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Preface

In 1981 and 1983, the National Research Council published two reports on
chemical safety in the laboratory: Prudent Practices for Handling Hazardous
Chemicals in Laboratories and Prudent Practices for Disposal of Chemicalsfrom
Laboratories [93,94]. In November 1983, a planning committee of the National
Research Council was convened under the chairmanship of Thomas Weller to
consider the need for a document that would deal in a similar way with biological
safety in the laboratory. The committee concluded that such a document would be
timely and recommended the formation of a working committee to produce it.

The Committee on Hazardous Biological Substances in the Laboratory was
organized in the fall of 1985. It was presented with a broad charge, namely, to
prepare a report dealing with the following aspects of hazardous biological mate-
rials:

1. Definition of laboratory safety problems with hazardous biological materi-
als.

2. Guidelines for physical facilities, equipment, and work practices.
3. Procedures for identifying hazards and establishing conditions for any

operation involving hazardous biological materials.
4. Guidelines for waste disposal, including incinerating, venting, and dis-

charging to sewer systems.
5. Guidelines for all aspects of an effective safety program including medical

surveillance, compliance with regulations, and recordkeeping.
6. A plan for obtaining consensus on and implementation of the guidelines.

The committee first met in January 1986 and decided to restrict the scope of
the report to the safe handling and disposal of agents hazardous to humans; strict
animal pathogens and strict plant pathogens were considered to be of interest to
different, specialized audiences, and better dealt with in other publications. It was
also decided to deal only briefly with such hazardous biological products as toxins
and immunoactive substances.

During the period in which this report was being planned and written, a
number of excellent books appeared dealing with various aspects of biosafety in
the laboratory (see, for example, references 4, 83, and 149). Although the present
report overlaps many sections of these books, the committee felt that the need still

vii
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existed for a consensus, peer-reviewed document, produced under the imprimatur
of the NRC, that could serve as a general set of guidelines for the safe handling
and disposal of infectious materials in the laboratory. This book represents the
committee's efforts to produce such a document, with the able support of the
National Research Council's staff: n particular, we wish to thank William Spin-
del, Robert M. Simon, and Bennett L. Elisberg for their expert assistance. We also
wish to acknowledge the contributions of the 30 or more reviewers, representing
every type of microbiological laboratory, whose thoughtful and constructive
comments formed the basis of many changes in the final draft of this book.

EDWARD A. ADELBERG, Chairman
Committee on Hazardous Biological
Substances in the Laboratory
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1

Introduction, Overview, and
Recommendations

A. INTRODUCTION sicians', veterinarians', and dentists' laboratories;teaching laboratories; blood banks; and analytical

This book is about the safe handling and disposal laboratories that handle potentially infectious materi-
of hazardous biological materials in the laboratory. als (e.g., clinical, diagnostic, and food laboratories).
These materials consist of infectious agents, per se, We have included a sezction on biosafety in large-
as well as substances actually or potentially contami- scale ptoduction facilities, because laboratory work-
nated with them. ers are often involved in the scale-up of benchtop

A large number of laboratory workers handle such operations to the pilot plant level.
materials as part of their daily routine. The number We have restricted ourselves to agents infectious
has been estimated to be about 500,000 in the United to humans: strictly animal and plant pathogens are
States, but that number is probably a gross underesti- not addressed, although many of the practices rec-
mate. The persons at risk are primarily the labora- ommended here are useful in the prevention of their
tory workers themselves, but the risks may extend to spread. We deal only briefly with the hazards associ-
others: students, custodial and maintenance workers ated with biological products (e.g., toxins and immu-
who must enter laboratories, handlers of shipped noactive materials), and we have chosen not to in-
materials, sanitation workers, and all who work in or clude the subject of recombinant DNA, given its
pass through building areas adjacent to the labora- extensive coverage elsewhere r134,1361 and the fact
tory. that the hazard presented by an organism is not re-

For the purposes of this book, the term "risk" lated to the use of recombinant technology in its
refers to the probability of acquiring an occupa- production but rather to the relative pathogenicity of
tional infection, rather than to the severity of the the donor organism, the nature of the vector, and the
resulting disease. Such risk is actually much lower hardiness of the recipient (host) organism. We do
than it is popularly perceived to be: the great major- not deal in this book with problems specific to hospi-
ity of organisms handled in the laboratory are either tal wards, to nosocomial infections, or to environ-
not known to be hazardous or are of minimal poten- mental situations such as the presence of legionellas
tial hazard to laboratory personnel; in any case the in water tanks.
risk of exposure can be reduced to a very low level This book is designed to serve as an introductory
by the use of the simple, prudent practices described guide to biological safety in the laboratory; the prin-
in this book. Furthermore, there is little or no risk to ciples and practices described, however, are general
the community at laige: disease outbreaks in the ones, and the readers must decide how best to apply
United States attributable to the escape of infectious them in their own circumstances. Specific applica-
agents, either from laboratories or from waste dis- tions will vary with such factors as the design of the
posal sites, have been extremely rare. local facility and equipment, the procedures in use,

The general concepts set forth in this book apply the nature of the potential exposure, and the workers'
to many types of laboratories: academic, industrial, susceptibility.
and governmental research laboratories; hospital, phy- Our text is addressed to all who are responsible
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for the safety of other, including the chief executive Chapter 2. Descriptive Epidemiology of
officer of the institution, departmental chairpersons Occupational Infections of Laboratory
and maiae.rs, project directors, and laboratory su- Workers
pervisors; it is also addressed to the individual labo-
ratory workers, who share the responsibility for their To determine the rate of occupationally related
own safety as well as the safety of those around intections among iaboratory workers, it is necessary
them. to know both the number of actual infections over a

Although we have tried to be comprehensive in given period of time and the number of persons who
our treatment of the general principles of biological are at risk. As discussed in this chapter, neither
safety in the laboratory, we have dealt only briefly figure is known; however, the data presented here
with specific practices that are fully treated else- give some qualitative appreciation of risk and group
where. A list of pertinent references is provided, and pathogens into high-risk and low-risk categories.
the reader is urged to consult them for a more com- Thus, from the beginning of the twentieth century
plete treatment of the subject. In particular, labora- until the present, the "top five" (highest-risk) organ-
tory workers who come into contact with human isms handled in laboratories have been the agents of
blood, body fluids, or tissue should pay special atten- brucellosis, Q fever, typhoid fever, viral hepatitis,
tion to -he practices described in the proposed guide- and tuberculosis; organisms in the category of lowest
lines on "Protection of Laboratory Workers from risk have included rabies virus, Creutzfeldt-Jakob
Infectious Disease Transmitted by Blood and Tis- agent, Vibrio cholerae, Clostridium tetani, C. botu-
sues," published by the National Committee for Clini- linum, and HIV. These rank orders are changing,
cal Laboratory Standards [901, and the Centers for however, with changes in the prevalence of the mi-
Disease Control publication, "Recommendations for croorganisms in the general population, and in the
Prevention of HIV Transmission in Health-Care frequency with which they are handled in the labora-
Workers" 134]. tory.

Finally, we call the reader's attention to Appen-
dix A, which reprints in its entirety the Centers for Chapter 3. Safe Handling of Infectious
Disease Control (CDC)/National Institutes of Health Apts
(NIH) publication entitled Biosafety in Microbiologi- Agents
cal and Biomedical Laboratories, published in 1984; The material in this chapter falls into two catego-
Appendix B, the 1988 "Agent Summary Statement ries. The first category, comprising Sections A through
for Human Immunodeficiency Viruses (HIVs)," the E, deals with the biological materials that may be
etiologic agent of AIDS; and Appendix C, "Recom- hazardous:
mendations for Prevention of HIV Transmission in
Health-Care Settings" from the Morbidity and Mor- • ognic mingaiss;
tality Weekly Report of the CDC. Together, these - vertebrate animals and insects;
documents provide guidance for the handling of most - cell cultures; and
infectious agents that pose significant risks in the • ecrs and
laboratory. • necropsy and surgical specimens.

In each case, there is a discussion of the special
precautions that should be taken in handling the or-
ganism or the infectious material.

B. OVERVIEW The second category, comprising Sections F
through K, deals with the general procedures and

The remainder of this book is divided into four equipment that make it possible to handle biohaz-
chapters: Chapter 2 deals with the epidemiology of ardous materials safely. Section F, "Good Labora-
laboratory-acquired infections; Chapter 3 with the tory Practices," lists seven basic rules of biosafety;
safe handling of infectious materials; Chapter 4 with these are reprinted in the set of recommendations at
the safe disposal of infectious materials; and, Chap- the end of this chapter (Section C.3).
ter 5 with safety management. Following is a brief The same good laboratory practices are recom-
overview of these chapters. mended for persons working with plant-specific pa-
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thogens, animal-specific pathogens, and other viable Mihed waste, which contains infectious agents and
microorganisms not associated with human disease. radioactive or chemically hazardous materials, re-

The remaining sections deal with the following quires special processing.
topics: The primary responsibility for the safe handling

- transportation and shipment of biomedical and disposal of infectious waste lies with the labora-

materials, tory that generates the waste, but waste haulers and

" labeling of specimens, managers of treatment facilities and sanitary landfills

" prevention of aerosol and droplet generation, also share in the responsibility.

" containment equipment,
" personnel protective equipment, Chapter 5. Safety Management
" biosafety in large-scale production, and This chapter outlines the administrative responsi-
" small-volume clinical laboratories. bilities associated with biosafety in the laboratory

Once again it must be emphasized that the prin- and recommends some general practices for dealing
ciples and practices described in this book are general with them. As described here, an effective safety
ones, and the readers must decide how best to apply management program includes the following:
them under their own special circumstances. -clear goals,

- well-defined responsibilities,
- mandatory safety rules,

Chapter 4. Safe Disposal of Infectious • written safety plans,
Laboratory Waste * safety committees,

* effective safety communications,
In the United States, biological laboratory waste - emergecy rpaenssian

presents an occupational, rather than a public health, * emergency preparedness, and

hazard. For the reasons discussed in this chapter, - auditing of laboratory operations.
outbreaks of infectious disease attributable to such Also, as discussed in this chapter, every institu-
waste have not occurred or are extremely rare as a tion or laboratory should have a biosafety manual
result of highly effective sanitation measures. These that addresses the following topics:
measures include physical barriers in the form of * policy and goals,
well-constructed drains, sewers, and refuse contain- * safety organization,
ers, along with properly constructed and operated • medical programs,
sewage treatment plants, sanitary landfills, and mu- * laboratory procedures for labeling and han-
nicipal incinerators. Thus the public's health is pro- dling specimens, preventing aerosol and droplet
tected even if infectious waste is introduced untreated generation, properly using needles, discarding
into a municipal sewage treatment facility, a sanitary materials, steam autoclaving and disinfecting,
landfill, or a solid waste incinerator, cleaning-up of spills, using and maintaining safety

The potential for exposure to infectious agents cabinets, controlling insects and other pests, and
does exist, however, for workers who generate, handle, cabint c nolse
and process biological laboratory waste. These work- w safety equipment,
ers can be protected effectively from exposure by a - waste disposal, and
number of simple procedures, of which the principal * emergencies.
ones are as follows:

The above outlines for a safety plan and a bio-* segregation of infectious from noninfectious sft aulcnsrea og hcls o
waste; safety manual can serve as a rough checklist for

- on-site treatment, including chemical decon- those who are responsible for day-to-day safety in

tamination, use of the steam autoclave or incinera- the laboratory.
tor, and appropriate packaging for transport; and Chapter 5 also deals with the proper design, op-t personal protection, in the form of protective eration and maintenance of facilities; safety training;
clothing, gloves, and handwashing risk assessment; record keeping; medical surveillance;

and regulation and accreditation.

! ! l l1
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C. RECOMMENDATIONS 2. Serum Bank

On the basis of the consideratons discussed in The establishment of a serum bank should be
this report, the committee recommends the following considered for employees, depending upon the job
actions; they are presented in the order in which they situation and management policy. Specimens should
appear in the text: be collected at the time of employment and others

taken periodically thereafter. (See Chapter 3, Sec-
tion B, and Chapter 5, Section D.)

1. Immunization

Employees handling clinical specimens or infec- 3. Avoiding Exposure to Infectious Agents
tious agents should be immunized with the vaccines The following seven laboratory practices should
required for admission to elementary school, or have be observed at all times.
documented immunity. Personnel working with
blood, serum, or other body fluids should be immu- a Do not mouth pipette (Figure 1.1).
nized against hepatitis B. Immunizations with other • Manipulate infectious fluids carefully to
available vaccines, including experimental products, avoid spills and the production of aerosols and
should be considered on an individual basis. (See droplets (Figure 1.2).
Chapter 3, Sections B and E, and Chapter 5, Section • Restrict the use of needles and syringes to
D.) those procedures for which there are no alterna-

FIGURE 1.1 Do not mouth pipette. Regrettably, many laboratory workers have been taught to pipette by mouth, a practice
that has led to a significant number of laboratory-acquired infections. These individuals should be required to give up the old
practice and to learn to use the pipetting aids that are now available for any application. Any device requiring mouth suction
should be considered unsafe and inappropriate for use in the biological laboratory. Courtesy, John H. Richardson.
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tives; use needles, syringes, and other "sharps" In working with specific etiologic agents, the NIH/
carefully to avoid self-inoculation; and dispose of CDC guidelines reprinted in Appendix A should be
"sharps" in leak- and puncture-resistant contain- followed. (See Chapter 3, Section F.)
ers.

" Use protective laboratory coats and gloves. 4. Transportation and Shipment of
" Wash hands following all laboratory activi- 4peTrans

ties, following the removal of gloves, and immedi- Specimens
ately following contact with infectious materials All shipments of biological materials, cell cul-
(Figure 1.3). tures, and infectious agents should be made in accor-

* Decontaminate work surfaces before and dance with the applicable regulations of the U.S.
after use, and immediately after spills (Figure 1.4). Public Health Service, the U.S. Department of Trans-
. Do not eat, drink, store foods, or smoke in portation, the U.S. Department of Agriculture, and

the laboratory. the U.S. Postal Service. (See Chapter 3, Section G.)

FIGURE 1.2 Manipulate infectious fluids carefully to FIGURE 1.3 Wash hands following all laboratory activi-
avoid spills and the production of aerosols and droplets. This ties, following the removal of gloves, and immediately
photomicrograph shows the copious production of aerosols following contact with infectious agents. Courtesy, John H.
and droplets when the last drop in a pipette is blown out. Richardson.
Enough material can be aerosolized by such practices to
create an infectious dose of some agents. Courtesy, Nation-
al Institutes of Health.
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:low

FIGURE 1.4 Decontaminate work surfaces before and after use, and immediately after spills. Courtesy, National Institutes
of Health.

5. Labeling of Specimens sponsibility to ensure that their waste is safely handled
from "cradle to grave." Treatment and disposal ofAciicndadled cime n ul eer or n infectious waste by conventional methods such as

tetibaspedia haled wring whbelsee o -n solid waste incineration, sanitary landfills, and sew-they bear special hazard warning labels. (See Chap- agtrtetplnsredquetoroctheu-
ter 3, Section H.) age treatment plants are adequate to protect the pub-lic's health. The risk of occupationally acquired

illness, however, is present for workers who handle
6. Biosafety in Large-Scale Production infectious waste. The following recommendations

are presented to reduce this risk:
The principles and practices described for the

control of biohazards in benchtop operations should • institutions should establish a waste man-
be applied to the propagation of microorganisms in agement plan for the collection, segregation, con-
large-scale production processes. (See Chapter 3, waste;
Section K.) workers involved in the handling of infec-

tious waste should be informed of the potential
hazard and should be proficient in the use of theWaste necessary safeguards for their own protection;

- incineration, the method of choice for the
Just as with chemically hazardous waste, the gen- decontamination of infectious waste, should be

erators of infectious laboratory waste have the re- used whenever possible; and
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- the principles of containment should be ap- the building has been completed but before work
plied tt, all steps in the chain of handling infec- with infectious materials begins. Final construction
tious waste, from generation to disposal. (See (as-built) drawings should always be available for
Chapter 4.) future reference. (See Chapter 5, Section B.)

8. Administrative Organization and 10. Medical Program
Responsibility Laboratories should have a medical program that

The institution should have an overall safety, is targeted to the potential risks and hazards of its op-
occupational health, and environmental protection erations. There should be a regular analysis of the
program that includes biosafety in the laboratory and collected data. Some employees may be found to
provides for compliance with federal, state, and local have personal health conditions that place them at
government regulations. The program should pro- increased risk when performing certain laboratory
vide safety training for all laboratory, maintenance, functions. In such cases, a careful assessment should
and housekeeping personnel, for members of the be made of the potential for exposure; if the exposure
medical staff, and for students who will come into cannot be eliminated or reduced, consideration should
contact with infectious materials in the course of be given to changing jobs ortasks. Employees should
their studies. be informed completely about the potential risks and,

The responsibility for safety in a department or to the extent possible, should be involved in the
other administrative unit lies with its chairperson or decision-making process. (See Chapter 5, Section
supervisor. However, all individuals must accept D.)
responsibility for carrying out their work in a way
that protects them and their fellow workers. Respon- 11. Emergencies
sibility for safety must be clearly defined.

There should be a biosafety manual that sets forth Every laboratory organization has the responsi-
the following: safety policy, goals, and organization; bility to establish a specific emergency plan for its
medical program; laboratory procedures; safety equip- facilities and to be equipped to implement it. The
ment; waste disposal methods; and emergency pro- plan should include the laboratory building as well as
cedures. (See Chapters 4 and 5.) individual laboratories. For the building, the plan

should include evacuation routes, shelter areas, medi-

9. Facilities cal treatment, and procedures for reporting accidents
and emergencies. It should be reinforced by drills

In order to provide an optimum environment for and simulated emergencies, and should include liai-
biohazardous work, facilities must be properly de- son with local emergency groups as well as commu-
signed, constructed, validated, maintained, and used. nity officials. For individual laboratories, the plan
Plans should be reviewed by the appropriate safety should cover such events as spills, fires, equipment
officer before construction begins, and again after failure, and accidents. (See Chapter 5, Section E.)
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Descriptive Epidemiology of
Occupational Infections of

Laboratory Workers

A. INTRODUCTION handle in their daily activities. Published surveys
[28], however, indicate that the number of workers

The precise incidence of occupational infections employed by public health and clinical laboratories
among laboratory workers is not known. During the is substantial, having been estimated at 250,000 in
past century, however, an extensive literature has 1977. A more recent survey conducted in 1983 by
documented that such infections have occurred with the Occupational Safety and Health Administration
regularity and have occasionally resulted in death. (OSHA) [1381 estimated that there are 370,000 em-
The overall mortality rate of reported cases is 4 per- ployees in clinical laboratories, 45,000 employees in
cent [100]. Published reports have dealt largely with federal government laboratories, and 127,000 em-
single cases or outbreaks, retrospective studies, and ployees in academic laboratories. Additionally, the
passively collected anecdotal information. For the number of physicians' office laboratories in which
most part, historical accounts of laboratory-associ- one or more persons are employed may exceed
ated infections have listed only individual cases with 100,000 facilities. Of the combined total of more
no attempt at the difficult task of determining the than 640,000 workers, as many as 500,000 may regu-
size of the populations at risk. Furthermore, there is larly or occasionally work with infectious agents or
no central focus of responsibility or authority in the with blood, serum, urine, or other body fluids or
United States that maintains a comprehensive data tissues that may contain an infectious agent.
base or conducts surveillance of occupational infec- The surveys cited above do nut include all seg-
tions in laboratory workers who regularly or occa- ments of t. general population of laboratory work-
sionally handle microorganisms or viruses. ers at potential risk of occupational exposure to in-

fectious agents or their toxic or sensitizing metabolic
B. THE EPIDEMIOLOGIC TRIAD products. Among the segments inadvertently ex-

cluded are a substantial but unknown number of per-
The components of the epidemiologic triad asso- sons whose duties may involve either regular or oc-

ciated with laboratory-acquired infections are the host, casional handling of infectious materials: e.g., those
the infectious agent, and the environment. Although persons working in animal and avian disease diag-
most of the data relevant to these three factors have nostic or research laboratories, environmental labo-
been collected retrospectively and are incomplete, an ratories, industrial and biologics production labora-
evaluation of the information that is available pro- tories, forensic laboratories, and in laboratory animal
vides some insight into the complexity of the prob- production and care facilities. Consequently, the
lem. estimate of 500,000 workers who may be at risk of

occupational infections probably represents a signifi-

1. The Host cant underestimation of the true number.

Comprehensive and current data are not available
on the demography of laboratory workers (the host)
who risk occupational infection with the agents they Data are also not uniformly available about the

8
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second epidemiologic component, the infectious seven and one-half decades of the twentieth century.
agent. Details about the kinds of infectious agents Viral and rickettsial infections were more frequently
encountered in the various categories of laboratories reported during the latter half of this time period. Of
and the frequency with which such agents are handled the 3921 cases reported, the five most frequently
are unknown. National morbidity data [31] indicate recorded infections in rank order were: brucellosis,
that hepatitis B virus (HBV) infections are wide- Q fever, typhoid fever, viral hepatitis (all types), and
spread in the general population and that a pool of tuberculosis. Most of these diseases were prevalent
new cases and chronic carriers numbering several and important public health problems in our recent
million may exist. For example, 1.0 to 1.5 percent of past, and their etiologic agents were handled com-
all admissions to large urban hospitals are positive monly in clinical and diagnostic laboratories at that
for hepatitis B surface antigen (HBsAg) [451. Al- time.
though blood samples from these patients are poten- While the compilations of laboratory-associated
tially infectious, their identity is usually unknown infections cited above provide a historical perspec-
throughout the hospitalization. These data suggest tive of the hazards of occupational infection, these
that HBV represents the specific infectious agent data are not necessarily indicative of present-day risk
most likely to be transmitted in the clinical labora- of infection. For example, brucellosis, the most fre-
tory occupational setting. quently reported occupational infection, was formerly

a major and widespread disease in human and animal
3. The Environment populations. More than 6000 human cases were

reported in the United States in 1947 [301. As the
The third component of the epidemiologic triad, incidence of brucellosis declined in domestic animal

the laboratory environment, is also poorly defined, reservoirs, there was a corresponding decline in cases
The physical features, including safety equipment in the human population. By 1963, the annual num-
and adequacy of the facility, vary widely. Although ber of cases reported had declined to 407 1431. Of
a number of federal, state, and private sector organi- this number, only one case, a Brucella suis infection,
zations (e.g., Health Care Financing Administration, was specifically identified as being laboratory asso-
OSHA, College of American Pathologists, Joint ciated.
Commission on the Accreditation of Healthcare Or- Sharp decreases have been observed also in the
ganizations, American Association of Blood Banks, annual number of reported cases of typhoid fever. In
and various state agencies) do regulate, license, ac- 1942, there were almost 60(0 cases; in 1952, 2341
credit, or inspect clinical laboratories, there is no cases; and in 1984, 390 cases, of which approxi-
consensus among these various organizations about mately 70 percent were acquired during foreign travel
the standards for laboratories operating under their [30). Similarly, reported cases of tuberculosis de-
respective jurisdictions. There is a current voluntary creased from 121,000 in 1950 to 22,500 in 1984 1301.
national code of laboratory practice [1051 that de- As the incidence of the "top five" diseases has de-
scribes features of a laboratory facility recommended creased in the general population, there has been
for work with infectious agents, but there is no na- generally a corresponding decrease in the number of
tional authority that regulates laboratory operations laboratory specimens received and ex,.mined that
conducted solely on an intrastate basis. contain these agent-. This decrease in numbers of

specimens containing the infectious agents has cer-

C. LABORATORY-ASSOCIATED tainly reduced the probability of occupational expo-

INFECTIONS sure. On the other hand, newly emerging diseases or
newly recognized organisms may increase the risks

1. Infectious Agents Presenting the Highest of infection for laboratory personnel.

Risk Tuberculosis is an interesting example of the lat-
ter situation. The recognition of the existence of

The series of survey summaries of laboratory- species of mycobacteria other than Mycobacterium
associated infections described by Pike in 1976 [1001 tuberculosis, M. bcis, and M. avium has required
indicates that, as a group, bacterial infections were that specimens suspected of containing mycobacteria
the most frequently reported occupationally associ- be subjected to increased laboratory manipulations,
ated infections of laboratory workers during the first in order to recover as well as to identify the organ-
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isms. Such increased manipulations are not without HBV infections has shown a progressive annual in-
inherent risks to laboratory personnel. The recent crease, while in the same period, the number of re-
report of Miller et al. [841 summarizes the collective ported cases of hepatitis A virus (HAV) infection has
experience of several investigators and shows that decreased [311. In 1983, for the first time, the num-
tuberculosis has ranked among the top six causes of ber of HBV cases exceeded those caused by HAV.
laboratory-associated infections for more than 25 While laboratory hazards of HAV infection are re-
years. Fhese published reports probably represent stricted primarily to persons working with experi-
only the "tip-of-the-iceberg" of laboratory-associated mentally or naturally infected chimpanzees, HBV
cases of tuberculosis. For example, the laboratory poses a persistent and continuing hazard to all cate-
tuberculosis consultant at the Centers for Disease gories of laboratory workers handling clinical speci-
Control (CDC) has, at the time of this writing, been mens of human origin. HBV has been demonstrated
asked to assist in 13 investigations of laboratory- in a wide range of body fluids and tissues typical of
associated tuberculous infection, none of which has those received and handled in clinical laboratories.
been published [74]. In these 13 investigations, 72 The number of infectious virus particles may reach
of 275 (26 percent) exposed individuals were found concentrations in excess of 100,000,000 per millili-
to have been infected with tubercle bacilli (i.e., re- ter of blood. Since the early 1970s, when procedures
cent tuberculin conversion); if untreated, 10 percent for the serologic differentiation of HAV and HBV
of these individuals would be expected to develop came into general use, HBV has become the leading
active tuberculosis. The fraction of exposed person- cause of occupationally acquired infection among
nel infected in the different outbreaks ranged from laboratory and health care workers [811. Studies by
19 to 55 percent. Airborne dissemination was sus- Jacobsen and co-workers in Utah demonstrated a
pected in all instances. prevalence of clinical HBV infection in clinical labo-

It has recently been recognized that both acquired ratory personnel that was 14 times greater than that
immunodeficiency syndrome (AIDS) [32,33,119,1221 in the general population, i.e., 0.84 cases/100,000
and intravenous drug abuse [361 may be contributing versus 0.06 cases/100,000, respectively [701. Ele-
factors to the recent increase in morbidity from tu- vated HBV infection rates or incidences of serologic
berculosis. Other factors that are suspected of play- markers were demonstrated in public health labora-
ing a role are the influx of immigrants from Central tory workers in the United Kingdom [641, in clinical
America and the increasing numbers of homeless chemistry workers in Denmark [114], and in small
people. These factors can only cause an increase in rural hospitals [451, as well as in large urban hospi-
the risk of mycobacterial infection for laboratory tals in the United States [66]. Ostcrholm and An-
personnel. Despite excellent published surveys of drews [971 have demonstrated annual infection rates
the frequency of such infections, it appears obvious for HBV and non-A/non-B hepatitis that exceeded
that many cases occur that are not reported in the 10,500 cases/100,000 in the staffs of hospital dialy-
medical literature. sis units, while employees in nundialysis units of

Q fever differs from the other "top five" occupa- these hospitals exhibited a rate of approximately 500
tional infections in that this rickettsial disease has cases/100,000. The ratio of HBV to non-A/non-B
remained a relatively obscure public health problem hepatitis infections was greater than 5 to 1.
of unknown incidence and sporadic distribution. Lauer found HBV antigen or one-third of the
However, Q fever is a proven and continuing hazard surfaces of work areas, equipment, and laboratory
in those few facilities in which work with infected implements sampled in a large, modem medical cen-
animals or human tissues is conducted, or in which ter laboratory [76]. Collins found visible blood on
the agent is propagated. This rickettsial agent is the labels of 17 percent of tubes of blood specimens,
remarkably resistant to dessication and inactivation, and feces on the external surfaces of 6 percent of the
and 10 or fewer organisms may produce infection via containers of the stool samples received at a public
the respiratory route [1421. health laboratory in England. Four to five percent of

Hepatitis of varied etiology continues to be a laboratory services request forms received by an-
community as well as an occupational health hazard other public health laboratory in England were visi-
among certain high-risk groups, including laboratory bly blood stained [42]. Bond et al. demonstrated that
workers. Over the past 15 years, the incidence of HBV remains viable and infectious after being dried
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in serum and held for seven days at ambient labora- ers, shigellosis was the third most frequently recorded

tory environmental conditions of 250C and 42 per- occupational infection, following viral hepatitis and
cent relative humidity [20]. tuberculosis [64].

