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Preface

The publication in 1997 of the Institute for Laboratory Animal Re-
search (ILAR) report Occupational Health and Safety in the Care and Use of
Research Animals provided an excellent reference for the development of
occupational health and safety programs in the animal research setting.
The diversity of species and potential hazards encountered in animal care
and use programs required a broad view of many topics and by necessity,
limited the depth of any particular subjects in the report.  The care and
use of nonhuman primates in the research setting presents a number of
challenges to facility management.  These challenges include specific haz-
ards unique to some primate species and the need for guidance in risk
assessment and management.  This report was generated in response to
that need and to specific events that took place in the same year as the first
ILAR report.

On October 29, 1997, a research assistant at Yerkes Regional Primate
Research Center was splashed in the eye with an unidentified body fluid
from a nonhuman primate and later died from encephalitis caused by B
virus (formerly called Cercopithecine herpesvirus 1).  This incident con-
firmed the suspicion that B virus infection can be acquired through mu-
cosal contact, in addition to the more common exposures through bites,
scratches, and needle sticks.  Following the incident at Yerkes, the Na-
tional Institute for Occupational Safety and Health (NIOSH) conducted a
limited review of policies and procedures related to working with nonhu-
man primates at various National Primate Research Centers. NIOSH rec-
ommended that “goggles and face shields be worn when working with
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viii PREFACE

nonhuman primates.”  Many investigators and caretakers expressed con-
cern that these protective devices would obstruct vision and would be
difficult to wear, leading to an increase in bites, scratches, and needles
sticks due to decreased vision. There was also the concern that workers
would not adhere to the NIOSH recommendation. Therefore, one specific
intent of this report has been to address these recommendations and con-
cerns.

Infectious agents represent only one of the hazards present in nonhu-
man-primate animal care and use programs. The size, strength, and intel-
ligence of many primate species can result in unique hazards associated
with animal care and management. In addition, these same taxonomic
attributes may require heavy caging and support equipment that can
present ergonomic hazards to the employee.

The Committee was asked to identify the hazards associated with
using nonhuman primates in research, assess the degree of risk of these
hazards, and suggest options for managing the risks including engineer-
ing controls, personal protective equipment, facilities design, and worker
training. The committee was also asked to make recommendations for
institutional management of workers after suspected exposure to infec-
tious agents.

The Committee approached this task by focusing on major hazards
and risks to workers at all nonhuman-primate research facilities. Recog-
nizing that the level of risk associated with a hazard is dependent on
numerous factors that vary from institution to institution, the Committee
on Occupational Health and Safety in the Care and Use of Nonhuman
Primates put forth in this report a programmatic structure for assessing
and managing risk at different kinds of institutions. In addition to provid-
ing this structure and discussing the elements necessary for the successful
implementation of an occupational health and safety program, the Com-
mittee reviewed specific recommendations on the use of personal protec-
tive equipment and the medical management of exposed workers.

This report has been reviewed in draft form by individuals chosen for
their diverse perspectives and technical expertise, in accordance with pro-
cedures approved by the NRC’s Report Review Committee.  The purpose
of this independent review is to provide candid and critical comments
that will assist the institution in making its published report as sound as
possible and to ensure that the report meets institutional standards for
objectivity, evidence, and responsiveness to the study charge.  The review
comments and draft manuscript remain confidential to protect the integ-
rity of the deliberative process.  We wish to thank the following individu-
als for their review of this report:
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before its release. The review of this report was overseen by W. Emmett
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Appointed by the National Research Council, he was responsible for mak-
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1

Executive Summary

The Committee on Occupational Health and Safety in the Care and
Use of Nonhuman Primates was appointed by the National Research
Council (NRC) in response to requests from the National Institutes of
Health, the Centers for Disease Control and Prevention, and the Food and
Drug Administration to address the risks associated with occupational
exposure to nonhuman primates and suggest practical and efficacious
ways of minimizing these risks.  Specifically, the committee was asked to:

1. Identify hazards associated with using nonhuman primates in re-
search.

2. Assess the degree of risk of these hazards.
3. Suggest options for managing the risks including engineering con-

trols, personal protective equipment, and worker training.
4. Outline the institutional management of workers after a suspected

occupational exposure.
5. Provide sample illustrative occupational health and safety plans

for personnel working in large and small nonhuman-primate facilities.

The Committee on Occupational Health and Safety in the Care and
Use of Nonhuman Primates drew from the experiences of a number of
experts, including infectious disease clinicians, primate veterinarians, pri-
mate caregivers, and occupational health professionals during a work-
shop held at the outset of the project (See Appendix A for a list of partici-
pants).  These experts agreed that the most effective way to identify and
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2 OCCUPATIONAL HEALTH AND SAFETY OF NONHUMAN PRIMATES

manage hazards associated with nonhuman primates is through the de-
velopment and implementation of an institutionally specific occupational
health and safety program (OHSP). This report discusses in detail the
building blocks of a successful OHSP, namely identification of hazards,
risk assessment, identification of applicable safety regulations, risk man-
agement, and personnel training.  It also emphasizes the importance of a
strong institutional commitment to an OHSP and the clear delegation of
responsibility, authority, and accountability at all stages of development,
implementation, evaluation, and re-evaluation of the OHSP.

The National Research Council developed a document on occupa-
tional health and safety for animal research facilities (NRC 1997), which
has served as a guide for the management of an OHSP and has provided
a foundation for the development of an institutional OSHP where none
exists.  The present report attempts to aid in the development or improve-
ment of OHSP at nonhuman-primate facilities or facilties that use nonhu-
man-primate blood or tissue and is not intended to duplicate the scope or
content of the previous document.  Rather, its goal is to complement that
publication and expand on topics that are particularly relevant or specific
to facilities where nonhuman-primate species are housed.  This report has
also attempted to address the meaning and implications of uncertainty in
risk management.

This report is intended as a reference for vivarium managers, veteri-
narians, researchers, safety professionals, and any other persons who are
involved in developing or implementing an OHSP dealing with nonhu-
man primates. The diversity of institutions, research programs, and ani-
mal colonies makes it impossible to encompass all the details of a com-
plete institutional OHSP in this report.  Instead, it attempts to list the
important features of an OHSP and provide the tools necessary for in-
formed decision-making in developing an optimal program that meets all
particular institutional needs.

The Committee identified and assessed numerous risks, infectious
and noninfectious, of working with nonhuman primates or their blood or
tissues.  Significant risks included ergonomic injuries and illnesses caused
by shigella, tuberculosis, and B virus infections.  These risks can be effec-
tively dealt with using a layered approach to exposure control.  Engineer-
ing controls are an essential mode of exposure/injury control and include
facility design and specialized equipment such as biosafety cabinets.
Work practices within the facility provide another modality in exposure/
injury control, but can be most important.  Development of standard
operating procedures that are universally followed and are integrated
into employee training can effectively mitigate many hazards.

Another important element in exposure/injury control is the use of
personal protective equipment (PPE).  PPE for use in nonhuman-primate
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EXECUTIVE SUMMARY 3

facilities should minimally include dedicated clothing, gloves, and mask.
The Committee stresses that PPE should only serve as a safety net if
engineering and work practices should fail.  But in light of the potentially
fatal risks associated with B virus and other viral exposures, the appropri-
ate use of PPE is a particularly important issue.  The Committee con-
cluded that because of the risk of B virus infection, the use of eye and face
protection should be mandatory for individuals working with macaques.
The Committee also recommended that eye and face protection be used
when working with any Old World primate, due to the potential for
infection by other primate viruses such as simian immunodeficiency vi-
rus.  For other nonhuman-primate species, the Committee recommends
that the use of eye and face protection be determined locally, based on
risk assessment and management processes outlined in this report.

Appropriate medical care after a suspected occupational exposure to
a zoonotic pathogen is another area where specific guidance has been
lacking in spite of various federal regulations and guidelines. The Com-
mittee determined that the first and often most critical step in developing
an OHSP is the establishment of a relationship with a pre-designated
occupational health care provider.  Involving the designated medical pro-
viders in determining exposure risks before an incident occurs may lead
to quicker and more efficacious post-exposure management.  In this re-
port, the Committee makes specific recommendations for medical man-
agement following exposure to or injury from nonhuman primates.

The field of occupational health and safety constantly changes, espe-
cially as it pertains to biomedical research.  The emergence of new haz-
ards presents diverse challenges to employers who must ensure the safety
of their employees.  New infectious hazards are of particular importance
at nonhuman-primate facilities.  For example, the discovery that B virus
can be transmitted via a splash on a mucous membrane raises new con-
cerns that must be addressed, as does the discovery of the Reston strain of
Ebola virus in import quarantine facilities in the United States. The risk of
such infectious hazards is best managed through a flexible and compre-
hensive OHSP that can identify and mitigate potential hazards. It is in-
cumbent on those responsible for nonhuman-primate research facilities,
from the senior institutional officer to the facility manager to line supervi-
sors, to develop, improve, and implement such a program.

Copyright © National Academy of Sciences. All rights reserved.

Occupational Health and Safety in the Care and Use of Nonhuman Primates 
http://www.nap.edu/catalog/10713.html

http://www.nap.edu/catalog/10713.html


4

1

Introduction and Overview

The field of occupational health and safety (OHS) has become a topic
of increasing importance over the last 30 years.  The establishment of the
Occupational Safety and Health Administration (OSHA) in 1970 reflected
the recognition that safety in the workplace is a basic expectation for all
employees.  Originally addressing concerns in industry and hazards asso-
ciated with mechanical injury, the field of occupational health and safety
has expanded to almost every workplace environment, from the office to
the airplane, as well as to the laboratory and the vivarium.

The issue of OHS is clearly relevant to biomedical research and ex-
tends to the use of animals in biomedical research (NRC 1997).  As with
any laboratory environment, facilities that house nonhuman primates
have a variety of mechanical, chemical and infectious hazards.  With new
developments in research technology, there is the potential for a variety
of real and perceived unique hazards that could make the management of
OHS in this type of workplace a challenging endeavor.

A review of safety records pertinent to animal care occupations dem-
onstrates that many of the health hazards encountered when working
with nonhuman primates are not unique. A survey of accidental injuries
associated with nonhuman primates at two national primate research
centers documented a list of occupational injuries including bites, animal-
inflicted scratches, needle sticks, cuts, and mucous membrane exposures
(bin Zakaria and others 1996).  Similarly, surveys of injury reports of

Copyright © National Academy of Sciences. All rights reserved.

Occupational Health and Safety in the Care and Use of Nonhuman Primates 
http://www.nap.edu/catalog/10713.html

http://www.nap.edu/catalog/10713.html


INTRODUCTION AND OVERVIEW 5

employees at veterinary clinics indicate that the most common injuries
were animal bites and kicks, needle sticks, and crushing injuries, and that
over 50% of the respondents had at least one injury incident over a 3-year
period (Poole and others 1998, 1999). The important message from these
comparisons is that any animal care occupation has a wide variety of
workplace hazards. Once the hazards are identified, the same safety-
driven approaches that are used to reduce employee risk in other fields of
animal care and use, as well as in other workplace settings, are likewise
applicable to people working with nonhuman primates.

OCCUPATIONAL HEALTH AND SAFETY PROGRAM

Every organization uses a variety of tools to achieve institutional
goals, including business plans, strategic plans, and long-range develop-
ment plans. The goals of an organization’s OHSP are as follows: to iden-
tify hazards in the workplace and determine the risk associated with
them, to design the facility and management program to reduce risks
associated with the hazards, and most importantly, to communicate haz-
ard identification, risk assessment, and appropriate safety measures to all
employees. An OHSP integrates the efforts of management, administra-
tion, employees, and health care professionals in an active, evolving pro-
gram that promotes a culture of safety in the workplace.

The challenge of providing a safe work environment is best met with
the development of an OHSP that provides a foundation for a culture of
safety and makes worker safety a central mission for all employees of an
institution.  Inclusion of safety in the development of a new institution is
generally easier than integration of safety into long-established programs.
There is always the concern that worker safety and the attendant OHSP
expenses will have adverse effects on finances and process efficiency.
Although economics will have an impact on any animal care and use
program, cost alone must not dictate the scope or relevance of the OHSP
implemented at an institution.  The simple trade-off is that employee
welfare and reduction in the loss of work time due to workplace injury
will improve employee satisfaction and performance.  It is important for
staff to know that management is concerned about their welfare.  For both
new and long-established institutions, there is value in having a reference
document, such as this volume, that provides a ready source of informa-
tion for creating an OHSP. The intent of this report is to provide the
proper tools to identify and manage human health hazards associated
with nonhuman-primate research.

The National Research Council developed a document on OHS for
animal research facilities (NRC 1997), which serves as a guide for man-
agement of an OHSP and provides a foundation for developing a pro-
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gram if none exists.  The present report is aimed at developing an OHSP
at nonhuman-primate facilities or facilities that use nonhuman-primate
blood or tissue and is not intended to duplicate the scope or content of the
previous document.  Instead, its goal is to complement that publication
and expand on topics that are particularly relevant or peculiar to animal
programs that involve nonhuman-primate species.  The Committee on
Occupational Health and Safety in the Care and Use of Nonhuman Pri-
mates has also attempted to address the meaning and implications of
uncertainty in risk management.

OVERVIEW

This report is organized to address the various considerations in the
development of an OHSP for nonhuman-primate facilities.  The report
follows a logical progression to facilitate its use in OHSP development,
but each chapter can be used as an individual reference document.

The second chapter provides a background for the use of nonhuman
primates in research, education, and testing and discusses the goal of this
report—promoting OHS in nonhuman-primate facilities. To ensure that
OHS issues bridge academic or departmental divisions, this chapter also
highlights the importance of the Institutional Animal Care and Use Com-
mittee (IACUC) in implementing and monitoring the efficacy of the
OHSP.  Finally, this chapter addresses the taxonomic and behavioral di-
versity of the primate order.  Understanding differences in behavior be-
tween species and individual animals can assist personnel in predicting
an animal’s actions and identifying potential hazards associated with
them.

The third chapter addresses potential zoonotic hazards that may be
encountered in a nonhuman-primate facility or at a facility that uses non-
human-primate blood or tissue.  The chapter is organized by type of
disease agent—viral, bacterial, protozoan parasitic, metazoan parasitic
and other agents.  For each agent, there is a description of the disease
profile in nonhuman primates, mode of transmission, incubation period
and clinical signs, and diagnosis and prevention.

Chapter 4 identifies and describes the noninfectious hazards that are
specific to facilities and research involving nonhuman primates.  This
chapter emphasizes that the identification of noninfectious hazards must
involve a qualified health and safety professional who is trained in ergo-
nomic hazards.  This chapter also addresses potential hazards associated
with allergies to nonhuman primates, heat stress associated with the per-
sonal protective equipment used when interacting with nonhuman pri-
mates, volatile anesthetics, and disinfectants commonly used in nonhu-
man-primate areas.
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The fifth chapter discusses risk assessment as a powerful tool that
provides a rational framework for designing and managing OHSPs in
institutions that care for nonhuman primates. The Committee examines
risk assessment as a process of collecting and analyzing scientific data to
describe OHS risks.  It identifies four steps to successful risk assessment:
hazard identification, dose response assessment, exposure assessment,
and risk estimation and characterization (NRC 1983; Samet and Burke
1998).

Chapter 6 discusses the identification of pertinent OHS regulations
and recommendations, the final step undertaken before a risk manage-
ment strategy is developed.  It notes how this aspect of the process can be
challenging because of the multiple agencies or regulations that may be
applicable in the same facility and identifies the most widely relevant US
federal regulations. The committee also discusses oversight responsibility
and identifies important reference material and organizations that pro-
vide additional assistance and frameworks for developing an OHSP.

Chapter 7 reviews the steps necessary to formulate and implement
a course of action to manage hazards identified during the risk assess-
ment process.  This course of action or risk management is the core of an
OHSP. The chapter is divided into nine key areas through which hazards
can be effectively managed, and each area contains a checklist of consid-
erations to address for large and small institutions. The nine areas are:
administrative procedures, facility design and operation, exposure-con-
trol methods, education and training, occupational health, equipment
performance, information management, emergency procedures, and pro-
gram evaluation.

Chapter 8 identifies the need for institutions to implement an inclu-
sive training program for all personnel who interact with nonhuman pri-
mates, and a policy of continuing education to ensure that employees are
informed and knowledgeable about hazards in the workplace.  This chap-
ter addresses critical issues in training programs that are designed to
provide effective hazard communication to all employees regardless of
educational level. The importance of worker orientation, standard operat-
ing procedures (SOP), and training evaluation is emphasized.

The final chapter presents an overview of medical management of
persons involved in a nonhuman-primate-related injury or exposure.
Establishing a working relationship in advance with a health-care profes-
sional is critical to determine what is an exposure, what is appropriate
emergency treatment, and what are the options for postexposure prophy-
laxis.
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CONCLUSION

The following chapters provide the foundation for the development
of an OHSP at institutions engaged in the care and use of nonhuman
primates. The Committee encourages program managers to utilize other
resources as well, in particular the 1997 NRC document Occupational
Health and Safety in the Care and Use of Research Animals and the 1999 CDC
Biosafety in Microbiological and Biomedical Laboratories. The actual develop-
ment and implementation of an OHSP must be adapted to the individual
needs and functions of an organization.  One common theme is that effec-
tive communication of hazards, risks, and safety measures to all employ-
ees is a vital element in the success of any program.
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INTRODUCTION

According to annual reports published by the US Department of Ag-
riculture, the number of nonhuman primates used or intended for use in
research has remained generally stable for the last decade at about 52,000
animals per year.  Over 87% of the states, districts, and territories in the
United States use primates in research.  Primates are used in diverse
projects, including research in infectious diseases, cancer, neuroscience,
heart disease, nutrition, and reproduction; drug development and safety
assessment; and behavioral studies (Sibal and Samson 2001).  The steady
and widespread use of nonhuman primates strongly suggests that they
will continue to be important animal models for a number of human
diseases.

Many research projects require physical proximity between people
and nonhuman primates or their tissues, and institutions have an ethical
responsibility to provide for the health and safety of people exposed to
the hazards resulting from that proximity.  This responsibility is particu-
larly important at institutions that use primate species that pose known
and significant infectious hazards, such as the macaques and chimpan-
zees.  Although economics will have a role in any animal care and use
program, cost alone must not dictate the scope or relevance of the OHSP
implemented at an institution.

A successful OHSP has seven basic elements: knowing the hazards,
avoiding and preventing exposures to the hazards, providing effective

2
Background and Context for

Occupational Health and Safety in the
Care and Use of Nonhuman Primates
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training and reinforcement, promulgating and enforcing sound rules and
guidelines, ensuring consistency and reliability in occupational behavior,
maintaining proper records (a database) and providing comprehensive
medical surveillance and feedback, and developing key leadership and
staffing based on a commitment to a safe workplace (NRC 1997).

The importance of an OHSP in any laboratory animal care and use
program is highlighted in the Guide for the Care and Use of Laboratory
Animals (NRC 1996).  The Guide identifies the essential elements of an
OHSP, although more specifically in the context of animal care and use:
hazard identification and risk assessment; personnel training; use of per-
sonal protective equipment; facilities, procedures, and monitoring; medi-
cal evaluation and preventive medicine; and addressing animal experi-
mentation that involves hazards.

One of the most commonly identified deficiencies in animal care and
use programs evaluated by the Association for Assessment and Accredita-
tion of Laboratory Animal Care International (AAALAC International) is
in the OHSP (DeLong and others 2001).  Overarching concerns identified
by AAALAC International were a failure to base the OHSP on hazard
identification and risk assessment and a failure to include in the program
the general hazards of working with animals (as opposed to experimental
hazards themselves, which are usually taken into account); inadequate
training on such OHS topics as zoonoses and allergies; inadequate inclu-
sion in the OHSP of all personnel potentially at risk, such as students, the
nonaffiliated member of the IACUC, and visiting scientists; and inad-
equate linkage between the IACUC and institutional safety personnel.
AAALAC International’s expectations for a sound OHSP are that the in-
dividual components of the program are appropriate for the institution
and that the components work together effectively.  Thus, there must be
sound implementation strategies and effective coordination of program
components and personnel.

INTENT OF THIS REPORT

The National Research Council report Occupational Health and Safety
in the Care and Use of Laboratory Animals (1997) provides an excellent over-
view of OHS issues.  However, in light of AAALAC International’s find-
ings and the potentially serious risk that working with nonhuman pri-
mates can pose to workers, the present report is intended to serve as a tool
for developing and improving OHSPs that must address the particular
hazards posed by nonhuman primates.  The intent of this report is to
provide specific information to safeguard the health of people working
with nonhuman primates; however, an additional benefit is the protec-
tion of animal health.  This report will serve as a resource for health care
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providers, institutional officials who are responsible for the OHSP, and
the various personnel working with nonhuman primates or their tissues.
References provided throughout the report will assist people who seek
more detailed information on particular aspects of an OHSP.

The information presented here is intended to guide the implementa-
tion of an OHSP that must address the use of nonhuman primates and
that is appropriate for the size and function of the institution.  Any analy-
sis of the risks posed by nonhuman primates to people must take into
account the specific animal use (for example, how direct is the contact
with animals or animal tissues), the nature of nonhuman primates being
used (including species, age, sex, and previous experience of the animals),
the qualifications of the people working with the animals or animal tis-
sues, as well as support staff who might come into contact with the ani-
mals (e.g., maintenance or housekeeping personnel) or animal-associated
equipment (e.g., cage-wash staff).  Practices, procedures, and attitudes in
place at an institution are essential components of an OHSP.  Because the
hazards associated with the use of nonhuman primates will be specific for
each institution, no single approach to addressing the risks can be offered
in this report.  Instead, general guidance is provided on the types of
hazards encountered in different settings with various primates and on
how to avoid those hazards and manage exposures.

IMPLEMENTING THE OCCUPATIONAL
HEALTH AND SAFETY PROGRAM

Responsibility, Authority, and Accountability

A successful OHSP begins with strong administrative support.  The
senior official at the institution must understand the health and safety
issues related to working with nonhuman primates, support the develop-
ment and implementation of policies to safeguard workers, communicate
the importance of OHSP participation to them, ensure that suitable fund-
ing and other resources are available to implement and maintain the pro-
gram, designate appropriate staff to serve on the design and implementa-
tion team, and identify the individual or office that will manage the OHSP.

The design and implementation team should comprise persons who
have expertise in providing occupational health care and who might be
exposed to hazards in the workplace, depending on their role in the insti-
tution.  The team should include representatives of animal care and use
staff, research staff, environmental health and safety staff, occupational
health and medical staff; administration and management (NRC 1997)
assisting with the design and implementation of the OHSP should be
qualified to do so through training or experience with relevant hazards.
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Oversight

A successful OHSP relies on the identification of health and safety
concerns at all levels of the institution.  Animal care and use staff typically
have the most frequent and direct contact with nonhuman primates and
therefore typically have a practical approach to identifying and reducing
potential hazards.  The IACUC, through its animal study proposal review
process and semiannual facility inspections, has the opportunity to inves-
tigate possible risks associated with a proposal, to seek ways to reduce the
risk, and to assess the animal facility and animal procedure areas for
potential hazards that should be avoided or minimized.

The Environmental Health and Safety (EHS) staff, whether they are
employees of the institution or contract staff, may be involved in radia-
tion and chemical safety, waste management, and monitoring of the
OHSP.  EHS personnel often provide input into the development of work
practices and should maintain a liaison with the IACUC for review of
animal-study proposals involving hazardous agents.  In institutions where
nonhuman primates are used, the EHS staff should have appropriate
knowledge of all associated infectious, chemical, and physical hazards
and ergonomic concerns, along with the importance of protection of the
animals from human disease.  Persons assigned these responsibilities can
be invaluable in the implementation of a program modification.  Informa-
tion gathering is particularly important when research programs include
novel infectious agents or viral vectors on which little reference informa-
tion is available.  The senior official, through reports provided by the
research directors and staff, the IACUC, the EHS and OHS directors and
staff, and the NHP director and animal care staff provides the highest
level of oversight by ensuring that problems identified by others in the
institution are resolved (Figure 2-1).

The OHSP is also reviewed by external oversight organizations, such
as OSHA and corresponding state agencies, the National Institutes of
Health Office of Laboratory Animal Welfare (for institutions receiving
Public Health Service [PHS] funding), and AAALAC International (for
institutions seeking or renewing accreditation).  Those organizations can
take different actions when an institution is not in compliance with their
standards, such as imposition of fines, withdrawal of grant funds, and
revocation of accreditation, respectively.

Hazard Identification and Risk Assessment

Risk assessment is the basis for designing and managing occupational
health and safety programs to reduce workplace risks to an acceptable
level.  Risk assessment measures the likelihood of adverse health effects
resulting from occupational injuries or exposures and is discussed further
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in Chapter 5.  An important aspect of risk assessment is hazard identifica-
tion.  A hazard is a source of risk, such as a substance or action that can
cause harm.  Hazards can be inherent to working in an animal facility or
result from a specific research project.  Everyone in the facility should be
considered responsible for identifying hazards as part of his/her duties to
ensure a culture of safety in the institution.  Hazards can be categorized as
biologic, chemical, or physical, and they can be introduced by dermal or
mucous membrane contact or through respiratory, oral, or auditory
routes. Occupational hazards associated with nonhuman-primate facili-
ties are principally those related to physical injury and infectious disease
(viral, bacterial, and parasitic).  The process of identifying hazards should
be continuous as new equipment or materials, new species, and new
research are introduced into the institution.  Experience in and qualifica-
tions for working with one species of primate cannot necessarily be trans-
lated to a different species, even if the species belong to the same genus.
Therefore, hazard identification must include knowledge of the biology
and behavior of the primate species in question.  Table 2-1 shows some of
the key factors involved in identifying hazards and then conducting a risk
assessment. Risk assessment should be used to manage identified haz-
ards, avoid or minimize potential exposures, and guide treatment if an
exposure occurs.

Senior Official

IACUC

Nonhuman-Primate Facility Director

Animal Care Staff

EHS and OHS

Directors &

Staff

Research

Directors & 

Staff

FIGURE 2-1 Relationships among institutional administrators and units respon-
sible for occupational health and safety in the nonhuman primate facility.
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TABLE 2-1 Factors Involved in Risk Assessment

Known Hazards:
• Experimental conditions
• History of health concerns in facility/program

Unknown Hazards:
• Employment outside primary workplace
• Hobbies, circumstances at home that may predispose for risk at primary

workplace (e.g., sports, pets)

Work Assignment:
• Duration of study
• Frequency of exposure
• Protection afforded through regulatory (e.g., CDC) requirements

Species:
• Of animal
• Potential for zoonotic disease
• Potential for injury
• Of experimental agent
• Specific agent properties
• Intensity of exposure

Protection Afforded Through:
• Facility engineering
• Required personal protective equipment
• Required biosafety equipment
• Health status of worker
• Experience of worker

SOURCE:  Adapted from AAALAC International, see www.aaalac.org.

HAZARDS ASSOCIATED WITH
NONHUMAN-PRIMATE BEHAVIOR

Personnel working with nonhuman primates should receive basic
training in nonhuman-primate behavior.  Understanding the behavior of
primates assists personnel in predicting the animals’ actions and identify-
ing potential hazards.  Such an understanding includes a basic knowl-
edge of the animals’ anatomy and perceptual capabilities; this informa-
tion indicates the physical capabilities of the animals (leaping or spitting
long distances, running rapidly, exercising manual dexterity, and so forth)
and what it perceives in its environment (such as depth, color, and smells).
Knowledge of the animals’ cognitive abilities aids colony managers, sci-
entists, and veterinarians in selecting housing or testing equipment that is
appropriate and enhances personnel safety and in determining what kind
of training program can be used with the animals.  Knowledge of animal

Copyright © National Academy of Sciences. All rights reserved.

Occupational Health and Safety in the Care and Use of Nonhuman Primates 
http://www.nap.edu/catalog/10713.html

http://www.nap.edu/catalog/10713.html


BACKGROUND AND CONTEXT 15

behavior is an important factor in the safe handling of large animals
(Grandin 1999)  such as nonhuman primates. This background informa-
tion can be overlaid with detailed knowledge regarding individual ani-
mals, such as an animal’s previous use (and familiarity with people and
procedures) and level of aggressiveness or other behavior, which can be
relevant to personnel safety.

Standard operating procedures (SOPs) or institutional policies are
critical to safeguarding people at risk.  Such documents may restrict entry
to the animal facility, require that visitors be older than some minimal age
(e.g., 18 years), or require particular health checks of visitors (for example,
tuberculosis testing and measles vaccination) to protect both the animals
and the people.  SOPs may specify a variety of procedures for husbandry
or research that maximize animal well-being and minimize potential risk
to the individual. SOPs and institutional policies should be customized to
the facility and kept current by periodic review (for example, by the
IACUC).

Occupational hazards associated with nonhuman primates can occur
in zoologic parks, in research and testing environments, and in teaching
or breeding programs.  Thus, several categories of people, perhaps with
different training in primate work, are potentially at risk.  People at risk
include employees; students, visiting scientists, and other trainees; con-
tract workers; and visitors or guests to the facility.  The categories of
people at risk vary not only in expertise, but also in physical proximity to
the animals, the type of use of the animals (for example, the animal might
be conscious or unconscious), and the species and number of animals
being handled (i.e., the risk posed by working with some species can
increase with the number of animals).

Training programs should be made available to individuals at risk to
provide information on potential hazards and avoidance of risks.  De-
pending on the primate species and the target audience, the training pro-
gram should address zoonotic diseases of primates, ergonomic hazards,
methods of reporting injuries, first aid, follow-up health care, and prin-
ciples of primate behavior.  One-on-one training by supervisors is critical
to tailor the information conveyed so that it is specific to the task and
species to which the trainee will be exposed.  A combination of didactic
and hands-on training may optimize personnel safety.

The order Primata is diverse, comprising, in addition to humans, more
than 200 species of prosimians, New World monkeys, Old World mon-
keys, and apes.  That diversity is reflected in the wide variety of habitats
occupied by nonhuman primates and by their anatomic, physiologic, and
behavioral differences.  Of the numerous nonhuman species, relatively
few are used in research, although a larger number are maintained in
zoological parks. Some of the behavioral considerations in handling those
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species most prevalent in research are discussed below. A detailed dis-
cussion of this topic is included in The Psychological Well-Being of Nonhu-
man Primates (NRC 1998).

Prosimians

The prosimians or lower primates (suborder Strepsirhini) include tar-
siers, lemurs, sifakas, indris, aye-ayes, lorises, pottos, and galagos (Nowak
1999).  Lemurs and lorises are often seen in zoos.  The prosimians are a
diverse group, whose members range from 12 cm and less than 100 g (the
mouse lemur) to 90 cm and 10 kg (the indri).  Prosimians are considered
the primates most removed taxonomically from humans, and there has
been no published report of disease transmission from prosimians to hu-
mans (NRC 1998).  In general, prosimians are not aggressive, although
some species actively resist restraint by kicking and biting.  The bite of a
slow loris may be of particular concern because of its poisonous mix of
saliva and glandular secretions (Alterman, 1995).  Some prosimians are
inquisitive and may leap onto people to investigate them more closely.
Personnel entering these animals’ quarters should be prepared for such
behavior.

New World Monkeys

The New World monkeys are found in Central America and South
America.  They include marmosets and tamarins, which are collectively
known as callitrichids (Callitrichidae), as well as squirrel monkeys, owl
monkeys, titi monkeys, capuchin monkeys, spider monkeys, howler mon-
keys, woolly monkeys, sakis, and uacaris, which are collectively known
as cebids (Cebidae).  The common marmoset (Callithrix jacchus) is used in
biomedical research and in zoological exhibits; other callitrichids are typi-
cally only maintained in zoos.

The callitrichids are distinct from the cebids by having claws on most
digits. They are also principally arboreal, descending to the ground only
occasionally.  Callitrichids are highly territorial, and their territoriality
can occasionally be directed at personnel coming close to their housing
enclosure.  Marmosets and tamarins have well-developed visual, olfac-
tory, and auditory perception and long memories, so they are able to
recognize individual humans and can develop strong likes and dislikes of
them (NRC 1998).  Threatening behavior may be detected in some species
of callitrichids in an arching of the back and concomitant stiff-legged
walk, presentation of the testes, or a chest display (achieved by standing
bipedally and turning the elbow out) (Hershkovitz 1975). Occasionally,
the bipedal stance will be accompanied by swaying from side to side. In
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addition, the entire pelage may be piloerected in a threat display. Hand-
raised animals can become very aggressive toward people when they
reach puberty.  Their territorial and occasionally aggressive behavior, in
combination with sharp claws and procumbent incisors (marmosets) or
long canine teeth (tamarins), poses a risk of bite wounds to personnel.

