this agent may require a permit from USDA
APHIS VS. A DoC permit may be required for the export of this agent to another
country. See Appendix C for additional information.

Miscellaneous Yeast and mold organisms causing human infection

The maijority of mold organisms in Table 1 cause infection in compromised hosts.
Risk factors may include neutropenia, previous exposure to antibiotics, treatment
for cancer, especially leukemia and lymphoma, organ or stem cell transplant,
severe burns, HIV infection with low CD4 cell counts, and placement of central
lines or other monitoring devices.

The majority of these organisms are found in the environment and are transmitted
through exposure to air, water, or dust. Mold conidia can be inhaled or injected
subcutaneously through trauma or other accidental inoculation. Dermatophytes
can be transmitted through the person-to-person route, the animal-to-person
route, and the environment-to-person route.
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Candida yeasts are found as part of the normal human respiratory or gastroin-
testinal flora and may cause infection after exposure to antibiotics, abdominal
surgery, or other causes. Yeast outbreaks in hospitals can occur through
exposure to contaminated hospital equipment, foods, or medications. Some
yeast species, most notably Candida auris,’? cause concern because they display
resistance to multiple antifungal drugs. Cryptococcus basidiospores are found

in the environment largely associated with bird droppings or certain trees. They
cause infection in compromised hosts after inhaling fungal spores.

BSL-2 and ABSL-2 practices, containment equipment, and facilities are
recommended for propagating and manipulating cultures known to contain these
agents. All unknown mold cultures should be handled in a Class Il BSC.

Table 1. Miscellaneous Yeast and Mold

Occupational

Natural Mode of

Agent Infection Infection Biosafety Level
Candida species Not common From point source in BSL-2

environment; from

gastrointestinal tract

into bloodstream
Cryptococcus Occasional Inhalation from point BSL-2 (handle in BSC

neoformans and C. gattii

inoculation into skin
when working with
laboratory animals

source in environment.
No person-to-person
transmission reported.

to prevent laboratory
contamination)

Dermatophyte

molds: Trichophyton,
Microsporum,
Epidermophyton species

Occasional direct
inoculation from
handling isolates
or contaminated
materials

Person-to-person;
common exposure to a
point source; handling
infected animals

BSL-2

Hyaline Molds:
Aspergillus spp.,
Fusarium spp.

Not common

Presumed inhalation;
subcutaneous
inoculation from
environmental source

BSL-2 (handle in BSC
to prevent laboratory
contamination)

Talaromyces (Penicillium)
marneffei

Occasional direct
inoculation when
working with
laboratory animals;
rare inhalation in
immunocompromised
individual

Mostly inhalation (in
immunocompromised
hosts)

BSL-2 (handle in BSC
to prevent laboratory
contamination)
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Agent

Occupational
Infection

Natural Mode of

Infection Biosafety Level

Dematiaceous

Molds: Bipolaris spp.;
Cladophialophora
bantiana; Exophiala
spp, Exserohilum
rostratum; Fonsecaea
spp.; Pseudallescheria
spp.,; Rhinocladiella spp.;
Scedosporium spp.;
Verruconis (Ochroconis)
gallopava

Not reported,

but inhalation or
subcutaneous
inoculation are
possible routes of
exposure

Presumed inhalation;
subcutaneous
inoculation from
environmental source.
C. bantiana,

E. dermatitidis,

V. gallopava, and

R. mackenziei are
neurotropic.

C. bantiana can cause
disseminated infection

BSL-2 (handle in BSC
to prevent laboratory
contamination)

in otherwise healthy
hosts.

Mucormycete molds:
Mucor spp.; Rhizopus
spp.; Rhizomucor spp.;
Lichtheimia (Absidia) spp.

Presumed inhalation;
subcutaneous
inoculation from
environmental source;
ingestion

BSL-2 (handle in BSC
to prevent laboratory
contamination)

Not reported
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