The primary routes of occupational infection with
HBV, in rank order, are as follows: accidental paren-
teral self-inoculation with infectious fluids (needle 2. Infectious Agents Presenting the Lowest
sticks) [45,81]; exposure of the mucous membranes Risk
of the eyes, nose, or mouth to infectious materials;
and, possibly, contamination of the skin with infec- In contrast to the proven occupationl infection
tious materials. hazard of HBV .nd the other "top five" agents, a

in a joint advisory notice, the U.S. Departments number of infectious agents handled in laboratories
of Labor, and Health and Human Services, have in- have exhibit a consistent history of remarkably
formed employers about the serious occupational low incidence or absence of reported occupational
infection problems of HPV, human immunodefi- infections. Examples ut such agents include rabies
ciency virus (HIV), and other blood-borne diseases virus, Creutzfeldt-Jakob agent (CJA), Vibrio chol-
1139]. In this advisory, federal health officials esti- erae, Clostridium tetani, and HIV. While the conse-
mated that as many as 18,000 health-care workers quences of infection with any of these five agents are
may be infected in a single year with HBV. Of these serious, the cumulative history of laboratory experi-
cases, as many as 12,000 may be occupationally ence attests to the low risk of transmission in the
associated. It was further estimated that nearly 10 laboratory setting.
percent of the cases will become long-term carriers In the almost 100-year history of work with ra-
of the virus, and that more than 200 health care bies virus in diagnostic and research laboratories,
workers may die as the result of the HBV infection or often in the most primitive of facilities and without
associated complications. preexposure immunization of personnel, only two

The evidence is overwhelming that, of all indige- documented cases of laboratory-associated infections
nous pathogens, HBV has the greatest potential for have been recorded. Both cases occurred under con-
transmission within the occupational setting of the ditions involving the manipulation of relatively large
clinical laboratory. This conclusion is based upon quantities of high-titer virus suspensions: one in a
the comparatively high frequency of asymptomatic production facility [27] and the other in a research
carriers, the high titers of virus in blood and other laboratory [29]. Exposure of personnel to aerosols
body fluids, the stability of the virus on work sur- of high-titer virus suspensions was the most plau-
faces and other items in the laboratory, the low infec- sible explanation for each of these two unusual cases.
tious dose, the multiple routes of infection, and the Neither the quantity nor the concentration of the
demonstrated occupational incidence of infection, virus in the materials handled, nor the procedures

An essential consideration in the occupational performed, was typical of the conditions in a diag-
risk assessment of HBV and other infectious agents nostic or clinical laboratory.
for which only Biosafety Level 2 (see Appendix A) Creutzfeldt-Jakob agent, a slow virus causing
practices are recommended is the lack of evidence transmissible viral dementia, is an infectious agent
suggesting that occupational transmission occurs by that can be passed serially from human to human,
means of true infectious aerosols, i.e., inhalation of and from human to susceptible nonhuman primates
respirable particulates typically less than 5 microns or rodents. Extensive experience with CJA and the
in diameter. clinical disease (CD) up until the present time has

While not among the most prevalent occupational indicated that "none of the people in closest contact
infections recorded by Pike (i.e., the "top five") [1001, with patients with CJD (wives, friends, employee
shigellosis is historically and currently a continuing contacts, members of the medical or nursing profes-
occupational risk. The low oral infectious dose (on sions, or paramedical personnel) appears to have a
the order of 100 viabl.; organisms) facilitates trans- higher risk of contracting CJD than does the general
mission in the occupational seuing, as well as in the population. Not a single case of CJD has yet been
general population [1421. In a retrospective study of reported to have occurred in workers most exposed
more than 20,000 British medical laboratory work- to infectious tissues from patients with CJD (neu-
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ropathologists, research scientists, and laboratory tional exposure or any risk behavior linked to HIV
personnel). Thus, despite proven person-to-person infection.
transmissibility of the disease by invasive procedures, Despite the low incidence of transmission in the
the risk of acquiring CJD by any means other than laboratory, the potentially life-threatening conse-
tissue penetration by contaminated materials must be quences of HIV infection mandates that all labora-
very small indeed" [23]. It should be noted that two tory workers who handle blood, body fluids, tissues,
accounts of the occurrence of CJD in laboratory work- or cultures utilize those laboratory practices and per-
crs were recently published, although the causal rela- sonal protective measures identified as "Universal
tionship between the disease and occupational expo- Precautions" by the CDC, which are recommended
sure was not established in either case [85,1131. for the prevention of transmission of HIV and other

While cholera is periodically epidemic in tropical blood-borne diseases [34].
and subtropical countries, only 12 laboratory-associ- Common to each of these infectious agents with a
ated infections have been reported during this cen- demonstrated low risk of occupational infection is
tury [1001. The very high oral dose required for the fact that pri;,,ary occupational infection is associ-
infection, of the order of 100,000,000 viable organ- ated with one of the following exposures: accidental
isms [142], is undoubtedly a major reason for the parenteral inoculation (e.g., needle stick); contami-
small number of laboratory-associated cases. nation of the mucous membranes of the eyes, nose,

Although Pike recorded five laboratory exposures or mouth with infectious droplets (particulates typi-
to toxin of Clostridium tetani produced in vitro [1001, cally greater than 5 microns in diameter); ingestion;
there have been no recorded cases in laboratory work- or penetration of the intact or broken skin by the
ers of occupational infections or intoxications with agent. There is no documented risk of transmission
C. tetani. C. botulinum, or their respective toxins, by means of an infectious aerosol (particulates typi-

Few infectious agents have generated more con- cally less than 5 microns in diameter) generated dur-
cern and anxiety over potential occupational expo- ing the manipulation of clinical materials or of diag-
sure and hazards of infection than has HIV. Active nostic quantities of the agent.
prospective surveillance, however, has shown that
fewer than 1 percent of overt exposures (including
needle sticks) of people attending patients with AIDS 3. Other Infectious Agents
or with other manifestations of HIV infection, have Except for some exotic microbial agents, the oc-
resulted in seroconversion of the exposed individuals cupational risk of infection with virtually any bio-
[351. The majority of those health care workers with logical agent falls between the extremes observed
reported occupationally acquired HIV infection have with the "top five" and the "low-risk" groups of
a history of needle stick exposure to blood of in- infectious agents described above. The recommended
fectcd patients in the clinical setting. As of February facilities, equipment, and microbiological practices
1988, there have been three reported seroconversions necessary for the handling of infectious agents are
in laboratory workers. One of these three cases detailed in Chapter 3 and in Appendix A, which is a
occurred in a medical technologist who spilled blood reprinting of the Centers for Disease Control (CDC)/
from an infected patient on her ungloved hands and National Institutes of Health (NIH) publication, Bio-
forearms while manipulating an apheresis machine safety in Microbiological and Biomedical Laborato-
1351. The other two recorded cases occurred in em- ries [105]. These guidelines should be followed
ployces of large-scale virus production facilities when contemplating work with any potentially infec-
propagating HIV for research or reagent use [36,1431. tious agent. Recommendations for handling HIV, an
One of these two workers had an overt narenteral infectious agent that was identified after the CDC/
exposure to a concentrated virus preparation. The NIH publication, are reproduced in Appendixes B
other worker had no recognized accidental occupa- and C [34,36,38].
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Safe Handling of Infectious
Agents

A. GUIDELINES FOR HANDLING ratory worker, the suitability of the laboratory forAHGDELINE FOR ANLIN S work with highly pathogenic agents, the characteris-
tics and the concentrations of the microbe being

In 1984, the Centers for Disease Control (CDC) handled, and the specific manipulations involved in
and the National Institutes of Health (NIH) jointly its handling.
published a set of guidelines for the safe handling of Studies of infections acquired by personnel work-
pathogenic microorganisms [1051. These guidelines, ing in microbiological laboratories have been carried
developed over a period of several years in consulta- out by several investigators over the past half-,en-
tion with experts in the field, remain the best judg- tury [42,84,101,105,120,121] and have identified a
ments available; they are reproduced here in their number of potential human pathogens that are clearly
entirety, as Appendix A. The reader should consult more frequent causes of laboratory-acquired illnesses
these guidelines in deciding on the appropriate level than are others (see Chapter 2, above). Organisms
of precaution to use in the handling of a particular falling in this category are to be found among vi-
organism. ruses, bacteria, rickettsiae, and fungi. Awareness of

Guidelines for handling agents identified after the those species with a high potential for invading nor-
CDC/NIH publication are published as Agent Sum- mal humans should lead to the use of appropriate
mary Statements in Morbidity and Mortality Weekly precautions to minimize the risk of infection.
Report (MMWR), issued by the CDC. The Agent Among the agents that have been identified in
Summary Statement for human immunodeficiency recent years as posing the greatest risk of infection to
virus (HIV) [36] is reprinted here as Appendix B, laboratory and ancillary personnel of diagnostic labo-
and additional MMWR articles on HIV ("Recom- ratories are the virus of hepatitis B, Mycobacteriwn
mendations for Prevention of HIV Transmission in tuberculosis, and Shigella spp. [60,70,121]. A par-
Health-Care Settings" [34,38]) are reprinted here as tial list of other agents known to pose greater than
Appendix C. average risk to laboratory workers includes Brucella

Throughout this and the following chapters, fre- spp., Salmonella spp., leptospires, Coxiella burnetii,
quent reference is made to Biosafety Levels I through Rickettsia spp., and Coccidioides immitis. The re-
4. These levels are described in the CDC/NIH publi- cently identified virus of AIDS (HIV), on the other
cation (Appendix A). Table A.1 of this appendix hand, poses a low risk of occupational infection to
summarizes the practices, techniques, and safety laboratory workers, except to those working with
equipment prescribed for each level, concentrated virus suspensions [37,1431. The sup-

plement to the CDC/NIH guidelines recommends,
B. ORGANISMS POSING SPECIAL RISKS therefore, that HIVs be handled according to the

standards and special practices of Biosafety Level 2
The risk of acquiring an infection in the labora- or 3, depending on the concentration or quantity of

tory is influenced by many variables. Among these virus or the type of laboratory procedure used (see
factors arc the health and immune status of the labo- Appendix B).

13
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No agent that is a component of the normal or specimens from vertebrate animals, should be cogni-
abnormal microbial flora of man should be regarded zant of the potential for exposure to zoonotic patho-
as lacking totally in pathogenic potential, and all gens and to allergenic animal danders, urine, and
microorganisms should be handled with appropriate saliva.
techniques. With the increase in research in virology A list of zoonotic pathogens and potential animal
in the past half-century, laboratory infections with sources of infection for humans is included in Ap-
viruses have increased relative to those caused by pendix D; the information for this table was derived
bacteria and mycoplasmas. from references 6, 17, 21, 26, 53, and 69. While it is

An important defense against infection with some recognized that many of the agents listed are not
viral agents is immunity induced by vaccination, significant hazards under ordinary laboratory circum-
Whenever a vaccine is available (see Table 5.2), its stances, laboratory staffs should recognize the dan-
use should considered for those at risk of exposure gers of zoonotic pathogens and should realize, for
prior to their handling of the virus in question. Un- example, that protozoan cysts and larval stages of
der certain circumstances, when work with highly certain helminths in fecal material can be infectious
virulent agents is contemplated, it may be necessary [261. Application of the seven basic rules of bio-
to consider the administration of an experimental safety cited in Section F of this chapter will greatly
vaccine. Because of the potential risk of injury to the reduce the risks of infection while handling verte-
fetus from apparent or inapparent viral infection, brate animals or specimens obtained from them (see
special precautions, including temporary reassign- also Section G of this chapter).
ment, may be considered for female personnel who Strong consideration should be given to immu-
are pregnant or are contemplating pregnancy. (See nizing employees with appropriate vaccines against
Chapter 5, Section D.) zoonotic agents, if available (see Table 5.2).

All personnel working with infectious agents Numerous agricultural, veterinary, and human
should have documented evidence of immunization disease research laboratories are involved in the pro-
with the vaccines required by most jurisdictions for duction and maintenance of insects. Insects are also
admission to elementary school, e.g., diphtheria, teta- produced for regulatory and control activities (e.g.,
nus, pertussis, poliomyelitis, measles, mumps, and screwworm control, which involves the release of
rubella. In addition, vact.ines for preventing infec- insects into the environment). The human health
tions with other agents to which they may be ex- hazards of insect production have been recognized
posed, if available, should be offered, and in certain recently. In addition to the hazards associated with
circumstances consideration should be given to mak- insect bites, allergic reactions and respiratory dis-
ing such immunization mandatory. eases may result from contact with, or aerosol expo-

Acceptance of immunization against, or demon- sure to, various insect developmental stages, insect
stration of proven immunity to, hepatitis B virus waste products (e.g., body hairs and feces), ingredi-
should be a precondition for the employment of all ents used in insect diets, or mold spores and bacteria
workers who will be handling human blood or body that contaminate larval diets. Repeated exposure
fluids. If the medical program of the hiring organiza- over a period of months or years may produce respi-
tion includes a serum bank, a sample should be ob- ratory ailments or other manifestations of allergit,
tained at the time of employment and stored in the reactions in susceptible individuals.
frozen state, to provide a baseline for subsequent During the preplacement medical evaluation at
immunologic assays as required (see Chapter 5, Sec- the time of hiring or job assignment, a history of
tion D). allergies to vertebrate animals or insects that the

prospective employee is likely to encounter should
be elicited. After hiring, the periodic monitoringC.AARS FROM VNETEBTE medical examinations should include an evaluation

LABORATORY for the development of allergies (see Chapter 5, Sec-

tion D). The prevalence of allergies among person-
Personnel who work with experimental vertebrate nel who work with or are exposed to vertebrate labo-

animals in the laboratory, or who receive and handle ratory animals has been estimated to be 11 to 30
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percent [14]. Some individuals may become very holding area should adhere to the protocols and the
sensitive to low concentrations of allergens [150,151]. regulations that apply to activities in the vivarium.
More than 300 cases of allergic reactions that proba-
bly resulted from the inhalation of insect-derived D. PRIMARY AND CONTINUOUS CELL
materials have been reported [Il]. More than 40 CULTURES
species (among eight orders) of insects were associ-
ated with work-related allergic symptoms among U.S. Cell cultures, in general, present few biohazards
Department of Agriculture employees working with in the laboratory, as evidenced by their extremely
insects [10]. Insect allergy questionnaires and sur- wide usage and the rare cases of transmitted infec-
veys indicate that respiratory symptoms (e.g., sneez- tions to laboratory personnel. Primary cell cultures
ing, coughing, and chest tightness) and eye and skin initiated with tissues from infected humans or ani-
irritation or skin rash are the major symptoms in mals are recognized hazards. Thus macaques, and
those with complaints of insect allergy [21,146]. possibly other Old World monkeys, may have latent
Inhalation of airborne material was reported as the Herpesvirus simiae (B-virus) infections and present
mechanism most frequently responsible for allergic a hazard to personnel handling these animals and
symptoms in persons working in insect-rearing fa- their tissues. At least 24 documented cases of infec-
cilities [21,146]. tions of laboratory workers handling primary cell

Most insect-related health problems develop after culture tissues (e.g., primary rhesus monk.ey kidney
repeated exposure, and severity often increases with cells) have occurred in the past 30 years [46]. A
continued exposure. Sensitivity and susceptibility particularly noteworthy instance of the laboratory
vary greatly among individuals. The allergic symp- infection of a rumt)er of workers by an adventitious
toms of conjunctivitis, rhinitis, sinusitis, asthma, or agent from monkeys occurred in 1967 in Marburg
pruritus and dermatitis can develop in from less than aad Frankfurt, Germany, and in Yugoslavia. Labo-
one year to many years after initial exposure. Whether ratory workers handling tissues and cell cultures from
or not people with allergies are more likely to de- African green monkeys developed an acute febrile
velop additional allergies to animal products is con- illness. Seven deaths occurred among 31 documented
troversial. Precluding al'-rgic individuals from cases due to a previously unknown virus, subse-
employment does not eliminate the problem, since quently named Marburg virus. It has not occurred in
nonallergic individuals also can become sensitized. laboratory workers since those incidents [1151. Tis-

Reducing contamination levels and reducing ex- sues from mice infected with lymphocytic chorio-
posure are the best preventive measures. This may meningitis (LCM) virus or from chickens carrying
be accomplished by engineering controls such as Newcastle Disease virus (NDV) also present poten-
filtration and directional control of airflow, or by the tial hazards, but such laboratory infections have not
use of filter-top cages and directional airflow racks been reported. Clearly, primary cell cultures pre-
to prevent the allergens from reaching the worker. pared from humans infected with hazardous agents
The selection, design, and utilization of such equip- (e.g., HIV) present danger of infection, and such
ment are the most important steps in controlling res- tissues must be handled with the precautions required
piratory hazards. Respirators should be used only of the known or suspected infectious agent (see Ap-
for temporary or intermittent work, such as during pendix A).
maintenance work on the ventilation equipment, and Continuous cell cultures present no real docu-
should not be relied upon as a permanent solution mented risk in the laboratory unless they are care-
[1511. It may be appropriate for vertebrate animal lessly contaminated with an infectious agent. All
caretakers, insect production workers, laboratory continuous cell lines should be regularly monitored
personnel, and others who work with animals or who for contamination with infectious agents, and it should
enter the animal holding areas to wear gloves, eye be emphasized that all nutrient media or other rea-
protection, and a mask covering the nose and mouth. gents that may contain ingredients of biologic origin
It is good practice to change from street clothing to must be treated as though they contain potentially
laboratory garb. All persons who enter the animal infectious agents.
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transferred to the mortician or incinerated, and forSURGICAL SPECIMENS surgically removed tissue. For an autopsy, the pro-

sector (generally a pathologist) is responsible for
1. Introduction biosafety. It is beyond the scope of this publication

to discuss autopsy biosafety in detail, but some ma-
Necropsy and surgical pathology expose health jor points are considered below.

care workers to various infectious agents that may be
in human tissues or associated body fluids. Proper
handling can minimize the risk of infection. Because 2. Necropsy
the consequences of infection are grave, agents of
principal concern are hepatitis B virus (HBV), hu- a. Routine Necropsies
man immunodeficiency virus (HIV), Creutzfeldt- Because of the high incidence of asymptomatic
Jakob agent (CJA), and M. tuberculos*S, althogh a carriers of HBV and HIV in hospital or foresic
number of other infectious agents, including viruses, autopsies, all cases should be considered potentially
rickettsiae, bacteria, fungi, and parasites, pose poten- infectious and the necropsy performed carefully. Care
tial risks. The principal means of acquiring infec- should be taken to minimize chances of needle sticks.
tions when performing anatomic examinations are
through breaks in the skin caused by needle punc- cuts, or abrasions. Risk of contamination of mucous

tures, cuts, or severe dermatitis, by contamination of membranes should be decreased by wearing safety

mucous membranes, and by inhalation. The risk of goggles and a surgical mask, or a face shield.

infection is decreased by preventing breaks in the
body surfaces, preventing the formation of droplets b. Necropsies on Bodies Known to Be Infected
that might contaminate surface breaks or mucous Bodies for necropsy should be appropriately la-
membranes, inserting barriers such as rubber gloves, beled if they are known to be infected with such
goggles, and masks between the infectious hazard aent a known t ube culois. Thand he otetialsit ofentr, ad peveningthe agents as HBV, CJA, HIV, or M. tuberculosis. The
and the potential site of entry, and preventing te medical record should also indicate the diagnosis.
generation of aerosols. Before beginning a dissection, it may be helpful to

Fresh tissue may be infected with agents such as discuss the case with the clinician to clarify the ex-
HBV or HIV even if there is no history of such t easith teqciniia topclaiteexinfection. Those who perform autopsies or handle tent of examination required. Autopsy assistants

should be informed of the nature of the clinical diag-fresh tissue or blood on a regular basis should have nosis so that special disinfectants, such as sodium
immunity to Het. hypochlorite solution (household bleach diluted 1:100

To date, in the United States there are few recomn- in tap water), can be prepared prior to beginning the
mendations for biosafety in necropsy and surgical dissection.
pathology (9,79,90], although such have been pro- In addition to the prosector and autopsy assistant,
posed in Great Britain [471. Recommendations have it is helpful to have a "circulating" assistant who
been developed for Creutzfeldt-Jakob disease (CJD) remains "uncontaminated," thus preventing contami-
[1091, and a number of publications have helped to nation of telephones, cameras, drawer pulls, cultures,
define the risks associated with this agent [9,24,55,56]. papers, and other items by those doing the dissection,
The National Committee for Clinical Laboratory Stan- and confining the contamination to the necropsy table
dards (NCCLS) has published proposed guidelines, areac
entitled Protection of Laboratory Workers from In- re
fectious Disease Transmitted by Blood and Tissue, Protective clothing should include the following:
that include necropsy and tissue handling recom- • a scrub suit covered with a long-sleeved gown
mendations [90]. Independently, a committee of the or a long-sleeved coverall suit plus an impervious
College of American Pathologists is developing rec- apron;
ommendations for necropsy and surgical pathology. * impervious shoe covers;

In a given institution, there should be a clear defi- • head covering;
nition of the responsibility for biosafety in the han- * goggles or eyeglasses to prevent conjunctival
dling of a body from the time of death until it is contamination;
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- face mask to decrease risk of droplet con- agent. Tags on the body should note the infectious
tamination of mucous membranes, or inhalation hazard. The body should then be placed in a plastic
of aerosols; and bag, which is also labeled with the appropriate haz-

* double gloves (preferably including one pair ard warning (e.g., "Blood and Body Fluid Precau-
of heavy-duty gloves). tions"). In addition to labels on the body, the morti-

cian should be notified specifically of the infection
In performing the autopsy, it may be helpful to hazard. As discussed below in Section F of this

cover rib ends with towels to decrease risk of cuts. chapter, however, the use of special hazard warning
Dissection in the body should be limited to one pro- labels should not lead to the misconception that other
sector at a time. Use of scissors when possible will bodies are not potentially infectious.
decrease the risks of cuts. Production of droplets and When finished, prosectors and autopsy assistants
aerosols should be minimized. Use of a Stryker saw should remove protective clothing in the autopsy
to open the skull or to cut bone is controversial room and place it in appropriate containers for incin-
beczusz of the pontia! for generation of droplets eration or transport to the isolation laundry, and sb",ld
and aerosols. Some authorities advocate using a then shower. Soiled disposable items should be placed
hand saw, whereas others recommend using the in biohazard bags for incineration. Soiled linens
Stryker saw with a HEPA-filtered vacuum attach- should be double-bagged in durable, labeled isola-
ment or covering the equipment with a wet towel. tion bags and handled in the same manner as hospital
The saw and aerosol control apparatus should be isolation linen.
adequately disinfected after use. In cases of CJD, Tissues that are to be saved should be placed in
there should be special care not to cut the brain. A formalin (1 part tissue to 10 parts formalin) and
new technique for the removal of the brain from should be cut thin enough (<2 cm thickness) to en-
cases of AIDS at autopsy has been developed in sure penetration. Fixation in 10 percent formalin
which the sawing is done inside a plastic bag [78,791. will inactivate most infectious agents; mycobacteria
The British Committee on Dangerous Pathogens has and CJA are exceptions (see below).
suggested performing limited postmortem examina- Instruments should be autoclaved or soaked in a
tions with discrete tissue sampling for most AIDS 1:100 dilution of household bleach, or other appro-
cases [1]. priate disinfectant, for 30 minutes to 1 hour. Only

Any spills of blood or body fluid should be cleaned stainless steel can be placed in hypochlorite solution.
immediately with a solution of household bleach di- The table and the floor around the table should be
luted 1:100 in tap water. cleaned with a 1:100 dilution of household bleach, or

Specimens for culture or other clinical laboratory with a germicide approved (by FDA) for use as a
examinations should be handled in the same fashion "hospital disinfectant" that is also tuberculocidal. If
as in patient care areas, with care being taken not to a mop is used, it should be autoclaved.
contaminate the outside of the container. Creutzfeldt-Jakob agent is particularly resistant

Disposable syringes and needles and knives should to killing, requiring autoclaving at 121°C for at least
be placed in a leak- and puncture-resistant container 30 minutes; it can survive in 10 percent fo'malin for
for subsequent disposal. many months [9,56]. Paraffin blocks may therefore

If persons are cut or punctured while dissecting or contain infectious CJA. CJA is usually inactivated
handling tissues or body fluids, the wound should be by household bleach at 0.5 to 5 percent concentra-
encouraged to bleed, flushed with abundant water, tions, with the higher concentration being more ef-
and treated with an antiseptic such as povidone- fective but also more corrosive [241. The agent is
iodine. The accident should be reported to the appro- most susceptible to IN NaOH. Contaminated mate-
priate persons such as the safety officer, employee rial should be autoclaved as above, inactivated with
health director, or laboratory supervisor, depending one of the chemicals cited above, or incinerated. It
on the institutional requirements. has recently been noted that formalin-fixed brain

At completion of the autopsy, the body should be tissue can be autoclaved to inactivate CIA and then
packed with absorbent material to prevent seepage of processed for histologic sections [801.
liquids and should be washed with a 1:100 dilution HIV and HBV are readily inactivated by a variety
of household bleach or other appropriate disinfecting of agents, including formalin, hypochlorite, and io-
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dine-based disinfectants. Special care should be ex- cant element to be derived from these reports is that
ercised when performing autopsies on patients who the exact source or cause of the infection could be
died of infections with these agents. documented in fewer than 20 percent of the cases.

Mycobacteriwn tuberculosis is moderately resis- This finding provides strong evidence that exposures
tant to 10 percent formalin, requiring prolonged ex- and consequent infection occur not as the result of
posure for complete killing [110]; formalin-fixed tis- overt accidents but during the performance of routine
sue from recent cases may therefore be infective, procedures.
The usual route of infection is the inhalation of aero-
sols generated during necropsy, or the trimming of 2. Routes of Exposure
tissue for histologic processing. Occasionally, the
organism is introduced into a cut ("prosector's wart"). The nature of infective contaminants dispersed

during the performance of any laboratory procedure
is a direct function of the amount of energy applied

3. Surgical Pathology during the procedure. Low-energy procedures (e.g.,
The hazards of surgical pathology are similar to removal of screw caps and pouring of liquid me-

those of autopsy. Many tissues have been fixed in dium) principally yield droplets that are dispersed
formalin when received and are thus not infectious, onto body and work surfaces. Exposure of personnel
with the exceptions noted above. Such tissues are in these instances occurs usually through breaks in
best disposed of by incineration, more for aesthetic the skin surface caused by cuts, scratches, and other
reasons than those related to biohazard. cutaneous lesions, or by ingestion of infectious mate-

Cryostats used for frozen sections present a par- rial transferred to the mouth by hands or objects. On
ticular problem [123]. The operator should wear the other hand, procedures involving application of
gloves, gown, and mask when cutting the section, large amounts of energy, such as homogenization
whether or not the patient is known to have a disease and centrifugation, have the potential for generating
transmitted by blood or tissue. In addition, the cry- respirable aerosols. It should be recognized that a
ostat should be disinfected periodically (at least large number of procedures may result in the genera-
weekly). If it is known that the patient has an infec- tion of a mixture of droplets and aerosols with the
tion that represents a hazard such as AIDS or tuber- result that exposure by more than one route is pos-
culosis, frozen sections should be prepared only when sible.
absolutely necessary. The cryostat should be disin- While it has been typical to focus on respirable
fected with an appropriate disinfectant as soon as aerosols as the primary source of infection for labo-
possible after the sections have been cut, to remove ratory personnel, it is essential that other routes of
contaminated tissue fragments and to decontaminate exposure be considered: contact, oral, ocular, and
surfaces. inoculation.