Of the cebids, squirrel monkeys and less often capuchins, spider mon-
keys, and owl monkeys are used in research.  These and the other cebids
can also be found in zoological exhibits.  In general, New World monkeys
are not aggressive toward humans and do not respond aggressively to
direct eye contact, as Old World monkeys do (NRC 1998).  Like pro-
simians, however, they resist restraint vigorously.  Capuchins have excel-
lent manual dexterity and manipulative abilities; these characteristics have
resulted in their occasionally unlocking their enclosures and getting free
in an animal holding room.  Staff should exercise care in capturing these
animals because they might bite in self-defense or when frightened.  Simi-
larly, a cebid attempting to climb on a person might bite the person if
pushed away or frightened (NRC 1998).  Occasionally, a cebid will defend
a person it likes from other people.

Old World Monkeys

The Old World monkeys are native to Africa and Asia, although in-
troduced populations exist throughout the world.  The family of cerco-
pithecids (Cercopithicidae) comprises two subfamilies, the cercopithe-
cines (Cercopithecinae) and the colobines (Colobinae).  The macaques,
baboons, drills/mandrills, geladas, mangabeys, guenons, talapoins, Afri-
can green monkeys (a.k.a. grivets or vervets), patas monkeys (military
monkeys, hussar monkeys, and mustached monkeys), and Allen’s swamp
monkeys are cercopithecines.  The colobines include colobus monkeys,
langurs, Chinese golden monkeys, and proboscis monkeys.  Of the cerco-
pithecids, the rhesus monkey and cynomolgus monkey are the most com-
monly used in research; baboons, African green monkeys, and a few other
species of macaques are also used.  Most of the cercopithecids and
colobines can be found in zoological parks.

Many species of Old World monkeys have well-developed cognitive
abilities, although most studies of cognition have been done in macaques.
The cercopithecines are also strong for their body size and are skilled at
manipulating objects.  Studies have demonstrated macaques’ puzzle-solv-
ing ability, even in the absence of a food reward (Washburn and
Rumbaugh 1992).  The combination of cognition, strength, and propen-
sity to manipulate objects can result in animals’ escaping from their enclo-
sures, thereby posing a risk to personnel.  Macaques have well-developed
visual capabilities (Bayne and Davis 1983; DeValois and Jacobs 1971; Leary
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and others 1985), and visual signals (such as coloration, facial expres-
sions, and body posture) are important in conspecific communication.  A
lack of knowledge or understanding of the visual signals on the part of
people working with macaques can lead to the inadvertent communica-
tion of mild threats, such as through direct eye contact and jerky arm
movements, and the primates might respond to these perceived threats
aggressively.  Because the cercopithecines are generally social animals,
any action by humans that is perceived as threatening to an infant (such
as removing the infant from a group) can also elicit aggression.  Basic
training of key personnel in primate behavior can decrease the primates’
aggressive actions in response to human behavior.  Risk can be reduced in
some instances by training the animals (for example, macaques) to coop-
erate in specific activities, such as cage transfer, venipuncture, and vagi-
nal swab sampling. This can minimize the handling of conscious animals
and reduce the need for chemical immobilization.

Apes

The superfamily of apes or hominoides (Hominoidea) consists of the
hylobatids (Hylobatidae), or lesser apes, and the hominids (Hominidae),
which includes great apes and humans. Some taxonomists place the oran-
gutan in its own family (Pongidae).  Gibbons and siamangs make up the
lesser apes.  The great apes comprise chimpanzees, bonobos, gorillas, and
orangutans.  Both lesser and great apes are frequently maintained in zoo-
logical parks; the chimpanzee is the most common ape used in research.

The lesser apes exhibit specialized locomotion known as brachiation
(arm-swinging) aided by their long arms and elongated hands and fin-
gers.  Those features also result in a long reaching grasp through enclo-
sure barriers to grab at unwary people who are too close.  Gibbons are
capable of rapid movement, and they may bite (NRC 1998).

The great apes are extremely strong, including in their hands.  Chim-
panzees and gorillas will use objects in their environment in their charge
displays, occasionally throwing the objects at specific targets.  Chimpan-
zees and orangutans will also spit saliva or water and throw feces at
nearby persons with great accuracy.  A response to this behavior from a
person encourages it to the point of becoming routine in the animal’s
behavioral profile.  Young chimpanzees can pinch and bruise people with
their rough play.  Great apes have a highly developed cognitive level,
with excellent skills in complex learning and tool-using.  Some species are
even capable of recognizing themselves in mirrors and in televised im-
ages (Gallup 1977, 1982; Lambeth and Bloomsmith 1992; Menzel and
Lawson 1985).  Great apes do not often trust unfamiliar persons and can
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even be devious in their relationships with people (NRC 1998), which can
place those individuals at additional risk.  Chimpanzees have long memo-
ries, and their aggressive actions can be unpredictable and appear pre-
meditated.  Enclosures should be designed to prevent great apes from
reaching out and grabbing people; nonhuman primates have been re-
ported to grab neckties, loose-fitting laboratory coats, or long hair (NRC
1997).  Because of their cognitive skills, great apes can be trained by using
a food reward for cooperation in such activities as venipuncture and in-
jections.  This training can reduce the need to sedate the animals while
minimizing risks to personnel.

RISKS AND RISK REDUCTION ASSOCIATED WITH
ENVIRONMENTAL ENRICHMENT

Ethical reasons and federal regulatory requirements mandate that an
environmental enrichment program be provided to captive nonhuman
primates to improve their well-being.  The Guide (NRC 1996) suggests
that this enrichment be provided vis-à-vis a behavioral management pro-
gram that comprises three principal elements: the structural environment,
the social environment, and activity.  An appropriately designed behav-
ioral management program can be a useful tool to reduce risks associated
with working with nonhuman primates.  However, each of the compo-
nents of the behavioral management program also poses its own OHS
challenges for personnel.

A key way in which a behavioral management program can improve
worker safety is by reducing atypical behavior expressed by nonhuman
primates.  Animals that are exhibiting behavioral pathology resulting from
their captive conditions can be unpredictable and excessively aggressive,
thereby increasing the risk of injury to workers.  Efforts to maintain ani-
mals in a state of well-being so that they express species-typical, and thus
more predictable, behaviors will improve worker safety.

In addition, when the animals associate the presence of personnel
with positive experiences, such as the provision of food treats or cognitive
activities, their behavior toward staff will more likely be affiliative rather
than aggressive.  As described previously, training animals to participate
in routine procedures, as a part of the behavioral management program,
reduces the risk of injury to workers because the animals will be cooper-
ating in the activity rather than resisting.

Care must be exercised when personnel are forming social pairs or
groups of primates for enrichment purposes because the animals will
form dominance hierarchies through acts of aggression and submission
that can inadvertently involve staff members.  Published reports have
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described methods of forming pairs or groups to maximize the safety of
animals (Bernstein 1991; Fritz 1994; Reinhardt 1988, 1990, 1991).  Those
methods will also protect the personnel involved.

Many enrichment techniques involve attaching items (such as forag-
ing devices and toys) to the front of a cage or placing items inside the
cage, so there is the potential for animals to grab, bite, or scratch person-
nel as they provide upkeep of these items.  In general, enrichment items
kept inside the cage should be handled only when the cage is empty (for
example, during cage-change procedures).  Good judgment must be used
when considering the upkeep of items attached to the front of an animal’s
enclosure; the practice might be safe with some enrichment items and for
some species of nonhuman primates but not others. Consideration should
also be given to the risks associated with handling and transport of the
enrichment devices themselves. These devices can become contaminated
with saliva, urine and feces and can be an infectious hazard to any per-
sonnel that contact them, including staff that may wash the devices. Fur-
ther, it should be noted that microbial growth can persist on enrichment
devices after sanitation in a commercial cage washer (Bayne and others
1993).

Because the provision of environmental enrichment is a required as-
pect of captive-primate husbandry, staff with a variety of expertise may
be involved in the behavioral management program.  Institutions should
ensure that staff receive training in the safe implementation of enrich-
ment that is specific to the species held, the type of caging used, and the
methods of enrichment being implemented.
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3
Identifying Infectious Hazards

Associated with the Use of
Nonhuman Primates in Research

Many pathogenic organisms that naturally infect nonhuman primates
are communicable to humans, and several human pathogenic organisms
are communicable to nonhuman primates and can be retransmitted back
to humans. Because humans and nonhuman primates have a close phylo-
genetic relationship, the risk of transmission of pathogenic organisms
with nonhuman primates is greater than with any other group of labora-
tory animals used in biomedical research. This potential risk increases the
importance of identifying infectious hazards for persons working with
nonhuman primates or their blood or tissue.

Pathogenic organisms can be acquired by exposure to blood or body
fluids by any route including needle inoculation, animal bites and
scratches, splashes, accidental ingestion, mucous membrane contamina-
tion, contaminated caging and equipment, or even infectious aerosols.
Furthermore, some of these organisms may be significantly more patho-
genic in species that are not naturally exposed (for example, B virus causes
mild, self-limiting lesions in macaques, but is highly pathogenic and often
fatal for humans and other nonhuman-primate species such as marmo-
sets and capuchins). The invaluable use of these animals as models of
human infectious disease compounds these concerns; their care and use
after inoculation with hazardous pathogens can entail substantial haz-
ards.  The tendency for zoonotic agents to cause asymptomatic infections
in their natural host species raises additional considerations, as does the
sharing of nonhuman-primate blood and tissues among laboratories
where the procedures and safeguards in place might not be aligned with
the etiologic hazards in mind.
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The diversity of nonhuman-primate species in research and the lack
of comprehensive knowledge regarding the biology and epidemiology of
each agent make the list of infectious hazards summarized in this chapter
necessarily incomplete.  However, the agents described here span the
taxonomic groups of pathogens described to date, including those with
the most clearly documented importance for laboratory primate research
colonies. New findings should be appended to these listings, and the
adequacy of safety programs should be reviewed accordingly.  Criteria
for inclusion in this chapter were the presence of published case reports of
occupational exposures, the existence of population-based surveys in re-
search settings or native habitats, and the biologic plausibility of acciden-
tal human exposures.  The plausibility is clearly less for agents that re-
quire intermediate hosts, arthropod vectors, or environmental incubation,
but accidental inoculation via a penetrating injury nonetheless warrants
inclusion even for some of those agents.  For ease of reference, agents are
described at the host genus or species level, as appropriate. Some ex-
amples of infectious hazards introduced experimentally into nonhuman
primates are considered, and assessments of their potential for human
exposure should be re-examined in actual institutional contexts. How-
ever, a comprehensive review of the hazards associated with experimen-
tally-induced infections in NHP is beyond the scope of this report.

Most agents likely to be encountered in common species in research
use are listed in Table 3-1.  Some significant taxonomic groups of nonhu-
man primates used less commonly in contemporary scientific studies
(such as marmosets, owl monkeys, and mangabeys) have been largely
excluded from the table because of insufficient descriptions of their po-
tential role in infectious hazards, so this chapter should not be considered
exhaustive.  Furthermore, some nonspecific agents (such as dermato-
phytes and rabies) should be considered potential hazards from any spe-
cies of nonhuman primate. Finally, the possibility of zoonotic disease
transmission arising from xenotransplantation of nonhuman-primate tis-
sues to humans raises a variety of additional concerns (Michaels 1998)
that are beyond the scope of this work.

The information on infectious agents to which humans may be ex-
posed through contact with nonhuman primates is organized into major
sections of viral diseases, bacterial diseases, protozoan parasite diseases,
metazoan parasite diseases and other agents of potential importance
within the context of contemporary animal care and use programs. Infor-
mation relevant to each agent is presented in four categories: disease
profile in nonhuman primates, mode of transmission, incubation period
and clinical signs, and diagnosis and prevention. It should be clarified
that not all of the agents listed have been recognized as causes of any
illness or other untoward effect in human beings to date. However, given
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the slow rate of disease progression for some recognized human patho-
gens, appreciation for the potential of genetic recombination and multiple
causation of disease, and the relatively short time since their discovery,
the goals of an OHSP should be to prevent exposure to these agents in the
work environment regardless of their suspected importance.  Those re-
sponsible for the OSHP should take into account the potential for expo-
sure to all of these agents in occupational settings that involve nonhuman
primates or their tissues. Detailed considerations for the design and imple-
mentation of an OHSP relative to infectious and non-infectious hazards
are presented in Chapter 7 of this report.

VIRAL DISEASES

Several virus classes are chronic or latent infections of a given species
of nonhuman primate and are discussed below or listed in Table 3-1.
These are likely to be present in all species of nonhuman primate al-
though they are not necessarily described for a given species.  They in-
clude herpesviruses, foamy viruses, and papovaviruses.  Some species
also have their own hepatitis A and B viruses as well as chronic blood-
borne flaviviruses and speculatively could participate in transmission of
agents of nonhuman primate or human origin.

The lentivirus taxon is particularly important because of its phyloge-
netic relation to human acquired immune deficiency syndrome (AIDS).  It
is likely that human immunodeficiency virus 1 (HIV1) originated from a
chimpanzee lentivirus (Gao and others 1999) and that HIV2 derived from
a sooty mangeby lentivirus (Hirsch and others 1989).  Only African non-
human-primate species have been definitively shown to be chronically
infected with their own specific lentivirus.  Macaques are an important
consideration because they are often used as experimental models of AIDS
after inoculation of lentiviruses derived from other nonhuman primates.
They may be chronically viremic and a source of blood-borne infection to
humans or after immunodeficiency develops may be amplifiers of oppor-
tunistic infections.

Examples of the most significant of these types of viral infection are
discussed below.

B Virus

Disease Profile in Nonhuman Primates

B virus, also known as Herpesvirus simiae and Cercopithecine herpes-
virus 1, is an alphaherpesvirus that occurs naturally only in macaques
(Holmes and others 1995; Weigler 1992). The pathogenesis of B virus in
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macaques resembles that of herpes simplex viruses 1 and 2 in humans,
with primary infections followed by lifelong latency, mostly in trigeminal
and lumbosacral sensory ganglia, and recrudescent episodes of virus
shedding on one or more occasions from tissues around the original site
of virus exposure. Despite the shedding of infectious virus at those times,
most macaques with B virus infections are asymptomatic or experience
only mild, self-limiting, localized lesions that are often not outwardly
apparent. When present, vesicles, progressing to ulcers that heal without
scarring after 10-14 days, are generally noted on oral-facial or genital
mucous membranes and mucocutaneous borders, often including the con-
junctivae. Disseminated disease in macaques involving widespread hem-
orrhagic necrosis of the liver, lung, brain, and lymphoid organs occurs
rarely (McClure and others 1973). Natural transmission of the agent be-
tween macaques occurs principally via biting and scratching but also via
sexual activity in postpubertal animals (Weigler and others 1993, 1995).
Prevalence can reach 90% or more in group-housed breeding colonies
(Weigler and others 1990). Single- or pair-housing configurations tend to
have lower prevalence (Weir and others 1993), but infection status and
likelihood of virus shedding are unpredictable, so it is prudent to con-
sider all macaques to be latently or actively infected with this agent (Ward
and Hilliard 2002). B virus is also known to be highly pathogenic in other
species of nonhuman primates including colobus monkeys, patas mon-
keys, DeBrazza’s monkeys, capuchins, and marmosets in contact with
infected macaques or after experimental inoculation with the agent
(Loomis and others 1981; Thompson and others 2000; Weigler 1992; Wil-
son and others 1990).

Mode of Transmission

B virus exposures in humans have resulted from animal bites and
scratches, splashes, needle stick injuries (although this virus is not consid-
ered a bloodborne pathogen), and other contact of mucous membranes or
broken skin with infected body fluids from macaques or with wet, unfixed
tissues or primary cell culture tissue material. Contaminated husbandry
and research equipment can potentially spread B virus, although its vi-
ability is not expected to be prolonged (less than 24 hours in most cases),
especially when subject to drying or sunlight. However, B virus may
survive for longer periods when protected from environmental exposure
in certain laboratory settings (Hilliard and Henkel 1998). Severity of in-
jury has not correlated with likelihood of B virus infection, and several
human cases have been noted without clearly recognized exposure inci-
dents.
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Incubation Period and Clinical Signs

The incubation period prior to onset of clinical signs in humans is
variable; typically it is about 2-3 weeks. Some cases were apparent after a
few days, and others have taken several weeks or more to manifest after
the likely exposure. Postexposure wound cleansing and antiviral prophy-
laxis can greatly alter these patterns.

Numerous early-stage symptoms have been reported, including un-
explained febrile disease (fever, chills, nausea, vomiting, and dizziness)
and persistent headache. On some occasions, fluid-filled vesicles have
formed near skin wounds sustained from macaque bites or scratches and
have been followed by localized paresthesia. Mistaken early diagnoses
have included influenza or sinusitis. Progression of disease may have
other symptoms attributable to central nervous system infection, such as
ascending encephalomyelitis, diplopia, seizures, and respiratory failure
due to virus-associated tissue destruction generally localized to the
brainstem (Whitley and Hilliard 2001).

B virus infection in humans has been documented on at least 50 occa-
sions and has led to at least 23 deaths (Palmer 1987; Cohen and others
2002). When exposure is not evaluated promptly and there is no specific
antiviral therapy, case fatality rate exceeds 80% (Hilliard, personal obser-
vations; Palmer 1987); thus B virus is the most significant infectious occu-
pational health hazard in the conduct of nonhuman-primate research.
Nonetheless, human cases of B virus are extremely rare despite its high
prevalence in the host species and given the large numbers of macaques
used in research for many decades.

As a cautionary note,  healthcare workers should remember that all
primate alphaherpesviruses studied to date are capable of establishing
latency and therefore have the potential to reactivate.  Given the existence
of at least 6 individuals with persistent high titers of B virus antibodies
and previous histories of clinically diagnosed B virus infections, the bio-
medical community can effectively remain vigilant to the possibility of
reactivated B virus infections.  Additionally, severe morbidity has been
recognized clinically in at least 2 antibody positive individuals who re-
portedly had no contact with macaque monkeys for more than a decade
prior to clinical presentation.  Together, these data underscore the impor-
tance of patient follow-up to accumulate objective data in the face of
existing knowledge of alphaherpesvirus latency and reactivation.

Diagnosis and Prevention

Diagnosis of B virus exposure in humans is through serology, virus
isolation, and polymerase chain reaction (PCR) assays in reference labora-
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tories that are capable of detecting low-level infections and differentiating
cross-reacting antibody responses due to herpes simplex viruses (Holmes
and others 1995; Katz and others 1986; Scinicariello and others 1993).
Evaluation of involved macaques, tissues, or research materials may be
useful in these assessments.

The use of barrier methods of protection and safe-handling proce-
dures in work with macaques is paramount to B virus prevention. Prompt
and sufficient attention to disinfecting or flushing of body sites known or
thought to be contaminated, followed by proper follow-up evaluation
and care, as dictated by a medical professional knowledgeable in this
condition, is essential.

Several colonies of rhesus macaques that have no detectable antibody
are known to exist (Ward and Hilliard 2002; Ward and others 2000), which
should ultimately result in fewer cases of this disease in the coming
decades, at least from this species of macaque.  However, due to the
inaccuracy of some B virus tests, it should be assumed that all macaques,
including those from SPF colonies, are infected (Ward and Hilliard, 2002).
Therefore animals from SPF colonies that are involved in an exposure
should be as systematically and thoroughly evaluated as animals of un-
known status.

Simian Immunodeficiency Virus

Disease Profile in Nonhuman Primates

Several closely related lentiviruses, designated simian immunodefi-
ciency viruses (SIVs), have been found as persistent nonpathogenic infec-
tions in their natural reservoir in various species of Old World nonhuman
primates from geographically disparate areas, including mangabeys, gue-
nons, mandrills, and chimpanzees (Brown 1997; Mansfield and King 1998;
Santiago and others 2002).  When unknowingly or deliberately inoculated
into macaques, they often cause an AIDS-like syndrome. Their close
nucleic acid sequence homology with human immunodeficiency viruses
(HIV-1 and HIV-2) and the pathologic and clinical patterns that follow
SIV infections in macaques have given them an extremely important role
as experimental models of AIDS biology (Mansfield and King 1998). In
experimentally infected macaques, the incubation period can vary from
weeks to months, depending on the model. SIV-inoculated macaques can
succumb to a chronic wasting illness and an array of opportunistic infec-
tions, including cytomegalovirus, Pneumocystis carinii, Mycobacterium
avium complex, Cryptosporidium spp., Toxoplasma gondii, and Candida
albicans.  Animals with naturally occurring and experimental SIV infec-
tions and the associated primate tissues (including blood and blood prod-
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ucts) constitute potential infectious hazards to personnel. Potential
zoonotic hazards include lentiviruses, and in the case of immunosuppres-
sive infections, opportunistic pathogens.

The natural mode of SIV transmission among nonhuman primates is
poorly defined, but there is evidence of sexual transmission in some cir-
cumstances.  Transmission from infected dams to their offspring has been
demonstrated (Phillips-Conroy and others 1994), and all infections are
considered to be lifelong (Mansfield and King 1998).

Mode of Transmission

To date, three individuals have been infected with SIV, these occupa-
tional exposures occurred through splashes of infectious material onto
mucous membranes, contamination of open cuts or abrasions on the skin,
and needle stick injuries  (Essex 1994; Khabbaz and others 1994; Sotir and
others 1997).

Incubation Period and Clinical Signs

The incubation period for human cases is undefined, as no clinical
signs of disease have occurred in exposed persons.

Diagnosis and Prevention

Detection of SIV infection in exposed persons can be via serology,
virus isolation, and PCR. Use of barrier methods of protection and safe-
handling procedures is warranted in work with nonhuman primates.
Experimental studies with SIV are typically conducted under animal
biosafety level (ABSL) 2 or 2/3 conditions (that is, ABSL-2 facilities with
ABSL-3 practices and procedures) (see Table 5-2). Postexposure prophy-
laxis regimens involving the use of antiretroviral agents, as used for HIV
case management, have been published (CDC 2001c).

Simian Foamy Virus

Disease Profile in Nonhuman Primates

Spumaviruses (simian foamy viruses), with close phylogenetic rela-
tionships to human foamy virus isolates, have been shown capable of
transmission to humans. The involved species of nonhuman primates
have included macaques, baboons, guenons, and chimpanzees (Brooks
and others 2002; Heneine and others 1998; Sandstrom and others 2000).
Species-specific isolates have also been recovered from New World mon-
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keys such as squirrel monkeys and spider monkeys (Meiering and Linial
2001) and could potentially represent additional sources for human infec-
tion. There is no evidence that these agents are pathogenic in nonhuman
primates or humans. These viruses are found frequently in cell cultures
prepared by harvesting tissues for cell growth and propagation, compli-
cating research by their presence.

Mode of Transmission

The mode of transmission to humans is unknown but presumed to be
via contaminated saliva and possibly via bites and invasive research or
veterinary procedures involving the oral cavity and respiratory tract of
infected animals.

Incubation Period and Clinical Signs

No illness has been described as a result of spumavirus infections of
human or nonhuman-primate origin.

Diagnosis and Prevention

Serology, PCR, and virus-isolation assays are used for diagnosis. Bar-
rier methods of protection and safe-handling procedures in work with
nonhuman primates should minimize the likelihood of occupationally
acquired infections.

Ebola/Marburg/Filoviruses

Disease Profile in Nonhuman Primates

Imported macaques were implicated in outbreaks of Ebola subtype
Reston (Ebola-R) among macaques in US facilities beginning in 1989
(Brown 1997; CDC 1989, 1990a, 1990b, 1991, 1996; Dalgard and others
1992; Miranda and others 1999; Rollin and others 1999; Schou and Hansen
2000), and guenons brought from Uganda were the source of Marburg
virus exposure among laboratory workers in Germany and Yugoslavia in
1967 (Brack 1987). Ebola outbreaks in wild chimpanzees have also been
reported (Formenty and others 1999). Nonhuman primates are unlikely to
be the reservoir of Ebola virus since experimental or natural infection is
quickly fatal (Georges-Courbot and others 1997).

Disease presentation after infection with these filoviruses in nonhu-
man primates has varied with the virus strain and species involved. Lym-
phoid necrosis, hepatocellular necrosis, interstitial pneumonia, and rap-
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idly progressing (less than 24 hours) fatal hemorrhagic disease have oc-
curred in recent outbreaks among imported macaques in the United
States.

Mode of Transmission

The mode of Ebola virus transmission to humans is thought to be
mainly by droplets and body fluid fomites although the filoviruses form
infectious aerosols. Transmission of Marburg virus between animals and
humans has usually involved contact with infected tissues (NRC 1998).

Incubation Period and Clinical Signs

The incubation period for these agents in humans is unknown.  There
have been no clinical signs in association with small numbers of Ebola-R
infections in humans. Incubation for Marburg virus is 4-16 days. Initial
clinical signs include fever, myalgia, and headache, followed by nausea,
vomiting, and diarrhea along with thrombocytopenia and leukopenia
(NRC 1997).

Diagnosis and Prevention

Diagnosis is based on detecting virus in acute disease samples from
humans or other primates (antigen-detection ELISA, RT-PCR, or virus
isolation). Ebola-R virus has not been recovered from human patients.

Prevention is through use of quarantine facilities approved by the
Centers for Disease Control and Prevention (CDC) and appropriate
biosafety programs for imported macaques and African green monkeys
undergoing quarantine, especially after receipt from endemic areas.  CDC
has provided specific guidelines on the requirements for testing and
health reporting for these species held in quarantine (CDC 1990a). Trans-
mission of Marburg virus to humans in 1967 led to the institution of
preventive quarantine measures that have stopped any significant spread
of imported filoviruses and would be expected to be effective against
many of the other viruses discussed in this report (Formenty and others
1999; Miranda and others 1999).  The efficacy of these measures is based
on the propositions that filoviruses result in significant overt disease in
nonhuman primates held during quarantine, that the agents are not
chronic or latent and recrudescent, that disease is properly evaluated
when it occurs, and that there is oversight by persons whose primary
concern is public health. Recent experience in this regard is illustrated in
Box 3-1.
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BOX 3-1
Some Lessons from the Ebola (Subtype Reston) Episode

The most recent outbreak of disease in nonhuman primates followed an introduc-
tion of a filovirus into a U.S. quarantine facility in 1989-1990.  It led to several
observations relevant to the design and performance of an OHSP:

1. Previously unknown viruses may present without warning.  In fact, in the case
of the Ebola-Reston virus, the source of the multiple introductions beyond the single
export facility in the Philippines is still not known.

2. Good veterinary staff can note atypical clinical syndromes or death patterns
but they are not able to make accurate diagnoses without pathologic and microbio-
logic support.

3. Some viruses have never been tested by introduction into a closed primate
facility, so the epidemiologic patterns may differ from those in other situations.  Vi-
ruses may change in their epidemiologic patterns or even their genetic capability
during the course of transmissions within a primate facility.  Parenteral transmission
of the Ebola-Reston virus was important initially, but indications of aerosol spread
were evident later in the course of the epidemic.

4. Transmission of multiple viruses may occur in the unusual conditions prevail-
ing in the stressful transport, pooling, and housing of nonhuman primates.   Co-
circulation of simian hemorrhagic fever and the Ebola-Reston virus occurred, and
their interrelationship was not understood; but the Ebola-Reston virus alone clearly
was capable of causing lethal disease in macaques.

5. Necropsies played an important role in the outbreak.  A complete necropsy
with tissue blocks permits diagnosis and provides material for virus diagnosis as well

Pox Viruses

Disease Profile in Nonhuman Primates

Five pox viruses have been described as affecting nonhuman pri-
mates (Brack 1987; Muchmore 1987; Whitney 1976).  Most noteworthy of
them is monkeypox because of its clinical and immunologic similarities to
smallpox and vaccinia, the other members of the genus Orthopoxvirus that
affect humans. Outbreaks of human monkeypox occur often in Central
and West Africa (Hutin and others 2001) and originally led to some confu-
sion with smallpox virus activity.  Monkeypox can experimentally infect
a wide variety of Old World and New World nonhuman-primate species
(Downie 1974; Heberling and Kalter 1971).  Although antibodies may be
found in wild populations of guenons, arboreal squirrels are thought to
be the natural mammalian reservoirs in endemic regions of Africa
(Khodakevich and others 1986), though monkey-to-monkey transmission
can occur. Clinically, monkeypox presents as a vesicular exanthema lead-
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ing to classic pock-like lesions of the skin and internal organs, sometimes
with respiratory involvement.

Yaba virus and tanapox virus (benign epidermal monkeypox or Or-
Te-Ca virus) are both members of the Yatapoxvirus genus and can cause
multiple papules or masses (pseudotumors) on the skin, which occasion-
ally involve oral, pulmonary, and other internal tissues of nonhuman
primates, depending on the virus and host species.  Evidence of infection
has been found in macaques, baboons, guenons, mangabeys, patas mon-
keys, and chimpanzees, but not in New World monkey species (Brack
1987; Downie 1974). Lesions spontaneously regress by necrosis and ulcer-
ation in 3-6 weeks.

Molluscum contagiosum, a skin infection caused by the only member
of the Molluscipoxvirus genus, causes umbilicated papules on the skin
(genital area, face, and upper body) that can persist for up to 2 years. It is
a relatively common virus thought to be specific to humans (especially
immunosuppressed humans), but cases have been documented in chim-
panzees (Douglas and others 1967).

as formalin blocks for future immunohistochemistry.  It is also dangerous and should
be undertaken only by highly trained persons with proper containment.

6. The level of technical knowledge of staff varied.  Communication of risk to
illiterate and immigrant workers was difficult because of both language and cultural
barriers.  In addition, there was a variable response to the idea of risk amelioration by
the corporate interests involved.  There were adequate numbers of ABSL-4 trained
technicians and veterinary staff for many of the procedures once the consulting US
Department of Defense laboratory was involved, but this would no longer be true,
because of the lessening of ABSL-4 operations and would not be true at most sites
around the world.

7. The level of veterinary clinical care was very high, but in spite of this, some
practices, particularly recognition of the need for needle hygiene, increased the risks
to personnel.

8. State and federal statutes had important effects on the responses that were
possible and those implemented.  The nonhuman primates were private property, so
cooperation had to be requested and could not be mandated.  Transport of animal
samples a few miles across state lines required multiple time-consuming licenses and
permissions.  Disposal of animal carcasses was subject to regulations drafted for
general environmental protection, and variances had to be sought for environmen-
tally unimportant activities that greatly enhanced biologic safety.

9. An inadequate international technical base with respect to the filoviruses had
a severe adverse effect on the response to the emergency.

10. The relatively modest response from the press would probably not be the case
today, given the presence of “real-time” cable news.

11. Efficient aerosol spread or severe human disease would have resulted in a
different public health scenario.
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Mode of Transmission

Direct contact and indirect contact (possibly via invertebrate vectors)
are suspected but conclusive data are lacking. Transmission of yaba and
tanapox from monkeys to humans has been documented on several occa-
sions (including via contaminated needles), and outbreaks among human
settlements have occurred in Central Africa with lesions resembling those
in animals (Jezek and others 1985). In contrast with yaba and tanapox,
person-to-person spread is a feature of monkeypox, although less so than
that of smallpox (Hutin and others 2001). To date, nonhuman primates
have not been directly implicated in human cases of monkeypox (Hutin
and others 2001). Molluscum contagiosum is spread by close direct con-
tact between humans and potentially through close contact with an in-
fected chimpanzee.

Incubation Period and Clinical Signs

The incubation period for monkeypox in humans is thought to be
about 3 weeks. Fever precedes pock-like lesions similar to those described
above for nonhuman primates. Lesions arise approximately 1 week after
human exposure to the Yatapoxvirus agents, and published case reports
indicate that up to 6 months may be required for molluscum contagiosum
to manifest in the patient.

Diagnosis and Prevention

Serology, virus isolation, and PCR assays have been developed for
some agents in this group. Monkeypox cases in endemic regions of Africa
may have been prevented in previous decades when smallpox (vaccinia)
immunization campaigns were active, and none of these should occur in
contemporary research settings with nonhuman primates, except perhaps
of recently imported ones.