All human anatomical waste and cadavers should
be disposed of by Larial or incineration. The incin-
erator must be appropriately designed for handling
anatomical laboratory waste. Cadavers containing The control of potential exposure by the contact
radioactive isotopes or antineoplastic drugs require route requires that procedures be conducted in a
special handling during autopsy and for disposal (see manner that avoids contamination of body or work
Chapter 4). surfaces. This is accomplished through the use of

gloves and other personal protective clothing, pro-

F. GOOD LAB "ORATORY PRACTICES tection of work surfaces with appropriate absorbent
disposable covering, use of care in the performance

1. Introduction of procedures, and cleaning and disinfecting work
surfaces. Procedures that can result in the generation

A number of reports and studies [8,15,40,67, of droplets include decanting of liquids, pipetting,
68,77,84,96,101] attest to the potential for occupa- removal of screw caps, vortex mixing of unsealed
tionally acquired infection by laboratory personnel containers, streaking inocula on agar surfaces, and
working directly with microbial agents. The signifi- inoculation of animals.
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It should be recognized also that dispersal of con-
taminants to other surfaces can occur by their trans-
fer on the gloves of the laboratory worker, by the Several procedures have the potential for generat-
placement of contaminated equipment or laboratory ing respirable aerosols. Included are sonication,
ware, and by the improper packaging of contami- homogenization, centrifugation, vigorous discharge
nated waste. of fluids from pipettes, heating inoculating loops,

opening lyophilized preparations, and changing of
the litter in animal cages (see Chapter 3, Section 1).

b. Oral Route

A number of procedures carried out in the labora- 3. Prevention of Exposure
tory and animal facility offer the potential for either The time-honorex approach for the safe handling
direct or indirect exposure by the oral route. The of iafectious agents involves the use of a combina-
procedure that offers the greatest potential for expo- tion of strategies. This is accomplished by
sure by ingestion is mouth pipetting. Ciearly, such
exposures are completely avoidable through the use * controlling the hazardous material at the
of mechanical pipetting devices. Indirect oral expo- source to prevent release into the workplace,
sures can be avoided through the use of the personal • minimizing accidental release of the mate-
hygienic practice of regular hand washing, and by rial, and
not placing any objects, including fingers, into the • protecting the worker against contact with
mouth. The wearing of a surgical mask or face the material.
shield will serve to protect the worker against the However, the safe conduct of work with infec-
splashing of infectious material into the mouth. tious material is primarily dependent upon the appli-

cation of good laboratory practices by the laboratory
worker (see below).

c. Ocular Route

The wearing of a face shield, safety glasses, or 4. The Seven Basic Rules of Biosafety
goggles will protect the worker against splashing The most common means of exposure can be
infectious material into the eyes. essentially eliminated as occupational hazards by

following the seven basic rules of biosafety:

d. Inoculation Route - Do not mouth pipette.

The single procedure that presents the greatest * Manipulate infectious fluids carefully to
risk of exposure through inoculation is the use of a avoid spills and the production of aerosols and
needle and syringe. These are used principally for droplets.
the transfer of materials from diaphragm-stoppered * Restrict the use of needles and syringes to
containers and for the inuculation of animals. Their those procedures for which there are no alterna-
use in the transfer of materials from diaphragm-stop- tives; use needles, syringes, and other "sharps"
pered containers can, in addition, result in the disper- carefully to avoid self-inoculation; and dispose of
sal of infectious material onto surfaces and into the "sharps" in leak- and puncture-resistant contain-
air. Depending upon the route of inoculation of ers.
animals, the use of a needle and syringe may also * Use protective laboratory coats and gloves.
result in the contamination of their body surfaces. • Wash hands following all laboratory activi-
Because of the imminent hazard of self-inoculation, ties, following the removal of gloves, and immedi-
the use of the needle and syringe should be limited to ately following contact with infectious materials.
those procedures where there is no alternative, and • Decontaminate work surfaces before and
then the procedure should be conducted with the after use, and immediately after spills.
greatest of caie. Inoculation can also result from - Do not eat, drink, store food, or smoke in the
animal bites and scratches. laboratory.
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These simple and effective work practices can be tious agents. These practices are described in more
implemented readily by laboratory management at detail in subsequent sections of this chapter.
minimal cost and with no loss of employee effi-
ciency or productivity. Even in the absence of more G. TRANSPORTATION AND SHIPMENT
sophisticated means for providing safety in the labo- OF SPECIMENS
ratory, these practices can achieve a major reduction
in the risk of accidental infection.

Laboratory activities that pose the risk of infec-
tion via airborne aerosols or droplets demand the use Although it is obvious that biological specimens
of special safeguards. For many "airborne patho- should be properly packaged, labeled, shipped, and
gens," the human infectious dose may be as low as received, concerned national and international or-
one viable microorganism, as demonstrated for tu- ganizations have found it necessary to develop rec-
berculosis [107,108]. It is recommended iha bio- ommendations and guidelines because of the fear of
logical safety cabinets or other primary containment accidents and spills involving such materials
devices be used for all manipulations of materials, [71,86,147,148]. Federal regulations govern the pack-
including clinical specimens, known to contain or aging and shipping of hazardous materials. The im-
suspected of containing microorganisms capable of portation and subsequent transfer between laborato-
infecting by the respiratory route. In laboratories ries of etiologic agents and vectors of plant, animal,
where such materials are handled, the ventilation and human diseases (including zoonotic agents) are
system should provide directional airflow from controlled through permit systems.
"clean" to "contaminated" areas, and the air should
not be recirculated. 2. Packaging. Shipping, and Handling of

The recommended procedures listed above, tar- Biological Specimens
geted at minimizing overt occupational exposures,
constitute the basic essentials of good laboratory prac- The shipment of diagnostic specimens, biological
ice. Furthermore, these procedures are also effec- products, and etiologic agents concerns everyone in-

tive in reducing or eliminating overt exposure to the volved in the process. Infectious materials that are
variety of indigenous bacterial, viral, fungal, and properly packaged and handled may pose considera-
parasitic agents present in the community and corn- bly lower risks of accidental exposure for nonlabora-
monly found in clinical material submitted to the tory personnel who come in contact with the ship-
laboratory for examination. The ultimate responsi- ment in transit. Proper packaging also may ensure
bility for assessing the risk of occupational infec- considerate and prompt handling of valuable speci-
tions and for implementing appropriate practices, as mens.
well as for providing adequate facilities and contain- The shipping of unmarked and unidentified etio-
ment equipment, rests with the laboratory director. logic agents is prohibited. Requirements for the

proper method of containment in the packaging and
the use of the hazardous warning label are stipulated

5. Summary in the U.S. Public Health Service Interstate Shipment

Virtually all laboratory procedures have the p- of Etiologic Agents Regulation [129]. Comparable

tential to disperse infectious material into the requirements of the International Civil Aviation Or-

workplace. Laboratory workers should be aware of ganization (ICAO) apply to the international ship-
these potential hazards and exercise a high degree of ment of diagnostic specimens and infectious agents.thes poental azads nd eercse hih dgre of The containment packaging and hazard warning
care during all manipulations of infectious materials.
As evidenced by the data accumulated in the review labeling specified in the U.S. Public Health Service

Regulation [ 1291 for the shipment of etiologic agents
is illustrated below in Figure 3.1. The package should

posure of laboratory workers is not often associated consist of
with overt accidents. More than 80 percent of labo-
ratory-associated infections could not be ascribed to • a securely closed, watertight primary con-
any specific event. It is critical, therefore, that labo- tainer (test tube, vial, or ampoule);
ratory workers recognize that good microbiological - a durable, watertight secondary container;
practices are required to prevent exposure to infec- and
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OBIOMEDICALI,1Z MATERIAL

kNCSE 

OF DAMAG

STANDARD FORM 420 JUNE 1973
PRESCRIBED BY DEPT HEW (4.2 CFR) 446351
420-101

FIGURE 3.1 Containment packaging and hazard warning labeling specified
by the U.S. Public Health Service. Reprinted from US. Code of Federal
Regulations, Title 42, U.S. Public Health Service, Part 72.

a tertiary or outer shipping container. tures Including Hybridomas." Examples of the ap-
propriate USPHS and USDA application forms and

The space between the primary and secondary permits are included in Appendix E.
container must be filled wiC. absorbent material suf- A summary ofr the requirements of the federal
ficient to absorb the contents of the primary con- agencies involved in the shipment of biological speci-
tainer should there be leakage during transit. The mens has been published recently by the American
outside of the primary container should be examined Type Culture Collection (ATCC) (Rockville, MD
and cleaned to remove blood, feces, or other con- 20852-1776). This document also describes the pro-
taminants before it is packaged for shipment. cedures used for packaging and shipping the differ-

The exteriors of packages containing cultures of, ent types of cultures of microorganisms and cells
or suspensions of, etiologic agents should have af- maintained by the ATCC [3].
fixed to them the "Etiologic Agent-Biomedical Procedures for receiving and unpacking etiologic
Materials" hazard warning label illustrated in Figure agents or other potentially infectious materials should
3.1. The packaging and the labeling requirements of be established by laboratories receiving these items.
the regulation cited also apply to the local transport Often, such materials are received initially by ship-
of etiologic agents and diagnostic specimens by cou- ping, clerical, or other nonlaboratory personnel. These
rier or by other delivery services. Similar require- employees should be given specific instructions to
ments and restrictions applicable to the shipment of notify laboratory staff promptly of the arrival of such
etiologic agents, diagnostic specimens, and biologi- materials, and to deliver packages unopened directly
cal products by all modes of transportation (i.e., air, to a designated area or person. Shipments of etio-
motor, rail, and water) are imposed by the Depart- logic agents or diagnostic specimens should never be
ment of Transportation [1311 and the U.S. Postal opened in offices or in shipping and other nonlabora-
Service (Postal Service Manual), as well as by air- tory areas.
line carriers and pilots' associations. In the laboratory, the designated specimen-recciv-

The importation of etiologic agents of human ing area should meet the facilities recommendation
diseases, as well as their subsequent transfer within for Biosafety Level 2 [86,105]. Microbiological prac-
the United States, is regulated by the U.S. Public tices, including the wearing of laboratory coats,
Health Service (USPHS) [1281. The U.S. Depart- gloves, or other protective clothing, should be fol-
ment of Agriculture (USDA) similarly regulates the lowed as applicable. A Class I or Class II biological
importation and transfer of etioloic agents of plant safety cabinet provides the most suitable work sta-
and animal diseases [1251. In addition, the USDA tion for opening packages and for the initial handling
Animal and Plant Health Inspection Service (APHIS)/ of incoming specimens [861 (see Chapter 3, Section
Veterinary Services (VS) Memorandum 593.1 estab- J). Specimens that show any evidence of damage or
lishes procedures for the "Importation of Cell Cul- leakage should be opened in a biological safety cabi-
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net only by trained personnel wearing appropriate be handled with exactly the same precautions as are
protective clothing, used for processing specimens with hazard warning

Laboratories should have emergency coningency labels.
plans [147,148] for handling damaged shipments. It is generally recognized that any clinical speci-
Such plans are best prepared by the laboratory super- men may contain infectious agents (such as HBV or
visor in conjunction with the laboratory staff and the HIV) regardless of its source, the working clinical
safety officer. Emergency plans should be posted in diagnosis, or the testing requested. For example,
a conspicuous place in the laboratory for immediate published reports indicate that from 1.0 to 1.5 per-
reference. Emergency plans should provide written cent of the adults in the United States have serologi-
procedures for dealing with cal markers indicative of current or previous HBV

" breakage or spillage of infectious materials, infection [66]. Thus, even though the percentage of

" exposure of personnel to infectious materi- specimens containing an infectious agent may be

als by accidental injection, cuts, or other injuries, higher among samples collected from hepatitis pa-
* accidental ingestion or contact of mucous tients, the total number will probably be greater among

membranes with potentially hazardous material, routine specimens, which make up the vast majority

and of the materials received in most laboratories. The

* aerosols. potential for worker exposure may, therefore, be ac-
tually greater from the more numerous routine speci-

Such emergency plans should include the following: mens, which would not be identified with a hazard

* decontamination procedures, warning label. From the above considerations, it is

* emergency services (whom to contact), and clear that the "Universal Precautions" described by
the CDC [34,381 must be followed when handling allclinical specimens, whether labeled or unlabeled.

H. LABELING OF SPECIMENS WITHIN

THE LABORATORY I. PREVENTION OF AEROSOL AND

Some form of labeling is necessary to maintain DROPLET GENERATION

the identity of specimens in the laboratory and to 1. Introduction
ensure that the analytical results obtained are prop-
erly recorded and reported. In addition, it is the Exposure to microorganisms dispersed or spread
practice in many cases (and may be required as a in the form of infectious aerosols or droplets is an
condition for accreditation) that special hazard warn- important source of laboratory-acquired infection.
ing labels be affixed to specimens that are known to Infectious aerosols may be composed of dry or liquid
be hazardous (e.g., specimens obtained from patients particles typically less than 5 microns in diameter,
known to be infected with hepatitis B virus (HBV) or which can be produced during the course of many
human immunodeficiency virus (HIV), or from pa- common laboratory processes. Such aerosols do not
tients in high-risk groups for these infections, or settle quickly and can be dispersed widely through a
when previous tests of the specimen have shown it to ventilation system or otherwise carried long distances
contain an etiologic agent). by air streams. If inhaled, the particles in an aerosol

The need for such special labeling is concerned are carried to the alveoli of the lungs. In contrast,
more with ethical or regulatory issues (e.g., workers' droplets (particles typically larger than 5 microns in
right-to-know) than with laboratory safety. Unfortu- diameter) remain airborne only for a short period of
nately, the use of special hazard warning labels can time and are nonrespirable. Because of their mass,
inadvertentl) lead to the dangerous misconception droplets tend to settle quickly on inanimate surfaces,
that other clinical specimens, not so labeled, can be or may be deposited on skin or mucous membranes
handled with less caution. Two levels of laboratory of the upper respiratory tract. Accordingly, droplets
practice may thus evolve: one for handling hazard- pose risks of infection associated with direct or indi-
labeled specimens and another for unlabeled samples, rect contamination of the mucous membranes of the
This must be scrupulously avoided: all clinical ma- eyes, nose, or mouth as well as of skin, clothing, and
terial must be considered to be infectious, and must laboratory equipment.
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of the receiving tube or vessel. No infectious mate-2. Control of Aerosols and Droplets rial should be expelled forcibly from the pipette, and

Almost any handling of liquids or of dry powders air should never be bubbled through a suspension of
is likely to generate aerosols and droplets; certain infectious agents in an open container. When han-
operations such as pipetting, mixing, shaking, grind- dling organisms for which Biosafety Level 3 precau-
ing, filtering, sonicating, flaming, and centrifuging tions are indicated (e.g., etiologic agents of tubercu-
have a high potential for aerosol production. Of losis, systemic mycoses, or Q fever), it is recom-
these, pipetting may be the most important. Various mended that pipetting procedures be carried out in a
reports indicate that pipettes are associated with many biological safety cabinet. The equipment used in the
laboratory-acquired infections [98,99,100,102, other operations mentioned above should be selected
104,120]. Hazards relating to pipetting include the for features designed to contain infectious liquids or
production of aerosols, aspiration of fluid into the aerosols. For example, blenders should have
mouth, and contamination of the mouthpiece by the leakproof bearings and a tight-fitting gasketed lid.
operator's finger. The last two of these dangers can Blender bowls, tubes, and other devices likely to
be avoided if mouth pipetting is strictly prohibited, contain aerosols should be opened, filled, and emp-
as required by good iaboratory practice. A wide tied in a biological safety cabinet.
variety of mechanical pipetting devices are available Centrifuges with sealed buckets, safety trunnion
[63], and mouth pipetting under any circumstances is cups, or sealed heads are effective in preventing es-
absolutely unacceptable. cape of liquids and aerosols (Figure 3.2). If fluid

To minimize aerosol production, pipettes should should escape from a cup or rotor during high-speed
be drained gently with the tip against the inner wall operation, the potential for extensive contamination

FIGURE 3.2 If a fluid containing an infectious agent were to escape from a centrifuge rotor or cup during high-speed op-
eration, the potential for extensive contamination and multiple infections would be great. The use of sealed buckets, safety
trunnion caps, or sealed heads is an effective means of preventing the escape of liquids or aerosols. Courtesy, John H.
Richardson.
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and multiple infections is great. For many speci- biological safety cabinet can easily overwhelm the
mens, however, such as urine, the standard clinical protective air curtain.
centrifuge is satisfactory. There have been compara- Sputum and other clinical specimens submitted
tively few centrifuge accidents reported as the cause for culture may contain unsuspected microorganismv,
of laboratory-acquired disease, but some of these such as mycobacteria, which are highly infectious by
caused multiple infections because the accident cre- the airborne route. Every effort should be made,
ated a large volume of infectious aerosol [1411. therefore, to minimize the risk of their aerosoliza-

Instruments should be checked regularly to en- tion. If generation of an aerosol is likely to occur
sure that leakage does not occur during operational during the processing of these specimens, the use of
procedures. For ultracentrifuges, a HEPA filter should a biological safety cabinet is recommended strongly
be installed between the chamber and the vacuum for these procedures.
pump. If circumstances require such precautions, Improper technique in the flaming of inoculating
centrifuges and other laboratory instruments that can loops can result in the spread of infectious agents.
be enclosed and operated in specially designed safety Spatter and release of droplets or aerosols can be
cabinets are available. Only those instruments and prevented by such methods as heating the shaft until
cabinets intended for such a combined system should the sample has been heat-dried before flaming the
be used together, otherwise the expected contain- loop itself (Figure 3.3). Spatter can also be con-
ment may not be achieved. For example, the air- trolled effectively by using a side-arm burner or elec-
streams created by an ordinary benchtop centrifuge tric microincinerator. Flaming itself can be avoided
operating in the work space of an ordinary Class II by using sterile, disposable plastic loops.

FIGURE 3.3 Proper technique in the flaming of inoculating loops is an important way to prevent the spread of infectious
agents. Courtesy, National Institutes of Health.



SAFE HANDLING OF INFECTIOUS AGENTS 25

Early models of certain laboratory instrunents, safety cabinets are used extensively to prevent the
such as cell sorters and other automated devices, escape of aerosols or droplets and to protect materi-
were not designed for containment and may be a als from airborne contamination (Figure 3.4). There
source of inadvertent contamination in the workplace. are three major types of t,is very useful safety de-
Later models generally have overcome the problem, vice, referred to as Class I, Class II, and Class III.
but users are advised to tes, all equipment carefully These instruments are distinct from horizontal or
in order to identify any biological hazards associated vertical laminar flow "clean benches," which should
with its operation. never be used for handling infectious, toxic, or sensi-

Regardless of the type of equipment used or the tizing material. The Class I biological safety cabinet
task performed, the objective is to prevent aerosol is an enclosure with an inward airflow through the
release and to avoid exposure of personnel. These front opening. It may be configured with a full-
ends can be ac:omplished by the laboratory practices width open front or with an installed front closure
described above and by the use of appropriate equip- panel to which arm-length rubber gloves may be
ment, especially biological safety cabinets. Leaks or attached. The exhaust air from the biological safety
escape of aerosols can be detected by using an indi- cabinet is passed through a HEPA f!ter so that the
cator such as fluorescein. It may be added to a sham equipment provides protection for the worker and
specimen or to water, and processed with the system environment. The product in the cabinet, however,
or procedure being tested. Its presence can then be
determined on surfaces, on material collected from
key locations, or in specimens from air samplers, by
using an ultraviolet lamp for excitation. Other suit-
able methods may b, devised.

J. CONTAINMENT EQUIA-MENT

1. Introduction

The risk of exposure of laboratory personnel can
be minimized by the use of carefully selected safety
equipment. A primary objective of containment is to
control aerosols, but in a broader sense safetv equip-
ment should serve effectively to isolate the worker
from the toxic or infecious material being processed.
In many situations, however, the need is just the
reverse: i.e., to protect the product or the work from
contamination originating with the worker or the
environment. Finally, there is often the need to pro- .
tect both the worker and the product, as in handling
cell cultures and some clinical specimens, or in sur-
gical procedures. The following examples are repre-
sentative of the types of equipment designed to avoid
the most common laboratory hazards, and these types
of equipment are, for that reason, among the most
, mportant.

2. Biological Safety Cabinets

Most laboratory procedures generate aerosols that FIGURE 3.4 Biological safety cabinets, combined with
protective gloves and laboratory coats, provide effective

may spread infectious material in the work area and isolation of th" worker from the toxic or infectious mate-

pose a risk of infection, to the worker. Biological rial being handled. Courtesy, John H. Ric.iardson.
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is subject to contamination by organisms that may be demand (700 to 1200 ft'/min), increased energy re-
present in the air supply. quirements, and higher purchase and operating costs.

Class II biological safety cabinets provide protec- The Class III cabinet is a totally enclosed, gas-
tion to the worker, the environment, and the product. tight work space equipped with protective gloves. It
The airflow velocity at the face of the work opening is ventilated with HEPA-filtered air and operated
is aL least 75 linear feet per minute (lfpm), and both with a negative air pressure of at least 0.5 inches of
the supply and the exhaust air are HEPA-filtered. water in the cabinet work space. The exhaust air is
Class I and Class II cabinets are partial containment passed through two HEPA filters, installed in series,
devices, which, if used in conjunction with good before being discharged to the outside of the build-
laboratory practices, can dramatically reduce the risk ing, usually through a dedicated exhaust system. Class
of exposure of operators to infectious aerosols and III cabinets provide the highest level of worker, prod-
droplets. uct, and environmental protection and are appropri-

Figure 3.5 [73] shows the airflow patterns and ate for work with exotic high-risk biological agents,
operating velocities for the five types of Class I and including those in the Biosafety Level 4 category.
Class II biological safety cabinets produced in the The operational efficiency of each biological safety
United States. All of these biological safety cabinets cabinet should be specifically tested and the system
provide a comparable level of proiection for the user certified before the instrument is placed in operation
against exposure to infectious aerosols and droplets, after installation, and subsequently on an annual ba-
in that the velocity of the protective inward airflow sis. Recertification is also required if the unit is
through the work opening is essentially the same. relocated or if maintenance that may affect perform-
The air quality within the Class I cabinets reflects ance is done. Maintenance work on biological safety
that of the laboratory room from which it is drawn, cabinets should be performed by trained service per-
since there is no filtration of the supply air. The sonnel only (see Chapter 5, Section B). In addition,
Class II types provide a very high quality, low-par- cabinet users should understand the operation of the
ticulate or particulate-free atmosphere within the work equipment, its limitations, and the proper procedures
chamber. Class IIA cabinets are generally suitable to be followed. Laboratory directors are responsible
for procedures involving clinical specimens, and thus for providing such training.
are the most commanly used biological safety cabi-
net.

It is emphasized that biological safety cabinets 3. Pipetting Devices

are not chemical fume hoods. Some of the ah (30 to Pipettes are among the most commonly used
70 percent) drawn in through the work opening of pieces of equipment in the biomedical laboratory,
Class IIA, IIBI, and 11B3 cabinets is recirculated and their misuse has been related to a significant
within the cabinet. Accordingly, users should be number of laboratory-acquired infections [1001.
aware of the possible buildup of hazardous concen- Regrettably, many laboratory workers were taught to
trations within the cabinet if toxic, flammable, or pipette by mouth, even after the associated hazards
explosive materials are used. In addition, users of were recognized. These individuals sh" ld be re-
Class IIA cabinets should know that nonparticulate quired to give up the old practice and learn to use the
toxic, flammable, or explosive materials are not re- pipetting aids that are now available for any applica-
moved by HEPA filters, and are thus discharged tion [63] (Figure 3.6). The importance of these aids
back into the laboratory room. cannot be overemphasized, and any device requiring

Class 11B3 units are functionally the same as those mouth suction should be considered unsafe and inap-
of Class IIA except that the exhaust air from the propriate for use in the biological laboratory. Mouth
former is ducted to the outside directly or via a non- pipetting of any material under any circumstances
recirculating exhaust system rather than back into the should be explicitly prohibited.
laboratory room. Class IIBI and 11B2 cabinets ex-
haust 70 percent and 100 percent, respectively, of the 4. Sonicators, Homogenizers, and Mixers
intake air and provide containment of infectious aero-
sols. Those contemplating the purchase of Class IIBI Operation of these or similar instruments may
or 11B2 cabinets should be aware of their high air create hazardous aerosols and lead to exposure of
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personnel unless extreme caution is exercised. If
indicated by the characteristics of the material being
processed or the agents involved, the instrument
should be operated in a biological safety cabineL
Blenders should be designed to prevent leakage from
the rotor bearing or at the cover. Caps and gaskets
should be in good condition and the system checked-
to ensure that leakage does not occur during op-
eration. When the risk of exposure to infectious
acrosolc is pre'o",,, blender howl,. tube, and other
containers should be opened in a biological safety
cabinet.

5. Clothing, Masks, and Face Shields

Laboratory coats, gowns, safety glasses, face
shields, masks, and gloves offer some personal pro-
tection and are often used in combination with other . .FIGURE 3.6 The wide variety of available pipetting aidssafety devices such as biological safety cabinets, make mouth pipetting an unnecessary and obsolete prac-
Special laboratory clothing protects street wear from tice. Courtesy, John H. Richardson and National Institutes
contamination. It should not be worn outside of the of Health. (Figure continued on next page.)
laboratory. Each of these items has a particular use
in protecting the worker and should be used when production (e.g., end-products, by-products, media
circumstances require. Gloves are especially impor- components, and nonviable biological agents). These
tant when handling any potentially infectious mate- subjects exceed the scope of this book, but other
rial such as blood or other biological specimens. sources [1181, and references contained therein, pro-
Safety glasses, face shields, and masks may protect vide pertinent information. Similarly, this section
mucous membranes of the eye, nose, and mouth from does not address the biological safety issues that
splash or droplet hazards during operations performed pertain to the large-scale growth of mammalian cell
outside of a biological safety cabinet. cultures. This topic is discussed briefly in Section D

of this chapter.
The physical containment typically implemented

PRODUCTION for large-scale production serves to protect the worker.
The self-contained dicsign used for :arge-scale pro-

1. Introduction duction should essentially eliminate the generation
of aerosols, one of the most common causes of labo-

Microbial cultures of greater than 10 liters in ratory infections [1001. Standard operating proce-
volume (defined as large-scale [1361) present bio- dures (SOPs)-including validation of equipment's
safety concerns very similar to those described for function, biological disposal, and specific methods
small-scale (<10 liters) experiments in the labora- of operation-should be written and closely followed
tory. All the recommendations described in the CDC/ for all large-scale productions. Implementation of
NIH guidelines (Appendix A) for laboratory-scale these protocols should facilitate the maintenance of a
research should, therefore, be followed for large- safer environment in which to work and produce the
scale production, with the addition o1 the recommen- highest quality of resultant producL
dations described below. These recommendations Special circumstances inherent in large-scale pro-
are equally applicable to cultures as small as 20 liters duction may actually reduce risks to levels lower
and as large as 10,000 liters, than those encountered in laboratory research. Po-

This section addresses only issues of biological tential biological hazards associated with the specific
safety relative to infectious agents and does not deal organisms used for large-scale production will typi-
with other major areas of potential risk in large-scale cally have been defined and assessed in the research
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and developmental stages before large-scale produc- [124], the American Industrial Hygiene Association
tion is initiated. Because fewer biological unknowns [4], and the Medical Research Council of Canada
or variables are present, the biological hazards should [82].
be reduced. This situation is especially true when
comparing large-scale culture of well-characterized
microorganisms with laboratory-scale culture of clini-
cal isolates or of soil isolates, where a tremendous Institutions planning to scale up the production of
diversity of unknown organisms is present. When biotechnology-related products should have, at least,
the proper precautions are implemented and main- a safety department, a biological safety officer, and a
tained, large quantities of potentially hazardous micro- biosafety committee, with the responsibilities de-
organisms may be grown safely [65,135]. Many of scribed in Chapter 5. Scientists, technicians, equip-
the organisms or cell lines of interest for production ment workers, and maintenance and custodial per-
purposes (e.g., Bacillus and yeast) have had an ex- sonnel with access to the large-scale production area
tended industrial history of safety on the basis of should all be considered candidates for medical sur-
which risks can be accurately and confidently evalu- veillance, depending upon the organism being grown
ated. and the product produced.

Where large-scale production is initiated in the
process of commercialization of a desired product, 3. Containment
the constraints enforced to ensure product integrity
typically result in increased safety to personnel as Containment levels for organisms such as fungi,
well. As numerous laboratories have developed large- bacteria, and viruses are grouped into classes accord-
scale production facilities for the commercialization ing to their perceived or potential hazard to humans.
of biological products, the need for carefully de- Selection of an appropriate biosafety level for work
signed and implemented procedures has become in- with a particular agent depends upon such factors as
creasingly important for the safety of laboratory the virulence, pathogenicity, biological stability, mode
workers, the community, and the environment. The of transmission, endemic nature, and communicabil-
following procedures are intended to allow handling ity of the agent; the function of the laboratory; the
of suspected or known hazardous organisms at large- procedures and manipulations of the agent; the avail-
scale levels with proper concern for health and safety. ability of effective vaccines or therapeutic measures;
The recommendations are not intended to apply rig- and the quantity and concentration of the agent [ 105].
idly to all situations. As experience is gained in The NIH "Guidelines for Research Involving Re-
scale-up operations, more or less stringent guidelines combinant DNA Molecules" [ 136] considers cultures
for individual operations may be indicated by the greater than 10 liters in volume to be large-scale and,
safety department, bielogical safety officer, or bio- for specific organisms, to require higher levels of
safety committee. The procedures reflect the best physical containment than cultures less than 10 liters
judgment of acceptable techniques and applicable in volume. Increased containment for large-scale
legal requirements [4,13,18,51,82, 105,124,129,130, culture is typically reflected in the requirement for
132,133,134,136]. The recommendations rely heav- more extensive physical design, and not for operat-
ily on the NIH "Guidelines for Research Involving ing at a higher biosafety level.
Recombinant DNA Molecules" [136], which have The risks associated with the use of microbial
proved dependable as a foundation for laboratory cultures are controllable through two containment
safety programs whether or not recombinant DNA is approaches. For some work, an appropriate approach
involved. These recommendations are broadly ap- is biological contain ent: the use of species or strains
plicable because they are based on the potential pa- that pose a reduced risk to workers or to the environ-
thogenicity or infectivity for the host. These proce- ment. The more widely applicable approach, how-
dures incorporate safety concepts and guidelines ever, is physical containment: a combination of labo-
published in documents of the National Institutes of ratory practices, design, and equipment. Physical
Health [133,134,1361, the Centers for Disease Con- containment, through the implementation of good
trol, in conjunction with the National Institutes of laboratory practices and proper monitoring, certifi-
Health [105], the U.S. Department of Agriculture cation, and maintenance of the facility, leads to a
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significantly safer and more productive work envi- retrofitting. Specific details of engineering and de-
ronment. sign features that reduce the potential biological risks

A National Institute for Occupational Safety and associated with large-scale microbial production can
Health (NIOSH) survey of six biotechnology compa- be found in the NIH guidelines [136].
nies (511 showed that companies with many years of
experience in fermentation technology tended to
emphasize more sophisticated, more effective, and
safer practices for handling infectious agents than Vessels used for large-scale production are typi-
newly established companies. cally steam sterilized in place, in the absence or

All facilities and equipment used to provide con- presence of medium, prior to fermentation. Tem-
tainment should be tested before initiation of a pro- perature-sensitive tapes, crayons, or, preferably,
gram and periodically thereafter by trained person- thermocouples, may be used to monitor sterilization
nel. Such monitoring should include checks of room procedures. The growth medium is either sterilized
air balance, biological safety cabinets, supply and in the system or sterile medium is introduced via a
exhaust filters, sterilizers, and centrifuges. Labora- closed system designed to maintain physical contain-
tory personnel should ensure that biological safety ment. Connections should be sterilizable in place.
cabinets are appropriately certified prior to use. A Metal containers, designed to preclude escape or en-
systematic, scheduled program of preventive mainte- try of viable organisms during inoculation, should be
nance should be implemented for agitator seals, con- used. These inoculation vessels should be steril-
trol valves, pressure relief valves, and equipment and izable after the transfer process, and prior to their
facility safeguards [511. Sterilization of fermentors, removal from the production vessel, to minimize
feed lines, feed tanks, inoculating devices, exhaust release.
ports, sampling ports, and extraction devices should Following growth, cultures in the production yes-
be validated routinely. sel should be inactivated either chemically or ther-

Maintaining, testing, or cleaning of facilities or mally prior to initiating the product recovery pro-
equipment should not be allowed until all surfaces cesses. Inactivation is used in this context to refer to
needing servicing have been decontaminated. Spills the reduction in the total number of viable target
should be disinfected by laboratory personnel before microorganisms in a large-scale culture to a number
housekeepers are allowed to give assistance. comparable to or less than that obtained in a small-

Typically, large-scale production facilities are scale laboratory culture (<10 liters). This reduction
specifically engineered for maximal physical con- enables a culture that is grown in a large-scale, closed
tainment to ensure both personnel safety and product system to be handled according to the containment
integrity. The specific minimum requirements for level applicable for the corresponding laboratory-
physical containment are described in the NIH scale culture. Inactivation, in this context, is there-
"Guidelines for Research Involving Recombinant fore an interim action that is to be followed by
DNA Molecules" [1361. The large-scale contain- decontamination prior to the disposal of microbial
ment classifications, BSLI -LS, BSL2-LS, and BSL3- cultures. As an alternative to inactivating cultures in
LS (Biosafety Levels 1, 2, and 3, large-scale, respec- the production vessel, cultures can be inactivated by
tively) are required for organisms for which the cor- cell rupture or by further steps in subsequent stages
responding containment levels BSL1, BSL2, and of the process, if these are designed into the same
BSL3 (Biosafety Levels 1,2, and 3, respectively) are closed system. When the viable biological agent
required for small-scale (<10 liters) research. No itself is the desired end-product (e.g., some vaccines),
provisions are made for large-scale growth of micro- the culture would not be inactivated but would be
organisms that require the Biosafety Level 4 contain- maintained within a closed system to avoid human
ment at the laboratory scale. (Consult Appendix A exposure. The specific method of inactivation (see
for the small-scale containment levels for specific Chapter 4) depends on the organism or cell culture
microorganisms.) The appropriate implementation employed and upon the product to be isolated. Inac-
of safeguards and of protective engineering controls tivation efficiencies should be validated as described
at the time of the design of the facility or laboratory in the SOPs. Physical containment during process-
can reduce human exposure and avoid expensive ing steps following culture inactivation (i.e., steps in-
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volved in the recovery and purification of the defined taminate these large quantities of culture, as well as
product) is not required but is recommended when the absorption materials used for cleanup.
possible and feasible. All liquid and solid biological
waste should be decontaminated chemically or ther- 6. Expoure
mally prior to disposal. In-line thermocouples are
especially effective in validating the thermal inacti- The self-contained design of the large-scale pro-
vation of large quantities of liquid cultures prior to duction system, the inoculation method, and the in-
disposal. If other primary equipment, such as centri- place inactivation of the vessel contents following
fuges, is used in-line for harvesting cells prior to production essentially eliminate the release of aero-
inactivation, this equipment should also be decon- sols, thereby reducing human exposure. Nonethe-
laminated appropriately. less, air and surfaces should be monitored to validate

Water supplies or storage tanks provide ideal en- the integrity of the systems during the fermentation
try points for biological contaminants. Treatment of or processing procedures. Surfaces can be moni-
water with ultraviolet light, ozone, or passage through tored for microbial release by any of five basic meth-
specifically selected filters significantly reduces the ods: rinse, swab-rinse, agar contact, direct surface
potential for its contamination. The quality and type agar plating, or vacuum probe surface method [4].
of water processing should be specified in the SOPs. Other procedures are modifications of these basic

methods. In a survey of six genetic engineering
5. Disposal companies, agar contact was found to be the method

most frequently used [511. Organism detecting and
All biological waste generated through routine counting (RODAC) plates are commercially avail-

procedures or as the result of accidents should be able with a variety of media and are used routinely.
decontaminated prior to its disposal, and should be The method works well and rapidly as a qualitative
segregated from nonbiological waste and from radio- procedure.
active waste. Solid trash and small volumes of waste Numerous methods are available to sample air-
should be disposed of by using the procedures de- bome microorganisms [4]. The more frequently used
scribed for laboratory research. Contents of the pro- methods include settling plates, air impingers, and
duction vessel should be physically contained (e.g., filters. Settling plates provide qualitative informa-
with dikes or decontamination tanks) to confine spills tion and consist simply of an open petri dish contain-
and leaks and to allow for their rapid and efficient ing appropriate culture medium onto which particles
decontamination. All liquid collected by these pro- settle due to gravity. Air impingers are intrinsically
cedures should be properly decontaminated by using more quantitative because they pull air at a fixed rate
validated procedures to prevent the release of viable and volume onto the surface of the medium. Large
organisms or cells into the environment. The con- and defined quantities of airborne microorganisms
tents and all associated materials and equipment can be concentrated and analyzed. The most com-
should be inactivated either chemically or physically mon method for sampling air is filtration. A fixed
prior to disposal. If decontamination tanks are used, volume of air can be passed through a filter of a
the method of inactivation should be validated for selected pore size. Particles and organisms can be
each organism employed. Once inactivated, even flushed from the filter, and the filtrate analyzed on an
large quantities of liquid culture can be disposed of appropriate medium, or the filter itself can be over-
by discharge to the sewer lines, provided that such laid directly with an appropriate medium. The use of
action is permitted by the relevant state and local filters is limited, because of dehydrating effects, to
agencies. Air discharged from fermentors should be the detection of spores and of resistant vegetative
filtered through a HEPA filter, incinerated, or other- cells. Selection of an appropriate sampling method
wise treated prior to release, depends upon the nature of the particles of interest,

Personnel involved in the cleanup of accidentally their expected concentration, and the need for quan-
spilled waste should proceed as described in Chapter tification. The reader can consult Table XVIII in
5 for spills with laboratory-scale cultures. Particular reference 6 for a more detailed description of these
precautions should be taken to handle and decon- and alternative sampling methods.



SAFE HANDUING OF INFECTIOUS AGENTS 33

Surface and air sampling methods should be se- handling human blood or blood components that could
lected to detect biological contaminants, as well as be infectious. If this is the case, the standard biologi-
the production organism itself. Adventitious agents cal practices as well as the special practices recom-
expected in large-scale production are similar to those mended by the CDC/NIH guidelines for Biosafety
found in laboratory research (e.g., viruses, bacteria, Level 2 should be used (see Appendix A), and the
and fungi). Potential candidates depend upon the Universal Precautions described in Appendix C should
specific organism under study and the medium em- be followed. Prudence should also be exercised to
ployed. minimize exposure to toxic chemicals and radionu-

clides.
7. Conclusion Special precautions should be taken to ensure that

waste is managed in a safe, responsible manner.
Large-scale microbial culture operations can be Potentially infectious waste should preferably be

done sziaely, despite the risks associated with some decontaminated on site. Liquid waste, which may be
microorganisms. Personnel can function safely and contaminated with an infectious agent, can be steam
efficiently at any scale by using the proper facilities autoclaved or decontaminated by using a chemical
and equipment. disinfectant that is effective for the intended use.

Decontaminated liquids can than be poured carefully

L. BIOSAFETY IN PHYSICIANS' OFFICE down a drain connected to the sanitary sewer. Solid
LABORATORIES AND OTHER SMALL- waste, including contaminated "sharps" (e.g., hypo-LABORATORIESIAND OTHERASMALL- dermic needles and broken glassware), should be

packaged in sealed, leak- and puncture-resistant con-

Each small laboratory, including those in physi- tainers for transport and disposal. Such properly
cians' offices, should have a safety program even if conuiu*ied waste presents minimal risk to waste han-
the laboratory has only one employee (see Chapter dlers and can be safely managed as municipal solid
5). For those employees without training in the waste. If this practice is prohibited by local regula-
biological sciences, special effort should be made to tions, then the prevailing practices should be fol-
provide simple but effective instruction. The pro- lowed. Human excreta should be disposed of through
gram should be tailored to the laboratory function, the sanitary sewer. The practices just described are
with proper emphasis on providing training in the appropriate for the small laboratory that is involved
seven basic rules of good microbiological practices in testing patients' specimens. The safe disposal
as outlined in Section F of this chapter. Indeed, all of methods discussed in Chapter 4 should be followed
the general principles outlined in this chapter for the in the small biomedical laboratory where infectious
safe handling of infectious agents apply to small- agents are isolated and grown in cultures.
volume laboratories as well as large-volume ones. Further information on safety in the office labora-

Many of these small-volume laboratories may be tory may be found in references 12 and 54.
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Safe Disposal of Infectious
Laboratory Waste

nificant reduction in the numbers of viable patho-A. INTRODUCTION genic microorganisms remaining in the treated waste.

Human activities produce biological waste in the After the organic load in the sewage has been
form of human excreta or other discarded materials, degraded to the desired level, the effluent from the
much of which may contain infectious microorgan- sewage treatment plant is usually subjected to a final
isms. Such waste, if untreated, has varying degrees disinfection step before being released into the envi-
of potential to cause disease. Existing methods of ronment. This step is accomplished by chlorination/
sanitation have served effectively to protect the pub- dechlorination, exposure to ultraviolet light, ozona-
lic's health from any disease associated with biologi- tion, or some other procedure. The process ensures
cal waste. Our understanding of the conditions re- that the concentration of pathogens in the effluent is
quired to prevent the transmission of disease has reduced to an acceptable level.
allowed the development of simple, yet highly effec- Like sewage, much solid waste or refuse pro-
tive management techniques for handling biologi- duced by man is contaminated with biological agents
cally contaminated waste. A brief review of some of capable of causing infection in man [39], and many
the conventional measures used to protect the pub- of the same control mechanisms apply. For both
lic's health follows. storage and transport for disposal, the barrier system

Historically, human excreta have been linked to is again particularly important for the protection of
outbreaks of disease such as dysentery, poliomyeli- individuals who must handle the waste. The plastic
tis, typhoid, and cholera. Such waste may contain refuse storage bag, the dumpster, and the enclosed
high concentrations of pathogens that can contami- refuse-handling vehicle all provide barriers to mini-
nate food and water supplies. To minimize the op- mize the potential of the waste to contaminate the en-
portunity for such cross-contamination, several fun- vironment.
damental principles of sanitation are applied. The Most solid waste is either disposed of directly in
first principle consists of providing a physical bar- sanitary landfills or treated first by incineration to
rier. Sanitary sewer systems, which consist of pipes reduce its volume. Sanitary landfilling is a con-
and pumps to convey pathogen-laden sewage to a trolled disposal method designed largely to protect
treatment plant, effectively provide such a barrier. the public's health and the environment and conse-
Once the waste reaches the sewage treatment plant, quently has largely replaced the open dump. Besides
other mechnisms help to reduce the disease-causing producing smoke and odors, open dumps provide
potential of the material. ideal habitats for the propagation of disease-carrying

The treatment of sewage usually consists of bio- vectors of concern to man, such as rats, flies, and
logical degradation of the organic material. The mosquitoes. The sanitary landfill eliminates this
physical and biochemical conditions that are optimal habitat by compacting the waste and providing a
for such degradation are often hostile to the siurvival daily earth cover, also compacted, to seal off the
of many human pathogens. The end result is a sig- waste from the general environment. The earth above

34
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and below is the barrier. Because the conditions of 2. An environment for the infectious agent that
biodegradation within the landfill are hostile to many functions as a reservoir, allowing it to survive and,
human pathogens, their numbers decrease with time perhaps, to multiply.
[39,116]. 3. A mechanism for the agent to escape from the

It is recognized that sanitary landfills may pro- reservoir.
duce liquid leachate that can carry viable microor- 4. A mode of transmission from the reservoir to
ganisms to the earth underlying the landfill. As a a human host.
leachate percolates through the earth, remaining pa- 5. A means for the agent to invade, penetrate, or
thogenic microorganisms are reduced further in con- enter a human host.
centration by hostile environmental factors and by 6. A human host that is susceptible to infection
soil filtration. This principle is used to advantage in by the agent.
the leach fields of home septic systems [87]. The absence of any one of these factors will interrupt

Incineration of municipal waste is done primarily the infectious process and human disease will not
to reduce the volume of the waste. Because munici- ensue.
pal waste is generated by both healthy and sick indi- An understanding of these factors is necessary for
viduals, it contains the same array of human patho- an u ea thes actoris neca
gens as those associated with hospital waste. Al- assessing public health risks and the risk of occupa-
though it is not their primary goal, well-designed and tionally acquired illness that may be associated withwellopeatedmuncipa inineator ca proideef- the management of infectious waste. Infectious waste
well-operated municipal incinerators can provide ef- implies the presence of viable pathogenic microor-
fective destruction of pathogens in the same way that ganisms in sufficient concentration to infect a sus-
a hospital incinerator does. Municipal incinerators ceptible human host. There is no risk of disease
often operate at higher temperatures and with longer when the concentration of pathogenic organisms is
gas retention times, thereby enhancing their effec- below that which is capable of invading the host and
tiveness for the destruction of pathogens. multiplying within it. The source of the infectious

In summary, the application of long-standing prin- waste may be a patient in a health care facility, an
ciples of sanitation is effective in controlling the experimental animal in an infectious disease vivar-
threat to the general public's health associated with ium, or the culture medium used for the propagation
biological waste. In general, extraordinary pathogen of an infectious agent. The processes that generate
control measures have not been shown to be neces-
sary except where the physical nature of the waste tecas fro m the esebyrwhs the nt,(e~g, cntainaed shaps" hatpentrae brrirs) agent escapes from the reservoir. Thus the agent,
(e.g., contaminated "sharps" that penetrate barriers) reservoir, and means of escape will always be pres-
presents problems directly to the waste handlers, or

tewseitself has an exceptional bioload in a mo- ent in institutions that generate infectious waste.
the waste as a excuture o a o- Treatment and disposal strategies that protect the
bile form such as a liquid culture of a pathogenic public's health and prevent occupationally associ-
agent. In such cases special waste packaging may be ated infection will therefore be necessary to block

needed, or on-site decontamination applied, to re- transmission of the agent and exposure of a suscep-

duce the concentration of pathogens to acceptable tible host.

levels.

B. INFECTIOUS POTENTIAL OF 1. Risks to the General Public's Health

LABORATORY WASTE Risks to the general public's health can be associ-
ated only with indirect modes of transmission, be-

For laboratory waste to cause infection, six essen-

lfactors must be present. These factors are as fol- cause the public is not directly exposed to the institu-
tows tional reservoirs or the infectious waste generated by

them. For indirect transmission to occur, the infec-
1. The presence of an infectious agent that is ca- tious agent must be capable of survival outside of the

pable of invading and multiplying within a human reservoir for an extended period of time. There also
host. must be an opportunity for a susceptible host to be
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exposed to the agent. Modem sanitation practice, as • veterinary operations involving the study of
discussed in the introduction, minimizes the occur- zoonotic disease in which infected animal carcasses
rence of such events. A properly functioning corn- and tissues, contaminated fomites such as dispos-
munity sanitary landfill, solid waste incinerator, or able instruments and supplies, and contaminated
municipal sewage treatment facility provides ade- bedding materials are produced;
quate containment and treatment for infectious waste, - anatomical pathology services where work-
even when the waste is introduced without prior treat- ers process specimens from individuals either
ment. known to harbor, or who are at an increased risk

of harboring, an infectious agent;

2. Occupational Risks * diagnostic, research, and industrial opera-
tions that involve the collection and processing of

Unlike the general public, workers who generate, bulk quantities of human blood, blood deriva-
handle, and process infectious waste have the poten- tives, or body fluids; and
tial for direct exposure to infectious agents. Expo- • the production of biological products in
sures can occur through direct inoculation, such as which pathogenic microorganisms are used, such
when a worker is cut accidentally by a piece of as vaccines.
contaminated glass, or through inhalation when the Biological waste with objectionable or putrescent
handling process generates aerosols. Occupationally characteristics, containing viable microorganisms that
acquired illness associated with the handling of in- aracter notinn to be mroorans or
fectious waste has been reported [59]. Protection are eier not ntoabe hazardous to nsiorare minimally potentially hazardous, is not consid-
against occupationally acquired illness is achieved ered infectious laboratory waste. Examples include
through appropriate waste handling and treatment tissues or medical waste generated from the care of
methods, which either contain the waste or inactivate individuals who have not contracted an infectious
the infectious agent. This chapter provides guidance disease; solid waste including such items as soiled
to assist institutions and generators in establishing diapers, animal bedding materials or pet litter, ani-
prudent practices for the management of infectious mal carcasses, and garbage from food processing
waste. plants and eating establishments. Objectionable

nonhazardous medical waste is typically generated
C. CHARACTERISTICS OF INFECTIOUS in extended care facilities and ambulatory health care
LABORATORY WASTE services. Adherence to good personal hygiene and
Infectious laboratory waste is characterized prin- prudent sanitation practice affords adequate protec-

cipally as waste that contains microorganisms ca- tion to individuals involved in the handling and dis-

pable of causing infection in a healthy, susceptible posal of this type of waste.

host. Hospitals, health care facilities, medical re-
search institutions, and industrial facilities can gen-
erate infectious laboratory waste. Categories of op- D. RESPONSIBILITY FOR THE SAFE
eration that produce infectious waste include the fol- HANDLING AND DISPOSAL OF
lowing: INFECTIOUS WASTE

* operations that involve the processing and The primary responsibility for the safe handling
analysis of specimens for diagnosis, separation or and disposal of infectious waste resides with the
purification of cells or substances from human generator of the waste. This responsibility extends
blood and body fluids, and in vitro and in vivo to the ultimate point of disposal even when there are
methods for the propagation of pathogenic micro- other parties involved in handling the waste. The
organisms; generator should conduct inspections or take other

- medical operations in which invasive proce- measures to ensure that the waste is being handled
dures are likely to result in waste contaminated and disposed of properly, even though management
with blood and body fluids from an individual of infectious waste is also the concern of waste haul-
who harbors an infectious agent; ers and treatment facility operators. In addition,
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there may be federal, state, or local regulations con-
trolling medical waste disposal and recordkeeping
that must be observed. Infectious waste is often decontaminated at the

The major problem associated with infectious generating facility prior to its transport to a disposal
waste is the potential for occupational exposure. The site. Decontamination protects the waste hauler from
disposal of infectious waste should, therefore, be the risk of infection.
performed in an effective manner that minimizes the In those instances where the waste hauling corn-
potential for exposure of those who, by virtue of their pany transports untreated infectious waste to a treat-
employment, must handle the material. ment and disposal site, adequate physical contain-

It is incumbent upon the scientific community to ment measures should be provided to minimize oc-
educate the general public about the effectiveness of cupational exposure. The processing of infectious
current sanitation practices in protecting the public's waste by a treatment facility requires the same strin-
heal'h, and to direct legislators' attention to the prob- gent attention to detail that is required of the genera-
lems of the occupational hazards associated with the tor treating its own waste. The treatment company
handling of infectious waste. has the responsibility for ensuring that all procedures

are adequate and that all systems are functioning
1. Generators of Infectious Waste correctly. Both hauling and treatment companies

should ensure that all of their personnel are made
The initial recognition of a potential hazard should aware of the potential hazards of exposure. Person-

set in motion all of the mechanisms from source to nel should be properly trained in all of the pertinent
final disposal. Recognition is made most effectively aspects of the containment, the handling, and the
by the generator of the waste. The responsibility for treatment of infectious waste. Contingency plans
proper handling, treatment, and disposal of infec- should be developed to handle accidents that may
tious waste materials resides with all those who know- occur.
ingly come in contact with these materials. How-
ever, the major responsibility for proper handling E. WASTE HANDLING AND
belongs to the initial generator of potentially hazard- TREATMENT METHODS
ous materials, because such waste material should be
identified and segregated according to its degree of The prudent management of infectious laboratory
potential hazard. Once the material has been identi- waste requires the development of site-specific plans.
fled as infectious waste, proper packaging and con- Procedures developed by personnel within a facility
tainment should be ensured until decontamination or will be appropriate for the specific needs of that
inactivation can be accomplished, facility and may gain a higher level of acceptance

The most senior official of the facility generating than will procedures imposed from outside sources.
the waste has the responsibility for the development The process of developing a waste management plan
of a waste management program. Such a program is, in itself, acknowledgment of the need to accept
should ensure proper containment of infectious waste responsibility for laboratory waste.
and the development and implementation of appro-
priate methods for the efficacious decontamination 1. Basi Principles
of this waste. It is incumbent upon management to
ensure that proper operational controls of selected Persons who generate infectious laboratory waste
treatment methods are maintained, are responsible for preparing the waste so that poten-

No waste management program is functional un- tial occupational exposures and environmental con-
less all appropriate personnel are cognizant of the lamination are minimized. Infectious waste needs to
aims of the program and trained in the procedures for be segregated by the generator from other waste
handling the waste. Management should provide streams. This process will obviate the need for deci-
resources and ensure that training programs are de- sion-making by support services personnel. The waste
veloped and implemented. Training should be a can then be treated on-site to reduce the concentra-
continuing process. tion of the pathogen to an acceptable level (decon-
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lamination), or packaged in a way to prevent subse- Solid waste can be packaged safely in sturdy bags
quent exposure of other persons having to handle the or boxes. Flat trays with sealable lids are suitable for
waste prior to terminal treatment. Packages of infec- containing pipettes and other laboratory supplies
tious waste need to be identified so that the potential during decontamination. Bulk liquids may be col-
hazard clearly can be recognized and understood by lected in leak-proof containers, decontaminated, and
others. The universal biohazard symbol is used for then safely discharged into the sewer system. Rigid,
this purpose. puncture-resistant, sealable containers are necessary

for packaging "sharps," e.g., broken glass, brittle
2. Containment plasticware, needles, and scalpel blades. Wet waste

should be packaged with sufficient absorbent materi-
A variety of packaging items for containment and als to contain residual liquids and to minimize leak-

transport of infectious waste are available. Infec- age. In packaging wet materials for transport, it is
tious waste containers serve as primary barriers to prudent to double-bag the waste, sealing each bag
protect the worker and to minimize the chance of independently. Heavy waste such as anatomical speci-
environmental contamination (Figure 4.1). Typically, mens, animal bedding, and laboratory specimens need
these containers are made from leak-resistant paper to be placed in rigid containers. Care must be taken
or cardboard, stainless steel, or temperature-resistant that the weight of the waste load does not exceed the
polymers. The nature and volume of the waste, the burst strength of the container.
terminal treatment method, and their costs are princi- The physical properties of the container should
pal factors to consider in the selection of the mode of be compatible with the treatment process. Waste
packaging. placed in stainless steel pans, waxed-lined paper bags,

BIOHAZARDOUS WASTE
HERE!