Yellow Fever

Disease Profile in Nonhuman Primates

Yellow fever virus (flavivirus) occurs in sylvatic maintenance cycles
involving African Old World primates (including baboons, guenons,
mangabeys, chimpanzees, and patas monkeys) and New World primates
(including howler monkeys, spider monkeys, capuchins, and squirrel
monkeys) (Mansfield and King 1998; Solomon and Mallewa 2001). Trans-
mission of yellow fever virus is via the bite of infective mosquitoes, espe-
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cially Aedes aegypti in urban maintenance cycles and human epidemics,
Ae. africanus and Ae. simpsoni in sylvatic African Old World primate main-
tenance cycles, and Haemagogus spp. in sylvatic New World primate main-
tenance cycles.

Clinical signs of infection are mild or absent in African species, but
New World primates tend to show high mortality, presumably because of
the virus’s relatively recent introduction into Central and South America
in the 16th and 17th centuries.

Mode of Transmission

Human cases acquired from nonhuman-primate research work in
laboratory settings have occurred (Richardson 1987), and accidental ex-
posures with needle sticks or other sharp instruments are a continuing
possibility, especially during quarantine of animals after receipt from en-
demic areas.

Incubation Period and Clinical Signs

After an incubation period of 3-6 days, the human disease can present
with variable severity, including mild, inapparent infections in endemic
areas. However, attacks of rapid onset—including fever, chills, headache,
backache, nausea, vomiting, and jaundice—are common. Symptoms can
progress to epistaxis and hemoptysis, melena, liver and renal failure, and
in some cases, death.

Diagnosis and Prevention

Diagnosis is through serology, virus isolation, PCR, or histopathol-
ogy. Yellow fever is prevented by maintaining effective quarantine pro-
grams, especially after receipt of animals from endemic areas, eliminating
or destroying potential larval habitats of Aedes mosquito vectors, and
protecting against mosquito bites. A human vaccine is available for re-
search workers and the public.

Dengue

Disease Profile in Nonhuman Primates

Dengue fever viruses (flaviviruses) circulate in tropical latitudes
among different species of African and Asian Old World primates, in-
cluding macaques (Mansfield and King 1998; Solomon and Mallewa 2001).
The dengue virus is introduced via the bite of infective mosquitoes, espe-
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cially Aedes aegypti and Ae. albopictus. Both nonhuman primates and hu-
mans are competent reservoir hosts, and urban transmission cycles occur
most regularly between people without dependence on nonhuman pri-
mates.

Mode of Transmission

Human cases acquired from nonhuman-primate research work in
laboratory settings are not known, but accidental exposures through
needles or other medical sharps are possible, especially during periods of
quarantine after receipt of animals from endemic areas.

Incubation Period and Clinical Signs

This incubation period in humans is typically 3-7 days until the onset
of clinical signs, which generally include a febrile illness accompanied by
various signs, such as rash. Severity varies from none to hemorrhagic
episodes—and occasional death in the case of dengue hemorrhagic fever-
shock syndrome.

Diagnosis and Prevention

Diagnosis is through serologic testing and virus isolation assays. Pre-
vention is by maintaining effective quarantine programs, especially after
receipt of animals from endemic areas, eliminating or destroying poten-
tial larval habitats of Aedes mosquito vectors, and protecting against mos-
quito bites. No effective vaccine is available.

Lymphocytic Choriomeningitis Virus

Disease Profile in Nonhuman Primates

Marmosets and tamarins in zoological settings have succumbed to
epizootics of lymphocytic choriomeningitis virus (LCMV), the etiologic
agent of callitrichid hepatitis, after their feeding on infected mice (Montali
and others 1989; Stephensen and others 1991).  Dyspnea, anorexia, leth-
argy, jaundice, and high mortality have been reported. Rodents are the
natural reservoir species (mice) and long-term carriers (hamsters) of
LCMV and are responsible for maintenance cycles of the agent with
chronic viremia and viruria. Transmission of the agent between
callitrichid primates has not been demonstrated.
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Mode of Transmission

The mode of transmission from infected animals to humans is un-
known but presumably would result from oral and respiratory exposure
to the virus through urine, saliva, or feces of infected animals, as in cases
of human exposure to infected rodents. Seroconversion to LCMV has
occurred in two zoo veterinarians after bite wounds from and necropsy
examinations of infected animals during outbreaks (Montali and others
1989)

Incubation Period and Clinical Signs

The incubation period of LCMV in humans is around 8-13 days. A
biphasic febrile illness has most often been reported in association with
LCMV infection from rodents.  Initial symptoms most often include fever,
malaise, anorexia, muscle aches, headache, nausea, and vomiting.  The
second phase of LCMV includes symptoms of meningitis or encephalitis
such as fever, headache, stiff neck, confusion, or motor abnormalities.
LCMV is only rarely fatal, though temporary or permanent neurological
damage is possible. Recent reports regarding the role of LCMV as a fetal
teratogen raise concerns about exposure of women of childbearing age to
this agent (Barton and Mets 2001).

Diagnosis and Prevention

Serology, virus isolation assays, and PCR are used for diagnosis.
Screening of rodent colonies that are used as food for callitrichids and
prevention of access by wild rodents should be sufficient to prevent trans-
mission. Research or veterinary biologics for callitrichid species should be
verified as free of LCMV before use. Barrier methods of protection and
safe-handling procedures in work with all nonhuman primates should
also minimize the likelihood of occupationally acquired infections.

Hepatitis A

Disease Profile in Nonhuman Primates

Three genotypes of simian hepatitis A virus have been found natu-
rally in Old World primate species, including macaques and guenons
(Robertson 2001). Serologic evidence of infection with simian hepatitis A
has been seen in macaques, baboons, guenons, cebid and callitrichid mon-
keys, and other species (Lankas and Jensen 1987; Mansfield and King
1998). Molecular characterization of simian isolates shows limited nucle-
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otide-sequence identity with human or other known isolates (Oberste and
others 2002; Poyry and others 1999), and there is no evidence of human
disease in association with these simian agents.

Many species of nonhuman primates are susceptible to hepatitis A
viruses of human origin, and tamarins, owl monkeys, and chimpanzees
have been valuable animal models of the disease (Purcell and Emerson
2001). Outbreaks of human hepatitis A in captive colonies of nonhuman
primates have been attributed to exposure to human strains after capture,
but only chimpanzees have been implicated in retransmission of the hu-
man hepatitis A virus to humans (Dienstag and others 1976; Robertson
2001). Overt clinical disease in nonhuman primates after infection has
been rare and nonspecific; reported signs include anorexia and diarrhea
in chimpanzees, although increases in liver enzyme levels to 2-10 times
above normal have been noted. Hepatitis A virus may persist in chimpan-
zee serum for up to 91 days—much longer than previously suspected
(Bower and others 2000; Cohen and others 1989).

Mode of Transmission

Transmission of hepatitis A to human beings is usually by a fecal-oral
route, although transmission via parenteral inoculation is possible.

Incubation Period and Clinical Signs

The incubation period of human hepatitis A (potentially retransmit-
ted through nonhuman primates) averages about 1 month. Illness is gen-
erally self-limiting.  Signs include fever, malaise, anorexia, nausea, ab-
dominal discomfort, and jaundice. Many cases are asymptomatic. There
is no evidence of human disease associated with simian hepatitis A.

Diagnosis and Prevention

Serology is routinely used for diagnosis. Virus isolation with genomic
analysis would be required for species-associated genotype investigations.
Good hygiene, barrier methods of protection, and safe-handling proce-
dures help to prevent transmission from animals infected experimentally
or inadvertently with human-origin isolates.  A vaccine is available, and it
may be advisable to vaccinate persons who work with hepatitis A in
nonhuman-primate research settings and persons who are occupationally
exposed to chimpanzees. However, since hepatitis A strains from humans
and nonhuman primates differ genetically and there is no evidence one
way or the other that the current human vaccine would protect humans
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from simian strains of this virus, it is unclear as to whether vaccinations
would be advantageous.

Hepatitis B

Disease Profile in Nonhuman Primates

Hepatitis B virus (HBV) infection can occur in the great apes (chim-
panzees, gorillas, orangutans, and gibbons) with moderate frequency; this
is due in some cases to previous exposure of the animals to human serum
and in others to naturally occurring genotypes. Species-specific strains of
HBV virus have been found in chimpanzees, gibbons, orangutans, and
woolly monkeys; isolates from the latter species are phylogenetically most
divergent from the rest. (Heckel and others 2001; Robertson 2001;
Robertson and Margolis 2002; Takahashi and others 2000). Chronic-car-
rier status has been established for experimentally infected chimpanzees,
and the clinical signs have been limited to mild anorexia, jaundice, and
elevated liver enzyme levels. No transmission of these primate-origin
agents to humans has been documented, but antigenic studies of the chim-
panzee HBV suggest that it could infect humans (Robertson 2001). Labo-
ratory accidents (needle sticks, mucosal exposures, possibly animal bite
wounds) could pose HBV hazards for persons involved with animal mod-
els of the agent.

Mode of Transmission

No cases of transmission of HBV of nonhuman primate origin to
humans has been documented, though these agents could presumably be
spread by percutaneous inoculation, permucosal exposure to infective
material, or vertically via mother to child in the case of human-to-human
HBV.

Incubation Period and Clinical Signs

The incubation period of human HBV averages about 2-3 months.
Most infections in humans go unrecognized, but various nonspecific sign
—such as anorexia, abdominal discomfort, nausea, and vomiting—may
be seen and often progress to jaundice. Chronic cases can persist as active
hepatitis, with or without cirrhosis, and progress to hepatocellular carci-
noma.
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Diagnosis and Prevention

Serum antigen and antigen-assay systems are available and are di-
rected at different markers of HBV infection that can help to indicate the
type and duration of infection. Good hygiene, barrier methods of protec-
tion, and safe-handling procedures help prevent occupational exposures
in laboratory settings, and the vaccines now available for the public are a
requirement of the Occupational Health and Safety Administration
(OSHA) for the protection  of persons involved in research work on this
agent and should be considered as well for all persons who work with
chimpanzees or their blood, organs, or other tissues.

BACTERIAL DISEASES

Tuberculosis

Disease Profile in Nonhuman Primates

Mycobacterium tuberculosis and M. bovis can be acquired from humans
and then passed between nonhuman primates. These agents can infect
any species of nonhuman primate (CDC 1993; Fourie and Odendaal 1983;
Kalter and others 1978; Kaufmann and others 1975; Mayhall and others
1981; Muchmore 1987; Renquist 1987; Richardson 1987; Rollin and others
1999; Sapolsky and Else 1987; Whitney 1976; Zumpe and others 1980), and
secondary spread back to humans has been documented on several occa-
sions. Old World nonhuman-primate species are more susceptible to tu-
berculosis infection than New World nonhuman-primate species (Aiello
1998).

There is no apparent difference between the two agents in the presen-
tation of disease in nonhuman primates. Signs are often nonspecific and
vary with the location and severity of infection, from asymptomatic cases
to overwhelming infection with sudden death. They include pulmonary
disease that may or may not be outwardly apparent, anorexia, and chronic
weight loss. Chronic draining tracts to the skin and vertebral bone and
spinal-cord involvement have been reported.

Mycobacterium avium-intracellulare and other atypical agents in this
group can occur naturally in nonhuman primates, especially if they are
immunocompromised; however, these are generally considered ubiqui-
tous in nature, and nonhuman primates are not considered a reservoir
source for human infections (Gibson 1998).
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Mode of Transmission

Aerosols, fomites, and the fecal-oral route have all been implicated in
recorded outbreaks among nonhuman primates.

Incubation Period and Clinical Signs

The incubation period for tuberculosis in humans is about 2-10 weeks
from exposure to development of primary lesions or skin-test positivity.
Pulmonary, meningeal, and other body systems can be involved. Signs
can include chronic cough, fatigue, fever, weight loss, and hemoptysis
during advanced stages of progressive pulmonary disease. Lifelong la-
tent (nonprogressive) infections in calcified pulmonary nodules are a
known feature.

Diagnosis and Prevention

Intradermal skin tests with mammalian old tuberculin, accompanied
by pathologic examination as necessary, are the mainstay of tuberculosis
surveillance in nonhuman-primate colonies.  An enzyme immunoassay
for detection of tuberculosis infection in various species of nonhuman
primates via measurement of gamma interferon release from stimulated
lymphocytes is also available (Desem and Jones 1998). Intradermal skin
tests using PPD and pulmonary radiography, coupled with acid-fast stain-
ing and culture of sputum samples are used for humans.  However, false-
negative skin test results in nonhuman primates are common because of
concurrent disease (such as measles virus infection), early-stage disease,
or other poorly understood factors and justify the requirement for re-
peated testing during and after quarantine.

Test-and-removal and depopulation strategies have been used to con-
trol the disease in colonies, and must be combined with rigorous quaran-
tine programs and continuing tuberculosis surveillance of nonhuman pri-
mates and persons who work with them to prevent colony infection. Good
sanitation programs for facilities and equipment can limit spread in a
colony. Some long-term multidrug protocols have been described and
have been successful in individual nonhuman-primate cases. Good per-
sonal hygiene, respiratory protection for persons working with nonhu-
man primates not known to be free of active infection, safe-handling pro-
cedures, and rigorous quarantine and surveillance programs can
minimize spread in a colony. Prevention of contact of actively infected
persons with nonhuman primates through appropriate occupational
health programs is also paramount.
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Pseudotuberculosis

Disease Profile in Nonhuman Primates

Pseudotuberculosis, caused either by Yersinia enterocolitica or Y.
pseudotuberculosis, has been reported in macaques, baboons, squirrel mon-
keys, guenons, and other nonhuman primates (Bielli and others 1999;
Brack and Hosefelder 1992; Gibson 1998; Plesker and Claros 1992; Vore
and others 2001). Birds and rodents are thought to be the primary reser-
voir, but nonhuman primates may be carriers and could present a risk of
infection to humans.

Diarrhea, dehydration, anorexia, and weight loss are noted, some-
times hemorrhaging and occasionally splenomegaly and lymphadenopa-
thy are seen. A peracute course ending in death has also been observed.

Mode of Transmission

Transmission is by the fecal-oral route in both humans and nonhu-
man primates.

Incubation Period and Clinical Signs

Incubation is about 3-7 days and is followed by acute febrile diarrhea,
which may be hemorrhagic; enterocolitis; and mesenteric lymphadenitis
that mimics appendicitis in infected persons may also be seen.

Diagnosis and Prevention

Diagnosis is through stool culture with biochemical evaluation of the
isolates. Good hygiene, barrier methods of protection, and safe-handling
procedures are preventive. Antimicrobial treatment of infected animals
has been discouraging.

Shigellosis

Disease Profile in Nonhuman Primates

Shigella appears to be acquired by nonhuman primates in captivity
from contact with infected humans, and various species of Shigella, most
commonly S. flexneri, have been found in association with a variety of
nonhuman-primate species, including macaques, baboons, squirrel mon-
keys, marmosets, tamarins, and apes (Gibson 1998; Juan-Salles and others
1999; Miller and others 1990; Muchmore 1987; Wolfensohn 1998). Trans-
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mission of the agent back to humans has been seen on multiple occasions.
The presence of asymptomatic, chronic carriers and reinfections can main-
tain high rates of endemic infections in research colonies; stress promotes
episodes of overt disease.  Clinical signs can include diarrhea containing
mucus, blood, and sometimes mucosal fragments; dehydration; and
weight loss. Gingivitis, abortion, and air sacculitis are also reported.

Mode of Transmission

Transmission is by the fecal-oral route in humans and nonhuman
primates.

Incubation Period and Clinical Signs

In humans, the incubation period averages 1-4 days. The disease var-
ies from mild infections to dysentery or watery diarrhea, fever, nausea,
and tenesmus.  It can cause reactive arthropathy (Reiter’s syndrome),
especially in persons with an HLA-B27 genetic background (Hughes and
Keat 1994).

Diagnosis and Prevention

Diagnosis is through stool culture and biochemical typing of isolates.
Good hygiene, barrier methods of protection, and safe-handling proce-
dures are preventive. Infected animals should be treated if possible. Cull-
ing of chronic carriers that do not respond to therapy has been used in
some primate colonies.

Salmonellosis

Disease Profile in Nonhuman Primates

As in the case of Shigella, the Salmonella pathogen is probably ac-
quired by nonhuman primates in captivity from exposure to infected
humans, and transmission of the agent back to humans is not unlikely.
Various species and bioserotypes of Salmonella have been isolated from
nonhuman primates such as macaques, guenons, tamarins, owl monkeys,
and chimpanzees (Gibson 1998; Muchmore 1987; Takasaka and others
1988).  However, it is rarely reported in established colonies. Watery diar-
rhea, sometimes containing blood or mucus; fever; and such
extraintestinal infections as neonatal septicemia, abortion, osteomyelitis,
and pyelonephritis are described in association with Salmonella infections
in these species.
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Mode of Transmission

Transmission is by the fecal-oral route in both humans and nonhu-
man primates.

Incubation Period and Clinical Signs

The incubation period is 1-3 days in humans. The disease typically
presents as acute enterocolitis with fever, abdominal pain, headache, nau-
sea, and vomiting.  Localization in various tissues of the body may occur
and induce abscesses and septicemia.

Diagnosis and Prevention

Diagnosis is through stool culture and biochemical typing of isolates.
Good hygiene, barrier methods of protection, and safe-handling proce-
dures are preventive. Culling of infected animals has been used in some
primate colonies.

Campylobacteriosis

Disease Profile in Nonhuman Primates

It is likely that many nonhuman-primate cases of Campylobacter jejuni
and C. coli are acquired in captivity; Campylobacter has been commonly
found in association with macaques, baboons, squirrel monkeys, cebid
monkeys, chimpanzees, tamarins, and other nonhuman primates (Gibson
1998; Hubbard and others 1991; Johnson and others 2001; Renquist 1987;
Taylor and others 1989; Tribe and Frank 1980). Retransmission of
Campylobacter back to humans is not unlikely. Diarrheal disease of varied
severity and duration may be seen, but many infections are asymptom-
atic.

Mode of Transmission

Transmission is by the fecal-oral route in humans and nonhuman
primates.

Incubation Period and Clinical Signs

The incubation period is typically 2-5 days in humans. Diarrhea, ab-
dominal pain, fever, nausea; and vomiting have been seen; stools some-
times contain blood or mucus.
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Diagnosis and Prevention

Diagnosis is through stool culture with morphologic evaluation (the
agent is spiral shaped) and biochemical evaluation of the isolates. Good
hygiene, barrier methods of protection, and safe-handling procedures are
preventive. Infected animals should be treated if possible, although the
efficacy of antibiotic therapy is infrequently reported and some animals
continue to shed the organism despite treatment (Aiello 1998).

Melioidosis

Disease Profile in Nonhuman Primates

Burkholderia (Pseudomonas) pseudomallei has been found in macaques,
chimpanzees, and other nonhuman primates with nonspecific clinical
signs including suppurative lesions involving pulmonary, cerebrospinal,
and subcutaneous tissues (Fritz and others 1986; Gibson 1998;
Trakulsomboon and others 1994;). The zoonotic potential of this agent has
not been fully established. B. pseudomallei is considered a soil and water
saprophyte in tropical countries and most cases have arisen among ani-
mals recently imported from endemic areas.

Mode of Transmission

Laboratory-acquired infections have occurred, and infection is
thought to occur through ingestion or inhalation or via breaks in the skin.

Incubation Period and Clinical Signs

Long latent periods are characteristic. Human cases vary from as-
ymptomatic infections to pneumonia and septicemia.

Diagnosis and Prevention

Diagnosis is by culture of the agent from affected tissues. Good hy-
giene, barrier methods of protection, and safe-handling procedures are
warranted to minimize likelihood of exposure from infected animals.
Antibiotic therapy has been discouraging in nonhuman primates because
of bacterial resistance.
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Leprosy

Disease Profile in Nonhuman Primates

Mycobacterium leprae has been recorded in macaques, mangabeys, and
chimpanzees (Hubbard and others 1991; Meyers and others 1991;
Valverde and others 1998) with single or multiple nodular lesions of the
face and ears sometimes extending to other areas. Infections are believed
to be acquired naturally in endemic areas. Weight loss and anemia de-
velop late in disease.

Mode of Transmission

The exact mode of transmission is not well established, though it is
suspected that most human infections are acquired via inhalation.

Incubation Period and Clinical Signs

Months to years follow exposure before onset of clinical signs in hu-
mans. Various forms of disease are reported, from tuberculoid to lepro-
matous with chronic infiltrative skin and nerve involvement. Zoonotic
cases originating in infected nonhuman primates have not been recorded,
but the potential exists.

Diagnosis and Prevention

Diagnosis is through histopathology with acid-fast staining of lesions,
which is especially convincing when there is nerve involvement. Good
hygiene, barrier methods of protection, and safe-handling procedures are
warranted. Early recognition and isolation of cases, possibly including
long-term multidrug therapy, are also beneficial.

Bite-Wound Infections

Apart from the conditions listed above, there is a potential for infec-
tious agents to complicate bite injuries sustained from nonhuman pri-
mates, as is the case for any animal in general.  The severity of B virus
from macaques can overshadow these concerns during care and follow-
up of bite-wound cases, but the likelihood of bacterial wound contamina-
tion after bites by nonhuman primates also warrants clinical attention
with early initiation of antimicrobial therapy.  The list of bacteria of inter-
est may include Neisseria spp., Streptococcus spp., Staphylococcus spp.,
Haemophilus parainfluenzae, Eikenella corrodens, Moraxella spp., Bacteroides
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spp., Fusobacterium spp., Clostridium tetani, and Pasteurella multocida; some
fungal agents can also contaminate bite wounds (Goldstein and others
1995; Janda and others 1990; Rayan and others 1987; Tribe and Noren
1983). The tetanus-immunization status of injured persons should be as-
certained immediately and boosted as necessary.  Reviews of animal-bite
wound cleansing and medical management in general should be con-
sulted (Smith and others 2000). Both aerobic and anaerobic cultures should
be taken and empirical therapy with antimicrobial agents initiated as
appropriate.

PROTOZOAN PARASITES

Amoebiasis

Disease Profile in Nonhuman Primates

Several species of Entamoeba occur in nonhuman primates, but the
only known pathogenic species is Entamoeba histolytica. Entamoeba
histolytica is reported in macaques, baboons, squirrel monkeys, guenons,
mangabeys, and chimpanzees (Ghandour and others 1995; Hubbard and
others 1991; Levine 1970; Munene and others 1998; Muriuki and others
1998; Sargeaunt and others 1982; Smith and Meerovitch 1985). The pres-
ence of diarrhea (none to severe) and weight loss (dysentery) depends on
the strain of organism. Diarrhea may be hemorrhagic or catarrhal.

Mode of Transmission

Transmission is by the fecal-oral route in humans and nonhuman
primates. Human cases associated with animal contact are rare.

Incubation Period and Clinical Signs

The incubation period is variable but typically ranges from 2 to 4
weeks. Many infections are asymptomatic, but acute or fulminating dys-
entery with fever, chills, and hemorrhagic or catarrhal diarrhea may oc-
cur.

Diagnosis and Prevention

Fecal wet-smear examination to demonstrate trophozoites and sero-
logic tests for invasive forms of the disease are available. Antigen capture
assays are also available. No successful treatment for eradication of E.
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histolytica in nonhuman-primate colonies has been reported, therefore
colony screening for E. histolytica may be warranted (Weber and others
1999). Good hygiene, barrier methods of protection, and safe-handling
procedures are indicated.

Balantidiasis

Disease Profile in Nonhuman Primates

Balantidium coli is reported  in macaques, baboons, squirrel monkeys,
guenons, and chimpanzees (Ghandour and others 1995; Hubbard and
others 1991; Knezevich 1998; Levine 1970; Munene and others 1998;
Muriuki and others 1998; Nakauchi 1999). Disease manifestations vary
from none to watery diarrhea and ulcerative enterocolitis, weight loss,
and rectal prolapse.

Mode of Transmission

Transmission is by the fecal-oral route in humans and nonhuman
primates. Human cases associated with animal contact are rare.

Incubation Period and Clinical Signs

The incubation period is undefined but likely to be only a few days.
Diarrhea, tenesmus, nausea, and vomiting are described for human infec-
tions.

Diagnosis and Prevention

Fecal examination is used to demonstrate trophozoites.  Good hy-
giene, barrier methods of protection, and safe-handling procedures are
indicated.

Cryptosporidiosis

Disease Profile in Nonhuman Primates

Cryptosporidium parvum is reported in macaques, baboons, squirrel
monkeys, guenons, chimpanzees, and marmosets (Miller and others 1990;
Muriuki and others 1998; Toft and Eberhard 1998). Disease manifesta-
tions vary from none to gastroenteritis and intractable diarrhea, dehydra-
tion, and weight loss. The disease is fairly common in macaques that are
experimentally infected with SIV.
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Mode of Transmission

Transmission is by the fecal-oral route in humans and nonhuman
primates. Human cases associated with animal contact are rare.

Incubation Period and Clinical Signs

The incubation period is likely to be 1-12 days. Abdominal cramping,
watery diarrhea, nausea, and vomiting are described for human infection.

Diagnosis and Prevention

Fecal examination is used to demonstrate oocysts; antigen capture
assays are also available. Good hygiene, barrier methods of protection,
and safe-handling procedures are indicated.

Giardiasis

Disease Profile in Nonhuman Primates

Giardia intestinalis is reported in macaques, baboons, squirrel mon-
keys, chimpanzees, marmosets, and other nonhuman primates (Ghandour
and others 1995; Hamlen and Lawrence 1994; Levine 1970; Toft and
Eberhard 1998). Disease manifestations vary from asymptomatic to diar-
rhea and vomiting, depending on a range of poorly understood factors.

Mode of Transmission

Transmission is by the fecal-oral route in humans and nonhuman
primates. Human cases directly associated with animal contact are rarely
documented.

Incubation Period and Clinical Signs

The incubation period can be prolonged to about 3 weeks but is typi-
cally 7-10 days. Many infections are asymptomatic, but chronic diarrhea,
steatorrhea, abdominal cramps, bloating, and fatigue are described.

Diagnosis and Prevention

Fecal examinations are used to demonstrate cysts or trophozoites,
and antibody-based antigen-detection systems for stool specimens are
available. Good hygiene, barrier methods of protection, and safe-han-
dling procedures are indicated.
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Malaria

Disease Profile in Nonhuman Primates

Plasmodium cynomolgi, P. knowlesi, P. inui, P. simium, and other species
have been described in macaques, baboons, squirrel monkeys, mangabeys,
and other nonhuman primates (Bennett and McWilson 1965; Collins and
others 1973; Most 1973; Muchmore 1987; Ollomo and others 1997; Toft
and Eberhard 1998; Trakulsomboon and others 1994). Clinical signs are
typically absent in the natural host species, but slight anemia in conjunc-
tion with low-grade parasitemia may occur. Stress, concurrent disease,
splenectomy, or immunosuppression can precipitate episodes of overt
disease in infected animals.

Mode of Transmission

Human cases acquired directly from nonhuman primates are rare;
accidental exposures through penetrating injuries from needles and other
medical sharps are possible as is transmission through a mosquito bite.

Incubation Period and Clinical Signs

The incubation period in humans is typically 1-4 weeks after the bite
of an infective female mosquito of the genus Anopheles, which may be
followed by fever, chills, sweating, headache, and nausea.

Diagnosis and Prevention

Blood-smear evaluations, PCR, and serologic tests for past infections
are available. Safe blood-handling practices and effective mosquito-con-
trol programs are indicated in work with infected animals.

Trypanosomiasis

Disease Profile in Nonhuman Primates

Natural infections with Trypanosoma cruzi and related Trypanosoma
organisms have been described in squirrel monkeys, marmosets, tama-
rins, and other New World species, in which infections are apparently
lifelong. Infections have also been reported in macaques, baboons, and
great apes, mostly in captive colonies in endemic areas where infection
may have been acquired locally (Levine 1970; Ndao and others 2000; Toft
and Eberhard 1998). Various nonspecific clinical signs are associated with
infection; myocarditis is the most common.
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Mode of Transmission

Human cases acquired from nonhuman-primate research work are
not known, but accidental exposures through mucous membranes, non-
intact skin, or penetrating injuries from needles and other medical sharps
are possible. T. cruzi can be propagated among monkeys in closed-colony
settings through trauma, blood-to-blood exposure, saliva, sexual activity,
and transplacentally (Ndao and others 2000).

Incubation Period and Clinical Signs

The incubation period in humans is typically 1-2 weeks. Fever, mal-
aise, lymphadenopathy, hepatosplenomegaly, myocardial damage, and a
constellation of other signs are known features of this disease (Chagas
disease) in humans.

Diagnosis and Prevention

Blood-smear evaluations, blood culture, serologic tests, and PCR as-
says are available. Safe blood-handling practices and effective control
programs for involved vector species are indicated in work with infected
animals.

METAZOAN PARASITES

Hymenolepiasis

Disease Profile in Nonhuman Primates

The cestode Hymenolepis nana has been reported in many species of
nonhuman primates, including macaques, baboons, squirrel monkeys,
and chimpanzees (Ghandour and others 1995; Muchmore 1987; Toft and
Eberhard 1998).  Most infections are asymptomatic, but catarrhal enteritis,
diarrhea, and abdominal signs have been reported.

Mode of Transmission

Both a direct and an indirect life cycle involving insect vectors are
possible.  Fecal-oral exposures are plausible, in that eggs are infective
when passed. Human cases acquired directly from nonhuman-primate
research work have not been reported, but accidental exposures are plau-
sible.
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Incubation Period and Clinical Signs

The incubation period is variable—about 2 weeks to maturation of
worms in the host. Minor infections are asymptomatic, but enteritis with
or without diarrhea, abdominal pain, weight loss, and other symptoms
have been reported.

Diagnosis and Prevention

Feces should be examined for eggs. Good hygiene, barrier methods of
protection, and safe-handling procedures are indicated. Infected animals
should be treated with anthelmintics, and intermediate vector insects
should be eliminated.

Oesophagostomiasis

Disease Profile in Nonhuman Primates

The nematodes Oesophagostomum apiostomum and O. bifurcum have
widespread distribution and are found occasionally in macaques, ba-
boons, guenons, mangabeys, and chimpanzees (Abbott and Majeed 1984;
Muchmore 1987; Munene and others 1998; Perolat and others 1992; Toft
and Eberhard 1998;). Infected animals may be asymptomatic or can show
a failure to thrive, weight loss, and diarrhea. Nodules containing viable or
dead worms are seen on the serosal surface of bowel and other organs,
and colonic ulcers may occur.

Mode of Transmission

Transmission is by the fecal-oral route in humans and nonhuman
primates.

Incubation Period and Clinical Signs

The incubation period is poorly defined but is probably weeks to
months. Abdominal pain and tenderness, appendicitis, and nodular in-
flammation of the intestinal wall have been described.

Diagnosis and Prevention

Fecal examination, serology, and ultrasonography for identification
of nodules are warranted. Adult worms are required for definitive identi-
fication to avoid potential confusion with other nematodes. Good hy-
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giene, barrier methods of protection, and safe-handling procedures are
indicated, as is anthelmintic treatment of any infected animals.

Oxyuriasis

Disease Profile in Nonhuman Primates

Oxyuriasis is a group of threadworms that includes the pinworm
nematode Enterobius vermicularis. This parasite occurs in Old World mon-
keys and apes, including baboons, guenons, macaques, and chimpanzees
(Brack 1987; Ghandour and others 1995; Hubbard and others 1991;
Muchmore 1987; Munene and other 1998; Toft and Eberhard 1998). Clini-
cal signs in these species are generally absent. There has been some men-
tion of anal pruritus and irritation, and severe infections have occasion-
ally led to progressive enterocolitis, peritonitis, and death in chimpanzees.
Nonhuman primates can acquire this agent from contaminated soil in
endemic regions; it can then be passed between species in either direction.

Mode of Transmission

Transmission in humans and nonhuman primates is by the fecal-oral
route. Eggs are deposited around the anus and become infective within a
few hours, sometimes appearing in the feces. Successive reinfections can
occur by transfer of eggs to the host’s mouth (accidentally or via coproph-
agy in some species). Dustborne infections may occur in heavily contami-
nated environments.