FIGURE 4.1 Biohazardous waste should be segregated from other types of waste prior to its disposal. Courtesy, National
Institutes of Health.
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tempered glass, and heat-resistant plastics can all be chemical decontamination of specific types of fre-
safely processed in an autoclave. Metal containers quently generated infectious waste from laboratories
have been shown to enhance the transfer of heat to [140]. Some examples of these applications are as
the waste load during autoclaving, whereas contain- follows:
ers made of plastic retard steam penetration. Pro- * Use of an intermediate decontamination step
cessing smaller waste loads and extending the treat- during the storage or transport of waste, e.g., the
ment period can compensate for this feature of plastic addtion of liquid chlorine bleach, iodophors, or phe-conitainers,.diino iudclrnebecidpos rpe

Most chemical disinfectants have no appreciable nolic disinfectants to pipette discard pans at workMostcheicaldisnfetant hae n appecible stations. The concentration of decontaminant for
effect on high-strength plastics at room temperature, tais h e ocnta tion of infobut may be corrosive to metals. Liquid infectious this use should be such that the ad,£tion of liquid

waste will not interfere with its effectiveness.
waste often is stored in plastic carboys designed for •Gaseoi's decontamination of HEPA filters in
chemical disinfection. Metal receptacles can be auto- biological saiety cabinets. This procedure should be
claved and recycled but are not suitable for incinera- carried out prior to removal of the filter for replace-
tion. Ideally, waste should be packaged in dispos- ment or prior to repairing the cabinet. Decontamina-
able receptacles that minimize hanuling of the waste tion is usually carried out with formaldehyde sub-
and are suitable for the waste stream treatment limed by heat from paraformaldehyde flakes in the
method. Cleaning containers that are to be reused islabor intensive and increases the risk of occupational presence of high humidity. The cabinet must be

sealed with plastic sheets and tape prior to initiatinginjuries and exposures to biohazards. decontamination. Human contact with the formalde-

hyde should be prevented because of the highly irri-
3. Personal Protection tating, toxic, and possibly carcinogenic properties of

The most important precautions for all personnel the gas (the OSHA limit for permissible exposure is2 ppm). A detailed description of the method is
handling infectious waste are the wearing of protec- available [951.
tive gloves and frequent handwashing. Gloves and a aiDe o r t f i
laboratory coat are recommended for all activities-Deotmninoflretmsfeqpetinolaboratory pulationsof coata m n alatiites. that are to be removed from the laboratory for repair
involving manipulations of contaminated items.

or discard. Care should be taken to avoid corrosionGloves and clothing should be changed when soiled o estv ~rsi h qimn st erue
or damaged. Thorough handwashing is recommended of sensitive pza't if the equipment is to be reused

or dmagd. Torogh hndwshin isrecoa~eded rather than discarded. A disinfectant that has low
after working with infectious materials. Scavenging rrsive p isad Asbnfprovn to be efc

through waste, as well as eating, drinking, and smok-
ing while working with waste, must be prohibited. tive against the specific microorganism should be

The type of laboratory activity will determine if used for this purpose.
•Treatment of mixed hazardous waste such as

there is a need for additional protective measures. combiaton of ie aentoan wastcs
Laboatoy acivies wth hih prbablityof on- combinations of infectious agents and radioisotopes.Laboratory activities with a high probability of con- Atra prpit seseto h ati a

tamination caused by spills of infectious fluids, or

the pro. luction of droplets, should be performed on be prudent to use chemically compatible decontami-

plastic-backed absorbent bench paper. Workers who nants to avoid the release of potentially hazardous
emissions. See the section on mixed waste (Chapter

process infectious waste in an autoclave should wear ecion F, t 1) o m ied dsCsioeo

a rubber apron, sturdy shoes, asbestos-free heat- 4, SectionF, Part 1) for a more detaiied discussion of

resistant gloves, and a face shield, to protect against such problems.

accidents that may occur while loading or unloading
the autoclave. 5. Steam Autoclaving

4. Chemical Decontamination Steam autoclaving usually is considered to be the
method of choice for decontaminating cultures, labo-

Liquid and gaseous chuinicals are used routinely ratory glassware, pipettes, syringes, or other small
for decontaminating infectious waste. Table 4.1 items known to be contaminated with infectious
summarizes use parameters and applications for agents. Location of the autoclave within the labora-
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tory minimizes storage and transport problems. It 6. Incineration
provides a technically proved treatment method for
rendering infectious material safe. Autoclaved waste Incineration is the method of choice for treating
can be disposed of as general waste. large volumes of infectious waste, animal carcasses,

Certain waste materials are difficult to decon- and contaminated bedding materials. Because incin-
taminate in the autoclave because they insulate and erators usually are located some distance from the
protect the contaminating organisms from heat and laboratory, additional precautions for handling and
steam penetration. Examples include animal car- packaging of infectious waste are necessary.
casses, human body parts, and large volumes of con- Incinerators require approval and permits from
taminated clothing. The preferred method for decon- local and state pollution control authorities. Although
tamination of animal remains and human body parts the initial capital costs and maintenance costs are
is incineration. Routine laundering is appropriate for high, incineration offers many advantages as a method
clothing contaminated with all but the most haz- for the treatment of infectious waste [16,491. Incin-
ardous infectious agents. Autoclaving is not the re- eration significantly reduces waste volume and pro-
commended method for decontaminating very large duces an unobjectionable end-product, ash. Proper
volumes of waste because the time required for pro- design and operation can provide for energy (heat)
cessing is too long, and the chamber size is usually recovery, making the operation more economical [25].
too small. The lack of volume reduction and the Although specific operating standards have not
failure of the autoclave process to render body parts been set for the incineration of infectious or patho-
unrecognizable are also limitations to this process. logical waste, the principles of effective combustion

Operational considerations based on specific load are well understood. Waste and the hot gaseous
conditions are very important to ensure adequate products of its volatilization should be retained in the
decontamination in autoclaves. Most laboratories combustion chamber(s) for a long enough time and
have gravity displacement autoclaves, which operate at a high enough temperature to allow for mixing
at 121°C (15 lbs/in2 of pressure). Because of the high (turbulence) with excess oxygen, so that the combus-
levels of organic matter normally associated with tion reactions can go to completion. A deficiency in
infectious waste, these types of autoclaves should be any one or more of these critical combustion parame-
operated for a minimum of 60 minutes. Some labo- ters can result in smoke or odor production, exces-
ratories may have vacuum-type autoclaves, which sive emissions of harmful gaseous by products, and
operate at 132*C (27 lbs/in2 of pressure). It is recom- the discharge of incompletely burned waste residue.
mended that these autoclaves be operated for a mini- Many modem incinerators achieve the proper
mum of 10 minutes. The shorter time period for this conditions for complete and effective combustion by
type of autoclave is due to the higher temperatures providing secondary combustion chambers or zones
and pressures attainable with the vacuum cycle and with burners to ensure that adequate conditions for
the more effective penetration of steam. time, temperature, and mixing are achieved. Primary

It may be desirable to add water to a load of waste combustion temperatures of at least 1600T with good
to be decontaminated in an autoclave to facilitate mixing and a gaseous retention time of about 2 sec-
steam formation and penetration, as well as to avoid onds should provide for good burnout for the waste
the collection of residues on reusable items that may described in this chapter. All pathogens and protein-
be difficult to remove in subsequent cleaning pro- aceous materials are denatured at temperatures well
cesses. Caution is essential while adding water to a below that just cited [49].
load, to minimize the potential for aerosolizing in- Complete combustion also is dependent on cor-
fectious agents in the waste. Drain lines from steam rect operation of the equipment. The operator of the
autoclaves can be connected to the sanitary sewer incinerator should be careful to avoid overfeeding
except for those installed in maximum containment with waste materials. Too much raw waste in the
laboratories (Biosafety Level 4). primary combustion chamber can overwhelm the

When loads contain both reusable and disposable, combustion zones with more volatile products than
items, the material should be separated to prevent the equipment is designed to handle within a fixed
melted plastic from encapsulating items to be reused. gas retention time. The result of overfeeding will be
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smoke and odors. Overfeeding an incinerator also tions (operational parameters) prescribed for the dif-
can result in the bottom ash being moved though the ferent treatment methods should be relied upon to
primary chamber too quickly, and consequently being ensure adequate treatment each time waste is pro-
discharged before complete burnout takes place. cessed. This reliance, however, is justifiable only if

Another condition that can result in incomplete all of the measuring devices used to monitor the
burnout of the bottom ash (uncombusted feed mate- treatment process (e.g., thermometers, pressure
rial) is the lack of tumbling of the solid waste feed gauges, and timing mechanisms) are functioning
pile in the primary chamber. This is a common properly. It is imperative that the accuracy of these
condition developing in top-fed incinerators where measuring devices be certified independently by the
waste continually is fed directly on top of the exist- user, after the equipment is first installed and before
ing pile of previously loaded waste materials. In this any waste is treated, and again thereafter at regularly
situation an outer layer of insulating ash can form scheduled intervals (at least annually). This process
that retards combustion of the contents in the center should be repeated after maintenance work or repairs
of the pile. To achieve complete residue burnout, are carried out, and if the equipment is relocated.
provisions should be made to agitate or break up the Each of the different treatment methods for infec-
pile periodically. This can be done mechanically tious laboratory waste requires a different set of con-
with an oxygen pulse or manually with a rake. ditions to be effective. Effective autoclaving is

In selecting a new incinerator for a facility, it is dependent upon time, temperature, and steam pene-
critical that the actual waste stream to be treated be tration, whereas effective incineration is dependent
characterized. Too often in the past the term "patho- upon time, temperature, and turbulence. Chemical
logical waste" has been used to determine the size of decontamination is dependent upon several parame-
an incinerator. True pathological waste consists of ters, including selection of an effective chemical,
animal tissue that is quite wet and has an approxi- contact time, concentrati. n, and the presence of or-
mate heat content of 1000 BTU/lb (555.6 kcal/kg). ganic materials or other interfering substances. Op-
Infectious waste incinerators should bum a wide va- erator controls include such matters as procedures
riety of materials including significant amounts of for packaging the waste, placement of the load, feed
paper and plastics as well as pathological waste. The rate, and--perhaps most important--the keeping of
effective heat content of the actual waste mix usually an accurate record of the operational parameters
will be well above 1000 BTU/Ib. Only by knowing achieved for each load processed. Detailed informa-
the specific composition of the facility's waste stream tion regarding the principles of efficacious treatment
can a vendor properly size the unit. is available [48,49,52,75,111,1401.

In summary, safe, effective incineration can be Chemical indicators are of limited value in veri-
achieved by (1) proper equipment design; (2) provi- fying the decontamination of infectious waste.
sion for the time, temperature, turbulence, and air Chemical indicator inks printed on waste packaging
required for complete oxidation; and (3) careful feed- materials intended for autoclaving provide a color
ing of the unit. To assist the laboratory manager in change that serves only to distinguish treated waste
the selection of equipment, a consultant knowledge- from waste requiring treatment: i.e., failure of an
able in the field of incineration should be retained to indicator to change to its signal color after the proc-
help develop a site-specific procurement specifica- ess demonstrates immediately that the equipment has
tion [491. malfunctioned.

7. Validation of Decontamination Methods F. INFECTIOUS WASTE REQUIRING

Sterility testing or testing for survival of an indi- SPECIAL CONSIDERATION

cator microorganism is neither applicable nor practi- 1. Mixed Waste
cal to verify the adequacy of the treatment of infec-
tious waste, since sterility is not an objective of Mixed waste consists of materials that exhibit
decontamination methods, and indicator microorgan- multiple hazardous properties, such as infectivity,
isms do not simulate typical waste load composition. radioactivity, and chemical toxicity. Frequently, some
Rather, precise reproduction of each of the condi- of the components are strictly regulated by environ-
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mental protection and transportation agencies of the recommended by waste managers after assessing the
local, state, and federal governments. However, treat- potential for toxic emission and chemical incompati-
ment and disposal strategies for mixed waste gener- bility. Once a strategy for handling the mixed waste
ally are not addressed by most regulatory agencies. is decided upon, it is important that the infectious
One difficulty, in part due to conflicting regulations, component be decontaminated along with, or prior
is that mixed waste frequently is not accepted at to, final treatment and disposal.
disposal facilities operating under permits issued by Several factors in addition to those associated
the Environmental Protection Agency (EPA) or li- with the infectious nature of the waste should be
censed by the Nuclear Regulatory Commission considered in selecting an appropriate method of treat-
(NRC). Waste managers should anticipate that dis- menL Some of the more important factors are the
posal problems will occur. Also, the concern of the type and volume of waste generated; other hazardous
public regarding hazardous waste disposal, in gen- properties of the waste (e.g., radioactivity, volatility,
eral, is likely to influence the development of more flammability, chemical toxicity, and temperature
restrictive mandates for handling mixed waste. The sensitivity [22,9 1]); the availability of validated treat-
uncertainty that exists with regard to the treatment ment methods and recommended safety precautions;
and disposal of mixed waste emphasizes the impor- the permit and license status of the generator to treat
tance of the prudent practice of implementing waste hazardous waste; the quantity and characteristics of
minimization and separation strategies for the types the end products after treatment; and the relevant
of operations that generate mixed waste. regulations, permits, and packaging requirements for

Waste minimization should be attempted at sev- the disposal of the regulated hazardous materials in
eral levels to address effectively the problem of mixed the mixed waste.
waste. Researchers should be encouraged to plan When autoclaving mixed waste, precautions
experiments and select reagents that minimize the should be taken to avoid the release of volatile radi-
production of mixed waste. Experimental design onuclides (e.g., radioiodine) and toxic chemicals (e.g.,
may be modified such that the wastes are generated mercury, solvents, and carcinogens). The potential
separately and in minimal volumes. Microscale tech- volatility of the mixture when subjected to the ele-
niques are now available for most experimental pro- vated temperatures necessary to achieve thermal bio-
cedures. When feasible, substitution of less hazard- logical inactivation is therefore an important factor
ous materials should be considered. Appropriate in the assessment of these types of mixed waste.
waste containers should be made available at the Mixed waste containing conjugated tritium, techne-
work site to ensure convenient and correct segrega- tium-99, carbon-14, and other radionuclides has been
tion and labeling of the waste. autoclaved safely at various institutions, but this

Waste maragers commonly have to make a deci- method should be approved by the radiation safety
sion about the method to be used for the treatment officer of the institution. Waste containing flam-
and disposal of mixed waste. If unusual disposal mable or reactive chemicals should not be autoclaved.
problems are anticipated by the generator of mixed Care should be taken to avoid contamination of the
waste, the waste manager for the institution should equipment. Autoclaves used for processing radioac-
be informed prior to generation of the waste. Rou- tive waste should be labeled with the universal radia-
tinely, the regulated hazardous waste component takes tion symbol.
precedence in any treatment and disposal strategy. It Excreta that contain radionuclides from patients
is important to recognize, however, that the most undergoing diagnostic nuclear medicine procedures
serious hazard associated with the waste may not be may be discharged into the sanitary sewer if the
the regulated component. Placing emphasis on the activity levels in the sewage do not exceed license
regulated component therefore may not be the safest limitations. Excreta from patients receiving che-
approach; in fact, the risks involved in the handling motherapeutic drugs may be discharged into the sani-
of mixed waste could be exacerbated. A careful tary sewer, if this practice is in compliance with local
assessment of the waste composition is required in regulations. Specimens of blood and body fluids
order to select the appropriate strategy for treating obtained from these classes of patients often are sub-
the mixture. Thermal or chemical inactivation of the mitted for laboratory analysis. These diagnostic speci-
infectious component of mixed waste is commonly mens can be discharged into the sanitary sewer un-
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treated, or autoclaved and disposed of as general drum. As a precaution, absorbent material can be
waste. added to contain any fluids that might be present.

The incineration of mixed waste is dependent Incineration is the treatment of choice for anatomical
upon the regulatory requirements and permits for the waste derived from infected hosts. A facility with a
hazardous chemical or radioactive components. properly designed and operated medical waste incin-
Volatile metals (mercury) should not be incinerated erator can effectively treat infectious anatomical labo-
but may easily be treated by other methods. Waste ratory and veterinary waste for disposal.
management strategies are hindered when the mix-
ture contains volatile metals in addition to other haz- 3. Animal Bedding Materials
ardous waste components that dictate incineration as
the treatment of choice. Soiled animal bedding material also becomes

Treatment of all regulated waste and regulated malodorous when stored at ambient temperatures for
components of mixed waste is restricted to facilities extended periods of time. Adherence to good sanita-
holding the necessary permits. At the time of this tion practices can minimize potential problems.
writing, none of these facilities accepts waste con- Bedding materials obtained from healthy laboratory
taining the "dioxin group" compounds (chlorinated animals are managed as solid waste and disposed in a
phenols and phenoxy acetic acids, chlorinated di- sanitary landfill. Institutional or local requirements
benzo-p-dioxins, or chlorinated dibenzofurans) for may apply to the management and disposal of animal
treatment or disposal. Thus, mixed waste containing waste containing excreta. Decontamination of soiled
any of the dioxin group compounds is difficult to bedding materials from healthy animals is not indi-
manage. Due to the lack of permitted facilities and cated, although containment precautions should be
the resulting requirement for long-term storage at the instituted to minimize the production of allergenic
producing institution, stringent waste minimization aerosols.
strategies should be implemented to minimize the Contaminated bedding materials and disposable
generation of this type of mixed waste. fomites associated with infected animals are also

Chemical decontamination of mixed waste re- examples of infectious waste. Incineration is the
quires an assessment prior to treatment to avoid po- decontamination treatment recommended for com-
tential occupational hazards or difficult disposal prob- bustible, high-density waste. Incinerable small-ani-
lems. For example, decontamination of mixed waste mal cages are often used in Biosafety Level 3 facili-
containing radioiodine with sodium hypochlorite ties. This practice avoids the formation of infectious
could result in the release of the radionuclide. aerosols during the handling and disposal of bedding

and related waste. Autoclaves may be available on
site or in close proximity to the animal holding areasWaste to decontaminate bedding materials or excreta con-

tained in metal or heat-resistant plastic cages. De-
All anatomical waste requires special handling contaminated solid waste then may be managed as

and packaging due in part to its putrescent properties general waste.
at ambient temperatures. Cold storage is necessary
for nonpreserved anatomical waste to minimize odors 4. "Sharps"
and leakage problems. Human body parts, bodies,
and cadavers should be disposed of by cremation, Needles and other penetrating items such as sur-
burial, or incineration as stipulated in regulations gical blades, pipettes, broken glass, and laboratory
promulgated by the state anatomy board. instrument sampling probes pose a physical hazard

Biomedical laboratory and veterinary research to laboratory and support service personnel and, if
operations also generate anatomical waste such as used to process infectious materials, may transmit
pathological specimens and animal carcasses. Stud- infection. All disposable "sharps" should be placed
ies of animal and human infections may generate in a prominently labeled, leak- and puncture-resis-
infectious anatomical waste. This waste may be tant container that is consistent with the institution's
packaged in a durable, preferably opaque, plastic waste management plan. Sturdy corrugated fiber
liner that is placed in a sturdy paper fiber box or boxes are used routinely for packaging broken glass
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and brittle plasticware such as pipettes. The addition a resticted opening with a self-activating flap to
of an absorbent material such as crushed corn cob to keep the waste covered while in use, and sealable
the package will retain residual fluids and enhance lids to contain the waste during treatment and dis-
the incineration of waste containing large quantities posal. Placing the waste receptacle in a location
of plastic and glass. Hypodermic needles and surgi- convenient to the activity generating the waste (e.g.,
cal blades often are packaged in disposable buckets in animal procedure rooms, at patient's bedside, and
made from a high-strength, temperature-resistant on the laboratory workbench) is one strategy to en-
plastic. Used disposable needles and syringes should sure proper segregation and packaging of the waste
be placed, intact, directly into the waste receptacle and to minimize the risk of injury to housekeeping
without recapping. Other safety design features may personnel.
include a sturdy handle to transport the waste safely,
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Safety Management

A. ADMINISTRATIVE ORGANIZATION 2. The Laboratory Safety Program
AND RESPONSIBILITIES

a. Goals of a Laboratory Safety Program

1. Introduction The goals of a laboratory safety program should
be to protect those working in the laboratory, others

Every institution, irrespective of size, should have who may be exposed to hazards from the laboratory,
a safety program. Such a program should be de- and the environmenL Hazardous materials should be
signed, when appropriate, to ensure compliance with handled and disposed of in such a way that people,
(1) Occupational Safety and Health Administration other living organisms, and the environment are pro-
(OSHA) requirements for healtd qnd safety, (2) Nu- tected from harm.
clear Regulatory Commission ti4RC) requirements
for safe handling of radioactive isotopes, (3) Envi-
ronmental Protection Agency (EPA) regulations de-
signed to implement the Resource Conservation and The ultimate responsibility for safety within an
Recovery Act (RCRA), (4) relevant state and local institution lies with its chief executive officer, who,
regulations, and (5) requirements of accrediting bod- along with all immediate associates (e.g., vice presi-
ies, such as the Joint Commission on Accreditation dents, deans, department heads, laboratory directors,
of Healthcare Organizations. and project directors), should have a continuing, overt

Even when a safety program is already in effect, a commitment to the safety program. This commit-
new laboratory activity may require that the program ment, as well as tangible support, should be obvious
be modified to address the following issues: to all. A potentially effective safety program that is

ignored by top management will fail because it will
a the unique hazards introduced by the new certainly be ignored by many others. Essential to an

activity; effective institutional safety program is a safety co-
- the methods of controlling these hazards; ordinator (or safety officer) appropriately trained in
* the new procedures needed (e.g., signs, waste rlvn aeytcnlg.Ti niiul eie

disposal, and personnel monitoring); relevant safety technology. This individual, besides
disp eorintaiosl an personnel ; in; supplying advice and recommendations, should see
" the orientation of personnel; and that records are kept showing whether the institu-
* ways of ensuring that the new procedures tion's physical facilities and safety rules are inter-

are followed. nally consistent and compatible with potential risks,

Not only should safety programs be a part of an as well as with both state and federal laws.
institution's effort, but such an activity should be a The responsibility for safety in a department or
central focus of a small office or clinical laboratory other administrative unit of the institution lies with
as well. its chairperson or supervisor. In small institutions, it

46
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may be feasible for one person to perform more than such as outlined below in Section C of this chapter.
one set of duties. For example, a significant fraction Safety plans should be coordinated with institu-
of a faculty member's time might be allotted to the tional and local community emergency services.
duties of the departmental safety coordinator. To be Discussions with the emergency groups should be
effective, safety coordinators should work closely held prior to any need for their services, so that they
with administrators and investigators to develop and can become familiar with any potential problem ar-
implement written policies and practices needed for eas (e.g., hazardous pathogens, radioisotopes, and
safe laboratory work. Collectively, this group should chemicals) that may be encountered when they are
routinely monitor current operations and practices, called for assistance. Telephones or other methods
see that appropriate audits are maintained, and con- of rapid communication in the event of an emer-
stantly seek ways to improve the safety program. If gency should be readily available.
laboratory goals dictate operations or substances not The institution has the responsibility to require
suited to the existing facilities, it is the responsibility that all hazardous materials (e.g., infectious agents,
of the safety coordinator and laboratory supervisor to certain chemicals, and radioisotopes) are properly
advise and assist the investigator in developing ade- labeled. In addition, persons in the laboratory re-
quate facilities and appropriate work procedures. sponsible for handling an emergency should be des-

The responsibility for authorization of a specific ignated, with telephone numbers posted, so that emer-
operation, delineation of appropriate safety proce- gency service personnel and others, such as security
dures, and instruction of those who will carry out the guards, know whom to contact at all times of the day
operation lies with the project director. or night.

Taking time to identify potential hazards through
a job analysis and to think through its safety aspects d. Safety Meetings and Safety Committees
is necessary to avoid accidents and illnesses. This
practice has proven to be of immense value to indus- In the most effective safety programs, everycne
try. Job analysis consists of breaking a job down into concerned with the laboratory becomes involved. This
its logical steps, analyzing each for its hazard poten- involvement is usually accomplished by ensuring
tial, and deciding the safe procedures to use. The maximum participation in planning, and by conduct-
process should be designed by a supervisor with ing group safety meetings.
input from employees and should be outlined in writ- In large industrial research laboratories, it is com-
ing for tasks with potential for injury or other inci- .non practice to have monthly meetings of all scien-
dents. tists and technicians reporting to a research supervi-

Safety awareness should be a part of everyone's sor. The chairperson is responsible for developing
habits, and can only be achieved if senior and re- the agenda of safety topics relevant to the group's
sponsible staff evince a sincere, visible, and continu- activities. Minutes of the meeting are sent to the
ing interest in the prevention of injuries and occupa- group members, to the safety coordinator, and to
tional illnesses. Laboratory personnel, for their part, higher management.
must accept responsibility for carrying out their work In such laboratories, it is customary to have a
in a way that protects themselves and their fellow staff safety committee consisting of the laboratory
workers. director and several research supervisors, managers,

employees, and the laboratory safety coordinator.
c. Safety Plans The primary purpose of this group is to lead the

.aiey einort, st pui,.y for the group, review acci-

Because experience has shown that voluntary dents and near-accidents, and decide if changes in
safety programs are often inadequate, prudent prac- policies, program, or equipment are needed.
tice requires clearly defined safety rules and moni- In an academic setting, safety meetings may be
toring for compliance. These rules should be readily held by research groups and by professors and assis-
available in writing to all involved in laboratory op- tants responsible for undergraduate courses. A com-
erations. This goal is often accomplished by prepar- mittee of several professors and the departmental
ing a laboratory safety manual containing elements safety coordinator may direct the safety program in



48 IOSAFETY IN THE LIAORATORY

the department. Representatives of several depart- visor, and, if a problem is widespread, the entire
ments, including some laboratory technicians, may laboratory should be notified.
constitute a committee guiding laboratory safety for Essential safety equipment, such as sterilizers and
the entire institution, eye wash fountains, should be tested periodically and

Small laboratories with no formal safety organi- a record kept of their last inspection. Malfunctioning
zation should hold periodic safety reviews to discuss equipment should be repaired promptly. Personal
actual or potential hazards and how to deal with protective equipment for use in an emergency should
them, in order to maintain a safety awareness. be checked periodically, and the qualified users should

receive updated training.

e. Safety Communications
B. FACILITIES

Safety communications alert people to newly rec-

ognized hazards, remind them of basic safety prin- 1. Introduction
ciples, and instill good attitudes toward safety.

Large laboratories often have regular safety news- The following discussion presents an overview of
letters containing useful safety advice and accounts the roles of facility design, construction, and mainte-
of laboratory accidents along with the lessons to be nance in biosafety. A number of other publications,
learned from them. or references cited therein, address facility design in

Safety posters are helpful, but less so than the more detail [19,106,137,145], and others address
other kinds of safety communication. Posters should accreditation [41,72,92]. State and local require-
be changed at least every month to catch people's ments should also be considered.
attention. For pathogens of veterinary interest, U.S. Depart-

Reference books on iaboratory hazards, occupa- ment of Agriculture (USDA), Animal and Plant
tional health, and good laboratory practices should Health Inspection Service (APHIS), and Veterinary
be readily available. The Material Safety Data Sheets Services (VS) personnel should be consulted on fa-
(MSDS) that chemical manufacturers must now sup- cility design. APHIS and VS personnel may elect to
ply should also be readily available to all those work- inspect the laboratory and animal facilities before a
ing in a biomedical laboratory. permit is issued to an investigator to begin work with

The OSHA Hazard Communication Standard (the animal pathogens.
"right-to-know" rule) [1261 requires that every em- The physical facility is a secondary barrier, and it
ployee be trained to understand the hazards of the should be designed to ensure a functional laboratory
substances with which they work, and that current environment that minimizes potential hazards to those
toxicity information be readily available, working in the immediate area and to others through-

out the institution. The design should control traffic,
f. Monitoring Safety prevent dispersal of aerosols to other areas, and pro-

vide for safe movement of hazardous materials and
One of the essential elements of a good safety waste. Properly designed physical facilities can pro-

program is the monitoring of the safety performance vide an environment that is safe, if work procedures
of a laboratory. Observations of individual safety are adequate and personal safety devices and primary
practices, operability of safety equipment, and com- barriers are properly used. Proper design should,
pliance with safety rules should be part of the audit. however, allow the laboratory work to be performed
An inspection team, with members selected from in a convenient and cost-effective manner compat-
several sections of the laboratory, will provide an ible with control of the hazards. Well-designed fa-
objective view of the state of safety. Reports of cilities are also adaptable to changes in equipment
deficiencies and suggestions for correction should go and technology or in the kinds of work performed.
to the people directly concerned. Any malfunction- Resources allocated to the development of the facili-
ing facility or equipment should be reported and ties should be commensurate with the risks of the
repaired. Feedback about a particular problem should work to be performed. If the facilities are unsatisfac-
be brought to the attention of the appropriate super- tory for the kind of work that is proposed, then either
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the facilities, the work, or the method of performing from these laboratories does not reach other areas.
the work should be modified. This must be accomplished regardless of the opera-

Before beginning the design of a laboratory in tion of certain equipment, such as biological safety
which biohazardous materials will be used, consid- cabinets, that may alter airflow.
eration should be given to the known or potential There are no uniformly accepted standards of
agents to be handled, the procedures to be used, and ventilation for Biosafety Level 2 laboratories. Direc-
the quantities of the agents that will be encountered. tional airflow is desirable for Biosafety Level 2 labo-

Facilities should comply with local, state, and ratories in hospitals. There should be an adequate
federal building and fire codes, as well as with the number of air changes per hour (1) to provide a
requirements of accrediting bodies such as the Joint comfortable work environment, (2) to provide for
Commission on Accreditation of Healthcare Organi- safe operation of any chemical hoods and biological
zations, where applicable, safety cabinets that are vented directly to the outside

or into the exhaust system, and (3) to comply with

2. Laboratory Design the appropriate building codes and regulations.
Air from rooms in which biohazardous work is

Biosafety is only one consideration in laboratory performed should not be recirculated to areas of lesser
design; others include chemical, electrical, fire, and hazard and is best exhausted to the outside. For
radiation safety. Proper design of a laboratory is a example, air from Biosafety Level 3 and 4 areas
team effort that should include the scientist, engi- should not be recirculated. The exhaust air from
neer, architect, manager, and the safety officer. Too Level 4 areas should be filtered through HEPA filters
often, an administrator assumes that the architect and discharged to the outside. In hospitals it is
knows how to design biosafety facilities and that the desirable that air from microbiology laboratories and
contractor will construct them properly. In order to animal rooms not be recirculated, especially to pa-
minimize costly modifications during and after con- tient care areas. Building codes and regulations in
struction, it is recommended that when new facilities different localities vary and must be followed.
are being built or those extant are being modified, the Ventilation exhausts should be remote and not
plans be reviewed by the safety officer and by one or upwind from air intakes, and should not exhaust onto
more laboratory scientists to ensure that biosafety loading docks or patios. If there is a need for filtra-
requirements will be fulfilled. These individuals tion or incineration of exhausted air, the integrity of
should inspect the facility during and at the comple- the duct work and proper functioning of the filters or
tion of construction to ensure that plans were fol- incinerator should be substantiated periodically. It is
lowed before the facility is accepted. Final construc- also important that filters in the ventilation system be
tion (as-built) drawings should be kept available for changed on a regular schedule.
future reference. There should be periodic monitoring of ventila-

A number of biosafety features should be consid- Lion characteristics to ensure that rooms with special
ered, depending upon the work to be performed in requirements, such as directional airflow or a speci-
the laboratory. Overall layout of laboratory facilities fied number of air changes, are operating under the
should consider traffic patterns of personnel and proper conditions. Such inspections are particularly
materials; this consideration becomes more impor- important after work has been performed on the ven-
tant as the biosafety level increases. Facilities should tilating system, -.iiudin'a balancing of the system.
be designed to meet standards described in Appendix
A for Biosafety levels I through 4. b. Electrical

a. Ventilation Emergency power needs for laboratories should
be defined. Generally, biological safety cabinets in

Ventilation is a vital aspect of biosafety. Air Iliosafety Level 2 laboratories will not be on the
handling systems should be such that minimal dust emergency power system and thus cannot be used if
accumulates. Laboratories operating at Biosafety there is a power failure. Circuits providing emer-
Level 3 or 4 must have directional airflow so that air gency power should be readily identifiable. Biologi-
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cal safety cabinets that require auxiliary fans on the taminated material into the piping system and pumps.
roof of the building should have an alarm system that It is often best to use either a stand-alone pump-type
will notify the hood operator if the fan fails, or if vacuum system, or to use a water siphon vacuum
appropriate negative pressure is not maintained. A system that is attached to a faucet (provided that
plan for action in the event of power failure should measures are taken to prevent back-siphonage).
be developed.

f Waste Handling
c. Water The layout of the physical facilities should facili-

The water supply system should be designed so tate handling of biohazardous waste and should mini-
that back siphonage cannot occur; all faucets that mize the likelihood of contamination of clean mate-
might allow reflux to occur should be equipped with rial by such waste [891. Contaminated material must
vacuum breakers. If there are both potable and non- be segregated from noncontaminated material by
potable water sources in the laboratory, each should physical facilities or appropriate containers.
be clearly labeled. Need for special types of water
should be foreseen and, for certain uses, biological g. Safety Equipment
contamination should be controlled [88].