Incubation Period and Clinical Signs

The life cycle of oxyuriasis is about 2-6 weeks. It takes several months
for a person to develop a high parasite burden leading to symptomatic
disease. People may report perianal itching, disturbed sleep, irritability,
and occasional secondary skin infections of the perianal region from self-
caused trauma.

Diagnosis and Prevention

A perianal tape test for eggs is standard technique.  Fecal examination
or sigmoidoscopy of the lower colon can also be done. Good hygiene,
barrier methods of protection, and safe-handling procedures are indi-
cated, and infected animals should be treated appropriately with
anthelmintics.
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Strongyloidiasis

Disease Profile in Nonhuman Primates

The nematode Strongyloides fullerborni is reported in macaques, ba-
boons, guenons, mangabeys, chimpanzees, and other nonhuman primates
(Abbott and Majeed 1984; Battles and others 1988; Hubbard and others
1991; Knezevich 1998; Muchmore 1987; Munene and others
1998; Muriuki and others 1998; Toft and Eberhard 1998; ), and Strongy-
loides stercorales has been documented in apes and other nonhuman pri-
mates (Penner 1981). Diarrhea (sometimes hemorrhagic or mucoid) is
most commonly reported and is accompanied by weight loss, anorexia,
vomiting, coughing, pulmonary hemorrhage, and other signs including
death in the case of severe infections.

Mode of Transmission

Transmission in humans and nonhuman primates is by the fecal-oral
route, as well as by direct skin penetration for larval stages. Free-living
larval forms of this parasite are described.

Incubation Period and Clinical Signs

The incubation period is uncertain, but probably 2-4 weeks. Abdomi-
nal pain, nausea, diarrhea, and anemia are reported symptoms of Strongy-
loides infection in humans.

Diagnosis and Prevention

Fecal examination for eggs and larvae is standard technique. Good
hygiene, barrier methods of protection, and safe-handling procedures are
indicated, especially in light of the potential for free-living forms in facili-
ties where nonhuman primates are housed. Infected animals should be
treated appropriately with anthelmintics.

Trichuriasis

Disease Profile in Nonhuman Primates

The whipworm nematode Trichuris trichuria and its close relatives
have a worldwide distribution in New World and Old World monkeys
and the great apes (Brack 1987; Ghandour and others 1995; Hubbard and
others 1991; Knezevich 1998; Toft and Eberhard 1998). Minor infections
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are typically asymptomatic; severe infections can cause anorexia, diar-
rhea, enteritis, and occasionally death.

Mode of Transmission

Transmission in humans and nonhuman primates is by the fecal-oral
route but requires 10-14 days of incubation in warm, moist soil to become
infective.

Incubation Period and Clinical Signs

The period to onset of clinical signs is not well established, but symp-
toms  begin before the appearance of eggs in the  feces, which takes about
3 months following ingestion.

Diagnosis and Prevention

Fecal examination for eggs and sigmoidoscopy of the lower colon are
typically used. Good hygiene, barrier methods of protection, and safe-
handling procedures are indicated, and infected animals should be treated
appropriately with anthelmintics.

OTHER AGENTS

Because of the diversity of species involved and shared susceptibili-
ties to common pathogens, many other infectious agents occasionally
found in nonhuman primates are of potential or documented risk to per-
sons who work with them.  A few examples are given here, but other
sources should be consulted for situations where comprehensive listings
are needed (CDC-NIH 1999; NRC 1996).

There are a number of reports of rabies virus infections of New World
monkeys, Old World monkeys, and apes; all nonhuman primates should
be considered susceptible (Brown 1997; Richardson and Humphrey 1971;
Whitney 1976). Both furious and paralytic forms have been seen in these
species but without clinical signs specific to the condition. Human cases
of rabies from nonhuman primates are generally rare, although eight
deaths due to a newly described rabies virus variant have recently oc-
curred after bite injuries from infected pet marmosets in Brazil (Favoretto
and others 2001). Nonhuman primates may be exposed to rabies through
bites by infected bats, dogs, or other reservoir species in endemic areas or
while they are held before export. Killed vaccines have unknown efficacy
when used to protect nonhuman primates, although they have been used
on occasion for outdoor-housed animals in rabies-epizootic areas. Barrier
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methods of protection, safe-handling procedures, and prompt and appro-
priate follow-up are always warranted in the event of bites or scratches by
these species.

Considerable controversy exists regarding the potential that exog-
enous simian type D retroviruses (SRVs) can be transmitted to humans.
SRV occurs naturally in wild and captive macaques, where it is associated
with an AIDS-like immunosuppressive disease, retroperitoneal fibroma-
tosis, opportunistic infections, persistent refractory diarrhea, and coma.
Problems in addressing this issue have been attributable to the popula-
tion of persons available for testing and inconclusive seroreactivity in the
results.  However, one recent study provides strong evidence that SRV
should be considered a zoonotic agent based on persistent seropositivity
spanning 3 years in one animal handler and seroconversion possibly in-
dicative of a transient infection in another over a 2-year period (Lerche
and others 2001). Both handlers had sustained occupational exposure to
different species of nonhuman primates during their careers, and both
remained healthy despite infection. Use of barrier methods of protection
and safe-handling procedures, including prompt disinfecting and flush-
ing of wound sites as warranted because of B virus hazards, should help
to minimize transmission in occupational settings.

Recent reports of SV40-specific antigen sequences in some types of
non-Hodgkin lymphoma have renewed concerns regarding the zoonotic
potential of this agent, inadvertently introduced into the human popula-
tion via contaminated lots of poliovirus vaccine manufactured from 1955
to 1961 (Malkin 2002; Vilchez and others 2002).  There are also epidemio-
logic links between SV40 infection and human malignant mesothelioma
(Carbone and others 2000) and a host of other diseases (Strickler and
Goedert 1998).

SV40 is a polyoma virus naturally associated  with macaques that can
be experimentally transmitted to African Old World species (Brack 1987).
Latent infections are established, including in kidney cells used in the
original production of poliovirus vaccine. Virus can spread through uri-
nary and nasopharyngeal secretions of infected monkeys and humans
(Brack 1987). The extent to which SV40 is biologically important for any
human disease remains controversial (Ferber 2002), and there is a vast
body of literature on experimental work with this agent in laboratory
rodent models. The recommended safety precautions of good hygiene,
barrier methods of protection, and safe-handling procedures should help
to prevent accidental exposure in nonhuman-primate research settings.

Cases of tularemia (Francisella tularensis) have occurred in research
colonies of squirrel monkeys (Doyle and others 1988) and other species,
without documented sources of infection. Mammalian reservoirs for tula-
remia in the United States are wild rabbits and rodents, but secondary
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transmission to nonhuman-primate research workers in this context is
conceivable.

Mycoplasma hominis, Ureaplasma urealyticum, and other unidentified
mycoplasmas are commonly carried by macaques, baboons, and chim-
panzees (Schoeb and others 1997), but the zoonotic significance of these
agents is unknown.

Naturally acquired cases of Helicobacter pylori, H. heilmannii, and novel
species in this genus have been found in macaques and baboons (Fox and
others 2001; Ho and others 1991; Reindel and others 1999) with and with-
out clinically associated disease, adding potential complications to use of
infected animals as experimental models for these agents. The zoonotic
potential of these agents in the context of biomedical-research use of non-
human primates remains unresolved. Some success with elimination of
H. pylori in rhesus monkeys has been documented (Dubois and others
1998). There is also evidence of infection with various serovars of Lep-
tospira interrogans in several species of nonhuman primates, including
macaques, baboons, squirrel monkeys, guenons, chimpanzees, and tama-
rins (Fear and others 1968; Gibson 1998; Perolat and others 1992).  The
agent has been associated with outbreaks of abortion and stillbirth in
baboons and abortion and peracute death in squirrel monkeys, but overt
disease in other cases of infection has been inapparent. Leptospira organ-
isms can be acquired via ingestion, mucous membrane exposure, or skin
abrasion; nonhuman primates carrying them could represent a hazard for
humans, even if they are not the primary vertebrate reservoir.

There are occasional reports of dermatophytes and ectoparasites (lice
and skin mites) with documented or suspected zoonotic significance in
various species of nonhuman primates (Baker and others 1971; Gibson
1998; Goldman and Feldman 1949; Gugnani 1971; Ronald and Wagner
1973). Rapid identification and treatment in research settings and the use
of barriers covering all exposed skin surfaces should help to reduce the
likelihood of occupational exposures.

SUMMARY

Nonhuman primates and their tissues can become infected with mi-
cro-organisms communicable to humans in many ways. Exposure of non-
human primates to zoonotic agents can occur in their native habitats,
whether or not they function as ecologically important reservoir hosts.
They may also occur through association with humans or human waste
material at any stage of their handling and use; through exposure to other
infected nonhuman-primate species or other infected vertebrate or inver-
tebrate species during shipping, holding, or use; and through purposeful
or inadvertent infection in the course of experimental work. Many of the
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infectious hazards described in this chapter are considered acutely or
chronically pathogenic in nonhuman primates, and well-structured pro-
grams of veterinary care should help to identify and eliminate many of
these agents from research colonies. Others typically exist for long peri-
ods as asymptomatic infections and require special efforts in disease sur-
veillance, often with limited therapeutic options for their complete eradi-
cation. Whether these infections can be sustained in research-colony
settings depends on the species of nonhuman primate, the biology of the
agent, systems of husbandry and veterinary care, and the presence of
competent invertebrate vectors. Likewise, the potential for occupational
exposure to the agents varies with the collection of species, the type of
research use, systems of husbandry and veterinary care, and contact with
other vertebrate and invertebrate species at each institution. Other chap-
ters of this book contrast the exposure rates of persons who work with
nonhuman primates in a risk-based context and provide a framework for
developing and monitoring programs of safety appropriate to these con-
cerns in the modern era.
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4

Identifying Noninfectious Hazards

While it is essential to underscore the consideration of infectious haz-
ards, it is also imperative to note that work with nonhuman primates also
exposes personnel to various physical and chemical hazards.  Few pub-
lished articles describe noninfectious hazards associated with nonhuman-
primate facilities, although potentially they can cause serious injuries and
occupational illnesses.  It is important for nonhuman-primate workers
and managers to be aware of all hazards, not just infectious ones.

Job hazards can be identified in several ways.  Epidemiologic investi-
gations have an important role in understanding industry-wide trends
and risk factors (Robertson 1998).  Most employers are required to main-
tain a log of workplace injuries and illnesses.  Those logs and incident-
investigation reports provide useful information to managers when they
are evaluating causes of injury and workplace trends. Such evaluation
provides opportunities for reducing injuries and exposures. Comprehen-
sive information on identification of hazards in laboratory and research
animal settings is available (NRC 1995, 1997), and there are widely ac-
cepted principles and guidelines for establishing and implementing effec-
tive occupational health and safety programs (International Labour Of-
fice 1998; NSC 1996, 1997). These topics are discussed further in Chapters
6 and 7.

The following descriptions of hazards and sources of exposures, inju-
ries, and illnesses (summarized in Tables 4-1 and 4-2) are provided as a
tool for individuals whose responsibility is to identify the hazards to
personnel who work with nonhuman primates.  The identification of the
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TABLE 4-1 Summary of Physical Hazards

Hazard Type and
Operation Precautionary Measures

Animal bites and scratches. Tranquilize, anesthetize, train, or restrain animals to
Animal handling, husbandry prevent bite and scratch injuries; use heavy leather or

Kevlar® gloves and arm covers;  remain at safe
working distance from animals; clean all wounds
immediately, obtain medical attention

Needle and other wounds Use safe needle systems when possible;  do not recap
from sharp objects. needles;  dispose of contaminated sharp devices in
Surgical procedures, rigid waste container for disposal; clean wound site
phlebotomy, injections immediately, obtain medical attention

Slips, trips, and falls. Maintain good housekeeping, remove objects that
Work in animal housing, could cause tripping and liquid or oily slip hazards;
cage-wash, other areas use slip-resistant footwear, flooring; maintain all

stairs and elevated work platforms in good condition;
use carts or dollies to transport animals or heavy
objects; plan work so that heavy loads are not carried

Overexertion and repetitive Do not exceed heavy-lift limits; design equipment
strain injuries.  Performing and tasks to avoid awkward postures and motions
animal, cage, material and high repetitions; seek medical attention if early
handling signs of musculoskeletal injury persist

Traumatic crushing and Mobile cage and cart handles should be located so as
laceration hand injuries. not to expose hands. Crushing injuries from door
Moving cages, other heavy frames, other adjacent objects; use two persons for
objects moving heavy-wheeled equipment

noninfectious hazards should also involve a qualified health and safety
professional with training in ergonomic hazards.

PHYSICAL HAZARDS

Bites and Scratches

Work with nonhuman primates exposes personnel to bite and scratch
wounds that not only present zoonotic disease concerns but also can re-
quire general medical care, such as suturing and traditional wound man-
agement.  A wound to the hand may preclude an injured worker from
normal occupational activities to allow the wound to heal.  Treatment of
these wounds is discussed in greater detail in Chapter 9. Prevention of
such injuries, which includes cage design, animal handling techniques
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Steam and thermal burns. Steam and pressure systems must be designed and
Autoclaves, cage washers, maintained in accordance with ASME codes; use
heated pressure washers protective eyewear, face shield, thermal-protective

gloves; kerosene-heated or gasoline-powered steam-
spray units cannot be operated inside because of
potentially toxic carbon monoxide emissions

Noise.  Nonhuman-primate Conduct sound-level surveys in operations that seem
holding rooms, other areas loud; implement a hearing conservation program for
where animals are vocal; all personnel who are exposed at or above 85 dbA (or
work near cage washers, equivalent daily noise dose); provide hearing
other loud mechanical protection for high-noise operations; educate
equipment personnel on the hazards of noise-induced hearing

loss and on the hearing-conservation program

Allergens.  Exposure to Minimize exposure to airborne allergens by use of
animal dander, bedding, dust-capture ventilation and personal protective dust
latex, and other potential respirators; remain alert to signs suggestive of an
allergens. allergic reactions (e.g., rhinitis, conjunctivitis,

coughing, sneezing, wheezing)

Heat stress.  High-temp- Provide frequent breaks and drinking water; reduce
erature environments, level and duration of exertion when more protective
use of PPE that does not equipment is worn in high temperatures; consider
allow dissipation of body using personal cooling devices in situations of
heat extreme heat or exertion

TABLE 4-1 Continued

Hazard Type and
Operation Precautionary Measures

and tools, and personal protective equipment (PPE), are also presented in
later chapters.

Needles and Other Medical Sharps

Research protocols and general animal husbandry expose workers to
various medical sharps that can cause puncture wounds and lacerations.
Examples are needles and syringes used for phlebotomy and injection,
scalpels and other surgical instruments, dental equipment, and scraping
and cutting tools used in cleaning and other daily operations.  As with
bites and scratches by nonhuman primates, exposures to sharps in a man-
ner that breaks the skin has the potential for not only infection but also
injury and disability.

Needle stick injuries are also an important source of exposure to
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bloodborne pathogens. Revision to OSHA’s bloodborne pathogens stan-
dard added new requirements for employers to adopt engineering and
work practice controls that would eliminate or minimize employee expo-
sure from hazards associated with bloodborne pathogens. As a compo-
nent of the Exposure Control Plan, employers must take into account new
changes in medical technologies and document consideration of commer-
cially available and effective safety devices. This may take the form of an
annual review and should list the devices under consideration. The re-
view should describe the devices evaluated for use, the method used to
evaluate those devices, and justification for the eventual selection of new
devices.

Slips, Trips, and Falls

Slips, trips, and falls are a common cause of traumatic injury to work-
ers in nonhuman-primate facilities.  They are not specific to nonhuman-
primate facilities; any work setting where floors are wet and there are
residues of cleaning agents, feces, or tripping hazards presents a high risk
of slip and fall injuries.  Personnel carrying heavy loads on wet floors are
at high risk of a slip or fall injury.  Deteriorated stairs, ladders, and step
stools have caused injuries in some facilities.  Using slip-resistant foot-
wear helps to reduce the likelihood of such injuries.  Guidelines have
been established for preventing these injuries (NSC 1997).

Overexertion

Handling and carrying nonhuman primates, heavy equipment, large
containers of feed, and other heavy or awkward objects present the risk of
musculoskeletal injury.  Such injuries commonly are related to a specific
and identifiable work task or movement, but they oftentimes occur in
people who have pre-existing injuries or are suffering from pathologic
conditions.  Regardless of a person’s medical condition, the risk of injury
increases with the weight of the load, the awkwardness of the load and
lifting movement, and the number of repetitions.  The National Institute
for Occupational Safety and Health (NIOSH) has issued a guide for evalu-
ating lifting operations and specifying limits (NSC 1996).

Work activities that are performed repetitively (more than 100 times
per day) or for extended periods have an increased risk of causing muscu-
loskeletal disorders.  These types of work injuries and illnesses differ
from acute traumatic injuries, such as lumbar strain following the lifting
of a single heavy object.  Repetitive strain injuries and cumulative trauma
disorders are characterized by a slower development of impairment and
disability and commonly involve a relatively low-force task that workers
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do not recognize as causing their painful and disabling condition.  For
example, handling hundreds of cages in the same way every day is an
example of the kind of situation in which laboratory animal workers have
suffered musculoskeletal disorders.

Hand Injuries from Cage Moving and Cleaning Operations

In nonhuman-primate operations that use portable cages, serious
hand injuries have occurred when workers have only the exterior cage
framework to grasp when moving cages.  Many types of wheeled-cage
systems weigh several hundred pounds and lack handles that allow for
biomechanically efficient gripping and movement.  Gripping the vertical
exterior framework commonly exposes workers’ hands to crush injuries
when they try to move the bulky cages through doorways and in crowded
areas.  Gripping vertical corner pieces also exposes the hands and fore-
arms to scratches by the nonhuman primates when the cages are occu-
pied. As cages are replaced, new mobile cage units with handles that
facilitate safe movement should be obtained.  Units that lack such handles
or that are not designed to allow safe movement should be modified.

Pressurized-steam and heated-water washers are used to clean non-
human-primate caging and housing units.  Steam washing systems can be
portable units or can operate with a centralized steam supply within the
facility.  Direct skin contact with the steam washing stream or with
noninsulated piping or handles can cause burn injuries that can be severe.
Eye contact with a direct stream of pressurized steam can cause serious
eye injury, including blindness.

Pressurized-steam washing units must be engineered in accordance
with American Society of Mechanical Engineers (ASME) codes (ASME
2001) and incorporate features that minimize the potential for operator
steam and thermal injuries.  Design features should include a control
valve that automatically stops pressurized steam flow unless the operator
is gripping it.  The design of dispensing wands and nozzles should be
based on ergonomic principles so that excessive gripping pressure is not
required to activate the steam flow or to hold onto the unit.  Steam distri-
bution pipes and hoses must be insulated where personnel could touch
the surfaces.  All components that could be pressurized must be rated for
the maximal foreseeable pressure.

PPE that should be worn during use of steam washer units includes:

• Eyeware in accordance with American National Standards Insti-
tute Standard Z87 for use under a protective face shield

• Splash-protective outer garments to prevent liquid splashes from
reaching the head, skin, and undergarments

Copyright © National Academy of Sciences. All rights reserved.

Occupational Health and Safety in the Care and Use of Nonhuman Primates 
http://www.nap.edu/catalog/10713.html

http://www.nap.edu/catalog/10713.html


64 OCCUPATIONAL HEALTH AND SAFETY OF NONHUMAN PRIMATES

• Thermal protective gloves
• Hearing protectors if noise reaches or exceeds 85 dbA per 8-hour

time-weighted average (TWA)

Stationary rack washers and autoclaves are commonly used in non-
human-primate facilities to clean and disinfect mobile cage and housing
systems. Burn hazards are controlled by maintaining protective guards,
panels, or insulation on the equipment.  Thermal protective gloves and
arm covers should be used for any operation in which direct skin contact
could occur.

In addition to heat and steam, autoclaves present hazards associated
with pressure.  Personnel who operate or maintain autoclave equipment
must be trained, certified, or otherwise specifically qualified for such
work, because of the high temperature and pressure hazards.  Lockout/
tagout work practices, which are focused on preventing electrical, chemi-
cal, and/or steam energy from harming employees, are required for many
maintenance operations on this equipment.

Kerosene-heated portable units can be used only outside and in well-
ventilated areas and if not left unattended for extended periods of time.
The products of combustion can include carbon monoxide and other toxic
emissions that can create unhealthful air contamination.

Noise

Work in nonhuman-primate housing areas and such activities as cage
washing can expose personnel to noise that can cause material and insidi-
ous hearing loss over time. Excessive noise may also occur with certain
species of nonhuman primates through their vocalization or cage dis-
plays.   It is recognized that noise-induced hearing loss will develop from
workplace exposures when a person is exposed to 85 dbA or more during
an 8-hour workday.  Operations that seem loud and impair communica-
tion between personnel should be evaluated with sound-measurement
instruments.  Personnel who are exposed to more than 85 dbA per 8-hour
TWA must be included in a hearing-conservation program that includes
training, use of hearing protectors, and audiometric testing.

Allergens

Personnel working in nonhuman-primate settings must be alert to
symptoms and signs of allergic reactions. Inhalation allergens may in-
clude airborne animal dander and bedding. Contact allergens causing
dermatitis may include gloves and other protective clothing.  In one study
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of laboratory-animal associated allergies, 23.6% of nonhuman-primate
handlers reported allergic symptoms (Aoyama and others 1992).  Acute
asthma has been reported after exposure to nonhuman-primate dander
(Petry and others 1985).  Exposure to allergenic proteins in latex that is
used for protective gloves and other equipment has been well documented
(Levy and Leynadier 2001). It should be noted that masks that are suitable
for protection against allergens are not the same as those to be worn for
protection from splash exposures.

Hazards Associated with Using Personal Protective Equipment

Gloves, protective garments, and eyewear are of great value in form-
ing a protective barrier against some types of hazards, but they can also
create hazards themselves.  Use of protective equipment in high tempera-
tures must take into account the risk of serious heat-stress injuries and
dysfunction.  Personnel should be provided with appropriately sched-
uled break periods, allowing them to replenish their volume losses of
water and minimize the effects of reduced cooling ability when PPE is
being used under high ambient temperature conditions.

Respiratory protective equipment must be selected on the basis of the
specific airborne hazards present, and it must be medically determined
that a person is fit to use it.

Protective eyewear can become fogged by perspiration and exhaled
breath.  Such impairment of vision can create a hazard by decreasing
visual acuity and decreasing the user’s ability to avoid animal bites and
other hazards.  Special attention must be given to providing personnel
with high-quality protective eyewear that allows them to do their jobs
and have appropriate eye protection.

CHEMICAL HAZARDS

Several chemical hazards can be encountered in work with nonhu-
man primates (Table 4-2), such as disinfectants and volatile anesthetics.  It
is critical to maintain an inventory of hazardous chemicals to use material
safety data sheets, and to train workers in the hazards of and precautions
for work with chemicals (NRC 1997; NSC 1997). The potential risks of
exposure to hazardous chemicals used in experimental protocols should
also be considered. For example, the neurotoxin MPTP (1-methyl-4-phe-
nyl-1,2,3,6 tetrahydropyridine) is commonly used in nonhuman-primate
models of Parkinson’s disease.
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Disinfectants

Disinfectant solutions are used extensively in nonhuman-primate set-
tings and have been the cause of skin and eye irritation and corrosive
burn injuries. Disinfectant cleaners that are in common use include:

• Bleach (sodium hypochlorite)
• pH-optimized bleach (pH 7.2)
• Chlorine dioxide solutions
• Quaternary ammonia mixtures
• Phenolic cleaners
• Hydrogen peroxide-peracetic acid cleaners
• Glutaraldehyde and formaldehyde fumigant

All of these cleaners have the potential for causing corrosive injury to
the eyes and skin as a result of direct liquid splashes.  The choice of
protective eyewear and chemical-protective footwear, gloves, and other
clothing depends on how the disinfectant is being applied.  Application of
a disinfectant in accordance with the manufacturer’s label with a hand
mop can generally be performed safely if the user wears protective
eyewear, gloves, boots, and coveralls or an apron that provide a barrier to
direct splashes.  An industrial hygienist or safety professional should be
consulted on safety precautions if fumigation or pressurized sprayer ap-
plication of chlorine dioxide, pH-optimized bleach, hydrogen peroxide,

TABLE 4-2 Summary of Chemical Hazards

Chemical Hazard and
Operation Precautionary Measures

Chemical disinfectants Prevent splash exposures to corrosive solutions by
and cleaning solutions. using face shields or safety goggles; avoid contact by
Sodium hypochlorite, use of impervious gloves, apron, sleeve covers, boots,
phenolic solutions, hydrogen other chemical-impervious equipment; where
peroxide, quartenary potentially injurious gaseous or aerosol air-
ammonium compounds, contaminant exposures are possible, provide capture
chlorine dioxide solutions, exhaust ventilation or respiratory protection
glutaraldehyde

Volatile anesthetics. Use a scavenging anesthesia system to capture waste
Isofluorane, halothane, anesthetic gases; vacuum or mechanical venting of
nitrous oxide, enflurane scavenging system is most effective; do not use

electrocautery or other sparking equipment where
oxygen and anesthetic gases are being released
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or aldehyde disinfectants will be conducted.  Respiratory protection is
commonly specified for such operations.

Volatile Anesthetics

Volatile anesthetic agents are used in nonhuman-primate operations
during surgical procedures performed for animal health care and re-
search-protocol purposes, typically including:

• Halothane
• Nitrous oxide
• Enflurane
• Isoflurane

Most of the volatile anesthetic agents are potentially toxic and have
effects on the liver and nervous system and evidence of increased risk of
adverse reproductive effects.  NIOSH has issued guidelines for control of
exposure to anesthetic agents in surgical operations (NIOSH 1977).  Expo-
sures can be reduced by scavenging vented fumes from rebreathing anes-
thetic units, using tight-fitting endotracheal tubes and induction masks,
and filling vaporizer units carefully so that spillage does not occur. How-
ever, administration of these agents to animals can still result in release of
anesthetic vapors into the area around the anesthetic equipment and
around the animal’s mouth and nose, since waste anesthetic gas scaveng-
ing systems are generally imperfect.
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5
Risk Assessment:

Evaluating Risks to
Human Health and Safety

BACKGROUND

Risk assessment is a powerful tool that provides a rational framework
for designing and managing an OHSP at institutions that use nonhuman
primates.  The process of risk assessment requires a factual base to define
the likelihood of adverse health effects of workplace-associated injuries
and exposures, and it attempts to balance scientific knowledge with con-
cerns of staff, investigators, administration, and the public at large.  It
involves a systematic approach to the identification and characterization
of physical, chemical, and biologic hazards to individuals and popula-
tions in their environment.  The consequences of such hazards can in-
clude severe illness or injury, an irreversible health consequence, an unfa-
miliar disease, and an undesirable situation that might have been avoided
by use of an alternative approach or technology.  Risk assessments typi-
cally require that attention be given first to the most important hazards,
that is, the ones that can result in the worst health-related outcomes.

Successful risk assessment offers many advantages.  For staff mem-
bers, a well-defined assessment of risks in the workplace can provide a
rational basis for safe practices and behavior.  For institutional managers,
a well-defined assessment of risks can provide clear targets for injury-
prevention and exposure-prevention programs.  For regulators and other
oversight bodies, a well-defined assessment of risks helps in setting work-
place health and safety standards and in monitoring compliance without
the need for case-by-case judgments.  For concerned citizens, a well-
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defined assessment of risks provides a concise focus for evaluating pro-
tection of the public welfare.

The purpose of risk assessment is to determine the probability of
injury or illness due to specific hazards.  Risk assessment also includes
characterization of the uncertainties inherent in the process of inferring
risk.  The process in turn becomes the basis of risk management—courses
of action to mitigate hazards at the national, regional, and local levels
through the establishment and modification of regulatory standards and
institutional occupational health and safety programs.  Several key terms
and concepts are used in risk assessment, including the following (NRC
1983; Osborne and others 1995):

• Hazard:  A source of risk, such as a substance or action that can
cause harm.

• Exposure:  Contact with a hazard in such a manner that effective
transmission of the agent or harmful effects of the agent may occur.

• Dose-response relationship:  A relationship in which a change in
amount, intensity, or duration of exposure is associated with a change in
the risk of the outcome.

• Risk:  The combination of the likelihood (probability) and magni-
tude (severity) of an adverse event.

• Uncertainty:  An instance of limited knowledge, false assumption,
or statistical variability that contributes to a statement of confidence in
conclusions drawn from a risk assessment.

• Risk management: The process of formulating and implementing a
course of action to mitigate hazards determined by risk assessment to be
important.

THE PROCESS OF RISK ASSESSMENT

The process of risk assessment, as used by US regulatory agencies
charged with protecting workers and the general public, involves four
sequential steps (NRC 1983; Samet and Burke 1998): hazard identifica-
tion, dose-response assessment, exposure assessment, and risk estimation
and characterization. Multiple sources of data may be used to complete
each step, including on-site review and investigation, epidemiologic in-
vestigation, surveillance, laboratory animal studies, and computer mod-
eling (see Table 5-1). At the institutional level, risk assessments need not
be formal endeavors led by recognized experts, but should focus on the
same basic steps with most of the emphasis on hazard identification and
exposure assessment.  Often this will also reveal likely determinants of
exposure to the hazards that should be addressed in the institution’s oc-
cupational health and safety plan.
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TABLE 5-1 Assessment of Risk Associated with Animal-Related Research

Possible
Criterion Classifications Information Sources

Exposure intensity High Job profile, environmental
Medium health and safety
Low assessment, employee history
Absent

Exposure frequency 8 h/wk or more Job profile, environmental
Less than 8 h/wk health and safety
No direct contact assessment, employee

history

Hazards posed by Severe illness Institutional veterinarian,
animals Moderate illness physician

Mild illness
Illness unlikely

Hazards posed by Severe illness Material-safety data sheets;
materials used in Moderate illness CDC-NIH agent summary
or with animals Mild illness statements; radiation-,

Illness unlikely chemical-, and biological-
safety committees;
environmental health and safety
staff; direct observation,
principal investigator

Susceptibility of employee Direct threata Medical evaluation, review of
Permanent increase personal medical records
Temporary increase

Expected incidence High Published reports, industry
Medium experience
Low

History of occupational Common Worker-compensation reports,
illness or injury in the Uncommon OSHA 200 log
position or workplace Rare/exceptional

Regulatory requirements Required Environmental health and safety
Professional office, consultants, risk
judgment permitted managers

aReasonable probability of substantial harm.  Americans with Disabilities Act of 1990
(PL 101-336).

SOURCE:  Adapted from NRC 1997.
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Research involving awake-behaving nonhuman primates requires
special consideration during risk assessment.  Nonhuman primates can
weigh more than human beings, have considerable speed, strength, and
manual dexterity, and can harbor zoonotic infectious agents.  They can
inflict serious physical injury and cause life-threatening illnesses to per-
sons around them. One way to reduce the risks from these animals is by
training them to perform certain movements. For example, macaques and
squirrel monkeys can be trained to move voluntarily from the home cage
into a restraint chair (Ator 1991).  Another consideration when working
with awake-behaving nonhuman primates is that they are often trans-
ported to testing facilities (e.g., laboratories or imaging facilities) outside
of the animal quarters. The animals may traverse common use corridors
and elevators, potentially exposing individuals not involved in the ani-
mal care program. Individuals in other areas of the building may also be
exposed if the air exhausted from a testing facility is recycled into other
building areas. For these reasons, procedures involving awake-behaving
nonhuman primates must undergo additional hazard identification and
risk assessment. It is also important that risk assessment of noninfectious
hazards involve a qualified health and safety professional with training in
the chemical and ergonomic hazards associated with their use. More de-
tailed guidelines for working with awake-behaving NHP are forthcoming
from the ILAR Committee on Guidelines for the Care and Use of Mam-
mals in Neuroscience and Behavioral Research (NRC In press). This re-
port will identify common research themes in contemporary neuroscience
and behavioral research based on input from neuroscience and behav-
ioral researchers most familiar with current standards of practice and
veterinarian specialists in laboratory animal medicine; provide collective,
professional judgment in applying current animal care and best use prac-
tices to procedures in these areas of research; provide information about
new scientific and responsible use developments used to maintain ani-
mals during these experiments; and serve as an informational resource to
assist researchers, laboratory animal medicine veterinarians and IACUC
members in the interpretation and implementation of current standards
of practice and promote the training of animal care specialists in this area.