Safety showers may be needed for emergencies Biological safety cabinets, autoclaves, and other
involving certain biohazards or combined hazards. biosafety equipment shouid be properly installed and
In most situations when biohazardous material is checked to ensure correct operation. Biological safety
spilled on one's person, a regular shower in the locker cabinets should be certified before use to ensure their
room may be used after clothing is removed. Appro- operation under appropriate standards (National Sani-
priate handling of the contaminated clothing will tation Foundation Standard No. 49 [95]), and should
depend upon the nature of the hazard. Eye washes be recertified at least annually (see Chapter 3, Sec-
should be available in each laboratory handling po- tion J). Careful implementation of installation and
tentially dangerous material. certification procedures will prevent mistakes, such

as leaking filters or inadequate airflow. The labora-
d. Sewage tory director or safety officer should ensure that em-

ployees are properly instructed in the use of safety
Disposal of waste through the sewage system is equipment. The equipment should be recertified if it

frequently an effective way of eliminating material is moved to another location.
posing a low level of biohazard (see Chapter 4),
although, if it is not placed in the drain properly,
there is a potential for splatter or aerosolization. It h. Traffic Flow Pattern
may be important to check with the local sewage The pattern of traffic flow within the facility should
plant about its ability to handle waste of certain types be such that the more hazardous areas are remote
or in large quantities, because certain chemicals or from other types of operations. Access to a Bio-
biologic products may affect the microbial flora of safety Level 3 laboratory through two sequential doors
the treatment facility. Drains should contain suffi- is required. In addition, unnecessary traffic into the
cient liquid to ensure that the trap is sealed to prevent laboratory should be discouraged. Doors to labora-
escape of noxious gases. If a drain is never used, the tories of Biosafety Level 2 or higher should be kept
trap must be filled on a regular schedule or the drain closed when work is in progress in the laboratory.
should be sealed.

i. Laundry
e. Vacuum Laboratory clothing and towels originating in

If there is a vacuum system serving multiple ar- Biosafety Level 3 and 4 facilities should be routinely
eas, care should be taken that there are filters in the decontaminated before being sent to the laundry.
system, and that there is an overflow trap containing Consideration should be given to decontaminating
an appropriate disinfectant to prevent entry of con- overtly contaminated clothing and towels originating
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from Biosafety Level 2 laboratories. Clothing and stances of improper or unperformed maintenance in
towels from all other laboratories can be sent to the the past, it may be appropriate to insist that records
laundry without special treatment. of routine maintenance be made available to the labo-

ratory. It is sometimes helpful for the laboratory also
j. Storage Areas to maintain records of various maintenance activities

that are requested and performed. For specific pieces
Storage areas for infectious materials, including of equipment, records of service calls may aid in

stock cultures, actively used infectious materials, and justifying replacement. In periodic laboratory in-
biohazardous waste, should be designed to control spections, inspectors should specifically review docu-
access and minimize the likelihood of contamination mentation that the maintenance has been properly
of personnel or the environment. It is desirable that performed.
all hazardous chemicals be stored below eye level. Maintenance and physical plant personnel enter-

Freezers, especially liquid nitrogen freezers, pre- ing a laboratory where work with biohazardous ma-
sent a particular problem because vials or other con- terial is being done should either be knowledgeable
tainers of infectious agents may break and contami- in proper methods for safely conducting their activi-
nate the liquid nitrogen or a portion of the storage ties or have proper techniques explained by safety or
system. Storage in the gas phase of liquid nitrogen laboratory supervisory personnel. It is the responsi-
freezers is recommended. To decontaminate the bility of the laboratory supervisor to ensure that the
freezer, the contents should be removed, the nitrogen area is decontaminated as needed before any mainte-
allowed to evaporate, and the contaminated areas nance work or inspections are carried out.
disinfected and cleaned appropriately.

5. Housekeeping
3. Constructing, Remodeling, and Housekeeping personnel generally do not have a
Decommissioning a Laboratory scientific background or a good understanding of

During construction or remodeling of laboratory various biohazards. It is best that their responsibili-
areas, there should be careful documentation of the ties be clearly defined and generally limited to the
architectural features of the constructed area, and cleaning of floors, the handling of nonhazardous
permanent files of the blueprints (as-built drawings) waste, and other periodic housekeeping activities such
should be maintained. During remodeling, the con- as washing walls and windows. It is desirable to
struction workers should be protected from potential develop regular schedules for infrequent housekeep-
biohazards in work sites. For example, when the ing functions. Working areas such as countertops,
dismantling of exhaust ducts from biological safety reagent shelves, incubators, and refrigerators should
cabinets in Biosafety Level 3 laboratories is required, be cleaned by laboratory personnel. Spills should be
the workers should be informed of the potential risk handled by trained personnel, and housekeeping per-
and the ducts should be decontaminated before they sonnel should clean the area only after the infectious
are dismantled. If a Biosafety Level 3 laboratory is hazards have been eliminated. Facilities such as cold
to be dismantled, or used for other purposes, it must rooms, refrigerators, and incubators should have
be thoroughly disinfected to ensure that infectious specified laboratory individuals responsible for their
agents from the previous activities no longer consti- regular cleaning.
tute a risk to the workers, before any remodeling is
carried out. Workers should wear appropriate per- C. OPERATIONS
sonal protective devices.

1. Introduction
4. Maintenance Operations refer to the day-to-day activities of an
The physical plant or engineering group of the ongoing safety program. Managing the operational

organization is generally responsible for maintaining aspects of a safety program requires clear definition
the physical facilities. There should be a defined of the responsibility and the authority of safety per-
schedule of maintenance, and if there have been in- sonnel and designation of the chain of command.
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This section provides an overview of operations employee of the completion of orientation and of
management, but the reader is referred to other sources continuing education is essential.
or to the references cited in them for more detail Training should include information concerning
[61,106,117]. the beneficial aspects of the normal flora of the body,

as well as the rarity with which pathogens in the en-
2. Safety Orientation and Continuing vironment cause harm. Such sessions should help to
2.aEtydrictation ad C g reduce unwarranted fears in the workplace. Informa-
Education for Employees tion should also be provided on the lack of risk to the

The extent of the orientation and continuing edu- general public, since the public perception of the
cation programs depends upon the size of the organi- risks of biohazards is far out of proportion to any
zation and the risks to which personnel and visitors known problem. Legislative representatives should
could be exposed. Since it is prudent to identify and be educated in a similar fashion, to prevent ovrreac-
address all hazards when preparing safety training tion to the materials used for research and the waste
programs, biosafety should be included along with that institutions have to discard.
the chemical safety training required by the new Supplementary safety training materials can be
Hazard Communication Standard or the "right-to- obtained from several commercial sources or may be
know" rule [126] and the radiation safety training borrowed from government agencies; they need not
requirements of the Nuclear Regulatory Commis- be developed by the institution. Some examples of
sion. Safety orientation and continuing education sources and programs are listed in Appendix F. Each
should be similar, regardless of whether the work is institution should have a library of reference books
to be done in research, service, or clinical laborato- and teaching aids, the extent of which will depend
ies, or in academic, private, or government institu- upon the financial support and educational expertise
tions. All employers are responsible for providing available. Consultants can be hired to lecture on
appropriate health and safety training for all of their specific topics if an expert is not available in-house.
employees. Employees should be motivated to de- To ensure a level of continuity to the program, the
velop a safety awareness and be encouraged to iden- project leader or principal investigator may be trained
tify unsafe practices or situations in their workplace. first to serve as an instructor of the technicians on the

Scientists should undertake projects involving project. The slide sets and materials in Fundamen-
biohazards only if all involved have had the educa- tals for Safe Microbiological Research - A Series,
tion and training for work at the appropriate bio- produced in 1983 by the Division of Safety of the
safety level. The guidelines for microbiological and National Institutes of Health (see Appendix F), in-
biomedical research laboratories developed by the clude instruction manuals and advice as to the posi-
Centers for Disease Control and the National Insti- tion of the person in the institution who should ad-
tutes of Health (Appendix A) define the levels of dress specific subjects. Biosafety officers, sanitari-
training recommended for each biosafety level. All ans, microbiologists, infection control practitioners,
personnel directly or indirectly involved with the industrial hygienists, and others may be called upon
containment and safe handling of known and poten- to give the training. Only those who are knowledge-
tially biohazardous materials should receive instruc- able about the actual hazards and methods for appro-
tion and become sufficiently proficient in prudent priate controls, and thus capable of answering ques-
microbiological practices to allow them to work tions and addressing justifiable and unwarranted fears,
safely. The curriculum should include instruction in should present these programs. Further information
the biology of the microorganisms so that employees on training materials and safety training courses may
can understand the mode(s) of transmission, infectiv- be obtained from the Division of Safety, National
ity, and pathogenicity. It should include also hands- Institutes of Health; Office of Biosafety, Centers for
on training in appropriate aseptic technique and de- Disease Control; the American Society for Microbi-
contamination and disposal methods. ology; the American Biological Safety Association;

Table 5.1 lists a series of topics appropriate for and the Biohazards Section of the American Indus-
training sessions in biosafety; more extensive out- trial Hygiene Association. Physicians' laboratories
lines of appropriate subjects may be found in Appen- may contact their slate health laboratories for further
dix F and reference 149. Documentation by the information.
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TABLE 5.1 Suggested Topics for Biohazard Safety 3. Evaluation of Laboratory-Associated

Training Hazards

1. Aseptic technique and procedures The dangers to personnel and the environment
2. Personal hygiene from biohazardous laboratory activities should be
3. Laboratory practices (primary containment assessed in a systematic fashion. A number of fac-

barriers) for appropriate biosafety levels tors should be considered, but the two most impor-
4. Personal protective equipment tant factors are (1) the agents and (2) the poteiual
5. Assessment criteria for facilities at various consequences of infection. The characteristics of the

biosafety levels microbiological agents being used are particularly
6. Decontamination, disinfection, and steriliza- important; i.e., their virulencz, pathogenicity, com-

tion municability, and route of spread are properties af-
7. Signs fecting the potential danger for laboratory workers
8. Biohazardous waste handling, packaging, and and the environment. The types of procedures used

disposal ,vith the microorganisms and the quantities handled
9. Packaging, transporting, and shipping biohaz- will also affect the degree of hazard. Agents causing

ardous materials infections that are mild, easily treated, or readily
10. Effective use of a biological safety cabinet prevented with a vaccine pose much less danger than
11. Safe use of an autoclave agents that cause severe or fatal disease and cannot
12. Safe use of a centrifuge be prevented or treated effectively. In addition, the
13. Monitoring and auditing skills and knowledge of the employees should be
14. Reporting ncidents and accidents considered. The individuals working in a laboratory
15. "Right-to-know" hazard communication should be trained adequately to understand the haz-
16. "Universal precautions" for handling human ards of their work, to become proficient in the proce-

blood and body fluids dures that shoul I be followed to minimize personal
danger, and to be aware of the possibility that they
might expose others to the organisms.

NOTE: See Appendix I-' for sources of audiovisual materials. Assessmeat of haard requires good judgment in
the application of general principles to the specific
laboratory situation to reach a rational decision. It
includes also an evaluation of the types of facilities,

Graduate degrees in biosafety are offered through laboratory practi -s, personal protection devices, and
the Biohazard Science Training Program, School of equipment that will be needed to perform the labora-
Public Health, University of North Carolina. Othei tory work safely.
schools of public health offer advanced degrees in
environmental health or epidemiology, which can
include elective or required courses in biosafety. Short 4. Policy and Procedure Manuals
courses or workshops in biosafety or related subjects It is essential that biosafety policies and proce-
are sponsored by national associations such as theAmercanSocetyforMicobioogy Asocitio of dures be clearly spelled out in a manual, includingAmerican Society for Microbiology, Association of thinrmiotelartrywkrsoudkw

Practitioners in Infection Control, and the American for ato activitiestas w or hodlinm
ChemcalSocety oras ontiuin edcaton ro- for day-to-day activities as well as for handling cmr-Chemical Society, or as continuing education pro- gnie.Telbrtybosfymaulhud

gram, through academic institutions. Training pro- gencies. The laboratory biosafety manual should
grams sponsored from 1980 through 1983 by the include the following subjects:

National Institutes of Health have continued to be • policy and goals;
offered annually by the host institutions, Harvard * safety organization;
University, and The Johns Hopkins University, on a - medical program;
fcc basis, to meet the demand for such training (see • procedures for general laboratoi ,ra-
Appendix F). tions, including: labeling and handling ,'ci-
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mens; methods to minimize hazards of aerosols There may be requirements for similar reporting by
and droplets; proper uses of needles, syringes, state and local governments.
and "sharps"; appropriate discard of working ma- Most large organizations will have special forms
terials; sterilization and disinfection; cleanup of for recording accidents. However, in smaller organi-
spills; use and maintenance of biological safety zations an expository description will suffice for most
cabinets; control of insects and other pests; work acc idents. Reports should be filled out for all labora-
with animals; and waste disposal; tory accidents. These should include a description of

- safety equipment location and proper use; the accident and any factors contributing to the acci-
and dent. In addition, any first aid or other health care

• emergencies. given to the employee should be included. Respon-
sibility for completing these forms should be clearly

The safety manual should be readily available to defined. It might be assigned to the laboratory super-
all employees. Each new employee should be re-allremployreve. Eahe m loe soulmet rt visor, employee health personnel, or safety person-
quired to review the manual and to document that e.Acdnssol eproial eiwdb

thisnel. Accidents should be periodically reviewed by

viewed annually by the laboratory director and by the safety committee, by the employee health unit, or

the safety officer to ensure that it is accurate and by other appropriate personnel, and the individual

current for the laboratory in which it is being ued reports or a summary should be sent to the director of

In addition to a safety manual, many laboratories the organization.The information collected from accident reports
have a manual of general procedures (standard oper- cne usedmto nves te fic accident andocan

atin prcedres or O~s. Tis anua shuldin- can be used to investigate specific accidents and can
atin prcedres or O~s. Tis anua shuldin- be collected and analyzed to assess trends in various

clude the special safety precautions required for par- prolems. and aa led the treue n a ros

ticuarl haardos sepsof te vrios prcelres problems. For example, is the frequency and/or se-icularly hazardous steps of the various procedures verity of needle sticks increasing or decreasing? Have
described therein. Safety aspects of each procedure changes in procedures for handling needles affected
should be reviewed during the periodic review of the the incidence or severity of such accidens?
SOPs.

Work that involves animals or the use of animal
facilities may require additional safety procedures, 6. Recordkeeping
which should be clearly defined in procedure manu- A number of records of the biosafety program are
als. These are described in more detail in other pub- required by OSHA, and perhaps by the local and
lications [44,1051. (See Appendix G, Accreditation.) state government. In general, records should be kept

Smaller laboratories, such as physicians' office for a minimum of 5 years, although some, such as
laboratories or laboratories that handle minimally medical records, should be held for 30 years. Mod-
biohazardous materials, may address biosafety as a
portion of the general laboratory procedure manual. em data roeing
For many small laboratories, collection and handling
of specimens of blood and body fluids represent the
major hazara. 7. Auditing

Auditing (quality assurance) is essential if the
safety program is to function properly. If there is no

5. Accident Reports and Investigations effort to ensure that appropriate procedures and poli-
Each organization should have a defined system cies have been carried out conscientiously, the pro-

for reporting laboratory injuries and accidents, as gram may exist only on paper. It is helpful to have a
well as for investigating them. These events should periodic external review by a safety officer, a person
be documented and reported to the appropriate su- who works in another laboratory, or an inspector
pervisory personnel and to the employee health serv- from an accrediting organization. Examples of the
ice. For those organizations subject to the regula- latter for health care laboratories arc the Joint Com-
tions promulgated by the Occupational Safety and mission for Accreditation of Healthcare Organiza-
Health Administration (OSHA), there are specific re- tions, the College of American Pathologists, and state
quirements for reporing injuries in the workplace. health departments. These agencies have lists of
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safety and other laboratory requirements and will
check to see if these are fulfilled. Facilities, equip-
ment, and employee knowledge of safety and corn- Appropi iate signs should be used to identify haz-
pliance are some of the items reviewed. Internal ardous laboratory areas as outlined in Appendix A
auditing reviews of the laboratory, using a checklist (see section on Registry of Agents above). These
obtained from such an accrediting group, also may biohazard signs should be posted at the entrances to
be helpful. areas if there are special conditions for entry. When

It is important to conduct periodic audits of key there are multiple potential hazards, multiple signs
physical aspects of the biosafety system. For ex- are required. There should be a uniform system of
ample, during these reviews the annual certification signs within an institution, and it should conform
of biosafety cabinets and periodic testing of the yen- with nationally recognized symbols.
tilation and alarm systems can be confirmed. This
practice is particularly important after modif -ations
in the facilities have been made as a result of l eriodic D. MEDICAL PROGRAM
maintenance or renovation. It is not unusual to find
that supposedly negative pressure rooms are under
positive pressure or have inappropriate numbers of
air changes per hour. Reports of the results of the The extent of the medical program for employees
audits should be submitted to management for re- with potential exposure to infectious agents should
view and action. be based upon the specific risks and hazards of the

laboratory activities, as well as on the overall medi-
cal program of the organization of which the labora-

8. Registry of Agents tory is a pait. Except for investigations of accidental

In any large organization, a central registry should exposures or inadvertent infections, the main objec-

be maintained of the identity and location of the tive of the medical program should be to prevent
varios minftaiedos thentbing andlatouot disease. It is beyond the scope of this book to discussvarious infectious agents being handled throughout the role of the medical program in promoting the
the facility, particularly for those agents requiring general health of employees (e.g., screening for dia-

Biosafety Level 3 or 4 operations. A central registry betes, high blood pressure, and heart disease).

is essential for dealing with emergencies. For ex- Dsign the progra requ iseaeft
ampl, afir in laoraory igh case ecesiveDesigning the program requires clear definitionample, a firc in a laboratory might cause excessive of goals and an appropriate plan to reach these goals

damage if the firemen were unwilling to enter an [. aopre ma ogram mght
area marked only with a conventional biohaardous [57,58,1351. Components of a medical program might
arohea make only w i f nventionwa izados include: preplacement examination (PPE), periodic
or other type of warning sign if no one was readily monitoring evaluation (PME), treatment and docu-

available who could explain the nature of the poten- mentation of accidental exposure, epidemiologic study

tial hazard within that laboratory. It may be helpful of exposure-related illness, tracking of prolonged or
to list, on the hazard warning signs on the laboratory unsailesmuiztondptepym t
doors, the agents, the common names of the disases unusual illness, immuniz~ation, and postemployment

evaluation (PEE) 1621. Tue program might also be
caused by them, and the names and telephone num- involved in making recommendations to reduce ex-
bers of persons to be contacted in the event of anergesn tposure to biohazards (e.g., use of biological safety
emergency. cabinets, use of personal protective devices, or

changes in work practices).

9. Waste Management

It is the responsibility of the laboratory director to 2. Conditions Increasing Employee Risk o
Adverse Health Outcome

see that waste is properly handled and, when neces-

sary, that it has been made noninfectious before being The risk of adverse health outcome as a result of
discharged into the environment. The principles of exposure to infectious agents may be increased in
infectious waste management are described in Chap- individuals whose immunological or other defense
ter 4. mechanisms have been impaired by such conditions
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as medication, allergy, or pregnancy. When such are more likely to be subject to serious infection
conditions are identified in employees potentially at caused by encapsulated bacteria (e.g., pneumococ-
risk, it is important to review the nature of their work cus or haemophilus), while those with T-cell defects
to ascertain whether or not some change or accom- are at a greater risk of developing active tuberculo-
modation can be made to lower cr elL-ninate the sis, histoplasmosis, !isteriosiE, )r cy*z -galovi"us
chances for exposure. If such actions are not pos- pneumonia. Treatment with corticosteroids can inter-
sible, it may be necessary to transfer the employees fere with T-cell, B-cell, and phagocyte functions.
to other jobs. In the case of a prospective candidate,
such findings may be the basis for denying employ-
ment. These decisions must be individualized with b. Reproductive Hazards

input from the employee, management, the institu- The laboratory environment may contain various
tion's occupational medicine service, and - if ap- biological, chemical, or physical hazards that can
propriate - the employee's private physician. adversely affect the outcome of pregnancy, but this

discussion will be limited to the biological hazards.

a. Deficiencies of Host Defenses Although sexually acquired infections with some
agents (e.g., chlamydia and gonococcus) can result

The considerable literature on the infection of in infertility in either sex, it is unlikely that acciden-
persons working in microbiological laboratories has tal infection with these agents in the laboratory will
been described in Chapter 2, Chapter 3 (Section B), cause this problem. Exposure to mutagenic agents
and Appendix A. Because of this occupational risk it would be of concern to fertile employees of either
is reasonable to conclude that, in addition to the need sex, and such exposure should thus be minimized.
for engineering controls, biosafety equipment, ap- Of special concern is the potential for infection of
propriate work practices, and personal protective the fetus, in utero or during delivery, resulting from a
devices, laboratory workers should have unimpaired work-related infection acquired by a pregnant em-
host defenses. A detailed discussion of abnormali- ployee. Diagnostic microbiologists, serologists, and
ties of host defenses is beyond the scope of this chemistry laboratory workers who have no direct
document, but some major factors are briefly consid- contact with patients with infectious diseases may be
ered below. exposed unknowingly to a variety of infectious agents

Cutaneous defenses are altered by diseases such in the specimens that they process. The infectious
as chronic dermatitis, eczema, and psoriasis. Per- agents that potentially may be acquired in this man-
sons with these conditions may be more susceptible ner and that are known to cause congenital or neona-
to skin infections. A disrupted skin surface may tal infections include rubella virus, hepatitis B virus,
allow entry of such agents as hepatitis B virus and cytomegalovirus, human immunodeficiency virus,
human immunodeficiency virus, which are believed enteroviruses, herpes simplex virus, varicella virus,
not to be able to pennadte healthy, intact skin. Treponema pallidum (the agent of syphilis), and

Antimicrobial therapy may interfere with protec- toxoplasma [112]. The concern for the pregnant
tion afforded by the normal microbial flora of the employee may be increased if she is handling viruses
mucosal surfaces of the body. Antibiotic-related sup- requiring Biosafety Level 3 or 4, for which the ef-
pression of the normal flora, or bowel pathology that fects of maternal infection on the fetus are unknown.
disrupts the mucosal surface, may interfere with the When considering job placement or work scope
protective properties of the healthy, intact gastroin- for a pregnant laboratory employee, or an employee
testinal tract. who is attempting to become pregnant, several fac-

Abnormalities of the immune system may inter- tors are important: the agent, and what is known
fere with antibody-mediated defenses, T-cell-medi- about the risk of infection and its consequences; the
ated defenses, phagocytosis, or complement-medi- means available to prevent exposure; and the possi-
ated defenses. The types of infections likely to occur bility of other assignments [144]. The employee
will very with the nature of the alteration of the should be completely informed of the potential risks,
host's defenses. For example, persons who have and should be involved in the decision-making pro-
asplenia, complement defects, antibody defects, or cess along with the employer and the employee's
decreased numbers of polymorphonuclear leucocytes physician. In making a decision, consideration must
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be given to both the health of the fetus and the needs • individuals working with the more hazard-
of the employee. ous agents, particularly those requiring Biosafety

Level 3 or 4 (see Appendix A and reference 134);
c. Allergies g• individuals working with oncogenic and terato-

genic mirrobial agents;
Workers in biomedical laboratories may develop • animal caretakers, maintenance personnel, cus-

allergies to aerosolized proteins (e.g., fermentation todial and housekeeping staffs, or others who work
products and enzymes), animal dander, urine pro- in areas where potential exposure to infectious mate-
teins [5,14], or arthropod materials (see Chapter 3, rials is high;
Section C). In addition, allergies to substances (such • personnel working in overcrowded areas or in
as egg proteins) found in vaccines may preclude areas where containment systems are deficient or
immunization. Specific allergies may occasionally lacking; and
be grounds for denying employment or job transfer • individuals whose questionnaires show medi-
or may necessitate the institution of stringent mea- cal conditions that would increase their risk when
sures to prevent exposure. handling certain agents.

3. Program Design a. Medical History

After the medical program's goals have been de- The medical history should elicit information
fined and the potential hazards recognized, the con- about the state of general health and host defenses,
tent of the program and its participants can be deter- the presence of allergic conditions, past immuniza-
mined. The program should be in compliance with tions, and prior significant infectious diseases. It
federal, state, and local government regulations for may be useful also to inquire about the presence of
the protection of the health and welfare of the em- specific symptoms (e.g., persistent nasal congestion,
ployee (see Section F of this chapter), and should be headache, cough, or gastrointestinal complaints),
in accord with the general policies of management which may be useful in the future for evaluating

medical complaints of the employee and for inter-
preting the significance of nonspecific early mani-

4. Preplacement Examination (PPE) festations of illness.

The primary goal of a preplacement examination
(PPE) for a prospective employee is to reveal any b. Occupational Health History
medical condition that might put the worker or co-
workers at increased risk because of certain job ex- The occupational health history is the cornerstone
posures or activities. Recommendations for job re- of the occupational health examination [57,581. The
strictions or denial of employment should be care- initial occupational history shoild include a profile
fully considered and should avoid exclusions based of past employment; a listing of symptoms, illnesses,
on inaccurate presumptions of risks or future dis- or injuries related to past hazardous occupational
abilities. Other goals of the PPE are to obtain a exposures; specific questions rclcvant to the require-
baseline for future comparison and to ensure that the ments and potential hazards of the proposed work
employee has received appropriate immunizations. assignment; and any significant factors concerning

At the time of hiring, it is prudent to give all community and home contacts and activities.
prospective employees a questionnaire that elicits an
occupational and medical histov. Workplaces not
affiliated with an occupational medical service could
have this done through the employees' own physi-
cians. If a general physical examination is performed,

Personnel who may require a more complete particular attention should be paid to evidence sug-
evaluation (e.g., physical examination and labora- gesting altered host defenses (e.g., lymphadenopa-
tory testing) include the following: thy, hepatospenomegaly, dermatitis, or allergy).
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d. Laboratory and Other Testing proximate time of its occurrence. The potential use-
fulness of a serum bank will depend upon the agents

Biological monitoring and medical screening can to which the employees may be exposed, the likeli-
be key elements in a medical program. Biological hood that apparent or inapparent infection will cause
monitoring provides evidence of infection with spe- a change in the level of humoral antibodies, and the
cific infectious agents, e.g., the purified protein de- availability of diagnostic tests for the agents being
rivative (PPD) skin test for tuberculosis and sero- handled.
logical tests for antibody to hepatitis B virus. Medi- All serum specimens should be stored frozen.
cal screening detects evidence of abnormal structure Comparison of the levels of antibody or antigen in
or function of body organs and systems, e.g., chest the initial specimen with those in subsequent speci-
radiographs, total and differential white blood cell mens allows detection of changes. Testing is usually
counts, and liver function tests. The purpose of not performed until there are two or more specimens
biological monitoring and medical screening is to that can be assayed simultaneously to ensure compa-
identify the occurrence of inapparent infections and rability of results. The serum bank can be invaluable
to permit recognition of the early signs and symp- when there are questions of job-acquired infection.
toms of disease when the effects of the infection may
be reversible or more easily treated [62]. Selection
of the laboratory testing procedures should be based
upon the potential hazards, whenever possible. The recommended childhood immunizations for

Skin testing of clinical microbiologists with puri- diseases such as tetanus, diphtheria, pertussis, polio-
fied protein derivative for tuberculosis can be useful. myelitis, measles, mumps, and rubella are of particu-
If the PPD skin test has recently converted from lar benefit to clinical laboratory workers and to those
negative to positive, a chest radiograph is indicated working with the etiologic agents causing these dis-
to detect active disease. Periodic chest radiographs eases or with specimens that may contain them (see
have not been of value in monitoring asymptomatic Chapter 3, Section B). Maintaining tetanus immuni-
employees with long-standing positive PPD skin tests zation simplifies care of penetrating injuries. Per-
[103,112]. It is rarely necessary to do a chest radio- sons with patient contact should have immunity to
graph in an otherwise healthy person who has no rubella to protect themselves, as well as to prevent
pulmonary symptoms and whose physical examina- transmission of this infection to others who may be
tion and PPD skin test are negative, pregnant.