Hazard Identification

The identification of hazards is typically a qualitative process, most
often based on observation, experience, published reports and profes-
sional judgment.  Hazards in the work environment can be identified by
safety specialists using institutional logs, worker-compensation reports,
and other information sources (NRC 1997) as well as direct observation of
the animal facility.  That process should be systematic and based on the
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principles of biologic, chemical, and physical safety; modes of transmis-
sion of infectious agents; understanding of the facility design, equipment,
personal protection devices, and practices; and knowledge of applicable
local, state, and federal regulations.  Chapters 3 and 4 of this report pro-
vide an overview of the infectious and noninfectious hazards identified in
the use of nonhuman primates in research.  If the existence of a hazard
cannot be definitively shown in the first step in the risk assessment pro-
cess, the subsequent steps generally are not warranted.

A review of worker exposure and injury reports suggests that most
workplace hazards found in nonhuman-primate research facilities are
similar to those found in other laboratory animal research environments
(bin Zakaria and others 1996; Poole and others 1998, 1999).  Most common
are animal-inflicted trauma from bites, cuts, and scratches; punctures from
needle sticks and other sharps; musculoskeletal injuries, such as strains
and sprains, especially involving the back; repetitive-motion injuries (er-
gonomic injuries); slips, trips, and falls; contact with allergens and chemi-
cals; burns caused by contact with hot surfaces or steam; and various
suspected exposures to materials that potentially contain infectious
agents.

In addition to a review of worker injury and exposure logs, inspection
of the facilities will assist in the identification of hazards.  Various aspects
of the facility design should be evaluated, such as air-exchange rates, air
recirculation, and pressure differentials; use of high-pressure hoses,
steam, or other cleaning methods; wastewater drainage; composition and
uniformity of ceilings, walls, and floors; and laboratory access require-
ments and controls.  Summaries of prescribed safety measures may be
obtained from the IACUC and/or the environmental health and safety
office responsible for review and approval of facilities.  Inspections of the
facility should also consider the daily flow of all materials relevant to
potential hazards in the institution, such as the primates themselves and
their tissues, caging equipment, environmental-enrichment devices and
other husbandry items, animal waste, laboratory waste, cage-wash ma-
chinery and supplies, research and veterinary supplies and equipment,
and facility-maintenance and janitorial equipment and supplies.  For ex-
ample, soiled primate caging may be moved along common use hallways
of the animal quarters to the cage wash area, potentially exposing re-
search staff not associated with the primate program. Each situation
should be evaluated systematically with the biologic, chemical, and physi-
cal hazards associated with nonhuman primates and in conjunction with
objective criteria and information sources.
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Dose-Response Assessment

The next step in risk assessment deals with the dose-response rela-
tionship.  This action establishes the relationship between the quantita-
tive level of a hazard and the probability of an adverse response to it
(NRC 1983).  Cumulative-dose effects over years of exposure are relevant
to chemical toxicants, but single-event exposures are more often of pri-
mary concern in the case of pathogenic agents.  In both cases, each poten-
tial exposure episode is regarded as increasing the cumulative risk, but
the likelihood of disease after any single exposure episode is considered
to be the same for everyone in the risk group (OSHA 1991). Threshold and
non-threshold models of risk exist for various types of health conditions,
predominantly with respect to noninfectious hazards, which adds contro-
versy and complication to the risk assessment process (NRC 1983).

Exposure Assessment

Once a hazard has been identified and the dose of the hazard that
causes adverse consequences is determined, the next step in risk assess-
ment is exposure assessment.  This step estimates the exposure or contact
between a hazard and a person (NRC 1983).  Exposure assessment must
take into account numerous modes of possible contact, such as splashes,
bites, aerosols, and needle sticks. The extent to which people are in con-
tact with potential hazards should be determined in conjunction with
their job duties and the use of personal protective equipment.  Exposure
assessment must include evaluation of the experience and skill levels of
people who are at risk for exposure.  For example, in environments where
exposure is associated with failure to comply with standard operating
procedures or to use equipment properly (CDC-NIH 1999; NRC 1997),
inexperienced personnel would have a greater risk of exposure than more
experienced personnel.

Care should be taken when estimating exposure on the basis of injury
and exposure logs.  Under-reporting of occupational injuries and expo-
sures to supervisors or health-care staff by nonhuman-primate research
workers is common.  A recent study (bin Zakaria and others 1996) found
that 59% of animal-inflicted scratches, 50% of mucous-membrane expo-
sures, and 20% of needle stick injuries went unreported.  A variety of
reasons were given by respondents in the survey, most commonly that
reporting was “too much trouble,” that the injury was “not serious enough
to report,” and that “the injury was accepted as a routine risk.” Others
have suggested that only 45-68% of injuries are reported to supervisors
and that for 4-8% of injuries, workers take no action (Sotir and others
1997).  Those observations have important implications for effective com-
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munication of the hazards associated with exposure to nonhuman pri-
mates and their tissues, especially in light of the finding that occupational
infections with B virus have not correlated with injury severity (Hilliard
and Henkel 1998).

Risk Estimation and Characterization

The final step in risk assessment is risk estimation and characteriza-
tion.  In this step, the dose-response relationship and exposure assess-
ment are combined to describe the risk to subject persons (NRC 1983).  It
is essential that persons responsible for conducting risk assessments be
knowledgeable about the physical, biologic, and chemical hazards present
in nonhuman-primate research, as outlined in Chapters 3 and 4.  General
principles of safety as they pertain to each hazard should be understood,
including essential aspects of the laboratory, husbandry, and veterinary
equipment in use; facility design elements, such as the systems for air
handling and waste decontamination and disposal; systems of employee
hygiene and medical surveillance; and how all these are integrated into
the OHSP. Persons responsible for risk assessment must also have an
appreciation of the flow of the typical workday activities of animal care,
facility maintenance, and research as performed by the different members
of the staff (and, if applicable, students and visitors).  Knowledge of local,
state, and federal regulations under which the facility operates is also
important.

As noted throughout this report, the risk assessment process should
initially focus on the greatest hazards, those with potential for important
consequence for the greatest number of persons.  For example, institu-
tions that use macaques or their tissues should first ensure that the possi-
bility of B virus exposure has been assessed. Some of the resulting safety
measures will reduce potential injuries from other sources, as in the use of
splash barriers, which protect the mucous membranes of the face against
infectious agent exposures and chemical exposures during research and
husbandry operations.

Once hazard identification is accomplished, other steps in risk assess-
ment are aimed at estimating the risks associated with hazards identified
in specific institutional settings.  A wide variety of analytic tools are used
in these efforts, including qualitative, semiquantitative, and quantitative
methods to determine the likelihood of an event in a specified interval
and the sources and magnitude of uncertainty and variability in the esti-
mates (Hallenbeck 1993).

Most experts agree that risk assessments should be put into quantita-
tive terms to the greatest extent possible (OSHA 1991).  This is especially
true when conducting risk assessments for the purposes of establishing
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regulatory safety standards. Limitations of the data available for use in
quantifying the importance of specific hazards contribute to the uncer-
tainty in estimates.  Nevertheless, it is desirable in the development of
OHSPs to add as much quantitative information to qualitative observa-
tions and institutional experience as possible, to arrive at the best possible
evaluation of risks posed by specific hazards.  It is not realistic to defer the
process of risk assessment while waiting for data that may never become
available.

Risk to workers is best measured through the use of incidence rate
calculations, in which the numerator is the frequency (or number of new
occurrences) of an event during a specified period and the denominator is
the average size of the group considered at risk for the event:

Incidence rate =  
frequency of event (or number of new occurrences)

average number of people at risk for event

For example, the incidence of  needle stick accidents among veteri-
nary staff involved in the care of nonhuman primates should use as the
denominator the size of the veterinary workforce involved in venipunc-
ture tasks in nonhuman primates at the institution.  Incidence rates are
useful whether the purpose is to compare trends as new safety-related
equipment and policies are established in an institution or to compare the
experience of different sites or institutions.  Standardizing the average
size of the group considered at risk for an event by using full time-equiva-
lents, such as person workdays (pwd), in the calculation of incidence rates
allows accurate comparisons.  However, determination of the approxi-
mate size and nature of the group that should be considered at risk re-
quires well-reasoned efforts.  Rapid expansion of knowledge regarding
the types and sources of hazards demands that this be a continuing com-
mitment.

Understanding of uncertainty in risk assessment is important in con-
veying the likelihood of an adverse event or the magnitude of its conse-
quences.  Reductions in uncertainty do not change the risks, but they
increase the mathematical precision of evaluation. Therefore, a clear un-
derstanding of the uncertainties included in risk estimates is essential for
policy-making, lest misleading information and ineffective action plans
result (Hallenbeck 1993).  Data for use in quantifying important risk fac-
tors are often sparse, and this, combined with differences between infor-
mation sources and inherent variability, contributes to uncertainty in esti-
mates.  By varying the assumptions that are used, a sensitivity analysis
can help evaluate the ramifications of variables in risk estimates and yield
better predictions of the impact of various management options.
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Risk of Infectious Hazards Associated with Nonhuman Primates

Risk assessment of infectious hazards is particularly important in non-
human-primate research facilities.  As described in Chapter 3, nonhuman
primates can harbor zoonotic agents—such as B virus, Mycobacterium tu-
berculosis, SIV, and enteric pathogens—some of which have dire conse-
quences.

In performing a qualitative risk assessment, all risk factors are first
identified and explored.  For infectious hazards, the risk of becoming
infected depends upon the likelihood of a relevant exposure to a source of
infection and the likelihood of becoming infected if there is an exposure.
The following elements may be evaluated when assessing the risk of in-
fectious hazards in the conduct of laboratory animal work: animal con-
tact, exposure intensity, exposure frequency, physical and biologic haz-
ards present by the animals, hazardous properties of agents used in
research protocols, susceptibility of employees, and occupational-health
history of employees doing similar work (NRC 1997). Exposure intensity
measures the estimated dose received among those exposed over some
arbitrarily defined unit of time, whereas exposure frequency concerns the
number of opportunities for any degree of exposure during the same
period.  For zoonotic diseases, both of there parameters are affected by
the prevalence of the agent in the animals, its shedding pattern, environ-
mental stability, and routes of transmission to humans.  Exposure inten-
sity values are often used when setting allowed safety standards to chemi-
cal or allergen hazards and are generally more applicable in those cases.
Consideration of the importance of individual hazards identified in the
workplace should include the size of the group at risk, the potential ef-
fects of the hazards, and the magnitude of the exposures (NRC 1997).
Ranking of hazards based on their importance can include institutional
experience regarding worker illness and injury rates, near-miss reports,
reference information, and other documents (see Table 5-1).

As stated in the federal guidelines outlined in Biosafety in Microbiologi-
cal and Biomedical Laboratories (CDC-NIH 1999), the primary role of risk
assessment is to aid in the prevention of workplace-acquired infections,
and the secondary role is to aid in the prevention of infections in the
surrounding community (CDC-NIH 1999).  In this context, risk assess-
ment has led to the assignment of designated animal biosafety levels
(ABSLs) 1-4 for experimental research activities with specified pathogens.
ABSLs are described in terms of facilities, equipment, and practices, each
being important in mitigating hazards or risks to workers and the public
(see Table 5-2).  This approach has a laudable record of contributing to
overall workplace safety, despite the difficulty in assessing some vari-
ables, such as emerging infectious agents and genomic manipulations.  A
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conservative approach is generally recommended when a lack of infor-
mation forces subjective decision-making.  For example, when infectious-
disease risks are being considered, universal precautions are always ad-
visable (CDC-NIH 1999).

However, these federal guidelines do not address noninfectious labo-
ratory hazards, nor were they intended to guide safety considerations
outside the laboratory per se, such as in outdoor holding enclosures for
nonhuman primates or in settings involving their wild capture and trans-
portation.  Thus, OHSPs for persons working with nonhuman primates in
many situations must be based on general workplace safety consider-
ations and analogous hazards in other industries without the benefit of
the specific algorithms found in the national laboratory biosafety guide-
lines.

Important characteristics of most well-known infectious agents that
are useful in risk assessment are readily found in Chapter 3 and the refer-
ences cited at the end of this report.  Such information is usually based on
medical surveillance and epidemiologic studies and grounded in labora-
tory investigations of the agents themselves.  Many agents known to have
caused laboratory-acquired infections are listed in Section VII of Biosafety
in Microbiological and Biomedical Laboratories (CDC-NIH 1999).  The follow-
ing characteristics predict risk, but the characteristics considered as a
whole are more important than any one of them individually.

• Pathogenicity
• Stability in the environment
• Infectious dose
• Concentration in specimens or in the environment
• Origin (host, geographic location, or type of source)
• Route of transmission
• Availability of data from animal studies
• Availability of effective prophylaxis or therapy
• Experience and skill of personnel at risk

Selection of the appropriate ABSL for activities involving infectious
material in nonhuman-primate research should be based on evaluation of
these criteria, with modifications as needed in light of current scientific
information.  Answers to questions about the characteristics listed above
often are not definitive, especially for newly described infectious agents
and materials that contain recombinant DNA; in such cases, the risk-
assessment process should include an institutional biosafety committee
(NIH 1998).

Risk assessment leading to the requirement for an ABSL-2, 3, or 4
presupposes that the workforce is composed of immunocompetent
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people. Immunocompromised people are at increased risk in many cases
when exposed to infectious agents.  That is just one of the complexities
that can enter into risk assessment, so other variables, as described in
Section VII of Biosafety in Microbiological and Biomedical Laboratories (CDC-
NIH 1999), must also be considered in evaluating risks to particular work-
ers.  In all research involving the use of nonhuman primates, the study
director or principal investigator must work with the IACUC, the
biosafety officer, and the primate center director to assess risks and set
ABSLs in the context of the institutional administrative structure; ulti-
mate authority rests with the senior institutional official (CDC-NIH 1999).

RISK OF OCCUPATIONAL INJURIES AND EXPOSURES AT
NATIONAL PRIMATE RESEARCH CENTERS

Physical Hazard Risk Assessment

An epidemiologic investigation of work-related injuries and expo-
sures among animal care, veterinary, and scientific staff at a US regional
primate research center provided yearly estimates of incidence rates rang-
ing from 44 to 65 animal-associated injuries per 100,000 pwd during the 5-
year period of observation (bin Zakaria and others 1996).  Animal-in-
flicted scratches and bites had the highest 5-year incidence rates (82.1 and
80.8 incidents per 100,000 pwd, respectively), together accounting for
51.7% of reported incidents.  Cuts and mucous membrane exposures had
the lowest 5-year incidence (45.0 and 17.6 incidents per 100,000 pwd,
respectively).  Fingers and thumbs were the most common anatomic sites
of occupational bite injuries, and full-time workers were 3-4 times more
likely to report injury episodes than part-time workers (those with less
than 20 hours of animal contact per week).  The injury-specific incidence
rates differed with job category; veterinary residents in training had the
highest overall injury rates.  The frequency of all injury types decreased
with increasing years of employment, and 33% of all reported injuries
occurred in persons hired less than 6 months previously.  Those findings
have implications for risk assessment at individual institutions, where a
workforce composed of many inexperienced people should be assessed at
greater risk than institutions with an experienced workforce.  The find-
ings also offer an opportunity to compare some work-related injuries
incurred during nonhuman-primate handling (such as needle sticks and
mucous-membrane exposures) with injuries incurred by persons em-
ployed in human hospitals and other health-care settings, which could
lead to improvements in safety-training and injury-prevention programs.
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B Virus

A quantitative risk-assessment study of primate-associated injuries
and exposures at another US national primate research center has been
reported (Weigler and Ponce 1999); it was based on analysis of institu-
tional bite-scratch-splash exposure records over a 5-year period. In this
case, a stochastic (random) simulation model was done to estimate the
efficiencies of different B virus exposure prevention methods.  Simula-
tions were done using 2000 iterations with median latin hypercube sam-
pling (Analytica Software, Decisioneering, Denver, CO) assuming that
sources of risk were independent and that there was no threshold for
exposure.  The probability of B virus exposure among workers was esti-
mated by including separate distributions for the prevalence of B virus
among macaques in this setting (modeled as a normal distribution with a
mean of 0.5 and standard deviation of 0.1) and the likelihood of shedding
among infected animals (modeled as a triangular distribution with a mean
of 0.02 and range 0 to 0.05).  Each category of prevention method (protec-
tive eyewear, gloves, mask, and labcoat, laboratory procedures, and post-
exposure scrub) was included as a separate model for each type of expo-
sure (bite/scratch, needle stick, cut, mucous membrane, and other), using
two different statistical distributions (triangular and beta) for exploration.
Empirical reasoning was used for parameter estimates of those distribu-
tions; for example, protective eyewear was given a mean of 0.75 and
range 0 to 1 for protecting mucous membranes but no protection against
bites, scratches, or other types of exposure.  The actual institutional injury
exposure record data were annualized for 8-hour person workdays at risk
and stratified by type of worker (veterinary, husbandry, research, mainte-
nance, student, other).The result of these simulation models was the ex-
pected incidence of B virus infections for the at-risk population of work-
ers in the institution.  That approach led to the prediction of one new
human B virus exposure episode per 60 years in the institution, assuming
a fixed population size of workers at risk.  The study also included a
sensitivity analysis of model predictions of the potential impact of differ-
ent B virus risk-management strategies. Use of PPE that reduced scratch
rates, improved laboratory procedures, and increased postexposure
wound disinfecting efficiency was most influential in reducing the risk of
B virus among workers in these models.

Simian Immunodeficiency Virus (SIV)

In a study involving a questionnaire-based survey of 550 persons
working at 13 North American research institutions (Sotir and others
1997), a high frequency of needle sticks and mucocutaneous exposures
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(defined as animal-inflicted bites and scratches) was documented among
persons working with nonhuman primates and their tissues.  Over one-
third of study participants were reported to have experienced needle
sticks or mucocutaneous exposures while working with nonhuman pri-
mates, predominantly macaques but including at least six other genera.
The study included serial serologic testing for SIV antibodies among study
participants and considered whether there was exposure to SIV in the
laboratory or to SIV-infected animals.  Statistical methods were used to
assess possible associations between workers’ job categories, job tasks
performed, length of employment, work with HIV-2 and SIV, work with
nonhuman primates, and the frequency and types of injuries sustained in
the workplace.

Persons working with monkeys that were SIV-negative or whose SIV
status was unknown were more likely to have sustained (or to have re-
ported) needle sticks or mucocutaneous exposure involving blood, body
fluid, or unfixed tissue than were those working with SIV-infected ani-
mals.  Those study results suggested that increased awareness led to im-
proved safety practices or alternatively to different reporting rates.  Some
injury-specific frequencies differed with job category, but in contrast with
the previously discussed study (bin Zakaria and others 1996), increasing
years of employment increased the likelihood of injury occurrence.

Analysis of survey responses showed that persons responsible for
more invasive tasks with animals (such as phlebotomy, dental work, sur-
gery, necropsy, and experimental inoculation) were at greater risk for
needle stick injuries than persons doing noninvasive work (such as hus-
bandry, sanitation, and routine medication) even when years of experi-
ence were taken into account. However, bite and scratch rates did not
differ with task type.  Those findings parallel observations of health-care
workers at risk for bloodborne pathogen exposure in occupational set-
tings and highlight opportunities for focused preventive educational pro-
grams, especially for some occupational groups (such as husbandry staff)
that might be less informed about work-related hazards (OSHA 1999).
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6
Occupational Health and Safety

Regulations and Recommendations
Applicable to Nonhuman-Primate

Research Facilities

Once a risk assessment has been completed, the final step before de-
veloping a risk management plan pertaining to OHS is understanding
pertinent OHS standards. Leadership at institutions where nonhuman
primates are used in research, teaching, or testing not only must be aware
of workplace hazards and associated risks when developing their OHSP
but also must be knowledgeable about and compliant with applicable
regulations and guidelines. Those prerequisites can be a challenge in that
multiple agencies or regulations may be applicable in a given institution.
Regulation may be mandated at the federal and state levels and may
depend on whether the nonhuman-primate work in question occurs in a
federal facility or a federally funded institution. This chapter describes
the important regulations and guidelines and provides contact informa-
tion on organizations that can provide guidance and education on safety
standards. Much of the information in this chapter can be found in Guide
for the Care and Use of Laboratory Animals (NRC 1996) and Occupational
Health and Safety in the Care and Use of Research Animals (NRC 1997) and is
restated here for ease of use.

FEDERAL OCCUPATIONAL HEALTH AND
SAFETY REQUIREMENTS

Occupational Safety and Health Act

The Occupational Safety and Health Act of 1970 mandates that all
nongovernment employers provide a safe and healthful workplace for
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their employees.  It also provided for the creation of the Occupational
Safety and Health Administration (OSHA) and the National Institute for
Occupational Safety and Health (NIOSH). The act directs OSHA to de-
velop and issue standards through a public rule-making process. Em-
ployers must comply with those OHS standards as they would with any
statutory requirement (Blosser 1992).

The most important federal standards governing OHS are found in
OSHA standard 29 CFR Part 1910 (www.osha.gov; Standards 29CFR).
That document contains many sections that are pertinent to the work
conducted in facilities where nonhuman primates are used in research,
teaching, and testing. For example, the OSHA bloodborne pathogens stan-
dard (29 CFR 1910.1030) requires institutions to provide hepatitis B vacci-
nations to employees who handle blood, organs, or other tissues from
experimental animals infected with hepatitis B virus and to make a confi-
dential medical evaluation available to the employee immediately after
an exposure to animal tissues that are contaminated with a bloodborne
pathogen.  The OSHA standard on occupational exposure to hazardous
chemicals in laboratories (29 CFR 1910.1450) requires medical surveil-
lance when monitoring reveals an exposure that routinely exceeds the
action level for an OSHA-regulated substance, such as a time-weighted
average of 0.75 ppm or a short-term exposure level of 2.0 ppm for formal-
dehyde (29 CFR 1910.1048). The OSHA standard regulating the use of
compressed gases is 29 CFR 1910.101, personal protective equipment
(PPE) standards are in 29 CFR 1910.132-1910.140, and electric systems
requirements are in 29 CFR 1910. 301-1910.330 although other sections of
29 CFR 1910 might also be applicable.

It is important to note that the OSHA standards are not all-inclusive.
They do not directly address every hazard or risk present at every
worksite. To address hazards not covered by a particular standard, OSHA
may cite Section 5(a)(1) of the Occupational Safety and Health Act (also
designated 29 USC § 654(a)(1)); this provision is called the general duty
clause because it imposes on employers the general obligation of furnish-
ing workplaces that are “free from recognized hazards that are causing or
are likely to cause death or serious physical harm” (Blosser 1992).

Occupational Safety and Health Administration

OSHA (www.osha.gov) is the federal agency charged with protecting
the health of employees and preventing occupational injuries, disease,
and death. Although OSHA and NIOSH were created by the same act of
Congress, they are distinct agencies with separate responsibilities. OSHA
is responsible for creating and enforcing workplace safety and health
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regulations.  It establishes protective occupational standards and enforces
them through inspection and monetary penalties. It also provides free on-
site support to identify and correct hazards and provides assistance in
setting up OHS programs.

National Institute for Occupational Safety and Health (NIOSH)

NIOSH (www.cdc.gov/niosh/homepage.html) is the federal agency
responsible for conducting research on and making recommendations for
the prevention of work-related disease and injuries. NIOSH and OSHA
often work together toward the goal of protecting worker safety and
health.

NIOSH can be an excellent source of information on OHS for institu-
tions and individuals. It publishes hazard-specific guidance (“hazard
IDs”) such as Cercopithecine herpesvirus 1 (B Virus) Infection Resulting from
Ocular Exposure, which is available online at www.cdc.gov/niosh/ and
provides a summary of key points, a description of the hazard, recom-
mendations for preventing B virus infections, recommended actions, and
references for additional information.

Occupational Health and Safety in Federal Facilities

The Occupational Safety and Health Act in Section 19, also desig-
nated 29 USC 668, requires heads of federal agencies to establish and
maintain comprehensive and effective OHS programs consistent with the
standards set for nongovernment employers by OSHA (such as 29 CFR
1910), although no inspection oversight is detailed. Presidential Executive
Order 12196, issued in 1980, further defines the responsibilities of federal
agencies, including inspection requirements for federal OHS programs.
The inspection requirements for federal agencies are listed in 29 CFR
1960; for example, inspectors must be safety or occupational health spe-
cialists or other persons with sufficient training or experience to recognize
hazards and suggest general abatement procedures (29 CFR 1960.28(a));
and all agency workplaces must be inspected annually, and more fre-
quent inspections must be conducted in workplaces where there is an
increased risk of accident, injury, or illness (29 CFR 1960.25(c)). Further-
more, responsibility for oversight of federal OHS programs is assigned to
the Office of Federal Agency Programs (OFAP), which functions as a
“mini-OSHA” for federal employees. In essence, federal agencies must
comply with the same OSHA standards as nongovernment employers;
however, they are inspected by OFAP rather than OSHA, and they are not
subject to monetary penalties.
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Occupational Health and Safety Requirements for
Federally Funded Institutions

The Public Health Service Policy on Humane Care and Use of Laboratory
Animals (OLAW 2000) requires institutions that receive federal funds to
have an OHS program as part of their overall animal care and use pro-
gram. PHS Policy requires institutions to use the Guide for the Care and Use
of Laboratory Animals (NRC 1996) as a basis of an institutional program for
activities involving animals. The Guide includes OHS guidelines related
to hazard identification and risk assessment; personnel training; personal
hygiene; facilities, procedures, and monitoring; personal protection; and
medical evaluation and preventive medicine for personnel. The Guide is
discussed further later in this chapter.

The Office of Laboratory Animal Welfare (OLAW), in the Office of
Extramural Research at the National Institutes of Health (www.grants.nih.
gov/grants/olaw/olaw.htm), plays an important role in the implementa-
tion of PHS Policy. OLAW exercises compliance oversight of PHS Policy
on research conducted or supported by any component of the PHS
through approval of Animal Welfare Assurances. Each institution that
receives federal funding must provide a written Assurance to OLAW.
The Assurance Statement outlines how the institution will comply with
PHS Policy, including how it will comply with the OHS guidelines out-
lined in the Guide. Once an Assurance Statement is accepted by OLAW,
the institution is considered an “Assured” program. OLAW encourages
programs to observe applicable industry standards, such as the National
Research Council’s Occupational Health and Safety in the Care and Use of
Research Animals (NRC 1997).

OLAW also requires the IACUCs of Assured programs to conduct
semiannual program reviews and provides a suggested checklist to assist
IACUCs in reviews. The OHS portion of the checklist, which is available
online, is as follows (www.grants.nih.gov/grants/olaw/sampledoc/
chek1a.htm):

1. Institutional program for a safe and healthy workplace

• program is established and implemented
• covers all personnel who work in laboratory animal facilities
• based on hazard identification and risk assessment
• personnel training (e.g., zoonoses, hazards, pregnancy/illness/

immunosuppression precautions)
• personal hygiene procedures (e.g., work clothing, eating/

drinking/smoking policies)
• procedures for use, storage & disposal of hazardous biologic,

chemical, and physical agents
• specific procedures for personnel protection (e.g., shower/change

facilities, injury prevention
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2. Program for medical evaluation and preventive medicine for person-
nel

• pre-placement evaluation including health history
• immunizations (e.g,. rabies and tetanus) and tests as appropriate
• zoonosis surveillance as appropriate (e.g., Q-fever, tularemia,

Hantavirus, plague)
• procedures for reporting and treating injuries, including bites, etc.

3. Special precautions for personnel who work with primates

• tuberculosis screening includes all exposed personnel
• training and implementation of  procedures for bites & scratches
• education regarding Cercopithecine herpesvirus 1 (B virus)

AAALAC International in its review of accredited institutions found
the most common deficiencies in the OHSP were: 1) they were not based
on hazard identification/risk assessment, and 2) there was inadequate
personal protection and hygiene.  Less common deficiencies were found
in: 1) personnel training, 2) facilities, procedures, and monitoring, and 3)
medical evaluation/preventive medicine (DeLong and others 2001).  As-
pects of the OHSP that are considered by AAALAC International in as-
sessments of animal care and use programs can be found in the Program
Description at HtmlResAnchor www.aaalac.org/download.htm.

Federal Nonhuman-Primate Import and Quarantine Requirements
and Worker Protection Recommendations

The provisions of 42 CFR 71 seek to prevent the introduction, trans-
mission, and spread of communicable disease from foreign countries into
the states or possessions of the United States. Section 42 CFR 71.53 specifi-
cally addresses the importation of live nonhuman primates and restricts
that activity to registered importers. Live nonhuman primates may be
imported into the United States and sold, resold, or otherwise distributed
only for bona fide scientific, educational, or exhibition purposes.

The Division of Global Migration and Quarantine in the National
Center for Infectious Diseases at the Centers for Disease Control and
Prevention (www.cdc.gov/ncidod/dq/) is responsible for preventing the
importation and spread of zoonotic illness capable of causing serious
outbreaks of communicable disease in humans (such as Marburg/Ebola,
monkeypox, yellow fever, and tuberculosis). Its emphasis is on minimiz-
ing exposure to imported nonhuman primates during transit and during
the mandatory 31-day quarantine period and vigilant surveillance for
zoonotic illness.
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Nonhuman-primate importers must register with the CDC and cer-
tify that the nonhuman primates imported will be used for science, educa-
tion, or exhibition as defined in the regulations. They must also imple-
ment disease-control measures and isolate the nonhuman primates for 31
days. The importers must report suspected zoonotic illness in the nonhu-
man primates or in workers and maintain records regarding nonhuman-
primate distribution. As of this writing, the CDC program has 28 regis-
tered nonhuman-primate importers.

CDC’s import-quarantine program activities include development of
recommendations for disease-control measures, inspection of quarantine
facilities, monitoring of arriving shipments, assessment of disease-control
measures, review of animal health records, and investigation of illness
reports. Worker-protection measures advocated by CDC for activities in
the importation and quarantine of nonhuman primates include:

1. Limiting access to imported animals and tissues during transit and
quarantine

2. Implementation of an employee OHS program:
a. Zoonotic-disease risk and prevention training
b. Tuberculosis skin-testing
c. Respiratory protection program:

• Medical fitness
• Fit-testing
• Training

d. Use of appropriate PPE
3. Worker illness and injury surveillance

Additional requirements and recommendations for registered non-
human-primate import and quarantine activities pertain to facility design
and operation, incorporation of disease-control measures into all stan-
dard operating procedures that present risk, engineering controls, waste-
handling precautions, and PPE recommendations for all activities during
quarantine beginning with the animals’ entrance onto an aircraft.

Requirements Related to Import and Export of
Nonhuman-Primate Material

National Center for Import and Export

The National Center For Import and Export (NCIE) of the US Depart-
ment of Agriculture Animal and Plant Health Inspection Service (APHIS)
has regulatory authority over the importation of human or nonhuman-
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primate material that is produced in tissue culture or is a potential or
actual zoonotic pathogen. For more information regarding import and
export requirements of APHIS, see www.aphis.usda.gov.

US Public Health Service

The US Public Health Service (USPHS) has jurisdiction over all hu-
man and nonhuman-primate materials (USPHS 42 CFR - Part 71 Foreign
Quarantine. Part 71.54 Etiologic agents, hosts, and vectors). Packages con-
taining etiologic agents or vectors originating in foreign locations must
have an importation permit issued by the United States Public Health
Service. USPHS can be contacted at: Department of Health and Human
Services, Centers for Disease Control, Office of Biosafety, Atlanta, GA
30333, or by telephone at 404-639-3883.

US Department of Transportation

The Department of Transportation (DOT) has regulations regarding
the transportation of hazardous materials, which include infected live
animals or tissues. DOT can be reached at www.dot.gov; questions can be
sent via e-mail to DOT information specialists at dot.comments@ost.
dot.gov.

STATE OCCUPATIONAL
HEALTH AND SAFETY REQUIREMENTS

The Occupational Safety and Health Act allows states to establish
their own programs for issuing and enforcing OHS standards. These state
programs are subject to certification by OSHA. States may also, subject to
OSHA approval, assert jurisdiction over health and safety issues for which
OSHA has no federal standard. State standards must be at least as strin-
gent as the OSHA standards. When OSHA adopts a new standard, the
state programs must issue corresponding rules. As of this writing, the
following states (and Puerto Rico and the Virgin Islands) have chosen to
administer their own OSHA-approved programs:

Alaska Iowa New Mexico Vermont
Arizona Kentucky North Carolina Virginia
California Maryland Oregon Washington
Connecticut Michigan South Carolina Wyoming
Hawaii Minnesota Tennessee
Indiana Nevada Utah
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USEFUL REFERENCES

Guide for the Care and Use of Laboratory Animals

As described above, the Guide for the Care and Use of Laboratory Ani-
mals (NRC 1996) is prescribed by the PHS policy as the basis for institu-
tional animal care and use programs, including OHS programs. Chapter 1
of the Guide, “Institutional Policies and Responsibilities,” provides sub-
stantive guidance on OHS.  The Guide emphasizes that an effective pro-
gram must rely on strong administrative support and interactions among
several institutional programs, including the research program (as repre-
sented by the investigator), the animal care and use program (as repre-
sented by the veterinarian and the IACUC), the environmental health and
safety program, occupational health services, and administration (for ex-
ample, human resources, finance, and facility maintenance). Day-to-day
safety in the workplace is the responsibility of the laboratory or facility
supervisor (such as, principal investigator, facility director, or laboratory
animal veterinarian) and depends on maintenance of safe equipment and
facilities as well as performance of safe work practices by all employees.
The Guide also provides guidance on hazard identification and risk as-
sessment; personnel training; personal hygiene; facilities, procedures, and
monitoring; animal experimentation involving hazards; personal protec-
tion; and medical evaluation and preventive medicine for personnel.1

Occupational Health and Safety in the
Care and Use of Research Animals

Occupational Health and Safety in the Care and Use of Research Animals
(NRC 1997) provides guidelines for the occupational health and safety of
institutional employees, visitors, and students who might be exposed to
hazards in the course of their work with research animals. The Office for
Laboratory Animal Welfare strongly encourages institutions to observe
the standards set out in this report, which is also available online.2   The
general concepts set forth apply to many categories of institutions: aca-
demic, industrial, and government research institutions; biomedical and
agricultural research institutions; and medical and veterinary educational
institutions. The report provides the following specific recommendations:

1Free copies of the report can be ordered at www.nationalacademies.org/ilar.  The Guide
is also available on line at www.nap.edu/readingroom/books/labrats/.

2www.books.nap.edu/books/0309052998/html/R1.html#pagetop.
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• We recommend that every institution initiate a concerted effort to
address the health and safety hazards and the risks of occupational ill-
ness and injury that are associated with the care and use of research
animals and broaden its occupational health and safety program as nec-
essary to reduce the risks to an acceptable level.

• We recommend that the senior official of an institution demon-
strate personal commitment to a safe and healthful workplace, delegate
clearly defined duties to those with authority to commit and direct insti-
tutional resources, and establish mechanisms for monitoring the success
of the occupational health and safety program.

• We recommend that every institution develop a multidisciplinary
approach to occupational health and safety that permits the continuing
evaluation of potential workplace hazards and of the risks to employees
working with animals.

• We recommend that the determination of need for health-care ser-
vices be based on the nature of the hazards associated with the care and
use of research animals and the intensity and frequency of employee
exposure to these hazards.

• We do not recommend serum collection and storage as standard
components of an occupational health and safety program. They have
value only for employees who have substantial likelihood of occupa-
tionally acquired infection with an agent that can be monitored serolog-
ically.

• We do not recommend a physical examination as the principal
surveillance tool for periodic health evaluations. We recommend that a
careful history based on a knowledge of workplace risks be used for this
purpose.

Biosafety in Microbiological and Biomedical Laboratories

Biosafety in Microbiological and Biomedical Laboratories (CDC-NIH 1999)
is a major resource for guidelines on safe handling of infected animals as
well as for nonhuman-primate cells and tissues. It includes detailed de-
scriptions of criteria for animal biosafety, infectious agents and biosafety
cabinets. This document can be accessed online or ordered from the Gov-
ernment Printing Office.3

3Online address: www.cdc.gov/od/ohs/biosfty/bmbl4/bmbl4toc.htm; Government
Printing Office address: Superintendent of Documents, U.S. GPO, Washington, DC 20402 or
online at https://orders.access.gpo.gov/su_docs/sale/prf/prf.html.
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Association for Assessment and Accreditation of Laboratory Animal
Care International

The Association for Assessment and Accreditation of Laboratory Ani-
mal Care International (AAALAC International) is a private, nonprofit
organization that promotes the humane treatment of research animals
through a voluntary accreditation program. This confidential peer review
assesses the quality of all aspects of an animal care and use program,
including animal husbandry, veterinary care, institutional policies, and
the facilities where animals are housed and used. More specifically,
AAALAC International carefully reviews OHS programs and assesses
their design, scope, and effectiveness in light of the nature of the animal
research being conducted. AAALAC International’s standards are based
on each country’s regulations, the principles outlined in the Guide for the
Care and Use of Laboratory Animals (NRC 1996), and other broadly accepted
reference resources. AAALAC International can be reached online at
www.aaalac.org or by sending an e-mail to accredit@aaalac.org.

American National Standards Institute

The American National Standards Institute (ANSI) is a private, non-
profit organization that administers and coordinates the US voluntary
standardization and conformity assessment systems. The Institute’s mis-
sion is “to enhance both global competitiveness of US business and the US
quality of life by promoting and facilitating voluntary consensus stan-
dards and conformity assessment systems, and safeguarding their integ-
rity.”

Of particular interest to managers of facilities that use nonhuman
primates in research, teaching, and education are ANSI standards Z358.1-
1998, “Emergency Eyewash and Shower Equipment,” and Z87.1-1989
(R1998), “Occupational and Educational Eye and Face Protection.” ANSI
can be reached on line at HtmlResAnchor www.ansi.org.

ASTM International

ASTM International (formerly the American Society for Testing and
Materials) was organized in 1898 and is one of the largest voluntary stan-
dards development organizations in the world. The organization’s
mission is “to be the foremost developer and provider of voluntary con-
sensus standards, related technical information, and services having in-
ternationally recognized quality and applicability that promote public
health and safety, and the overall quality of life; contribute to the reliabil-
ity of materials, products, systems, and services; and facilitate national,
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regional, and international commerce.” Familiarity with ASTM Interna-
tional fluid resistance and permeability standards is beneficial when one
is researching and selecting personal protective clothing. ASTM can be
reached on line at HtmlResAnchor www.astm.org/.

American Conference of Governmental Industrial Hygienists

The American Conference of Governmental Industrial Hygienists
(ACGIH®) is a member-based organization that “advances worker health
and safety through education and the development and dissemination of
scientific and technical knowledge.” ACGIH® is one of the industry’s
leading publication resources, with over 400 titles related to occupational
and environmental health and safety, including the Threshold Limit Val-
ues (TLVs®) and Biological Exposure Indices (BEIs®). ACGIH® can be
reached on line at www.acgih.org.

International Air Transport Association

International Air Transport Association (IATA) partners are airline
suppliers and service providers who participate through partnership pro-
grams that provide a forum through which these companies develop in-
dustry solutions.  The IATA Live Animals Regulations are the recognized
worldwide standards for transporting live animals by commercial air-
lines. Countries, such as the member states of the European Union,
enforce the IATA regulations for the transportation of live animals. Gov-
ernment agencies, such as the U.S. Fish and Wildlife Service, and the
management authorities of the Convention on International Trade in En-
dangered Species also enforce the regulations for the packaging of endan-
gered species for international transport. It is essential that shipping,
acceptance, and handling staff as well as all others involved in the trans-
portation of live animals be familiar with IATA. IATA can be reached on
line at www.iata.org/cargo/index.htm.
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7
Risk Management:

The Principles Underlying the
Design and Implementation of an

Occupational Health and Safety Plan

Risk management is the process of formulating and implementing a
course of action to mitigate the hazards determined in the risk-assessment
process to be important (NRC 1983).  The identification of the hazards is
discussed in Chapters 3 and 4, and the process of determining the risk
associated with them (risk assessment) is discussed in Chapter 5.

Recognized hazards can be managed with a variety of adjustments in
work practices, equipment, and facilities. In some cases, key modifica-
tions focus on engineering controls (facilities and equipment), in others
on administrative changes (such as delegation of decision-making au-
thority to the right level or revision of established safety procedures), and
in still others on adoption of new safety-related devices, protective equip-
ment, or research methods. Training programs must be adjusted in con-
cert with these changes to ensure their effectiveness. Clearly, different
people must be involved to achieve appropriate advances in the various
elements that contribute to improved worker health and safety. Basic and
applied research may also be needed to identify, evaluate, and develop
the means to deal with specific new hazards and to ensure their practical-
ity and usability in the workplace (Samet and Burke 1998).

It is important to recognize that many factors influence risk manage-
ment. Public values, politics, economics, legal issues, and technical con-
cerns can all influence the risk-management process locally (as in adjust-
ing standard operating procedures) or nationally (as in adjusting
guidelines and regulations). In some cases, external influences force over-
conservative risk-management decisions and actions; more often, these
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influences, especially fiscal constraints, lead to less than optimal risk-
management decisions and actions.

To be effective, risk management must have two elements: a specific
occupational health and safety plan and an appropriate safety culture and
working environment. Safety culture is often taken for granted, although
it is critical in building an effective risk-management system and a health-
ful overall work environment. At a basic level, safety culture is the way
the institutional administration and workers in an organization feel about
risk; feelings, attitudes, and perceptions about risk will influence how it is
managed. The safety culture sets the tone of an organization, influencing
the consciousness of its people as they conduct their daily activities. The
safety culture encompasses an organization’s tolerance of risk in its daily
operating activities and decision-making processes. The greater the de-
gree to which the administration recognizes the need for effective risk-
management in the organization, the greater will be its commitment to
the establishment of standards and protocols for identifying, assessing,
and managing risks, and the more beneficial the risk-management pro-
gram will be.

This chapter deals with the foundation of risk management—success-
ful OHSP and possible solutions specifically applicable to work environ-
ments involving nonhuman primates are described.

While there are no fundamental differences in the OHSP based on the
size of a facility, there are some key differences in developing an OHSP
for large institutions, such as a primate center, versus a small vivarium
that may have only limited numbers of nonhuman primates. The critical
differences are likely to be in the inability of smaller institutions to allo-
cate resources and personnel to the OHSP that may be available at larger
institutions specializing in nonhuman primates. These limitations can be
addressed in part by obtaining the commitment of the institutional offi-
cial prior to acquiring the animals and presenting a plan to identify the
resources that will be required to properly work with the species in ques-
tion. The allocation of adequate resources also depends on the oversight
of the IACUC, which has responsibility for review of occupational health
in the vivarium. Housing of nonhuman primates in a conventional re-
search vivarium may require facility modifications and renovations. In
some cases, depending on the species in question, it may be possible to
address occupational health and safety concerns by use of appropriate
personal protective equipment and modifications to existing standard
operating procedures (SOPs). All facilities that plan to house nonhuman
primates should identify the specific requirements for nonhuman-pri-
mate husbandry and incorporate these features into the design and con-
struction of the facility.
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The housing of small numbers of primates requires specialized train-
ing for employees (relative to the existing training program). Nonhuman
primates require a controlled-access space with rigorous attention to SOPs
for safe handling and husbandry. In a facility dedicated to nonhuman
primates all employees are part of the “culture” of working with pri-
mates, while in a traditional vivarium nonhuman primates represent un-
usual species that may cause increased levels of curiosity among vivarium
workers and affiliated research staff. The establishment of strict SOPs and
mechanisms of controlled access are critical to reducing this problem.

An occupational health and safety plan must be developed with con-
sideration of the specific nonhuman-primate species in use due to differ-
ences in the size and strength of the animals, the special husbandry prac-
tices required, and the risk of human exposure to zoonotic infectious
agents. These factors all vary with the nonhuman-primate species in use.
These considerations ultimately influence the resources required to main-
tain nonhuman primates and the necessary elements of the occupational
health and safety plan.

At the end of this chapter are checklists (Tables 7-1 through  7-11) to
determine if the essential elements of an occupational health and safety
plan are being addressed at an institution. The number of elements needed
in the plan will depend in part on the size of the institution, the species
and numbers of animals housed, and the nature of the research being
conducted. It is not essential that each institution have a full-time occupa-
tional health professional on staff. It is essential, however, that each insti-
tution have an established relationship with a professional who can pro-
vide the necessary expertise for plan development and operation.

ADMINISTRATIVE PROCEDURES

The complexity of using nonhuman primates in research requires a
seamless integration of several institutional positions and programs, in-
cluding the institutional official, the IACUC, the vivarium management
team, the environmental health and safety program, the occupational
health and safety program, and the investigator. The close phylogenetic
relationship of human and nonhuman primates and the infectious agents
endemic in many primate populations require that access to nonhuman-
primate colonies be restricted in order to protect both human and animal
health. Controlled access depends on administrative support from the
institutional official and associated support staff.

There must also be administrative support to enable personnel to
conduct training and safety programs. Smaller facilities that do not have
the resources to support training and safety staff positions should estab-
lish effective systems for employee training and safety monitoring. Occu-
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pational health and safety and environmental health and safety consult-
ants should be thoroughly familiar with the occupational hazards associ-
ated with working with nonhuman primates, particularly with respect to
infectious hazards, such as that represented by B virus.

Finally the institution should make a commitment to the costs associ-
ated with tuberculin testing, employee screening, vaccinations, and health
assessment for respirator use when required. These costs may be ad-
dressed through a process of direct cost recovery or through the alloca-
tion of indirect costs from research grants. The critical point is that the
elements of the occupational health and safety plan are incorporated into
the costs for the animal care program. Some procedures are required by
law; others may be elective, but all are prudent for any comprehensive
occupational health and safety plan. Table 7-1 provides a checklist for
essential administrative features of an occupational health and safety plan.

FACILITY DESIGN AND OPERATION

The design and operation of a nonhuman-primate vivarium are criti-
cal features of an occupational health and safety plan. Although well-
trained staff and efficient SOPs can address errors in facility design, such
errors can have long-term consequences for cost, efficiency, and, in the
most serious outcome, risk to employees. The facility design issues for
nonhuman-primate vivariums are, in general, similar to those for more
generic facilities, although some aspects require increased attention when
larger nonhuman primates are housed. Security is paramount. Controlled
access through conventional locks, key cards, or other devices is critical.
Entry by personnel who have not completed occupational health screen-
ing can present a risk to the animal population, but, more important, can
present an immediate risk of physical injury to people unfamiliar with the
strength or reflexes of nonhuman primates.

Nonhuman-primate species require varying cage sizes and complex-
ity of caging systems. Many of the species used in research require large
heavy cages, which can present substantial ergonomic hazards for em-
ployees; facility design and caging systems should incorporate features
that minimize these hazards. For example, the use of rolling racks and
cage elevators for wall-hung cages can help to reduce muscle and back
strain. If the husbandry system requires animal transport via cages or
tunnels, these should be designed to minimize heavy lifting above shoul-
der level. Hydraulic lift tables on wheels can be very useful for large
primates such as baboons and chimpanzees. These can ease transport of
large primates, sometimes dropping to within 4 inches of the floor.

Wall and floor surfaces should be constructed of materials that are
resistant to chemicals and cleaning agents and may be easily cleaned.
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Floor surfaces should be designed to provide traction to help personnel
avoid injuries from slips and falls. Special attention should be paid to
floor surfaces in such support facilities as procedure rooms, the cage-
washing facility, the veterinary clinic, and the necropsy area.

Sinks for hand washing, eye wash stations, and showers should be
placed to ensure ready access for employees involved in chemical splashes
or spills. Employees should also have ready access to disinfectant sta-
tions, bite-scratch kits, and emergency kits.

Locker rooms, break areas, and employee lounges should be designed
to minimize cross-contamination between these areas and the employees’
personal clothes and food items. The separation of clean areas from
“dirty” areas of a locker room by some sort of stepover design is optimal.
All personnel working in nonhuman-primate facilities should have access
to a shower. Lounges should be readily accessible to ensure that employ-
ees do not eat, drink, or smoke in animal areas.

The size and complexity of nonhuman-primate housing areas require
provisions for power failures or other mechanical breakdowns. In addi-
tion to basic considerations of animal care, these provisions are critical for
employee safety. Emergency lighting helps to prevent accidents and se-
vere injuries during blackouts. In quarantine facilities or containment
facilities (for example, ABSL 3 holding rooms), negative air pressure is
essential to prevent worker exposure to pathogens or toxic compounds.
Such facilities should have redundant power and mechanical systems.
Table 7-2 provides a checklist for facility design and operations.

EXPOSURE-CONTROL METHODS

Exposure control is key to the safe operation of nonhuman-primate
vivariums. Exposure control is developed in a hierarchic structure to en-
sure worker safety: engineering controls, work practices, and personal
protective equipment. Each element is an important part of the safety
plan. The ideal is that no potential exposure route is limited by a single
control. Rather, engineering controls, work practices, and personal pro-
tective equipment should provide a layered safety net to prevent worker
injury.

Engineering Controls

Engineering controls are integrally related to facility design and op-
eration such as directional air flow and double door access barriers. Engi-
neering control features for animal rooms and laboratories also include
biosafety cabinets to limit aerosol exposures, chemical fume hoods in
laboratories to limit exposure to chemicals, covers on electrical outlets
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where water is used to wash down rooms, covers on the cage wash pit,
and downdraft tables in necropsy suites. Design and operation of the
vivarium should minimize repetitive motions and activities that can lead
to ergonomic injuries; this is particularly relevant to such activities as
cage transport, animal transport, and animal restraint. Table 7-3 provides
a checklist for engineering controls.

Work Practices

Optimizing work practices for employee safety is a matter of provid-
ing the engineering controls described above and integrating them with
employee training and facility SOPs. Strict adherence to safe work prac-
tices is a key element of employee safety.

The first element of safe work practices is personal hygiene. Several
studies (Gopal and others 2002; King and others 1999) have identified
hand washing as essential for preventing infections in human hospitals
and animal facilities. Employees should be familiar with routes of infec-
tion and recognize that handling objects with gloves and then touching
persons or objects with the outside of the gloves creates the potential for
personnel exposure to pathogens. Personal hygiene should be encour-
aged by providing workers with dedicated clothing or protective wear,
such as jump suits, laboratory coats, and other clothing that can be left at
the workplace.

Housekeeping is also a basic element of safe work practices. A clean,
uncluttered work area facilitates sanitation and disinfection and mini-
mizes chances of personnel exposure to pathogens. Keeping animal rooms
and laboratories free of clutter reduces the potential for falls and injuries.
Some measures, such as sticky mats and footbaths, may be useful in spe-
cific circumstances but must be accompanied by a commitment to mainte-
nance and regular replacement.

Sound work practices can optimize worker safety in the cleaning of
cages. Use of low-velocity hoses to minimize aerosol formation can help
to reduce potential exposures but must be balanced with husbandry
needs. Dry cleaning and cage-pan removal should be evaluated by the
safety officer and management to minimize ergonomic stress and opti-
mize infection control.

SOPs and training are essential in the handling and transport of ani-
mals. Transport of animals depends on appropriate caging or transport
boxes, which must be designed to house the animals properly while mini-
mizing ergonomic and infection hazards. Specialized restraint equipment
should be used only if the workers and the animals have been trained.
Animals should be handled directly only when under anesthesia, if this is
possible. If animals are to be captured in a net or restrained by hand,
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personnel should be provided with appropriate safety equipment and
training. If animals are to be transported through common use hallways
and facilities (e.g. transport to an imaging facility in a hospital), SOPs
should be developed for how to safely transport the animal, as well as a
response to exposure plan for non-animal using individuals that are ex-
posed during transport. SOPs should also be developed for cleaning of
common use equipment (e.g., MRI machine) and facilities.

The research environment often includes sharp instruments, such as
needles, scalpel blades, and catheters. Needle-less or protected-needle
systems should be used whenever possible to reduce the potential for
injury and exposure to pathogens. Safe work practices should include
appropriate signage, and provision of containers for sharps disposal.

Waste from nonhuman primates should be objectively assessed by
the safety committee to ensure proper disposal of infectious material gen-
erated in either routine husbandry or research.

Employee training should include safe operation of steam autoclaves
and other equipment designed to decontaminate infectious waste gener-
ated in the vivarium as well as appropriate use of biohazard bags for
disposal. It should also include appropriate disposal procedures for ra-
dioactive waste and hazardous chemicals. Table 7-4 provides a checklist
for safe work practices.

Personal Protective Equipment

The final element of worker safety is the proper use of PPE. Many
nonhuman primates are intelligent and very quick—they can intention-
ally or unintentionally inflict severe injury necessitating the need for engi-
neering controls and SOPs even in the absence of potentially infectious
hazards.  Worker safety is dependent first upon facility design and appro-
priate caging systems, but PPE is also essential. It should not be viewed as
the sole element or used as a substitute for proper facility design, appro-
priate equipment, and safe work practices. Determination of appropriate
PPE will depend on the nonhuman-primate species, the work environ-
ment, and the type of research being conducted.

The minimal personal protective equipment for working with nonhu-
man primates should be dedicated clothing, gloves, and mask. Workers
must be trained in the proper use of these and other personal protective
equipment.

Eye and mucous membrane protection are critical in nonhuman-pri-
mate work settings. Various kinds of protective eyewear and face shields
are commonly used in many laboratories and vivariums, including non-
human-primate vivariums. The function of this personal protective equip-
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ment is primarily to prevent exposure from droplets, projectiles, and
chemicals in the workplace.

As early as 1988, recommendations were issued by the CDC that
“masks and protective eyewear or face shields” should be used by per-
sonnel working with nonhuman primates either naturally or experimen-
tally infected with simian immunodeficiency virus (CDC 1988). In the
NRC report Occupational Health and Safety in the Care and Use of Research
Animals (NRC 1997), it is recommended that “personnel who work with
nonhuman primates should wear face shields and other protective gar-
ments and equipment appropriate for the circumstances and species in-
volved.” Following a fatal human case of B virus encephalitis caused by
an ocular exposure to body fluid from a rhesus macaque, the NIOSH and
the CDC issued recommendations that protective eyewear should be man-
datory for individuals working with macaques (CDC 1998; NIOSH 1999).
The CDC issued further recommendations on eye and face protection in
the CDC-NIH document Biosafety in Microbiological and Biomedical Labora-
tories (CDC-NIH 1999), where it is recommended that appropriate eye
and face protection be based on risk assessment in the setting at hand.

In view of these differences between various published recommenda-
tions and the differences in usual practice in various nonhuman-primate
facilities, it seems prudent to define a common practice standard, a com-
mon recommendation suitable for universal use. This has been done, as
follows:

• Eye and face protection should be mandatory for individuals work-
ing with macaques.

• Eye and face protection  are highly recommended for individuals
working with other Old World monkeys and apes based on a splash
exposure assessment, on the recognition of human infection by other vi-
ruses such as SIV.

• Eye and face protection for individuals working with other nonhu-
man primates should be decided on the basis of sound institutional re-
view of the hazards, that is sound risk assessment, and appropriate over-
all risk management protocols and proactive management practices.

The mandatory requirement for eye protection when working with
macaque species should be implemented in the context of the institu-
tional animal management program and experimental use.  The variety
of different housing and experimental environments precludes listing
appropriate eye protection for all the situations that may be encountered
in a research facility. The use of eye protection with macaques should
still be based on an institutional risk assessment and determination of
the degree of risk of splashes and mucous membrane or ocular exposure.
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When animal husbandry or experimental protocols require working in
close proximity with awake primates (manual restraint or restraint equip-
ment) it is appropriate to be conservative in requiring routine use of eye
protection.

It is also recognized that new employees or employees with less than
2 years of experience may be at higher risk for injury or exposure (bin
Zakaria and others 1996). The higher risk for new personnel may warrant
a standard requirement for use of PPE, regardless of tasks being per-
formed. This decision is best made at the institutional level by the process
of risk assessment and proactive management.

Importantly, personal protective equipment must protect workers
from potential exposures while not compromising their dexterity or vi-
sion. Excessive personal protective equipment can present ergonomic haz-
ards and hazards associated with heat stress in work environments that
are not temperature-controlled.

All workers must be trained in the use of PPE. If there are specific
requirements for respiratory protection, the program must involve an
occupational health professional to determine whether the use of a respi-
rator is contraindicated in workers with pre-existing medical conditions
or health concerns. The proper respiratory device should be selected and
fit testing should also be done, if appropriate (e.g., for N-95 mask) (29
CFR 1910.134). Table 7-5 provides a checklist for PPE use.

EDUCATION AND TRAINING

Worker education and training constitute a core element of an occu-
pational health and safety program. Because this aspect of the program is
critical in nonhuman-primate facilities, it is addressed in detail in Chapter
8. Table 7-6 provides a checklist for education and training.

OCCUPATIONAL HEALTH

The occupational health aspect of the occupational health and safety
program can be divided into two elements. The first, preventive medi-
cine, includes preplacement medical evaluations, follow-up periodic and
episodic health evaluation, appropriate immunizations and serum bank-
ing. The second is an appropriate response system in the event of an
employee injury. Appropriate first aid and medical care must be immedi-
ately available to deal with worker injuries and exposures in the nonhu-
man-primate facility.
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Preventive Medicine

The preventive preplacement medical evaluation typically used to
screen workers entering a nonhuman-primate facility originated with the
intent to protect  the health of the employees as well as the animals
(Muchmore 1975). This evaluation may consist of a questionnaire fol-
lowed by a physical examination if a need is established. Health question-
naires should be confidential and evaluated by appropriate occupational
health professionals. Information collected in a questionnaire may in-
clude previous or ongoing medical problems, current medications, al-
lergy history, prior immunizations, and previous results of tuberculin
skin testing. The evaluation may identify pre-existing conditions that
might modify an employee’s risk profile (NRC 1997), such as tuberculosis
or potential pregnancy in women of child-bearing years. The
preplacement medical evaluation may also serve as an opportunity to
educate the employee about potential hazards of working with nonhu-
man primates (NRC 1997). Such evaluations also establish a link for the
employee with the appropriate occupational health professional. It is de-
sirable that employees recognize the occupational health professional as a
resource in addressing their concerns in the workplace environment.

The recognition of immunocompromised or pregnant persons may
be difficult because of patient confidentiality laws and regulations, but
such persons are at special risk so all workers must be informed of this
(Rayburn 1990). Employees should be advised to communicate with the
institutional occupational health professional, who can then communi-
cate with the employee’s personal physician. Anesthetic gases, radiation,
and certain infectious diseases are well-recognized risks for pregnant
employees, and in most cases alternative work assignments are appropri-
ate. Table 7-7 provides a checklist for occupational health issues.

A health screen is also necessary if workers will be required, as part of
their daily duties, to wear respirators rated by the National Institute for
Occupational Safety and Health. A respirator may rarely pose an addi-
tional hazard if workers suffer from heart disease, respiratory illness, or
diabetes (Szeinuk and others 2000).

The facility may use periodic health evaluations to evaluate the suc-
cess of its occupational health and safety program in reducing occupa-
tional illness and injury (NRC 1997). The nature and frequency of these
periodic evaluations should be based upon the nature of potential haz-
ards; in NHP facilities, these periodic evaluations should be focused on
physical injuries as well as illnesses arising from exposure to relevant
infectious agents. Mild symptoms of health alterations may be indicative
of a need for better preventive measures. The need for and design of
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periodic health evaluations should be determined by representatives of
various oversight or advisory bodies associated with the institution—
environmental health and safety program, occupational health service,
office of human resources, animal facility director, etc. Decisions regard-
ing the nature and frequency of periodic evaluations should be reviewed
regularly, based upon changes in working conditions and exposures, in-
jury and illness experience, and the availability of new guidelines for
good occupational health practice (NRC 1997).

Health evaluations should also be conducted in response to persistent
symptoms, symptoms that indicate the onset of a work-related illness, or
the occurrence of a work-related injury. These episodic evaluations should
typically include a physical examination focused on the major complaint,
and the employee may need to be referred to medical specialists if the
illness/injury warrants it. Work-related injuries/illnesses that lead to
medical evaluation and loss of work time should be reported to the occu-
pational health information system (BLS 1986; NRC 1997).

Another important component of the occupational health care system
is the immunization program. The decision to immunize an employee is
influenced by the potential risks the employee may face on the job and
should be determined at the time of the preplacement evaluation, or at
periodic or episodic evaluations. As required by the Occupational Safety
and Health Administration Blood-borne Pathogens Standard (OSHA
1991), vaccinations must be offered to personnel who will be working
with experimental pathogenic agents such as hepatitis B virus. Additional
vaccines may be offered for tetanus, measles, and other etiologic agents
that are applicable to the research program.

The emphasis on serum-banking as a routine preventive medicine
function has decreased over the last decade. A survey of 50 institutions
conducting animal research demonstrated limited utilization of reference
serum banks. (Lehner and others 1994).  Sera from only 6% of personnel
were used for epidemiological studies. Only 0.3% of sera stored was used
for medical/legal or diagnostic purposes. Serum banking has value only
when its purpose is to obtain data for the conduct of occupational risk
assessments. Each institution should develop its own plan and assess the
utility of an annual serum bank. The plan needs to consider a combina-
tion of factors such as chain of custody, confidentiality, resource require-
ments for long-term storage, and accessibility for serologic testing (NRC
1997). Most institutions do collect serum samples following an employee
exposure, such as a bite, needle stick, or scratch where there is potential
for occupationally acquired disease.
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TUBERCULOSIS TESTING

As an important ancillary function provided by the occupational
health service, periodic tuberculosis skin testing using purified protein
derivative (PPD) can help identify individuals that could potentially trans-
mit tuberculosis to nonhuman primates and provide important baseline
clinical information for future medical management decisions following a
workplace exposure.   Expert consensus panel recommendations for tar-
geted tuberculin skin testing are outlined in various clinical guidelines
(www.cdc.gov/mmwr/; Vol. 49, No. 6) and www.cdc.gov/nchstp/tb/
pubs/1376.pdf).  It is reasonable to assess all nonhuman-primate han-
dlers upon initial entry into the workplace. A “two-step” tuberculosis
skin test is recommended for those employees not previously under peri-
odic PPD testing (Sherman and Shimoda 2001). The frequency of periodic
PPD skin testing for nonhuman-primate handlers will depend upon risk
assessment for the particular facility. The principle function of employee
tuberculosis screening is to protect the nonhuman-primate colony and
this should be a prime consideration in determining the frequency of
periodic PPD skin testing for employees. Additional considerations
should include factors such as the likelihood of tuberculosis infection
among the facility nonhuman-primate population, immune status of non-
human primates being handled, nature of staff contact with nonhuman
primates, experimental protocols being employed, and past experience
with tuberculosis in the nonhuman-primate facility.  An example of one
large research institution’s recommendations for periodic tuberculosis
screening is provided in Box 7-1.

Postexposure Treatment

The proper response to injuries and exposures involving macaques,
which present the risk of B virus exposure, is described in Chapter 9. As
stated in Chapter 9, this special case, often involving medical personnel
(e.g., typical emergency department physicians) with little familiarity with
the prevention of human B virus infection, requires adequate preplanning.
All institutions housing macaques must have a defined plan to deal with
occupational B virus exposures.

EQUIPMENT PERFORMANCE

Several aspects of exposure control depend upon specialized mechani-
cal equipment. Examples are air-handling systems with HEPA filtration,
anesthetic machines, biosafety cabinets, fume hoods, cages, cage washers
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106 OCCUPATIONAL HEALTH AND SAFETY OF NONHUMAN PRIMATES

BOX 7-1
Recommendations for Tuberculin Testing Procedures at the

National Institutes of Health (NIH 2001)

1. If the new worker has a previous positive intradermal skin test (with purified
protein derivative, PPD), then no further skin testing should be done. Instead, a care-
ful history for symptoms of active tuberculosis should be taken. A chest x-ray should
be obtained if the history is suggestive, or if the new worker cannot provide docu-
mentation of a normal chest x-ray following the positive skin test, or if the new
worker has received inadequate treatment following the positive skin test. If the chest
x-ray is negative the worker should be cleared for work. Otherwise further investiga-
tion and possible therapy is called for. Until this is completed, the worker should not
be allowed to work with nonhuman primates.