Preplacement patch testing for allergies has not Specific immunizations may be desirable for
proved to be a generally effective means of predict- employees at high risk of exposure to certain agents.
ing a predisposition to the development of allergies All laboratory workers who are exposed to human
in animal handlers. blood or body fluids should be immunized against

Fuimonar'' function testing should be done only hepatitis B virus. Rabies immunization is appropri-
in special circumstances, such as assessing the fit- ate for persons working with rabies-infected speci-
ness of an individual to wear a respirator. mens and animals (see Table 5.2). For more specific

In work situations where the competency of host and detailed recommendations, the reader should
defenses is important, one might consider perform- consult the latest edition of the American College of
ing other tests, such as a complete blood count with Physicians' Guide for Adult Immunizations [2].
differential white cell count, which might indicate
the presence of conditions compromising host de-
fenses. 6. Periodic Monitoring Examination (PME)

The goals of the periodic monitoring examination
e. Serum Bank (PME) include the following:

A decision to establish a serum bank should be ° detection of the effects of possible exposure to
considered carefully. A serum bank may be helpful biohazards (e.g., symptoms of clinical infection; al-
in finding evidence for presumptive infection with lergic symptoms; or complaints related to the phar-
certain infectious agents and in establishing the ap- macological effects of end-products, by-products,
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medium components, or inactivated biological 9 Accident Reportig
agents);

- detection of changes in the health status of the Accidents, such as needle sticks or spills, should
employee since the last evaluation that may indicate be reported immediately to the laboratory supervisor.
the need for a change in work procedures or job The supervisor should refer the employee to the
placement; and medical staff or consulting physician to determine

- detection of patterns of disease in the work whether testing, treatment, or follow-up is needed.
force that may indicate work-related problems and Accidents should also be reported to the biosafety
suggest the need to evaluate the effectiveness of con- staff, so that appropriate measures can be instituted
trol measures. to avoid a similar accident in the future. Protocols

for preventing anticipated accidents, such as needle
The frequency of the PME varies depending on sticks and spills, should be prepared, and employees

the employment situation, but usually is performed should be trained to deal with these situations ac-
annually. The PME might include an update of the cordingly. Laboratory personnel can be trained as
occupational and medical histories, biological moni- "first responders" for dealing with various medical
toring tests to detect subclinical infection, medical emergencies [50].
screening tests, and targeted physical examination. Accident reporting and recording should be in

compliance with legal requirements (e.g., OSHA
regulations).

7. Postemployment Evaluation (PEE)

A postemployment evaluation (PEE) may be de- 10. Recordkeeping and Result Notification
sirable immediately before an employee leaves the Workers should be informed of the results of their
laboratory of the employer. This evaluation should occupational medical evaluations. Confidentiality of
rescmblc the PPE and include, at the least, an inter- medical records and test results should be maintained,
val occupational medical history. The extent of the and information reeased to others only with the au-
evaluation can be. modified if the. peson has under- thorization of the involved employee. Authorization
gone either a PPE or PME within the previous six for the release of medical information that is perti-
months. If a serum bank has been established, it may nent to their fitness to perform their job duties may
be appropriate to obtain a final serum sample. be obtained from the workers at the time of their

PPE. The personnel officer, or the biosafety officer,
need only receive information about those medical
conditions, restrictions, or accommodations that re-

The implementation of a surveillance system may late specifically to the indivi.*..al's fitness for work.
be useful for the early detection of symptoms related (See the Americal Occupational Medical Association
to a specific etiologic agent or to the effects of expo- Code of the Ethical Conduct for Physicians Provid-
sure to noninfectious products in the workplace. For ing Occupational Medical Services [7].)
example, an ongoing surveillance program for all It is advisable to review periodically the data
workers who may become exposed to rickettsiae in collected in the medical surveillance program. In
the laboratory, including maintenance and other sup- larger laboratories, for example, the prevalence rates
port service personnel, could result in early treatment of symptoms or abnormalities in different job or
of the disease and amelioration of its severity (see exposure groupings can be examined, and the results
Appendix C in reference 105). Such a surveillance of medical monitoring data can be related to the
system should include the availability of an experi- laboratory environmental sampling data.
enced medical officer, education of at-risk personnel
about the potential hazards of the infectious agents 11. Resources
and the advantages of early treatment, a reporting
system for recording all recognized exposures and The medical program should be designed and
accidents, and the requirement for prompt reporting supervised by a qualified individual, such as a physi-
of all febrile illness. cian or nurse practitioner. Depending upon the size
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TABLE 5.2 Recommendations for Immunoprophylaxis of Personnel at Risk

Description Recommended Source of
Disease of Product For Use In Product

Anthrax Inactivated vaccine Personnel working USAMRIIDa
regularly with cultures,
diagnostic materials, or
infected animals

Botulism Pentavalent toxoid Personnel working CDCc
(A,B,C,D,E) INDb regularly with cultures

or toxin

Cholera Inactivated vaccine Personnel working Commercially
regularly with large available
volumes or high
concentrations of
infectious materials

Diphtheria-Tetanus Combined toxoid All laboratory and animal Commercially
(adult) care personnel available

irrespective of agents
handled

Eastern Equine Inactivated vaccine Personnel who work USAMRIIDa
Encephalomyelitis directly and regularly
(EEE) with EEE in the

laboratory

Hepatitis A Immune serum Animal care personnel Commercially
globulin working directly with available
(ISG [Human]) chimpanzees naturally or

experimentally infected
with hepatitis A virus

Hepatitis B Serum-derived or Personnel working Commercially
recombinant vaccine regularly with blood and available

blood components

Influenza Inactivated vaccine (Vaccines prepared from Commercially
strains isolated earlier available
may be of little value in
personnel working with
recent isolates from
humans or animals)

Japanese Inactivated vaccine Personnel who work CDCc
Encephalitis directly and regularly

with JE virus in the
laboratory
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Description Recommended Source of
Disease of Product For Use In Product

Measles Live attenuated Measles-susceptible Commercially
virus vaccine personnel working with available

the agent or potentially
infectious clinical
materials

Meningococcal Purified tetravalent Personnel working Commercially
Meningitis polysaccharide regularly with large available

vaccine volumes or high
concentrations of
infectious materials
(does not protect against
infection with group B
meningococcus)

Plague Inactivated vaccine Personnel working Commercially
regularly with cultures available
of Yersinia pestis or
infected rodents or fleas

Poliomyelitis Inactivated (IPV) Polio-susceptible Commercially
and live attenuated personnel working with available
(OPV) vaccines the virus or entering

laboratories or animal
rooms where the virus is
in use

Pox viruses Live (lyophilized) Personnel working with CDCc
(Vaccinia, vaccinia virus orthopox viruses
Cowpox, or trans nissible to humans
Monkey Pox or with animals infected
viruses) with these agents, and

personnel entering areas
where these viruses are
in use

Q Fever Inactivated Personnel who have no USAMRIIDa1

(Phase II) demonstrable sensitivity
vaccine to Q fever antigen and

who are at high risk
of exposure to infectious
materials or animals

Rabies Human diploid cell Personnel working with Commercially
line inactivated all strains of rabies available
vaccine virus or with infected

animals, and personnel
entering areas where
these activities are
conducted

Continued
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TABLE 5.2 Continued

Description Recommended Source of
Disease of Product For Use In Product

Rubella Live attenuated Rubella-susceptible Commercially
virus vaccine personnel, especially available

women, working with
"wild" strains or in
areas where these
viruses are in use

Tuberculosis Live attenuated (BCG vaccine ordinarily Commercially
(BCG) bacterial is not used in laboratory available
vaccine personnel in the U.S.)

Tularemia Live attenuated Personnel working CDCc
bacterial vaccine regularly with cultures
(IND)b or infected animals, and

personnel entering areas
where the agent or
infected animals are in
use

Typhoid Inactivated vaccine Personnel who have no Commercially
demonstrated sensitivity available
to the vaccine and who
work regularly with
cultures

Venezuelan Live attenuated Personnel working with USAMRIID a

Equine and (TC83) viral vaccine VEE and the Equine
Related Cabassou, Everglades,
Encephalitides Mucambo, and Tonate viruses,
(VEE) or who enter areas where

these viruses are in use

Western Inactivated vaccii, Personnel who work USAMRIIDa
Equine directly and regularly
Encephalo- with WEE virus in the
myelitis (WEE) laboratory

Yellow Fever Live attenuated Personnel working with Commercially
(17D) virus vaccine virulent and avirulent available

strains of yellow fever
virus

a U.S. Army Medical Recsearch Institute for Infectious Diseases, Fort Detrick, MD 21701, telephone: (301) 663-2405.
b Investigational new drug.

c Clinical Medicine Branch, Division of Host Factors, Center for Infectious Disease, Centers for Disease Control, Atlanta, GA 30333,
telephone: (404) 639-3356.

SOURCE: Adapted from recommendations of the PIS Immunization Practices Advisory Committee and Biosafety in Microbiological
and Biomedical Laboratories [ 1051.
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of the laboratory (or company), the director of the that all appropriate steps have been taken. General
medical program may be full-time and on site, such emergency procedures are discussed below, followed
as at a facility-based employee health service, or by guidelines for dealing with specific types of acci-
part-time and off site, where employees are evalu- dents.
ated at a different location. Whatever the arrange-
ment, there should be an open line of communication
between the medical program director and the
person(s) responsible for biosafety. The medical The following emergency procedures are recom-
program director must be familiar with the nature of mended in the event of fires, spills, explosions, or
the employees' work and its potential hazards in other laboratory accidents. These procedures are
order to design an effective medical program. intended to limit injuries and minimize damage if an

accident should occur.

- Render assistance to persons involved and
E. EMERGENCIES remove them from exposure to further injury if

necessary; do not move an injured person not in
1. Preparation and General Procedures danger of further harm.

- Warn personnel in adjacent areas of any po-
a. Preparation tential hazards to their safety.

I Render immediate first aid (e.g., beginning
It is the responsibility of every laborat or gani- resuscitation if breathing has stopped or washingzation to establish a specific emergency plan for its nder a safety shower). Appendix 4 of reference

facilities. This plan should cover both the laboratory d3 asa n Emer). F i x 4 ofie .

building and the individual laboratories. For the 43 contains an Emergency First Aid Guide.
* In case of fire, call the fire department. Fol-

building, the plan should describe evacuation routes l loca rl for dali th a fire e. F
and heler aeas faclites or mdicl tratmnt, low local rules for dealing with a small fire, e.g., if

and shelter areas, facilities for medical treatment, there are portable extinguishers available and theand procedures for reporting accidents and emergen- institution encourages their use, extinguish the

cies. It should be reinforced by drills and simulated fe. On the other hand, some institutions require

emergencies. Plans should include liaison with local fires toe oted immeitly, re um-

emergency groups as well as with community offi- aoing t r e ime.

cials. To be prepared, these groups should be in- moning trained assistance.
- In a medical emergency, summon medical

formed of plans in advance of any call for assistance. help immedial Labraesuwtou medi-
-omuniy riht-o-kow" eguatios [271 help immediately. Laboratories without a medi-"ommunity right-to-know" regulations [127] cal staff should have personnel trained in first aid

require the development and coordination of emer- aalab lding workin h r

gency plans with local community response groups,

as well as the listing of hazardous chemicals and
their location. Many types of facilities are included 2. Evacuation Procedures
in these requirements; however, there are exemp-
tions for qualifying laboratories. Legal guidance The following evacuation procedures should be
should be obtained, established and communicated to all personnel.

For small-scale accidents in the laboratory, a good
"rule of thumb" to remember is to leave the area, call
for help, and then secure the area. Preplanning of
work is the best way to avoid accidents and should There should be a system to alert personnel of an
include thinking through "what if" an accident should emergency that may require evacuation. Laboratory
occur unexpectedly. In handling mixed hazards (e.g., personnel should be familiar with the location and
a substance that may be infectious and radioactive, operation of alarm equipmenL
or infectious and chemically toxic, or present all Isolated areas (e.g., coid, warm, or steile rooms)
three hazards) it is usually best to respond with pro- should be equipped with alarm or telephone systems
cedures for the greater hazard first, and then follow that can be used to alert outsiders to the presence of a
through with those for the lesser hazards, to ensure worker trapped inside, or to .varn workers inside of
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the existence of an emergency that requires evacu- work area. Water from the sprinklers of the building
ation. fire protection system should extinguish the fire. In

case of doubt about containing a fire, no time should
b. Evacuation Routes be wasted in deciding to call the institutional or com-

munity brigade. Fire fighters responding to the fire
Evacuation mutes should be established. An out- scene should wear self-contained breathing appara-

side assembly area for evacuated personnel should tus to protect themselves from toxic combustion by-
be designated, with plans for taking roll call to en- products and aerosols generated by the burning of
sure that all personnel are accounted for. infectious materials.

c. Shutdown Procedures

Brief guidelines for shutting down operations 4. Spills and Releases

during an emergency or evacuation should be avail- Experience has shown that the accidental spill
able in writing. Biohazardous agents should be se- and release of hazardous substances is a common
cured in cabinets to minimize the danger of spillage. enough occurrence to require procedures that will

minimize exposure of personnel and contamination
d. Start-Up Procedures of property. Such procedures may range from hav-

ing available a sponge mop and bucket to having an
Written procedures to ensure that personnel do emergency spill-response team, complete with pro-

not return to the laboratory until the emergency is tective apparel, safety equipment, and materials to
ended, and start-up procedures that may be required contain and clean up the spill. In any event, there
for some operations, should be displayed and re- should be supplies on hand to deal with the spill
viewed regularly. consistent with the hazard and quantities of the spilled

substance.

e. Drills

All aspects of the emergency procedure should be a. Infectious Agents

tested regularly (e.g., every 6 to 12 months). Some biological research materials, when dropped,
spilled, or set on fire, can release hazardous agents

f. Power failure that can contaminate the area and lead to infection of
laboratory workers. Prevention of exposure is the

Loss of power can result in failure of a contain- basic rule for an emergency response. When an
ment system, or loss of lighting, ventilation, refrig- accident occurs that may generate an aerosol or drop-
eration, or other essentials for safety. Procedures to lets of infectious materials, particularly if the mate-
handle this type of emergency should, therefore, be rial is an agent requiring Biosafety Level 2 (or higher)
included in planning. precautions, the room should be evacuated immedi-

ately, the doors closed, and all clothing decontami-
3. Fires nated. Enough time should be allowed for the drop-

lets to settle and the aerosols to be reduced by the air
Fires within a nt -atory using biohazardous ma- changes of the ventilation system before attempting

terials will require an immediate response to mini- to decontaminate the area. The time required will
mize personal exposure and to limit the potential aepend upon the ventilation within the area, but a
spread of biological contamination. Fires may create general rule is to wait approximately 30 minutes
toxic smoke as well as aerosols that may contain before reentry for decontamination. Protective cloth-
infectious materials. ing and approved respiratory protection should be

Small fires that may occur in a laboratory usually worn during the decontamination to prevent personal
are extinguished by the immediate use of a portable exposure to the infectious agents that were released.
fire extinguisher. A Halon extinguisher is preferred The blosafety officer should be consulted before
for use because it extinguishes the fire quickly with- cleanup is started, to ensure that proper techniques
out leaving any chemical residue to contaminate the will be employed.
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FIGURE 5.1 The cleanup of an accidental spill of biohazardous material is illustrated. A laboratory worker using
protective clothing, gloves, and respiratory protection is cleaning up the spill with paper towels that have been soaked with a
disinfectant. The proper emergency response for a particular spillage will depend on the volume of the spill and the
infectious hazard of the material. Courtesy, National Institutes of Health.

A spill of biohazardous material within a biologi- material with the generation of aerosols will require
cal safety cabinet requires a special response and Lleanup personnel wearing protective clothing and
cleanup procedure. Cleanup should be initiated at respiratory protection (Figure 5.1). With M. tuber-
once, while the cabinet continues to operate, using an culosis, for example, the risk of exposure from the
effective chemical decontaminating agent (see Table spill of a small quantity might be many times that of
4.1). Aerosol generation during decontamination, a much larger spill of E. coli. Therefore, if the agent
and the escape of contaminants from the cabinet, is known, the recommended procedure and protec-
should be prevented. Caution must be exercised in tive equipment should be used. Waiting approxi-
the choice of decontaminant, keeping in mind that mately 30 minutes for the aerosols to settle before
fumes from flammable organic solvents, such as al- the cleanup of a large spill is essential. A spill kit or
cohol, can reach dangerous concentrations within a the best utensils available should be used to clean up,
biological safety cabinet and material to be discarded should be placed in

The proper emergency response for an accidental containers for decontamination and safe handling by
spillage of biohazardous material in the laboratory, others. Following cleanup, personnel should wash
outside a biological safety cabinet, will depend upon or shower.
the hazard of the material and the volume. A mini- Other types of spills that may generate hazardous
mally hazardous material that is spilled without gen- aerosols include spills within centrifuges and the re-
crating significant aerosol may be cleaned up with a lease of biohazardous materials within rcfrig.-rators,
paper towel soaked with an effective decontaminat- incubators, or shaker baths. The same principles
ing agent A spill of a large volume of infectious discussed above apply: the area should be left imme-



66 BIOSAFETY IN TIlE LABORATORY

diately, protective equipment should be worn, the immediately, and if there is a spill on the skin the
spill should be cleaned up, and the area should be person should wash the contaminated area gently
disinfected. The personnel should then wash or with mild soap and water. The laboratory should be
shower. evacuated unless the spill is contained within a hood.

As with biological spills, the proper emergency The radiation safety officer (RSO) and supervisor
response to a chemicai or mixed chemical/biological should be notified immediately whenever there is a
release will depend upon the hazard of the chemical radioactive spill, regardless of its size. Laboratory
and biological agents, the volume of material, and personnel may be expected to clean up the spill, but
the location of the incident. The spill should be the RSO is an essential resource and can provide
confined to a small area while avoiding the airborne important advice.
release to the extent possible. The spill should be In all circumstances, the radioisotope and the
neutralized or flushed with water and followed with approximate quantity spilled shodd be determined
a cleanup or mopping up, with careful disposal of the first If the radioisotope is an energetic beta ano/or
residue. If the spilled material is highly volatile and gamma emitter, an external as well as internal hazard
noninfectious, it should be alowed to evaporate and may exist. The external dose rates to individuals
be exhausted by the hood or ventilation system. cleaning up the spill may be sufficient to require

localized shielding and careful planning prior to
b. Handling of Spilled Solids cleanup. A significant extental dose rate to the :kin

may resuft if the skin becomes contaminated during
Generally, spilled solids of low toxicity should be the cleanup. If the skin is damaged, an internal

swept inte a dust pan and placed in an appropriate exposure may also occur. Depending on the chermi-
container for disposal. Additional precautions, such cal form, some radioisotopes may penetratc intact
as the use of a vacuum cleaner equipped with a skin.
HEPA filter, may be necessary when cleaning up Examples of radioisotopes that would pose both
spills of more highly biohazardous iaterials. exterral and internal hazards include, but are not

limited to, 2'Na, I'lI, 32P, and 'Cl. An internal hazard
c. Biological Radioactive Emergencies may also exist if the radioactive material is volatile

or is easily made airborne. Monitoring devices should
The best way to avoid having a spill or other be worn if they are normally required when handling

accident when working with radioactive materials is the radioisotope ir question, or if the RSO deter-
to preplan the work. Unfamiliar procedures should mines that they are -lecessary.
first be carried out without radioactive materials, so Low-energy beta emitters such as C, 3H, 1S, and
that problems will b discovered before the radioac- '"Ca are usually not external hazards, provided that
tive materials are utilized. Adequate time should be they are not deposited on the skin. Alpha particle
allotted for the experiment to prevent rushing at the emitters ("41Am, -3u) are generally not considered
end, as this can lead to clumsy or careless actions. external hazards but are very damaging if deposited

Should a spill occur, it is important to remember inside of the body. For internal radiation hazards,
that spills of radioactive material are handled in a the primary concern is to prevent the isotope from
way similar to spills of infectious agents, except that entering the body by the penetration of the skin.
there is additional concern for the radiation hazard. Appropriate protective equipment, such as g!oves,
Determination of the primary hazard is of the utmost should be worn during cleanup.
impc:tance. In q spill involving both an infectious Prevention of skin contamination and of the gen-
agent and a radioisotope, the radioactivity may be of eration of airborne contamination should be consid-
secondary concern until the infectious agent has been exd in all cases. Except for 3H, the radioisotopes
i,,_ctivated. The disinfecting agent should be se- listed above can be detected with an appropriate
lected carefully: for example, hypochlorite will vola- Gieger counter or other monitoring equipment.
tilize radioactive iodine. The spill should be cleaned up in a way that will

The first concern in any spill, radioactive or oth- minimize the generation of aerosols or the reentrain-
"-wise, is to determine if anyone has been contami- ment of dusty materials. The area should be sur-
nated. Contaminated clothing should be removed rounded with absorbent material and cleaned from
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thc outer edge inward to prevent increasing the size comply, there frequently are requirements for
of the contaminated area. recordkeeping to document adherence to the regula-

All items used in cleaning up the spill should be tion. Some of the regulations provide for inspections
disposed of as radioactive waste, to be decontami- to ascertain compliance. These inspections may be
nated (if infectious). It is important not to sacrifice unannounced, or they can be initiated at the request
thoroughness in an effort to reduce the volume of the of the employer or emplcyees.
waste resulting from the cleanup. Large o, ganizations, professional societies, an

Following cleanup, the area should be wipe-tested publishers of specialty newsletters monitor the Fed-
to verify that loose contamination has been removed, eral Register, a publication of the federal govern-
In addition, a Geiger Lounter survey will help find ment that is used by the different agencies to publish
residual contamination. If residual contamination is proposed and final regulations. Professional socie-
found, the RSO should determniie the requirements ties usually keep their cunstituencies notified of per-
for additional cleanup. It may be easier to replace a tinent matters through their newsletters. It is impor-
floor tile than to spend hours scrubbing it to remove tant for interested or affected parties to know when
contamination, new regulations, oi changes in existing ones, are

It is important that the RSO be consulted, as it being rroposed, so that they can take advantage of
may be necessary to follow specific procedures de- the opportunity to participate in the regulatory pro-
scribed in the Nuclear Regulatory Comrrission li- cess.
cense for the facility in question. Three other useful sources of information are (1)

the Congressional Regulatory/Federal Regulatory Di-
rectory, published by Congressional Quarterly, Inc.,

5. Other Emergencies Washington, DC 20037; (2) the United States Gov-

Laboratories should be prepared for problems ernment Manual, published by the U.S. Government
resulting from severe weather or loss of a utility Printing Office for the Office of the Federal Register,
service. In the event of the latter, most ventilation National Archives and Record Administration, Wash-
systems not supplied with emergency power will ington, DC 20402; and (3) the Occupational Safety
become inoperative. All hazardous laboratory work and Health Reporter, Bureau of National Affairs,
should then cease until service has been restored and Inc., Washington, DC 20037. The first two publica-
appropriate action has been taken to prevent expo- tions identify specific offices and provide telephone
sure of personnel to hazardous or toxic agents. numbers for obtaining additional information about

regulations.
F. REGULATION AND ACCREDITATION A glossary of regulatory definitions, as well as

lists of regulatory agencies and accrecLtng bodies, is
The management, as well as those individuals provided in Appendix G.

directly responsible for the health and safety of em-
ployees, should be familiar with the statutory re- G. TEACHING BIOSAFETY IN
quirements of federal, state, anI local governments ACADEMIC SETTINGS
that apply to the operations of their facility. In addi-
tion they should be aware of the accreditation pro- 1. Introduction
cesses and guidelines that may be available to assist
the organization in complying with legal require- An academic biosafey training program is based
ments. Numerous governmental agencies are in- on the size of the institution and the relative biohaz-
volved in the regulatory process, and the regulations ards found there. In cases where institutional safety
promulgated by them may be changed frequently, or personnel are not available or are not themselves
new regulations may be issued. Different laborato- trained in biosafety, a faculty member with expertise
ries are affected by these requirements to different in microbiology may provide training in biosafety as
degrees depending on the numoer of employees, the an additional academic responsibility. If the pro-
types of hazardous mater!_ Is handled, and the nature gram is large enough, a biosafety officer may be
of its operation (e.g., manufacture, research, hospital employed to provide the training as well as advice on
support, or teaching). In addition to the need to containment levels and practices.
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conditions recommended by the CDC/NIH guide-2. Safety in Laboratory Courses A)
lines (Appendix A).

It is essential that safe practices be taught in aca- Graduate students or advanced undergraduate
demic courses at all levels, to prepare students for students working with biohazardous materials should
future iesponsibilities as principal investigators, teach- be as knowledgeable about safety practices as any
ers, medical/project directors, or supervisors of labo- certified medical technician. Training in the proce-
ratories. The management of teaching laboratories dures, equipment, and facilities necessary for each
in academic institutions may be delegated to a tech- biosafety level should be a part of the knowledge
nician or to an academician, but the responsibility for base required for a graduate degree in microbiology
safety management still resides with the department and in other fields that involve the handling of infec-
chairperson. tious agents. The principal investigator or laboratory

instructor should ensure that the student knows the
hazards of the work, as well as the appropriate con-
tainment, personal practices, and equipment to be

Safety training should begin with an orientation used. For example, such students should learn how
session in which general safety policies and a posi- to use an autoclave or chemical disinfectant to effec-
tive attitude toward safety are introduced. Written tively decontaminate biohazardous laboratory waste,
institutic-al safety policies should be discussed and and should learn how to monitor the process. Stu-
the seri( ness of biosafety impressed upon the stu- dents also should be given information about the
dents. Safety should also be incorporated into lec- specific agents to be handled, including modes of
tures, seminars, audiovisual presentations, poster transmission, symptoms of disease, and risk factors.
sessions, laboratory exercises, and other aspects of The student should sign a document to acknowledge
the academic experience. There should be training that training and information have been provided. If
in the use of safety aids for controlling specific haz- immunizations are recommended for work with the

' "s. Biosafety training should be a required part of agent, vaccines should be provided along with ap-
core curriculum: students should not graduate propriate medical surveillarce and access to medical

without being able to handle safely the hazardous care.
agents in their chosen field. Safe procedures and Academic institutions should provide biosafety
practices should be anderstood and mastered by all training for their assistants who teach in such labora-
who are to work with biohazardous agents in unsu- tory courses as microbiology, immunology, biochem-
pervised advanced laboratory exercises, in special istry, and molecular biology. A written list of safety
research projects, and even in unsupervised hospital procedures and precautions should be tailored for
laboratories (so-called because of their use by interns each laboratory exercise, according to the materials
and residents in medical or nursing programs). being used and the level of hazard.