2. The new worker without a history of a previous positive skin test should be
given a preplacement tuberculin test. A second test, two weeks after the first, is
recommended if the first test is negative. If the first skin test is positive, then a careful
history for symptoms of tuberculosis and a chest x-ray should be obtained. If the
employee does not have a documented negative skin test in the previous 24 months
and there is neither clinical nor radiographic evidence of tuberculosis, the worker
should be cleared for work but urged to return for periodic follow up. If there is a
documented negative skin test in the preceding 24 months and the chest x-ray is
negative, the worker should be started on prophylactic treatment and allowed to start
work after 3 days of therapy. However, if the chest x-ray is positive then the worker
must be evaluated and treated for active tuberculosis. Such an individual should not
be allowed to work with nonhuman primates until it is clear that he/she is not conta-
gious.

3. If the first skin test is negative and the second is positive it is indicative of new
or recrudescent infection. A medical history for symptoms of tuberculosis and a chest
x-ray should be obtained. If both are negative the worker should be urged to return
for periodic follow up and should be cleared for work. However, if the chest x-ray
suggests active disease then the employee should be referred for further diagnosis
and treatment. If both the initial and secondary intradermal skin tests are negative,
the worker should be cleared for duty.

4. Periodic skin testing should be done on workers exposed to pulmonary or
lymphatic tissues of nonhuman primates. Workers exposed to other nonhuman-pri-
mate tissues may be tested, according to a risk assessment.

and autoclaves. Such equipment should be regularly maintained and, if
necessary, recertified. Operational logs (for example, recording time/tem-
perature) should be maintained for medical-waste decontamination
equipment. Biosafety cabinets and fume hoods are typically subject to
regular maintenance and recertification. Personnel should be trained so
they can interpret abnormal readings of pressure gauges and other indi-
cators used in containment facilities. Airflow monitors should be used
regularly to verify air exchanges in animal rooms and to determine pres-
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RISK MANAGEMENT 107

sure differentials. Cages and equipment for restraining animals must be
in good repair and proper functional state. Defective equipment must be
taken out of service until repaired. Table 7-8 provides a checklist for equip-
ment performance.

INFORMATION MANAGEMENT

Information management is essential in the development and mainte-
nance of an OHS plan. A written plan is needed to identify the appropri-
ate levels of training for all new employees. Training necessarily includes
providing SOPs and written guidelines to new employees. There should
be documentation that employees have read these materials as part of
their training program. The institution must maintain its injury- and ill-
ness-prevention plan in accordance with state and federal regulations.
Training must be documented to provide regulatory agencies and other
oversight bodies with evidence that appropriate training is carried out
regularly.

Annual retraining is required in some circumstances by law or regu-
lation. The retraining venue helps ensure that workers are familiar with
changes or additions to the OHS plan and SOPs. The retraining venue is
also an appropriate venue for reminding workers to review changes in
their own health status; for example, a change in the condition of one’s
respiratory system or the presence of a new immunosuppressive disorder
may necessitate a change in duties or a review by the occupational health
physician.

The institutional injury log is a critical database in assessing the effi-
cacy of the occupational health and safety plan. Analysis of injury rates
for different tasks and different types of housing systems can be invalu-
able in deciding whether to modify the OHS plan. The institutional injury
database should include data that allow matching of risks to job classifica-
tions. By including data on both injury rates and populations at risk,
occupational health and safety program professionals are able to deter-
mine the efficacy of their programs. The institutional injury database and
safety inspection program must be integrated in a system that favors full
follow-up and correction of problems. If identifying information is in-
cluded in the injury database, this database should remain confidential
and accessible only by the appropriate institutional officials. Table 7-9
provides a checklist for information management.

EMERGENCY PROCEDURES

Every nonhuman-primate facility should have an emergency action
(disaster) plan. The plan must include the means for dealing with fires,
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108 OCCUPATIONAL HEALTH AND SAFETY OF NONHUMAN PRIMATES

power failures, earthquakes, floods, tornadoes, and other life-threatening
emergencies. A specific plan should be developed for procedures to be
used in the event of an animal escape; this plan should minimize em-
ployee hazards and risks. The emergency action plan should identify the
responsibilities of in-house personnel and provide readily available lists
of telephone numbers of additional expertise and resources. Practice drills
of elements of the emergency action plan are necessary; this is especially
the case for an animal escape. The proper response to injuries and expo-
sures involving macaques, which present the risk of B virus exposure, is
described in Chapter 9. As stated in Chapter 9, this special case, often
involving medical personnel (e.g., typical emergency department physi-
cians) with little familiarity with the prevention of human B virus infec-
tion, requires adequate preplanning. All institutions housing macaques
must have a defined plan to deal with occupational B virus exposures.
Table 7-10 provides a checklist for emergency procedures.

PROGRAM EVALUATION

The efficacy of the OHS program should be evaluated regularly. At a
minimum, the IACUC and occupational health professionals should re-
view the OHS plan as part of their semiannual reviews. Review of injury
and illness logs should be a routine responsibility of the occupational
health and safety program officer or a designee of the institutional official
(for example, the director of the animal program) in the case of smaller
facilities. If the nonhuman-primate facility is part of a large institution, it
is often valuable to involve the institutional occupational health and safety
program staff in this review. This provides a new perspective on program
design and implementation and complements the perspective of the facil-
ity manager and senior staff.

Effective program evaluation requires appropriate expertise to ad-
dress risks associated with hazards that cannot be eliminated. It also re-
quires full involvement of supervisors at all levels. This kind of program
evaluation helps to develop a culture of safety throughout an institution.
Table 7-11 provides a checklist for program evaluation.
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TABLE 7-1 Checklist for Essential Administrative Features of the
Occupational Health and Safety Program of a Nonhuman-Primate
Facility

Program Elements

Designated official responsible for the program.

Clearly defined organizational structure with assigned responsibilities.

Integration of safety issues dealing with nonhuman-primate biology in
Institutional Animal Care and Use Committee protocol and program
review.

Institutional or consultant expertise regarding hazards associated with
nonhuman primates.

Personnel training regarding nonhuman-primate behavior, hazards, and
risk reduction.

Established lines of communication among administrative components of
the research program (Institutional Animal Care and Use Committee,
Environmental Health and Safety, Occupational Health and Safety
Program).

Designated safety officer.

Institutional occupational health professional.a

Semiannual IACUC review and report to institutional official.

aSome institutions allow staff to use a personal physician. If this is the case, the OHP
should require a feedback loop from the personal physician to occupational health
staff to ensure tracking of occupational illnesses or injuries as well as possible
modification of job duties based upon that feedback.
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TABLE 7-2 Checklist for Facility Design and Operation

Program Elements

Facility design minimizes the presence of personnel in nonhuman-primate
areas and reduces potential for accidental contact between visitors and
nonhuman primates.

Restricted access to nonhuman-primate housing and the presence of
viewing ports on entry doors or anterooms to allow observation of animal
room before employee entry (to check for escaped animals).

Squeeze back cages or other equipment to facilitate manual restraint.

Cage design to minimize ergonomic hazards in routine husbandry.

Adequate room size to allow personnel space to work with one cage and
maintain adequate distance from other cages.

Adequate air exchange and appropriate air balance for containment and
hygiene.

Appropriate construction materials in animal areas to resist impact of
heavy equipment and caustic chemicals.

Animal room doors designed to be opened from the inside without a key.

Appropriate locker facilities and showers for personnel.

Adequate break areas for employees.

Laboratory facilities should be at the appropriate ABSL level, equivalent to
biosafety levels in the vivarium. For example, if there are ABSL-3 animal
studies, are the clinical laboratories equipped for ABSL-3 samples?

Sinks readily accessible in vivarium for hand washing, readily accessible
locations for PPE and readily accessible eyewash stations and emergency
and bite-scratch kits.

Dedicated quarantine facility with anterooms, negative air pressure and
autoclave for Centers for Disease Control and Prevention quarantine
program.
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TABLE 7-3  Checklist for Engineering Controls

Program Elements

Properly certified biosafety cabinets must be available for tissue processing
and procedures that may create aerosols.

Routine maintenance schedule for ventilation system.

Splash guards for personnel operating laboratory equipment such as
hematology analyzer and centrifuges.

Covers on electrical outlets where water is used.

Downdraft necropsy tables to reduce aerosol exposure.

Floor materials designed for durability and safety during the sanitation
procedures required in nonhuman-primate vivariums.
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TABLE 7-4  Checklist for Safe Work Practices

Program Elements

Hazardous areas are clearly posted with signage.

Nonhuman-primate areas have access restricted to essential personnel.

SOPs are in place to identify essential personnel, and integrate appropriate
safety practices in routine work practices.

SOPs in place for infection control and decontamination of work surfaces.

SOPs in place for personnel hygiene, including eating, drinking, smoking,
applying cosmetics, appropriate work clothing, and personal protective
equipment.

SOPs in place for appropriate handling and disposal of hazardous materials
(e.g., urine, feces, carcasses, animal tissues, veterinary supplies).

SOPs in place for transport of animals within the facility and into and out
of the facility.

SOPs in place for safe restraint of nonhuman primates.

Adequate personnel available for tasks requiring restraint and handling of
awake nonhuman primates.

SOPs in place for cage cleaning to minimize potential hazards to personnel.

Needle-less technology used when possible. Proper receptacles used for
disposal of sharps.

SOPs in place for appropriate personal protective equipment for specific
tasks.

Primate housing should be consistent with biosafety standards specified in
Biosafety in Microbiological and Biomedical Laboratories (CDC-NIH 1999).

SOPs in place for work practices that are appropriate to the nonhuman-
primate species being used.

SOPs in place for behavioral training of nonhuman primates for routine
procedures and experimental manipulations.

SOPs for wound management.

Copyright © National Academy of Sciences. All rights reserved.

Occupational Health and Safety in the Care and Use of Nonhuman Primates 
http://www.nap.edu/catalog/10713.html

http://www.nap.edu/catalog/10713.html


RISK MANAGEMENT 113

TABLE 7-5  Checklist for Personal Protective Equipment

Program Elements

Selection of appropriate personal protective equipment should be based on
hazard identification, assessment of risks associated with specific tasks, and
the level of training of individual workers.

Personal protective equipment should be provided by the institution,
readily available, and well maintained.

Personal protective equipment should be readily available for maintenance
and service personnel who must access animal holding areas. These people
should be trained in personal protective equipment use.

Selection of specific personal protective equipment should be made in
keeping with the nonhuman-primate species involved and known zoonotic
infectious agents carried by that species.

SOPs for personal protective equipment should include specific
considerations for hazards present in the work environment.  These may
include tasks involving use of sharp instruments, creation of aerosols, and
activities that may result in close proximity to behaving primates.

Personal protective equipment should protect the mucous membranes of
the eyes and mouth from contact with splashes and sprays of contaminated
fluids and chemicals.

Institutional policies for personal protective equipment should include
consideration of personnel working in situations without environmental
controls.  Personal protective equipment requirements should minimize
potential risks of overheating and obscured vision.

Occupational health and safety professional and/or training officer
available for proper training and certification of personnel in use of
personal protective equipment.

Occupational health and safety professional monitors and audits personal
protective equipment use and disposal.
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TABLE 7-6 Checklist for Education and Traininga

Program Elements

All employees or visitors (including students) who enter nonhuman-
primate areas, or handle nonhuman primates or their tissues must be
included in the training program and in the occupational health and safety
program. Completion of training must be documented. It is the
responsibility of the institutional official to assure that there is
conformance with this requirement.

All employees or visitors (including students) who enter nonhuman-
primate areas, or handle nonhuman primates or their tissues must be
informed of all infectious and environmental hazards, whether
experimentally introduced or generally associated with the nonhuman
primates housed in the facility.

Employees must have ready access to SOP manuals and all appropriate
material safety data sheets and biohazard information.

The Institutional Animal Care and Use Committee should maintain records
of personnel qualifications and training or ensure that adequate
institutional records are kept. This could be the manager but ultimately
it is the responsibility of the IACUC to ensure this is in place.

Husbandry and research staff should be trained on appropriate responses
to emergency situations. This includes review of procedures for fires,
chemical spills, and animal escapes.

aGreater detail of the education and training component of an OHP follows in
Chapter 8.
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TABLE 7-7 Checklist for Occupational Health Issues

Program Elements

A program of routine tuberculin skin testing in place for all personnel.

If routine serum banking is incorporated into the program, a system for
proper storage and chain of custody for the samples should be in place.

Policies, developed in collaboration with the occupational health
professional, should be in place to control access to the NHP facility by
immunocompromised employees, pregnant women, and children.  The
policies should generally prohibit access by children under 18 years of age.

Appropriate blood tests and/or vaccination programs should be available
to employees as determined by the occupational health professional or as
required by regulatory agencies.

Polices for inclusion of all personnel (e.g., students, visiting scientists,
nonaffiliated members of IACUC, physical plant staff) in the occupational
health and safety program and for preplacement examinations or medical
record reviews should be in place.

Where N-95 respirators are used there must be an appropriate health
clearance system and training and fit testing of equipment.

Programs should provide occupational health professionals with a
mechanism for counseling employees. This should allow employees to
address questions or concerns in a confidential environment.

Occupational health staff should be familiar with facility design, routine
procedures, and infectious and chemical agents in use at the facility.

Medical personnel providing occupational health support must be trained
and knowledgeable regarding the risk and response necessary to deal with
B virus exposure.
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TABLE 7-8 Checklist for Equipment Performance

Program Element

Annual certification programs for equipment including biosafety cabinets,
anesthetic machines, autoclaves, and fume hoods should be in place (or
per manufacturer’s recommendations).

There should be routine maintenance and repair for all air filtration (HEPA
filters) and air handling equipment and backup generators. Redundant
systems may be necessary in some areas.

There should be routine maintenance and repair of emergency showers
and eyewash stations.

Logbooks and routine testing should be in place for any equipment used
in decontamination of biomedical waste.

Animal restraint equipment should be easy to operate and on periodic
maintenance schedules to reduce ergonomic hazards and employee
injuries.

Cages and restraint equipment should be inspected regularly and resources
available to repair defective equipment.

Sewage entering the liquid waste stream must comply with all regional
environmental regulations.
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TABLE 7-9 Checklist for Information Management

Program Elements

A program of employee safety training should be in place; this should be
documented, including a record of course content.

Employee training documents should include information identifying
specific hazards, risks of injury from those hazards, and appropriate
measures to reduce those risks.

There should be an injury / illness log that is reviewed on a periodic basis
to provide feedback on efficacy of the overall safety program.

Efficacy of employee training programs should be assessed by formal
mechanisms of testing and safety audits conducted by the safety officer.

Results of inspections should be documented, including corrections of
hazardous conditions or practices.
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TABLE 7-10 Checklist for Emergency Procedures

Program Elements

Information about the appropriate response to animal-related injuries
should be available to all employees at any time.

SOPs should be in place for sample collection and analysis in the event of
personnel injuries or exposures involving B virus.

Bite-scratch and emergency kits, if retained by an institution, should be
properly and conveniently placed in all areas where nonhuman primates
or their associated equipment are encountered. These kits should be
inspected on a regular basis to ensure the contents are not beyond the
expiration dates.

There should be routine maintenance for emergency showers and eyewash
stations.

There should be a standard information format for collection of
information related to nonhuman-primate emergencies and injuries.

Medical care should be available for employee-related injuries at any time,
including weekends and holidays.

A disaster plan should be written, distributed, and readily available.

Local emergency preparedness agencies should be aware of facility
disaster plans and biohazards.
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TABLE 7-11 Checklist for Program Evaluation

Program Elements

Injury and illness statistics should be reviewed on a periodic basis to
determine any areas of program deficiencies and opportunities for
improvement.

The safety committee should meet on a regular basis and report results of
program evaluation and deficiencies to the institutional official.

Program deficiencies that affect employee safety should be addressed in a
timely manner by the institutional official.

Facilities that are part of larger institutions should be subject to safety
audits by host institutional safety programs.
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8

Personnel Qualifications, Training, and
Continuing Education

INTRODUCTION

Research, educational, and testing facilities that use nonhuman pri-
mates are usually dynamic environments.  Changes in these environ-
ments require a commitment to training and continuing education to pro-
vide a safe and healthful workplace. Some changes involve staff turnover
and the involvement of new students and visitors at a facility.  New
animals and even new nonhuman-primate species are received and new
studies begin with their own procedures and equipment.  Other changes
are facility-related, such as those caused by facility modification (addition
or reconfiguration).  Changes in equipment can include new caging and
housing systems, new materials-handling equipment, new anesthetic or
surgical equipment, and the use of new instruments and devices. Train-
ing and continuing education programs provide an opportunity for man-
agement and staff to communicate about workplace hazards, program
changes, updated organizational policies and procedures, and emergency
procedures.

An institution can achieve its OHS objectives only if its employees
know the hazards associated with their work; understand how the haz-
ards are controlled through institutional policies, engineering controls,
work practices, and PPE; and have sufficient skills to do their work safely
and proficiently (NRC 1997).  To meet those requirements, a multifaceted
training program that addresses the full array of health and safety issues
related to the care and use of nonhuman primates must be instituted.
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Such a program not only benefits the workers, it also benefits the institu-
tion through minimization of occupational illness and injury and lost
time.

Institutions have legal and ethical responsibilities to provide staff
with the training, knowledge, and equipment they need to protect them-
selves from workplace hazards.  In 1985, Congress enacted two laws that
require that institutions provide training for staff who care for or use
animals: the Health Research Extension Act (Public Law 99-158), which
made compliance with the Public Health Service (PHS) Policy a matter of
law for all PHS-funded research, and the Food Security Act (Public Law
99-198), which amended the Animal Welfare Act (7 USC 2131-2156).

This chapter provides a framework for assessing personnel qualifica-
tions and developing training and education programs for organizations
that use nonhuman primates in research, education, and testing.

PERSONNEL QUALIFICATIONS

AAALAC International requires accredited institutions to describe
personnel qualifications in the accreditation application; OLAW lists
evaluation of personnel qualifications as an IACUC oversight responsi-
bility.

The point of responsibility for assurance of personnel qualifications
must be clear if conformance with AAALAC International and federal
guidelines are to be met. Nonhuman-primate housing facilities are often
centralized and used by research staff from an entire institution. If per-
sonnel that work with the nonhuman primates do not share local lines of
authority, it can lead to confusion about responsibility for qualification
assurance.  The facility director is ultimately responsible for determining
the qualifications of facility employees, contract staff, support-services
staff, program inspectors, and visitors who work with or around nonhu-
man primates and the associated equipment.  Principal investigators are
responsible for the verification of the qualifications of research assistants,
collaborators, and guests.

Delineation of responsibility for assurance of qualifications should be
established by institutional policy. Such policy demonstrates that upper
management recognizes the importance of personnel qualifications, has
determined an appropriate assurance plan, and has delineated responsi-
bility for the implementation of the plan.

Management should determine operationally specific minimal quali-
fications for all staff and visitors that work directly with the nonhuman
primates, their byproducts, housing, holding rooms, equipment, or tis-
sues. Minimal assurance of qualification is important not only for new
employees but also for current staff as they gain proficiency and engage
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in more challenging tasks.  Attention should also be given to the develop-
ment of qualification standards for support staff, such as maintenance
personnel, housekeeping staff, materials-handling staff, providers of such
services as pest management, laundry, environmental monitoring, and
occupational medicine, and emergency personnel such as police and
firefighters.  Conducting a facility orientation and an overview of the
operationally specific hazards, risks, policies, and emergency procedures
for support staff is recommended.

Managers, principal investigators, and others often view possession
of pertinent professional credentials, a history of work with nonhuman
primates, or simply length of employment as evidence of qualifications.
This can be a dangerous assumption.  All personnel who work in nonhu-
man-primate facilities and everyone who works with nonhuman-primate
tissues must have knowledge of task-specific hazards, be able to recog-
nize when an exposure has occurred, and be able to accurately demon-
strate emergency steps to take in the event of an exposure.

An assessment of basic skills is often a good place to start in assessing
a person’s qualifications. Through observation, supervisors can note
whether an employee has the basic communication skills necessary to
perform the task at hand and whether the employee’s reading skills are
sufficient for understanding the SOP, organizational policies, and mate-
rial-safety data sheets applicable to their position. After establishing a
person’s basic skills, management can strengthen assurance of qualifica-
tions by conducting behavioral observations and comparing them with
the previously established minimal qualifications.  Supervisors can ob-
serve new and current employees engaged in tasks and note their famil-
iarity with the nonhuman-primate species used, equipment, and tasks.
Through behavioral observations, a supervisor will be able to observe an
employee demonstrating (or failing to demonstrate) the knowledge, skill,
and deportment needed to conduct specific tasks safely.

It is important to assess behavior in a task-specific context.  To deter-
mine whether a person is qualified to perform a specific task involving a
nonhuman primate or nonhuman-primate tissues, the supervisor may
choose to seek answers to several pertinent questions, such as the follow-
ing:

• Has the person performed this task before?
• If so, how long has it been since the person last performed the task?

Has anything about the task changed since the person last performed it?
• Was previous performance of the task of a similar duration?
• Has the person worked with the necessary equipment before?
• Is the person familiar with the equipment’s uses and associated

risks?
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• Has the person performed this task with others or independently?
• How confident is the person of his or her ability to conduct the task

safely?
• Has the person been observed and found to be proficient in the

performance of the task?
• Has the person worked with this species of nonhuman primate

before?
• Is the person not only familiar, but also experienced, with the spe-

cies-specific behaviors, housing, handling, and restraint methods?
• If the animal being manipulated is to be anesthetized, does the

person show proficiency in the use and administration of anesthesia?

It is clear that a qualification assessment can benefit enormously both
from the exchange of information between management and staff and
from observation.  Thoughtfully constructed dialogue can help to identify
skill or knowledge deficiencies and pinpoint the need for initial and re-
fresher training.  Supervisors should always verify the written and stated
qualifications of an individual employee with observation.  This measure
will help to ensure that the knowledge and skills that a person claims to
have are commensurate with the specific task requirements and safe work
practices.

There are many approaches to determining whether a person is quali-
fied to perform a specific task. One approach is the use of proficiency
assessment documentation. The following form is an example of how an
institution can document an individual’s qualifications and proficiency
for a specific task.  This sample form is aimed at a task or procedure
involving awake nonhuman primates, such as a pole and collar transfer
or transfer of the animal to a clean cage.  The form can be easily modified
to accommodate additional tasks, such as cagewashing, material han-
dling, environmental enrichment, and tasks involving anesthetized non-
human primates.

TRAINING

The ultimate goal of safety training is to reduce occupational expo-
sures, accidents, near-accident incidents, injuries, and illnesses (Gershon
and Zirkin 1995), that is, to ensure that safety-related human performance
and training discrepancies are identified and that appropriate techniques
are used to improve the safety and health of the workforce. The program
will do this by providing information to improve knowledge, demon-
strating safe work techniques, providing instruction on emergency re-
sponse, providing information on regulatory controls, providing infor-
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Qualifications and Proficiency Assessment Record

Name:________________________ Supervisor: ____________________

Date of initiation: ____________________________

State the task involving a nonhuman primate: _________________________
_____________________________________________________________________

State the steps to the task (reference SOP#):____________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________

Species of nonhuman primate:________________________________________

Risk Type: (circle all that apply)

Bite Scratch Splash Percutaneous Other (specify)

Prescribed Personal Protective Equipment and Clothing: (circle all that
apply)

Head Cover Safety Glasses Goggles Face Shield

Respirator Mask Latex Gloves Neoprene Gloves

Leather Gloves Gauntlets Laboratory Coat Jumpsuit

Long Sleeve Disposable Sleeve
Scrubs Protectors Shoe Covers Steel-tipped Boots

or Other
Designated Shoes

Other_______________________________________________________________

Equipment used: (circle)

Chair     Manual Restraint  Pole and Collar

Transfer Box     Other________________________________________
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Training Progress*:

 Date Duration Trainer Comments Supervisor’s
Initials

*Number of training sessions and length of time will vary depending on baseline
skill and complexity of the procedure.  Take the time necessary for the individual
to acquire task proficiency.

Certification of Proficiency:

I, __________________________________________________________________
(supervisor)

hereby certify that ___________________________________________________
(trainee)

has demonstrated proficiency in the above named task/procedure.

Supervisor signature:_________________________________________________

Date:_______________________________________________________________
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mation and yearly updates on safety policies and procedures, and moti-
vating staff to work safely (Gershon and Zirkin 1995).

Requirements established by federal and state regulations, accredit-
ing, and funding agencies place various training demands on institutions
where nonhuman primates are housed and used, and training records
should be maintained and retained in accordance with applicable federal
and state regulations and guidelines.  Thoughtfully constructed and con-
ducted staff training can have a major impact on the safety record of the
institution.

An effective training program requires resources, administrative sup-
port, recordkeeping, and a system for monitoring training efficacy.  Man-
agement can demonstrate its commitment to its safety and health training
program by funding it appropriately and by visibly supporting the pro-
gram, its goals, and its objectives.

Safety training should begin at each new employee’s orientation and
progress continuously as more complex tasks are assigned and job re-
sponsibilities increase.  Staff may perform a variety of tasks, from routine
daily care and feeding of animals to animal handling and research-associ-
ated manipulations; the multifunctional aspect of the work can mean that
the skills personnel must have will vary greatly in regard to complexity.
Periodic refresher training is needed to maintain proficiency and adher-
ence to institutional procedural standards. Safety training should also be
conducted when unsafe or risky behavior is observed.

To be successful, safety training should be delivered routinely.  When
safety training is provided only episodically, such as when an accident
has occurred, it can be interpreted by staff as punitive and have an under-
mining effect on accident-reporting compliance.  Safety training should
be conducted during regular work hours; this demonstrates that manage-
ment values the training and recognizes it as an integral part of employ-
ment.   Training topics should be chosen carefully to meet real training
needs.  Training should be developed for individuals and for specific
worker groups, and that training should be delivered in terms related to
the specific environment and at a trainee-appropriate cognitive level.  If
possible, trainers should be selected from current staff to ensure the pro-
gram specificity of the training and to facilitate follow-up discussion after
the training. Two-way communication is important in a training pro-
gram; staff must be afforded the opportunity to ask questions and clarify
their understanding of the messages being presented.

Several key factors can improve the effectiveness of training:

• The trainer must be knowledgeable and an effective communica-
tor.
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• The message to be conveyed should be succinct and not cover too
many topics at once.

• The audience must comprehend the message; training should be
aimed at the proper level of knowledge and understanding (including
language).

• The environment in which training is conducted should be condu-
cive to the lesson at hand, lighting, temperature, no distractions, and so
on (Gershon and Zirkin 1995).

Many OHS professionals have found value in an annual training plan.
Upper management, organizational safety committees, supervisors, work-
ers, and safety managers should provide input pertinent to a comprehen-
sive and operationally specific annual training plan.  The plan should
outline training-specific details, such as training topics, dates and dura-
tion of training sessions, needed resources, and training objectives.  A
training plan communicated well ahead of time to managers and admin-
istrators has several benefits; it will minimize organizational disruptions
by allowing management to plan around presentations and it provides
administrators with information needed for resource allocation and man-
agement decisions.

Several methods are available to assist managers and supervisors in
their approaches to training.  The following elements will help to ensure
that the instructional program will be effective and meet the needs of both
the organization and individual personnel: needs assessment, develop-
ment of objectives, determination of content, selection of methods and
techniques, establishment of the timing and administration of training,
and evaluation are all important (Broadwell 1986).  These elements are
discussed below.

Periodic Needs Assessment

Training needs should be assessed in regard to organizational needs,
worker group needs, and individual worker needs.  Organizational needs
are based on organizational goals and objectives.  Worker group needs
can be described as departmental or unit needs, such as the needs of a
research group or the needs of those involved with routine husbandry
procedures, including care and feeding.  Examples would be group skills
training or familiarization with required procedures for a new study and
training in the use of a new piece of equipment. Individual employee
needs can be as varied as basic literacy and numerical skills, special tech-
nical skills, new-employee orientation, and task-specific employee com-
petence.  In many occupations, the confidence that an employee has in his
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or her own ability can directly influence on-the-job safety.  Managers and
supervisors should listen to staff, observe them, and be responsive when
employees demonstrate or otherwise convey their lack of confidence in
performing a particular task.

Before launching into training as a solution, it is important to deter-
mine whether training is likely to solve a problem or resolve an issue;
training is not the answer for all situations.  There is often a difference
between what people are expected to do and what they are actually do-
ing, and training might not be effective in resolving the disparity.  For
example, a manager might observe an increase in the number of occupa-
tional injuries associated with the movement of nonhuman-primate cag-
ing.  If investigation reveals that employees are not using a mechanical lift
to move large objects, such as macaque caging, and thus are not following
SOP, management needs to look into why the staff are not using the lift.
Talking with staff directly can often reveal why they are performing out-
side operational standards.  In the example, such discussion could in-
clude the following questions:

• Is the lift operational?
• Is the lift the right piece of equipment to do the job?
• Are there enough lifts available to meet the unit needs?
• Does corridor activity permit the safe passage of a mechanical lift?
• Do the employees know how to operate the lift correctly?

Such questions will help supervisors and managers to determine
whether training is warranted.  Perhaps the real reason for not using the
lift is simply that at peak use times there are not enough lifts to meet staff
needs.  Intervention might include the purchase of enough lifts to meet
staff needs, rather than lift-operation training.

Work analysis, job and task inventory, assessments, and surveys or
questionnaires can be useful for pinpointing training needs.  A work
analysis is accomplished by breaking down a job into the required skills
and knowledge.  Similarly, a job or task inventory involves breaking down
a job and ranking tasks by whether lack of pertinent knowledge or skill
can have serious consequences.  Assessments or surveys can be conducted
by written or oral methods and can reveal training needs through identi-
fication of discrepancies between employee replies and the responses de-
sired by management.  Surveys can be conducted anonymously to give a
trainer a feel for group beliefs, knowledge, or perceptions of risk, or on an
individual basis to provide a trainer with individual specific training
needs.

A needs assessment will identify discrepancies between what people
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are doing, how they are doing it, and the prescribed way to do it safely.  A
needs assessment should involve an overall evaluation of an
organization’s program, processes, and past performance. It is most help-
ful to assemble an interdisciplinary group of people to conduct the assess-
ment or to seek their individual inputs. The functional parts of the overall
program should be examined initially followed by the processes or activi-
ties that define them.  In a research facility that houses nonhuman pri-
mates, the functional parts might be animal care and feeding, enrichment,
animal health, and technical assistance.  Activities associated with animal
care and feeding would include cagewashing, animal transfer, material
handling (caging, feed, and bedding), and daily animal room mainte-
nance.  A review of past performance is one way to evaluate a quality
assurance program and is also fundamental to a complete needs assess-
ment: injury and illness reports, absentee and out-sick records, safety and
health citations, and staff and management views about worker safety
and health concerns. This review can be inserted into the quality assur-
ance program.

Development of Objectives

Training objectives should clearly reflect the desired training out-
come.  There are programmatic objectives and learning objectives.  Both
should be identified in the training plan.  The programmatic objectives
should be written to meet organizational goals, for example, to reduce
accidents by 10% on an annual basis.  Learning objectives should state
what is expected of the trainee.  Properly written learning objectives have
three basic elements: the task to be completed, the conditions under which
the task is to be completed, and the behavior or performance that is being
measured and the standard against which it will be measured (Broadwell
1986).  These three elements may be expressed as performance, condition,
and criteria (Mager 1997).  The objectives must be specific, measurable,
attainable, realistic, and trackable (Broadwell 1986).  The following are
examples of learning objectives:

• The trainee will demonstrate how to perform an eyewash at the
unit’s eyewash station.

• The trainee will be able to quickly list three areas of the face that
are recognized as sites of a mucosal exposure to potentially infectious
splashes.

• The trainee will be able to quickly state the steps to take after a
percutaneous exposure to material potentially contaminated with B virus.

• The trainee will be able to state one aggressive macaque behavior
and one nonaggressive macaque behavior as taught in class.
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Determination of Content

Training content should reflect primarily what the trainee must know
as opposed to what the trainee should know or could know (Broadwell
1986).  To enhance comprehension and retention of training material, the
number of major concepts in any training session should be limited to
seven, with each major concept being presented at least three times dur-
ing the session.  Trainees should be told at the outset of training what will
be presented, why it is important, and how they should use it in their
daily work activities.  That information will convey the relevance of the
training at the beginning of the session and prepare the learner.

The involvement of scientists in the development of content for health
and safety training is particularly important.  Often, employees who rou-
tinely care for nonhuman primates are not placed under the direct super-
vision of the scientist who is responsible for the research project, so there
can be gaps in communication of information that is necessary to protect
worker health and safety or information that could correct misperceptions
about risks associated with the project.  Such gaps could also place the
research animals at unnecessary risk if exposed to a staff member who is
an active carrier of an infectious agent.  Safety-related information from
the scientists needs to be conveyed both to the animal care staff and to
their supervisors.  Supervisors who understand the research objectives
and the attendant hazards will create and maintain a safe work environ-
ment in which the animal care staff can be integral and knowledgeable
participants in the research activity (NRC 1997).

The following are examples of the types of topics and content that
may be presented in safety training:

• Facility orientation.  Entrance requirements, facility policies, emer-
gency procedures, and management overview.

• Overview of the organization’s safety program.  Integration of safety
into SOP, the safety committee, safety elements of performance appraisals
and position descriptions, and overview of the safety department and the
organization’s safety policies.

• Hazards. Hazards unique to nonhuman primates and the
institution’s specific activities.

• Personal protective equipment. Type required, function, protective
capability, selection, individual fit, cleaning, storage, and replacement.

• Personal protective clothing. Function, protective capability, proper
donning, wearing and removal, care, cleaning, and storage or disposal.

• Eye protection. Selection, individual variability, fit, task-specific se-
lection, coverage, and care and storage.
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• First aid. An overview of first aid to be administered in the event of
an exposure.

• Material safety data sheets. What they are, how to use them, where
they are stored, and limitations.

• SOP. What they are, how to use them, where they are stored, and
limitations.

• Species-specific behavior. Threat behaviors, affiliative behaviors, in-
dividual differences, and descriptions of how the species responds to
human behavior.

• Sharps safety. Proper selection, use, and disposal; proper use of safe
sharp devices; and when to use these devices.

• Protection of the back. Proper lifting techniques and alternatives to
lifting.

• Safe movement of equipment. Overview of equipment-related acci-
dents and injuries, safe hand placement, hand protection, and overview
of instances when more than one person may be needed to move a piece
of equipment and why.

Selecting Methods and Techniques

Once the needs assessment has been done, the learning objectives
developed, and the training content determined, training methods and
techniques to accomplish the stated learning objectives can be selected.
Types of training methods and techniques include traditional classroom
style, on-the-job-training, practical hands-on training for groups and indi-
viduals, and computer-based training.  For substantial learning to occur,
learners must be actively involved in the learning process (Bird and
Germain 1996).  If the training pertains to humane restraint of an alert
adult macaque, it may entail multiple methods, such as classroom in-
struction, practical exercise of restraint technique with a macaque model,
and individual instruction with an animal.

Timing and Duration of Training

The time needed for instruction is based largely on the training objec-
tives established and the content of the training. The more complex the
issue, the more time may be required for training and learning.  Generally
speaking, more time should be allowed when conveying new information
during training than for a refresher session or for teaching a variation of
an existing operating standard.
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Administration of Training

Trainees want to know why the information conveyed during train-
ing is important to them and their organization.  They want to know how
management expects them to use the new information.  They want the
training session to be organized and concise.  And, they want to be treated
with respect.

Five basic principles of adult learning have been identified (Bird and
Germain 1996):

• Principle of Readiness. We learn best when we are ready to learn.
You cannot teach someone something for which he or she does not have
the necessary background of knowledge, maturity, or experience.  Readi-
ness also means that the learner is emotionally ready and motivated to
learn; this readiness is created by communicating to the trainees why the
training is important and how it will be of benefit to them (for example, in
career progression, improved performance evaluations, and safer work).

• Principle of Association. It is easier to learn something new if it is
built on something we already know.  Start with the known practices and
proceed to the new.  Build up to the new information or more difficult
tasks from the base of the known and familiar ones.

• Principle of Involvement. Substantial learning will occur when learn-
ers are actively involved in the learning process.   The more senses in-
volved (hearing, seeing, tasting, smelling, and feeling), the more effective
the learning.  Learner-involvement tools include practical or hands-on
training, questioning of the group, open discussion, case studies and prob-
lem-solving, simulations, and demonstrations.

• Principle of Repetition. Repetition aids learning, retention, and re-
call.  When there is a long period of disuse of information after it is
learned, learned responses can weaken.

• Principle of Reinforcement. The more likely a response is to lead to
satisfaction, the more likely it is to be learned and repeated.  Instructors
should use praise, reward, and recognition to reinforce learning.

Evaluating the Training

Learning is measured by a change in behavior.  For example, are the
trainees from the back-safety class demonstrating proper lifting tech-
niques as demonstrated in class?  Supervisors and managers must be
knowledgeable about the content of training programs so that they can
effectively monitor workplace practices and behavior to ensure adher-
ence to prescribed methods or investigate and mitigate the reasons for
discrepancies.
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Several approaches can be used for evaluating the success of the train-
ing program.  Periodic evaluation of the presentation, instructor, accom-
modations, and resources can assist in training program revision and
improvement.  That can be accomplished through student evaluation
forms and monitoring of the training process by management and super-
visors.  Pre- and post-training testing can provide an indication of the
information learned, how it is used, and changes in risk perception and
attitudes.  Other training-evaluation mechanisms include site inspection,
personnel review, review of injury and illness records, review of regula-
tory-compliance citations, and periodic use of questionnaires.  The ap-
proach should be carefully designed and applied to provide information
useful for both institution officials and employees (NRC 1997).

One measure of training effectiveness is organizational impact.  Has
the organization experienced reduced costs associated with injuries since
training inception?  Perhaps there has been observable improvement in
work quality or quantity.  Improvements in worker-management rela-
tions can be effected through safety training.  Safety should be integrated
into the organization both horizontally and vertically, and safety-training
efforts should be followed by careful review of activities and findings to
develop recommendations for overall program improvement.

CONTINUING EDUCATION

Continuing education provides a broad background in which much
of the information presented might not be directly related to the trainees’
experience and needs.  Training is job- and task-specific; training is di-
rectly related to performance and is intended to improve performance
(Broadwell 1986).  A qualifications assessment and a periodic individual
needs assessment will assist those responsible for training to determine
when continuing education, as opposed to training, is warranted.  Does
the person have an educational base that, when supplemented with the
training that the institution is prepared to offer, will make it likely that the
person will be qualified for a particular job?  If the answer is no, continu-
ing education is probably warranted.  The resources required for offering
continuing education are often different from those required for training,
because of the broad background of the information to be presented.
Institutions that use nonhuman primates for research, education, and test-
ing often sponsor continuing education for assistant-technician, techni-
cian, and technologist certification examinations, and support veterinar-
ians’ preparation for board certification.
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RECORDKEEPING

Recordkeeping is an essential aspect of a training program.  Training
records should reflect the date of the training, the instructor’s name,
names of attendees (documented with their initials), the location of the
training, duration of training, broad topics, subtopics, learning objectives,
course content, and a list of handout materials. Organizations such as
AAALAC International and IACUCs may request review of training
records during site visits and inspections.  Some training records are re-
quired to be retained for specified durations to satisfy federal and state
environmental health and safety regulations.  Animals experimentally
infected with HIV or HBV are included under the OSHA Bloodborne
Pathogen Standard (29 CFR 1910.1030) in the category of “other poten-
tially infectious materials.”  For training that is conducted to satisfy com-
pliance with this standard, OSHA requires training records to be retained
for 3 years. State OHS offices and regional OSHA representatives have
information on specific requirements that may affect a facility.  The insti-
tutional official is responsible for ensuring the maintenance of training
records.

The head of the environmental health and safety office will usually
strive to establish a simple system that presents the smallest administra-
tive burden.  A computer-based system should facilitate such an approach
(NRC 1997).
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Postexposure Medical Treatment in
Nonhuman-Primate Facilities

Nonhuman primates are often ideal animal models for the study of
human disease processes, but their phylogenetic similarity with humans
places employees at risk for transmission of a broad variety of zoonoses
as described in Chapter 3.  Specific occupational health services recom-
mendations for nonhuman-primate handlers have been presented in
Chapter 7.  This chapter addresses the role of an institution’s occupational
health care staff in prevention and treatment of staff exposure to nonhu-
man-primate related hazards.

Specific recommendations for occupational health services for non-
human-primate handlers are outlined in Biosafety in Microbiological and
Biomedical Laboratories (CDC-NIH 1999).

The occupational health services staff should work in concert with
their facility’s occupational health and safety program to ensure that
workplace health risks are minimized and that appropriate medical ser-
vices for evaluation and treatment are available to workers exposed to
nonhuman primates or their tissues.  These important occupational health
services may be provided through a variety of arrangements depending
on the individual facility risk-assessment process, as described in Chapter
5.  It is critical that the designated medical providers be informed and
appropriately updated regarding the nature of the health risks. That might
require joint participation of research personnel, animal care staff, envi-
ronmental health and safety staff, and occupational health services staff
in continuing education regarding use of specific agents and safety train-
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ing activities, as described in Chapters 7 and 8.  Persons working with
nonhuman primates or their tissues have the potential for exposure to
infectious agents.  Medical providers’ participation in infection control
and biosafety review may be appropriate and help to ensure that occupa-
tional health providers are updated on these important risks of infectious
disease.

Many facilities are using emergency departments in local hospitals
and clinics for obtaining emergency medical care. The individual respon-
sible for the occupational health program should develop a close working
relationship with the local emergency department to ensure that (1) emer-
gency medical staff are familiar with the specific hazards posed by non-
human primates and (2) they can provide a timely evaluation and follow
up when an employee arrives at the emergency department.  This may
involve periodic meetings of the occupational health program and emer-
gency department staff, training of the emergency department staff, and
developing a packet of information for the emergency-room physician.
This packet should outline concerns and offer information for telephone
consultation with a knowledgeable physician.

DEFINING EXPOSURE RISK

The risk of developing infection from an exposure to nonhuman pri-
mates depends on many factors, including the nature of the infectious
agent, the mechanism and route of exposure, the physiologic status of the
source animal and the employee, whether personal protective equipment
was used, and whether appropriate postexposure first-aid procedures
were followed.  Data that could be used to define risk for most exposure
scenarios are sparse.  Therefore, assessing the risks posed by some agents
is problematic, and best estimates must be based on knowledge of similar
agents or exposure situations.  Health-care providers will have to ap-
proach employees’ exposure concerns with a willingness to acknowledge
unknowns while attempting to estimate risks and involve the employees
in the clinical risk-assessment and decision tree process.

SCOPE OF POTENTIAL INFECTIOUS AGENTS IN
NONHUMAN PRIMATES

The variety of potential infectious agents found in nonhuman pri-
mates is summarized in Chapter 3.  Agents likely to be of concern in most
facilities are reviewed here, but occupational health-care providers should
become familiar with all exposures likely to be encountered in their facili-
ties.  For example, exposures to primates bred in captivity might pose
different risks from exposures to wild-captured primates.  Wild-captured
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primates can harbor naturally occurring zoonotic agents—including hel-
minths, bacteria, and viruses—not typically found in captive-raised popu-
lations.  Furthermore, experimental treatment of nonhuman primates with
agents such as immunosuppressants can increase their risk for these in-
fections and hence transmission to handlers.

In the handling of nonhuman primates, it is reasonable to adopt uni-
versal precautions and thereby minimize exposure risk regardless of the
presence or level of infection (CDC-NIH 1999). When employee injuries
occur, information on the viral status of the animal and any infectious
experimental agents should be communicated to the patient’s health pro-
fessional. The patient should be managed on the basis of the assumption
that the nonhuman primate involved was infected with the transmissible
agent of concern. Defining the transmissible agent of concern is depen-
dent on several factors: the species involved, the experimental status of
the animal, the viral and microbiological status of the animal and/or
colony.

Precautions must be taken in interpreting the risk posed by nonhu-
man primates classified as “specific pathogen free” animals because of
the risk of latency of some infections and the fact that all diagnostic test-
ing for the presence of infectious agents has technical limitations that lead
to imperfect accuracy. B virus is well-known to become latent in
macaques, and group-housed macaques can seroconvert and shed B virus
without exhibiting clinical signs (Weigler and others 1993; Weir and oth-
ers 1993). Additionally, due to the inaccuracy of some B virus tests, it
should be assumed that all macaques, including those from SPF colonies,
are infected (Ward and Hilliard 2002). Relying on past viral testing or
serologic results does not provide adequate predictive information re-
garding viral shedding at the time of a human exposure to bites, scratches,
or splashes from the animal. Although it should be assumed that all
macaques are infected with B virus (even in SPF colonies) when initiating
first aid and seeking medical care, decisions on antiviral prophylaxis treat-
ment will include considerations of the viral status of the animal/colony
and are discussed under “B Virus Exposure” later in this chapter.

DEFINING ROUTES OF EXPOSURE

The most common routes of exposure among nonhuman-primate han-
dlers are scratches, needle sticks, cuts, bites, and mucous membrane ex-
posures (bin Zakaria and others 1996), though most published reports of
injury and infection among nonhuman-primate handlers are related to
bites. Animal-bite wounds are more likely to result in bacterial infection
than are simple abrasions or scratches because of the inherent limitations
in cleansing of puncture wounds (Trott 1997).  A review of bacterial infec-
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tions after primate bites found that polymicrobial infections have often
resulted in severe complications, including osteomyelitis caused by such
bacterial flora as Eikenella corrodens, Bacteroides spp., and Fusobacterium
spp. (Goldstein and others 1995).

Mucocutaneous exposures can also result in transmission of gas-
trointestinal pathogens, such as Shigella spp. (Kennedy and others 1993),
Campylobacter spp. (Gibson 1998; Hubbard and others 1991; Johnson and
others 2001; Renquist 1987; Taylor and others 1989; Tribe and Frank 1980),
Giardia intestinalis (Armstrong and others 1979), Crypotosporidium parvum
(Miller and others 1990; Muriuki and others 1998; Toft and Eberhard 1998),
and Entamoeba histolytica (Remfry 1978).

Research involving retroviruses has demonstrated that SIV can infect
humans.  Occupational exposure to SIV has occurred through mucosal
splashes, contamination of cuts or skin abrasions, and needle stick inju-
ries (Essex 1994; Khabbaz and others 1994; Sotir and others 1997). The
assumption that SIV infection can be transmitted by routes similar to
those in occupational exposure to HIV has led the CDC to recommend
that occupational exposures to SIV and hybrid strains of HIV-SIV be man-
aged according to PHS postexposure prophylaxis guidelines for HIV
(CDC 2001c).

Among the well-documented cases of human B virus infection, al-
most half involved exposure by monkey bite (Breen and others 1958;
Bryan and others 1975; Cohen and others 2002; Davenport and others
1994; Davidson and Hummeler 1960; Holmes and others 1990; Hummeler
and others 1959; Palmer 1987; Sabin and Wright 1934). Exposures also
occurred by scratches (monkey or cage), mucosal exposures, exposures to
blood or tissue (Cohen and others 2002) and by needle stick injury
(Artenstein and others 1991). B virus can also be transmitted human-to-
human by skin-to-skin contact (Holmes and others 1990).

While bites and scratches are of known importance in the transmis-
sion of B virus, systemic infection has also been reported in people not
known to have been recently injured or exposed (Bryan and others 1975;
Fierer and others 1973), suggesting that B virus latency in humans is a
possibility.  Because human herpesvirus latency in humans is known to
exist, as is B virus latency in nonhuman primates, it might be presumed
that B virus infection can become latent in humans (Fierer and others
1973).  However, in a controlled seroprevalence study performed in 1995,
there was no evidence of latent B virus infection in 321 handlers, using
three high B virus antibody-titered humans who were available as refer-
ences (Freifeld and others 1995).  Additionally, other investigations have
failed to document seroconversion among contacts of B virus-infected
patients (Davenport and others 1994; Holmes and others 1990).  However,
several isolated cases in humans are suggestive that B virus latency in
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humans may occur (personal communication; Drs. Hilliard and Daven-
port). Current data would suggest that if B virus latency occurs at all in
humans, it is very rare. The clinical significance of B virus latency in
humans is even less well defined.  It is unknown whether recurrent clini-
cal infections or a chronic neurologic illness due to B virus occurs in
humans. Therefore, clinicians responsible for evaluating injured or ill non-
human-primate handlers should be aware that absence of recent known
exposure to animals might not preclude B virus infection.

DETERMINING APPROPRIATE
POSTEXPOSURE MEDICAL MANAGEMENT

As outlined above, human contact with nonhuman primates—includ-
ing bites, scratches, and splashes—can lead to transmission of natural
zoonoses or experimentally acquired infections, although the probability
of infection is low under most circumstances.  Although B virus infection
occurs uncommonly after nonhuman-primate exposures, the illness is of-
ten fatal when left untreated, and so substantial care must be taken in
assessing and following up on such contact (Holmes and others 1995).
There should be follow-up monitoring of potential B virus exposure in-
cluding tracking of any unexplained influenza-like illness lasting more
than 48 hours in personnel working with nonhuman primates or their
tissues, to allow for appropriate treatment advice by an occupational
health physician.

Determination of appropriate postexposure medical management is
not well defined, because the attendant risks are difficult to measure for
each pathogen.  Analogous occupational-exposure data do exist for some
occupationally acquired infections, including HIV infection, in health-
care workers, but there is a paucity of data to support clinical decision-
making in other settings.  The medical care provider should rely on
consensus documents and other guidelines, develop a network of infec-
tious-disease specialists to assist in making treatment decisions, and be
aware of the potential risks of iatrogenic injury or complications when
making recommendations for postexposure management.  For example,
aggressive medical treatment might contribute to injury and illness
through medication side effects if unnecessary prophylaxis is prescribed
when exposure risks are uncertain or if patients are not monitored appro-
priately (CDC 2001a).

When assessing risk of infection after exposure to a nonhuman pri-
mate, the medical care provider should consider the risk factors associ-
ated with the nonhuman primate and the employee.  This will necessitate
close communication with the facility animal-care and infection-control
staff.  The initial communication should be used to gather information
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that will be important for decisions regarding prophylaxis and treatment
and should include a discussion of the experimental, viral, and microbio-
logical status of the animal and colony. For example, a nonhuman pri-
mate that is immunocompromised would potentially be a more likely
source of B virus than otherwise (Chellman and others 1992; Holmes and
others 1995).  Similarly, circumstances regarding the kind of injury and
the application of appropriate first aid should be taken into consideration
in determining the risk of infection.  In summary, defining the risk of
infection after an exposure requires careful review of both the nonhuman
primate and the employee in question.

FIRST AID AFTER EXPOSURES TO NONHUMAN PRIMATES

As with any human or animal exposure, postexposure first aid, in-
cluding immediate cleansing of the wound or contaminated mucous
membrane, is of the utmost importance in preventing infection.  The im-
portance of adequate wound cleaning must be stressed during employee
training and should include a demonstration of methods and location in
the workplace of cleansing materials.  Nonhuman-primate facility direc-
tors and occupational health care providers should consider the use of a
wallet card or other simple guide to remind employees about first aid and
provide emergency contact information.

Good general guidelines for medical management of animal-bite
wounds management are available (Smith and others 2000).  In general,
emergency first aid should be initiated before the patient travels to a
health-care provider, because prompt cleaning may reduce the risk of
infection with some pathogens.  This is particularly important for injuries
caused by macaques, because B virus becomes incorporated into host
cells quickly (Ludwig and others 1983).

First aid for skin exposures should include flushing and scrubbing of
the skin with a detergent and water for 15 minutes.  Mechanical scrubbing
of the wound margins is recommended in addition to the use of copious
flowing water and detergent, povidone-iodine, or chlorhexidine (Cohen
and others 2002) to further cleanse the wound of contamination.  Exposed
eyes or mucous membranes should be flushed for 15 minutes preferably
at an eyewash station because it is difficult for employees to wash their
own eyes. Detergents and antiseptics should never be used in the eyes. If
an eye station is not in close proximity, workers should have ready access
to a portable liter bag of sterile saline.  Nonhuman-primate handling
facilities must have appropriate eye-washing stations (in addition to stan-
dard sinks with running water) or appropriate eye-irrigation materials
immediately available for first aid (ANSI standard Z358.1-1998). All non-
human-primate facility employees must be taught about the location of
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sink and eye-washing facilities and the importance of early initiation of
standard wound cleaning and mucous membrane irrigation.

MEDICAL EVALUATION AND FOLLOWUP

It is imperative that handlers of nonhuman primates have priority
access to physicians or other appropriately trained medical staff who
have specific knowledge and experience regarding injuries caused by
nonhuman primates.  It is the employee’s responsibility to report an expo-
sure or occurrence of symptoms.  The employee’s occupational health
care provider is then responsible for assessment of the exposure or symp-
toms.  It is imperative that the chain of command for report and assess-
ment of an exposure or symptoms be clearly defined.  This is particularly
important for SIV and B virus exposures, for which prophylaxis, when
advised, should be initiated as soon as possible to provide the greatest
benefit.  In addition to developing a local network, the medical care pro-
viders should have reference material available about unique aspects of
exposure to nonhuman primates.  Table 9-1, for example, provides guide-
lines for the initial management of exposures involving macaques.

A mechanism must be in place for reaching a knowledgeable health-
care provider outside ordinary working hours.  For larger facilities, an on-
call arrangement may be developed.  For smaller facilities, the local emer-
gency department may be utilized. Regardless of the size of the facility,
the postexposure management plan must include training of employees
and medical care providers.  Regular follow-up must be provided after an
injury; if an injured employee does not keep a recommended follow-up
appointment, an effort must be made to inform the employee of the need
for it.

Wound Assessment

Important factors to consider when assessing a wound caused by a
nonhuman primate are outlined in Table 9-2 and should be documented
in the medical record for later reference.  The physical examination should
include collection of vital signs and inspection of the wound or contami-
nated mucous membrane.  This examination should be documented and
should include information regarding the location, length, estimated
depth, and shape of the wound, potential for nerve or tendon damage,
vascular integrity, and presence of foreign body or contamination. First
aid provided at the worksite should be documented.  Animal bites and
scratches pose a high risk of tetanus.  Therefore, in addition to thorough
cleaning, tetanus prophylaxis should be offered on the basis of CDC
guidelines (CDC 1985).
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TABLE 9-1 Initial Management of Exposures Involving Macaques

1. First Aid

a. Mucous membrane exposures (eye, nose, or mouth):
• Irrigation or flushing for 15 minutes with sterile saline solution or water.

NEVER use detergent or disinfectants in the eye.

b. Skin exposures:
• Irrigation and scrubbing with soap or detergent solution and a high

volume of water for 15 minutes.  Use a detergent solution (such as
chlorhexidine or povidone-iodine) if immediately available.

2. Initial Health Care Evaluation

a. Patient:
• Assess adequacy of first aid and consider additional wound cleaning.
• Record mechanism of injury, likelihood of wound contamination,

effectiveness of wound cleaning, tetanus status, and general evaluation
of patient health (medication use, allergy to medications, and baseline
medical condition).

• Document examination of wound and overall physical examination
sufficient to provide comparison if patient condition changes
(dermatologic, ocular, respiratory, cardiovascular, lymph node, and
neurologic examinations).

• Consider collection of laboratory specimens, including wound cultures
and blood sample.

b. Primate:
• Contact animal-care staff or infection-control staff to review health

status of the colony, including consideration of infectious diseases
(medication use, known experimental retrovirus infections, B virus
serology status, and so on).

• If an individual animal can be associated with an exposure, a clinical
veterinarian experienced in nonhuman-primate medicine should
evaluate the animal (physical examination; complete review of the
medical, serologic, and research history; and blood draw and storage).
In the case of potential B virus exposure, culture of the mucous
membranes should be performed.

3. Risk Assessment

a. On the basis of the above information, consider risk of infection or other
illness.

b. Counsel patient about the implications of the injury and the need for careful
follow-up for wound evaluation and care.  Provide antibiotic and/or
antiviral prophylaxis if clinically indicated.  In addition to scheduling a
clinic appointment to re-evaluate the injury, give the patient emergency
contact information.
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Risk of Bacterial Infection

Clinical data on which to base a decision to provide prophylactic
antibiotic treatment for a nonhuman-primate bite are sparse.  However,
experience with bites of other animal species and humans suggests that
the most important factors in preventing wound infection are related to
initial wound cleaning.  Wounds on the extremities, wounds that are
macerated, or punctures are more likely to become infected than superfi-
cial, proximal wounds (Aghababian and Teuscher 1992; Goldstein 1992).
Goldstein and others (1995) reviewed the subject of bacterial infection
following nonhuman-primate bites and has advised that the diagnosis
and treatment of simian bites should be similar to those of human bites.
A rational approach to preventing bacterial infection would include em-
piric postbite antibiotic prophylaxis for all but the most superficial
wounds. This should involve an antibiotic active against streptococci,
staphylococci, enterococci, Eikenella corrodens, anaerobes, and Enterobacte-
riaceae spp.  A good choice would be amoxicillin-clavulanic acid as a
single agent or penicillin plus a penicillinase-resistant penicillin or cepha-
losporin.  If the wound is not already infected, it is reasonable to initiate a
3- to 5-day course of treatment; if no signs of infection appear, the antibi-
otic treatment may be discontinued at the wound-check visit.  Most phy-
sicians would not recommend primary closure of a human-bite wound on
an extremity, but delayed closure could be considered during a follow-up
visit if there is no sign of infection (Goldstein 2000).

TABLE 9-2 Wound Assessment

1. Circumstances of injury
• Site of injury (for example, extremity, head, or neck)
• Type of injury (bite, crush, scratch, or splash)
• Species involved and infectious risk associated with it

2. Documentation of postexposure first aid

3. Past medical history
• Tetanus immunization status
• Medication allergies
• Predisposing medical conditions (e.g.,immunocompromised,

asplenic, or diabetic)
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B VIRUS EXPOSURE

Prophylaxis after B Virus Exposure

With respect to prophylaxis after exposure to B virus, a detailed de-
scription of postexposure management was issued in 1995 (Holmes and
others).  More recent guidelines suggest the following (Cohen and others
2002):

• Postexposure prophylaxis is recommended in the following circum-
stances: skin exposure with loss of skin integrity or mucosal exposure to a
high-risk source (an ill macaque, an immunocompromised macaque, a
macaque known to be shedding virus, or a macaque with lesions sugges-
tive of B virus); an inadequately cleaned skin exposure with loss of skin
integrity or mucosal exposure (with or without injury); head, neck, or
torso laceration; deep puncture bite; needle stick associated with tissue or
fluid from central nervous system; lesions suspicious for B virus on the
animal’s eyelids or mucosa; puncture or laceration after exposure to an
object likely to be contaminated with fluid from oral or genital lesions,
central nervous system tissues, or tissue known to contain virus; post-
cleaning culture positive for B virus; and immunocompromised status.

• Postexposure prophylaxis for B virus is considered in the following
situations: mucosal or eye splash even if adequately cleaned; laceration
with loss of skin integrity; needle stick with blood from ill or immuno-
compromised macaque; puncture or laceration after exposure to an object
contaminated with body fluid (other than from a lesion); and a potentially
infected cell culture.

• Postexposure prophylaxis for B virus is not recommended if the ex-
posed skin remains intact or exposure was due to a nonhuman-primate
species other than a macaque, unless such animal is highly likely to be ill
from B virus due to rare cross-contamination occurrences from macaques
(see Chapter 3).

Selecting Agent for Postexposure Prophylaxis

Acyclovir was suggested in the 1995 guidelines, to be given at 800 mg
five times per day for 14 days (Holmes and other 1995).  This regimen was
based on animal studies demonstrating successful acyclovir treatment of
experimental infection and case reports of successful acyclovir and
gancyclovir treatment of B virus infection.  Since those guidelines were
published, valacyclovir has been released and has become the preferred
antiviral agent because the active metabolite, acyclovir, is present at higher
serum concentrations and probably leads to better compliance; it is given
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at 1 g three times per day for 2 weeks (Cohen and others 2002). Cohen and
others (2002) also offer a detailed discussion of postexposure prophylaxis
in pregnant women and those with renal insufficiency. Physicians should
check for updates on the preferred treatment regimen following B virus
exposure on the CDC and B virus laboratory web sites, since this report
cannot stay up-to-date.

EXPOSURE TO SIMIAN IMMUNODEFICIENCY VIRUSES

SIVs were initially identified on the basis of their cross-reactivity with
HIV in serum samples from rhesus macaques with AIDS-like illnesses
(Kanki and others 1985).  In 1994, Khabbaz and others published a case
report of a laboratory worker who was accidentally infected with an SIV
strain.  This case led to a seroprevalence study of HIV2-SIV antibody
among nonhuman-primate handlers and laboratory workers that demon-
strated that 0.4% of handlers were seropositive (Sotir and others 1997).
One of those seropositive workers demonstrated waning antibody titer
over time; none developed any clinical manifestations of infection.

There are no postexposure-prophylaxis guidelines available for SIV,
nor is there any known effective prophylactic treatment. The only
postexposure-prophylaxis guidelines available for retrovirus exposures
are for occupational exposures to HIV (CDC 2001c). The HIV guidelines
advise the use of nucleoside reverse transcriptase inhibitors, sometimes
in combination with a protease inhibitor.  Treatment recommendations
depend on the results of assessment of the circumstances of the exposure
and on source and exposure factors.  Factors to be considered include the
type of exposure (percutaneous versus mucous membrane), type and
amount of fluid (blood versus other fluids), infectious state of the source
(stage of disease, viral load, and antiviral-treatment status), and suscepti-
bility of the exposed person.  However, postexposure prophylaxis for SIV
exposures may be different because SIV may not have the same suscepti-
bility to prophylaxis. The most recent guidance from the CDC HIV and
Retrovirology Branch for SIV exposures is to consider two-drug treat-
ment with nucleoside reverse transcriptase inhibitors after HIV exposure
(CDC 2001c).  Examples would include a 4-week treatment course with
zidovudine and lamivudine or lamivudine and stavudine, depending on
viral susceptibility.  Initial medical assessment should include baseline
serology, baseline complete blood count, chemistry panel, and pregnancy
testing when appropriate.  Follow-up medical assessment should include
repeat clinical examination every 1-2 weeks during treatment.  Serology
should be assessed 6 weeks, 3 months, and 6 months after exposure (CDC-
NIH 1999).
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OTHER RETROVIRUSES

Simian foamy virus, simian T-lymphotropic virus, and simian D
retrovirus infections are also studied in nonhuman primates.  Handlers
may be exposed to these retroviruses through contact with infected mate-
rials or injuries.  Simian foamy virus infections have been documented
among primate handlers (CDC 1997; Heneine and others 1998; Sandstrom
and others 2000).  Absence of documented secondary transmissions to
close contacts or through the blood supply suggests that humans may be
a dead-end host for this infection (Callahan and others 1999; Winkler and
others 2000).  Simian D retrovirus infection was also recently documented
among nonhuman-primate handlers (Lerche and others 2001).  In nonhu-
man primates, infection with these viruses has been associated with im-
munodeficiency syndromes and lymphoproliferative disorders.

RECOMBINANT-VACCINIA RESEARCH

Recent vaccine research has used live recombinant-vaccinia virus en-
gineered to express antigens of herpesvirus, hepatitis B, rabies, influenza,
and HIV among others (CDC 2001b).  Recombinant-vaccinia research has
led to great advances in the development of vaccines, including the devel-
opment of an oral rabies vaccine for animals.  However, a recent report of
a human infection caused by a recombinant-vaccinia rabies virus
(Rupprecht and others 2001) has raised concerns about the adequacy of
health and safety recommendations for animal handlers who may be car-
ing for nonhuman primates infected with vaccinia virus.  The issue of
vaccination of laboratory animal handlers has been re-examined, and re-
vised guidelines are now available (CDC 2001b). The guidelines recom-
mend that laboratory animal workers be vaccinated for vaccinia if they
handle cultures or animals contaminated or infected with vaccinia virus,
recombinant-vaccinia virus vectored vaccines, or other orthopoxviruses
that infect humans (for example, monkeypox and cowpox).  The special
case of variola (smallpox) virus will not be described here.
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