Medical students, nursing students, and other per-
sonnel need to be taught to work safely in such 4. Design of Sare Laboratory Exercises and
laboratories. They should not handle blood or body Experiments
fluid specimens or cultures of microorganisms with-
out training in standard operating procedures. These The safety guidelines and regulations of local,
individuals also need training in the use of infection state, and federal agencies (e.g., the CDC/NIH Guide-
control "isolation" practices when dealing with pa- lines, Appendix A) are also applicable to teaching
ti.-nLs who have certain contagious diseases or in- laboratories that work with biohazardous materials.
,crascd susceptibility to infection. Infectious materi- A biosafety officer or a knowledgeable faculty mem-
als from patients on "isolation precautions" should her should review the procedures to be carried out as
not be processed in the hospital laboratories unless laboratory exercises and determine if the contain-
appropriate containment equipment is available and ment practices need to be improved to reduce the
specific training has been received. Students should risk. For example, somie laboratory exercises might
learn to adhere to the personal practices required for be miniav'irized, reducing the level of risk by reduc-
the work, especially the restrictions on eating, drink- ing the volume or p)tential dose of the infectious
ing, and smoking in all laboratories. tHospital labora- agent. In other exercises, attenuated microbial strains
tories should be operated under the Biosafety t.evel 2 might be used, or a nonpathogenic organism such as
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Bacillus subtilis might be substituted for a pathogen log of occupational injuries and illnesses, which may
in demonstrating a routine technique such as the be required by law. In order to correct problems,
streaking of a plate. Pathogens such as Salmonella investigations of accidents and "near misses" should
typhi or Brucella suis, which havc caused laboratory be documented. It is important that accidents be
infections in the past or which are known to be highly investigated in a timely manner, and that accident
infectious, should be used in sealed demonstration reports be completed by the teaching assistant or
plates and tubes ati*zr than in "hands-on" proce- laboratory supervisor and forwarded promptly to the
dures. All directors of teaching and training labora- appropriate individuals for investigation. The re-
tories that use biohazardous agents are urged to re- ports may need to be confirmed by a responsible
view their procedures in order to minimize the risk to departmental representative. The person submitting
their students and trainees, a report should include an assessment of how the

accident could have been prevented. The university
legal office should provide advice as to the record-

5. Monitoring and Recordkeeping keeping requirements for injuries and accidents in-

The institutional legal office should be consulted volving students.
about recordkeeping requirements, such as the OSHA
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SECTION I. INTRODUCTION more than 80% of the reported cases in which the
infected person had "worked with the agent."

Microbiology laboratories are special, often In 1967, Hanson et al. (53) reported 428 overt
unique, worK environments that may pose special laboratory-associated infections with arboviruses. In
infectious disease risks to persons in or near them. some instances the ability of a given arbovirus to
Personnel have contracted infections in the labora- produce human disease was first confirmed as the
tory throughout the history of microbiology. Pub- result of unintentional infection of laboratory per-
lished reports around the turn of the century described sonnel. Exposure to infectious aerosols was consid-
laboratory-associated cases of typhoid, cholera, ered the most common source of infection.
glanders, brucellosis, and tetanus (123). In 1941, In 1974, Skinhoj (104) published the results of a
Meyer and Eddie (75) published a survey of 74 survey which showed that personnel in Danish clini-
laboratory-associated brucellosis infections that had cal chemistry laboratories had a reported incidence
occurred in the United States and concluded that the of hepatitis (2.3 cases per year per 1,000 employees)
"handling of cultures or specimens or the inhalation seven times higher than that of the general popula-
of dust containing Brucella organisms is eminently tion. Similarly, a 1976 survey by Harringon and
dangerous to laboratory workers." A number of cases Shannon (55) indicated that medical laboratory work-
were attributed to carelessness or poor technique in ers in England had "a five times increased risk of
the handling of infectious materials. acquiring tuberculosis compared with the general

In 1949, Sulkin and Pike (113) published the population." Hepatitis and shigellosis were also shown
first in a series of surveys of laboratory-associated to be continuing occupational risks and together with
infections summarizing 222 viral infections-21 of tuberculosis were the three most commonly reported
which were fatal. In at least a third of the cases the occupation-associated infections in Britain.
probable source of infection was considered to be Although these reports suggest that laboratory
associated with the handling of infected animals and personnel are at increased risk of being infected by
tissues. Known accidents wei:; recorded in 27 (12%) the agents they handle, actual rates of infection are
of the reported cases. typically not available. Howevcr, the studies of Har-

In 1951, Sulkin and Pike (114) published the rington and Shannon (55) and of Skinhoj (104) indi-
second of a series of summaries of laboratory-associ- cate that laboratory personnel have higher rates of tu-
ated infections based on a quest-onnaire sent to 5,000 berculosis, shigellosis, and hepatitis than the general
laboratories. Only one-third of the 1,342 cases cited population.
had been reported in the literature. Brucellosis out- In contrast to the documented occurrence of labo-
numbered all other reported laboratory-acquired in- ratory-acquired infections in laboratory personnel,
fections and together with tuberculosis, tularemia, laboratories working with infectious agents have not
typhoid, and streptococcal infection accounted for been shown to represent a threat to the community.
72% of all bacteria infections and for 31% of infec- For example, although 109 laboratory-associated in-
tions caused by all agents. The overall case fatality fections were recorded at the Center for Disease
rate was 3%. Only 16% of all infections reported Control in 1947-1973 (97), no secondary cases were
were associated with a documented accident. The reported in family members or community contacts.
majority of these were related to mouth pipetting and The National Animal Disease Center has reported a
the use of needle and syringe. similar experience (115), with no secondary cases

This survey was updated in 1965 (93), adding occurring in laboratory and nonlaboratory contacts
641 new or previously unreported cases, and again in of 18 laboratory-associated cases occurring in 1960-
1976 (90), summarizing a cumultive total of 3,921 1975. A secondary case of Marburg disease in the
cases. Brucellosis, typhoid, tularemia, tuberculosis, wife of a primary case was presumed to have been
hepatitis, and Venezuelan equine encephalitis were transmitted sexually two months after his dismissal
the most commonly reported. Fewer than 20% of all from the hospital (70). Three secondary cases of
cases were associated with a known accident. Expo- smallpox were reported in two laboratory-associated
sure to infectious aerosols was considered to be a outbreaks in England in 1973 (96) and 1978 (130).
plausible but unconfirmed source of infection for the There were earlier reports of six cases of Q fever in
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employees of a commercial laundry which handled by good microbiological technique and the use of
linens and uniforms from a laboratory where work appropriate safety equipment. The use of vaccines
with the agent was conducted (84), and two cases of may provide an increased level of personal protec-
Q fever in household contacts of a rickettsiologist tion. Secondary containment, the protection of the
(5). These cases are representative of the sporadic environment external to the laboratory from expo-
nature and infrequent association of community in- sure to infectious materials, is provided by a combi-
fections with laboratories working with infectious nation of facility design and operational practices.
agents. The purpose of containment is to reduce exposure of

In his 1979 review (92), Pike concluded, "the laboratory workers and other persons to, and to pre-
knowledge, the techniques, and the equipment to vent escape into the outside environment of, poten-
prevent most laboratory infections are available." No tially hazardous agents. The three elements of con-
single code of practice, standards, guidelines, or other tainment include laboratory practice and technique,
publication, however, provides detailed descriptions safety equipment, and facility design.
of techniques, equipment, and other considerations
or recommendations for the broad scope of labora- Laboratory practice and technique. The most
tory activities conducted in the United States with a important element of containment is strict adherence
variety of indigenous and exotic infectious agents. to standard microbiological oractices and techniques.
The booklet Classification of Etiologic Agents on the Persons working with infectious agents or infected
Basis of Hazard (15) has, since 1969, served as a materials must be aware of potential hazards and
general reference for some laboratory activities util- must be trained and proficient in the practices and
izing infectious agents. That booklet and the concept techniques required for safely handling such mate-
of categorizing infectious agents :>id laboratory ac- rial. The director or person in charge of the labora-
tivities into fcur classes or levels served as a basic tory is responsible for providing or arranging for
foi mat for Biosafety in Microbiological and Biomedi- appropriate training of personnel.
cal Laboratories. This publication will provide spe- When standard laboratory practices are not suf-
cific descriptions of combinations of microbiological ficient to control the hazard associated with a par-
practices, laboratory facilities, and safety equipment ticular agent or laborator procedure, additional
and -rc. -mmendations for use in four categories or measures may be needed. The laboratory director is
biosafety levels of laboratory operation with selected responsible for selecting additional safety practices,
infectious agents of man. which must be in keeping with the hazard associated

The descriptions of biosafety levels 1-4 parallel with the agent or procedure.
those of P1-4 in the NIH Guidelines for Research Each laboratory should develop or adopt a bio-
Involving Recombinant DNA Molecules (43) and are safety or operations manual which identifies the haz-
consistent with the general criteria used in assigning ards that will or may be encountered and which speci-
agents to Classes 1-4 in Classflcation of Etiologic fies practices and procedures designed to minimize
Agents on the Basis of Hazard (15). Four biosafety or eliminate risks. Personnel should be advised of
levels are also described for infectious disease activi- special hazards and should be required to read and to
ties utilizing small laboratory animals. Recommen- follow the required practices and procedures. A sci-
dations for biosafety levels for specific agents are entist trained and knowledgeable in appropriate labo-
made on the basis of the potential hazard of the agent ratory techniques, safety procedures, and hazards
and of the laboratory function or activity, associated with handling infectious agents must di-

rect laboratory activities.
SECTION II. PRINCIPLES OF BIOSAFETY Laboratory personnel, safety practices, and tech-

niques must be supplemented by appropriate facility
The term "containment" is used in describing design and engineering features, safety equipment,

safe methods for managing infectious agents in the and management practices.
laboratory environment where they are being handled
or maintained. Primary containment, the protection Safety equipment (primary barriers). Safety
of personnel and the immediate laboratory environ- equipment includes biological safety cabinets and a
ment from exposure to infectious agents, is provided variety of enclosed containers. The biological safety
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L.abinet is the principal device used to provide con- infectious agents or potentially infectious materials
tainment of infectious aerosols generated by many when the hazard levels are low and laboratory per-
microbiological procedures. Three types of biologi- sonnel can be adequately protected by standard labo-
cal safety cabinets (Class I, II, TII) used in microbio- ratory practice. While work is commonly conducted
logical laboratories are described and illustrated in on the open bench, certain operations are confined to
Appendix A.1. Open-fronted Class I and Class II biological safety cabinets. Conventional laboratory
biological safety cabinets are partial containment designs are adequate. Areas known to be sources of
cabinets which offer significant levels of protection general contamination, such as animal rooms and
to laboratory personnel and to the environment when waste staging areas, should not be adjacent to patient
used with good microbiological techniques. The gas- care activities. Public areas and general offices to
tight Class III biological safety cabinet provides the which nonlaboratory staff require frequent access
highest attainable level of protection to personnel should be separated from spaces which primarily
and the environment. support laboratory functions.

An example of an enclosed container is the safety 2. The containment laboratory. This laboratory
centrifuge cup, which is designed to prevent aerosols has special engineering features which make it pos-
from being released during centrifugation. sible for laboratory workers to handle hazardous

Safety equinment P!so ir,-i ;,,ls for pcr- matera. ",without endus,,th, ,;,n,,,J, ' ,. ,,-
sonal protection such as gloves, coats, gowns, shoe munity, or the environmenL The containment labora-
covers, boots, respirators, face shields, and safety tory is described in the following pages as a Bio-
glasses. These personal protective devices are often safety Level 3 facility. The unique features which
used in combination with biological safety cabinets distinguish this laboratory from the basic laboratory
and other devices which contain the agents, animals, are the provisions for access control and a special-
or materials being worked with. In some situations in ized ventilation system. The containment laboratory
which it is impractical to work in biological safety may be an entie building or a single module or
cabinets, personal protective devices may form the complex of modules within a building. In all cases,
primary barrier between personnel and the infectious the laboratory is separated by a controlled access
materials. Examples of such activities include certain zone from areas open to the public.
animal studies, animal necropsy, production activi- 3. The maximum containment laboratory. This
ties, and activities relating to maintenance, service, laboratory has special engineering and containment
or support of the laboratory facility, features that allow activities involving infectious

agents that are extremely hazardous to the laboratory
worker or that may cause serious epidemic disease to

Facility design (secondary barriers). The de- be conducted safely. Ihe maximum containment labo-
sign of the facility is important in providing a barrier ratory is described on the following pages as a Bio-
to protect persons working in the facility but outside safety Level 4 facility. Although the maximum con-
the laboratory and those in the community from in- tainment laboratory is generally a separate building,
fectious agents which may be accidentally released it can be constructed as an isolated area within a
from the laboratory. Laboratory management is re- building. The laboratory's distinguishing character-
sponsible for providing facilities commensurate with istic is that it has secondary barriers to prevent haz-
the laboratory's function. Three facility designs are ardous materials from escaping into the environment.
described below, in ascending order by level of con- Such barriers include sealed openings into the labo-
tainment. ratory, airlocks or liquid disinfectant barriers, a cloth-

ing-change and shower room contiguous to the labo-
1. The basic laboratory. This laboratory pro- ratory ventilation system, and a treatment system to

vides general space in which work is done with vi- decontaminate exhaust air.
able agents which are not associated with disease in
healthy adults. Basic laboratories include those fa- Biosafety levels. Four biosafety levels are de-
cilities described in the following pagcs as Biosafety scribed which consist of combinations of laboratory
Levels I and 2 facilities, practices and techniques, safety equipment, and labo-

This laboratory is also appropriate for work with ratory facilities appropriate for the operations per-



88 APPENDIX A

formed and the hazard posed by the infectious agents Biosafety Level 4. Biosafety Level 4 practices,
and for the laboratory function or activity, safety equipment, and facilities are applicable to work

with dangerous and exotic agents which pose a high
Biosafety Level 1. Biosafety level I practices, individual risk of life-threatening disease. All ma-

safety equipment, and facilities are appropriate for nipulations of potentially infectious diagnostic
undergraduate and secondary educational training and materials, isolates, and naturally or experimentally
teaching laboratories and for other facilities in which infected animals pose a high risk of exposure and
work is done with defined and characterized strains infection to laboratory personnel. Lassa fever virus is
of viable microorganisms not known to cause disease representative of the microorganisms assigned to
in healthy adult humans. Bacillus subtilis, Naegleria Level 4.
gruberi, and infectious canine hepatitis virus are rep-
resentative of those microorganisms meeting these Animal biosafety levels. Four biosafety levels
criteria. Many agents not ordinarily associated with are also described for activities involving infectious
disease processes in humans are, however, opportun- disease activities with experimental mammals. These
istic pathogens and may cause infection in the young, four combinations of practices, safety equipment,
the aged, and immunodeficient or immunosuppressed and facilities are designated Animal Biosafety Levels
individuals. Vaccine strains which have undergone 1,2, 3, and 4 and provide increasing levels of protec-
multiple in vivo passages should not be considered tion to personnel and the environment.
avirulent simply because they are vaccine strains. The laboratory director is directly and primarily

Biosafety Level 2. Biosafety Level 2 practices, responsible for the safe operation of the laboratory.
equipment, and facilities are applicable to clinical, His/her knowledge and judgment are critical in as-
diagnostic, teaching, and other facilities in which sessing risks and appropriately applying these rec-
work is done with the broad spectrum of indigenous ommendations. The recommended biosafety level
moderate-risk ageats present in the community and represents those conditions under which the agent
associated with human disease of varying severity, can ordinarily be safely handled. Special characteris-
With good mi,.robiological techniques, these agents tics of the agents used, the training and experience of
can be used safely in activities conducted on the personnel, and the nature or function of the labora-
open bench, provided the potential for producing tory may further influence the director in applying
aerosols is low. Hepatitis B virus, the salmonellae, these recommendations.
alid loxoplasma spp. are representative of microor- Work with known agents should be conducted at
ganisms assigned to this containment level. Primary the biosafety level recommended in Section V unless
hazards to personnel working with these agents may specific information is available to suggest that viru-
include accidental autoinoculation, ingestion, and skin lence, pathogenicity, antibiotic resistance patterns,
or mucous membrane exposure to infectious materi- and other factors are significantly altered to require
als. Procedures with high aerosol potential that may more stringent or allow less stringent practices to be
increase the risk of exposure of personnel must be used.
conducted in primary containment equipment or de- Clinical laboratories, and especially those in
vices. health care facilities, receive clinical specimens with

Biosafety Level 3. Biosafety Level 3 practices, requests for a variety of diagnostic and clinical sup-
safety equipment, and facilities are applicable to clini- port services. Typically, clinical laboratories receive
cal, diagnostic, teaching, research, or production fa- specimens without pertinent information such as pa-
cilities in which work is done with indigenous or tient history or clinical findings which may be sug-
exotic agents where the potential for infection by gestive of an infectious etiology. Furthermore, such
aerosols is real and the disease may have serious or specimens are often submitted with a broad request
lethal consequences. Autoinoculation and ingestion for microbiological examination for multiple agents
also represent primary hazards to personnel working (e.g., sputum samples submitted for "routine," acid-
with these agents. Examples of such agents for which fast, and fungal cultures).
Biosafety Level 3 safeguards are generally recom- It is the responsibility of the laboratory director
mended include Mycobacteriwn tuberculosis, St. to establish standard procedures in the laboratory
Louis encephalitis virus, and Coxiella burnetii. which realistically address the issue of the infective
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hazard of clinical specimens. Except in extraordinary pathogens and prohibits the importation, possession,
circumstances (e.g., suspected hemorrhagic fever) or use of certain exotic animal disease agents which
the initial processing of clinical specimens and iden- pose a serious disease threat to domestic livestock
tification of isolates can be and are safely conducted and poultry (see Appendix A.5).
using a combination of practices, facilities, and safety
eluipmen: described as Biosafety Level 2. Biologi-
cal safety cabinets (Class I or II) should be used for SECTION III. LABORATORY BIOSAFETY
the initial processing of clinical specimens when the LEVEL CRITERIA

tiaure of the test requested or other information is
suggestive that an agent readily transmissible by in- The essential elements of the four biosafety lev-
fectious aerosols is likely to be present. Class II els for activities involving infectious microorgan-
biological safety cabinets are also used to protect the isms and laboratory animals are summarized in Tables
integrity cf th2 specimens or cultures by preventing A.1 and A.2. The levels are designated in ascending
contamination from the laboratory environment, order by degree of protection provided to personnel,

Segregating clinical laboratory functions and the environment, and the community.
limiting or restricting access to laboratory areas are
the responsibility of the laboratory director. Biosafety Level 1. Mi-ocafcty Level I is suitable

for work involving agents of no k-v',,r ,r minima!
Importation and interstate shipment of ctr- potential hazard to laboratory personnel ana th-- ,--

tain biomedical materials. The importation of etio- vironment. The laboratory is not separated from the
logic agents and vectors of human diseases is subject general traffic patterns in the building. Work is gen-
to the requirements of the Public Health Service For- erally conducted on open bench tops. Special con-
eign Quarantine regulations. Companion regulations tainment equipment is not required or generally used.
of the Public Health Service and the Department of Laboratory personnel have specific training in the
Transportation specif) packaging, labeling, and ship- procedures conducted in the laboratory and are su-
ping requirements for etiologic agents and diagnostic pervised by a scientist with general training in micro-
specimens shipped in interstate commerce (see Ap- biology or i ,diated science.
pendix A.4). The following standard and special practices,

The U.S. Department of Agriculture regulates safety equipment, and facilities apply to agents as-
the importation and interstate shipment of animal signed to Biosafety Level 1.

TABLE A.1 Summary of Recommended Biosafety Levels for Infectious Agents

Biosafety level Pra:tices and techniques Safet equipment Facilities

I Standard microbiological practices None- prirnar\ containment provided Basic
h\ adherencc to standard laborators
practiccs during open bc.,:h operations

2 Level I practices plus: laboratory partial containment equipmcnt (I C.. Basic
coats: decontamination of all infectious Class I or II Biological Satets
wastes' limited access; protective Cabinets) used to conduct mechanical
gloves and biohazard warning signs as and manipulativc procedures that hase
indicated high acrosol potential which ma, in-

crease the risk of exposure to per-
sonnel

3 Level 2 practices plus: special labora- Parttal containment equipment used tor Containment
torv clothing; controlled access all manipulations of infectious material

4 L'vel 3 practices plus- entrance Maxini1um containment equipment Mainum
through change room wrhtie ,ftreet clo- (i.e.. (las Ill biloogical safet, cahinet containment
ihing is reiosed and laborator\ cio or partial containment equipmentt in
thing IS put in; shower o n exit; all combination w ith lull-bod>. air-
\%astes are decontaninated on exit supplied, positive-pressure personnel
Iron the Lic iIit suit) used hor all procedures and aclisi-

ties
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TABLE A.2 Summary of Recommended Biosafety Levels for Activities in Which Experimentally or Naturally
Infected Vertebrate Animals Are Used

Bio tdfety level Practices and techniques Sat,, equipment Fa,:ilitics

Standard animal care and management None Basic
practices

2 Laboratory coats' decontaniination of Partial ontaintient equipment and or Basl
all intectious w.,astes and of animal personal protective devices used to:
cages prior to washing: limited access. activities and manipulations of agents
protective gloves and hazard v, arnig or infected aninals that produce aero-
signs as indicated sols

3 Level 2 practices pl,,, pe:iai labora- Partial containment cquipment and or Containnent
tor. clothing, controlled access personal protective desices used for all

activities and manipulations of agents
or infected animals

4 Level 3 practices plus: entrance Maxinunm containment equipment Maximum
through clothes change room where (i.e.. Class IlI biological safet, cabinet containment
street clothing is removed and labora- or partial containment equipment in
tory clothing is put on shower on exit; combination with full-body, air sup-
all waste, are decontaminated before plied. positive-pressure personnel suit)
removal from the facility used for all procedures and acti,,ities

A. Standard microbiological practices tory are placed in a durable leakproof container
which is closed before being removed from the

1. Access to the laboratory is limited or re- laboratory.
stricted at the discretion of the laboratory direc- 2. An insect and rodent control program is
tor when experiments are in progress. in effect.

2. Work surfaces are decontaminated once
a day and after any spill of viable material. C. Containment equipment

3. All contaminated liquid or solid wastes
are decontaminated before disposal. Special containment equipment is generally not re-

4. Mechanical pipetting devices are used; quired for manipulations of agents asigned to Bio-
mouth pipetting is prohibited. safety Level 1.

5. Eating, drinking, smoking, and apply-
ing cosmetics are not permitted in the work area.
Food may be stored in cabinets or refrigerators
designated and used for this purpose only. Food 1. The laboratory is designed so that it can
storage cabinets or refrigerators should be lo- be easily cleaned.
cated outside of the work area. 2. Bench tops are impervious to water and

6. Persons wash their hands after they resistant to acids, alkalis, organic solvents, and
handle viable materials and animals and before moderate heat.
leaving the laboratory. 3. Laboratory furniture is sturdy. Spaces

7. All procedures are performed carefully between benches, cabinets, and equipment are
to minimize the creation of aerosols. accessible for cleaning.

8. It is recommended that laboratory coats, 4. Each laboratory contains a sink for hand-
gowns, or uniforms be worn to prevent contami- washing.
nation or soiling of street clothes. 5. If the laboratory has windows that open,

they are fitted with fly screens.

B. Special practices

1. Contaminated materials that are to be Biosafety Level 2. Biosafety Level 2 is similar
decontaminated at a site away from the labora- to Level I and is suitable for work involving agents
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of moderate potential hazard to personnel and the each circumstance and determining who may
environment. It differs in that (1) laboratory person- enter or work in the laboratory.
nel have specific training in handling pathogenic 3. The laboratory director establishes poli-
agents and are directed by competent scientists, (2) cies and procedures whereby only persons who
access to the laboratory is limited when work is have been advised of the potential hazard and
being conducted, and (3) certain procedures in which meet any specific entry requirements (e.g., im-
infectious aerosols are created are conducted in bio- munization) enter the laboratory or animal rooms.
logical safety cabinets or other physical containment 4. When the infectious agent(s) in use in
equipment. the laboratory require special provisions for en-

The following standard and special practices, try (e.g., vaccination), a hazard warning sign,
safety equipment, and facilities apply to agents as- incorporating the universal biohazard symbol, is
signed to Biosafety Level 2. posted on the access door to the laboratory work

area. The hazard warning sign identifies the in-
fectious agent, lists the name and telephone

A. Standard nucrobiological practices number of the laboratory director or other re-
1. Access to the laboratory is limited or sponsible person(s), and indicates the special

restricted by the laboratory director when work requirement(s) for entering the laboratory.
with infectious agents is in progress. 5. An insect and rodent control program is

2. Work surfaces are decontaminated at in effect.
least once a day and after any spill of viable 6. Laboratory coats, gowns, smocks, or
material, uniforms are worn while in the laboratory. Be-

3. All infectious liquid or solid wastes are fore leaving the laboratory for nonlaboratory
decontaminated before disposal. areas (e.g., cafeteria, library, administrative of-

4. Mechanical pipetting devices are used; fices), this protective clothing is removed and
mouth pipetting is prohibited. left in the laboratory or covered with a clean

5. Eating, drinking, smoking, and apply- coat not used in the laboratory.
ing cosmetics are not permitted in the work area. 7. Animals not involved in the work being
Food may be stored in cabinets or refrigerators performed are not permitted in the laboratory.
designated and used for this purpose only. Food 8. Special care is taken to avoid skin con-
storage cabinets or refrigerators should be lo- tamination with infectious materials; gloves
cated outside of the work area. should be worn when handling infected animals

6. Persons wash their hands after handling and when skin contact with infectious materials
infectious materials and animals and when they is unavoidable.
leave the laboiatory. 9. All wastes from laboratories a:-d animal

7. All procedures are performed carefully rooms are appropriately decontaminated before
to minimize the creation of aerosols. disposal.

10. Hypodermic needles and syringes are

B. Special practices used only for parenteral injection and aspiration
of fluids from laboratory animals and diaphragm

1. Contaminated materials that are to be bottles. Only needle-locking syringes or dispos-
decontaminated at a site away from the labora- able syringe-needle units (i.e., needle is integral
tory are placed in a durable leakproof container to the syringe) are used for the injection or aspi-
',-hich is closed before being removed from the ration of infectious fluids. Extreme caution should
laboratory. be used when handling needles and syringes to

2. The laboratory director limits access to avoid autoinoculation and the generation of aero-
the laboratory. In general, persons who are at sols during use and disposal. Needles should not
increased risk of acquiring infection or for whom be bent, sheared, replaced in the sheath or guard,
inf-ction may be unusually hazardous are not or removed from the syringe following use. The
allowed in the laboratory or animal rooms. The needle and syringe should be promptly placed in
director has the final responsibility for assessing a puncture-resistant container and decontami-
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nated, preferably by autoclaving, before discard 4. Each laboratory contains a sink for hand-
or reuse. washing.

11. Spills and accidents which result in overt 5. If the laboratory has windows that open,
exposures to infectious materials are immedi- they are fitted with fly screens.
ately reported to the laboratory director. Medi- 6. An autoclave for decontaminating in-
cal evaluation, surveillance, and treatment are fectious laboratory wastes is available.
provided as appropriate, and writen records are
maintained. Biosafety Level 3. Biosafety Level 3 is appi-

12. When appropriate, considering the cable to clinical, diagnostic, teaching, research, or
agent(s) handled, base-line serum samples for production facilities in which work is done with in-
laboratory and other at-risk personnel are col- digenous or exotic agents which may cause serious
lected periodically, depending on the agents or potentially lethal disease as a result of exposure by
handled or the function of the facility, the inhalation route. Laboratory personnel have spe-

13. A biosafety manual is prepared or cific training in handling pathogenic and potentially
adopted. Personnel are advised of special haz- lethal agents and are supervised by competent scien-
ards and are required to read instructions on tists who are experienced in working with these
practices and procedures and to follow them. agents. All procedures involving the manipulation of

infectious material are conducted within biological
C. Containment equipment safety cabinets or other physical containment de-

vices or by personnel wearing appropriate personal
Biological safety cabinets (Class I or 11) (see protective clothing and devices. The laboratory has

Appendix A. 1) or other appropriate personal protec- special engineering and design features. It is recog-
tive or physical containment devices are used when- nized, however, that many existing facilities may not
ever: have all the facility safeguards recommended for

1. Procedures with a high potentaJ for cre- Biosafety Level 3 (e.g., access zone, sealed penetra-
aing infectious aerosols are conducted (82). tions, directional airflow, etc.). In these circumstances,
These may include centrifuging, grinding, blend- acceptable safety may be achieved for routine or
ing, vigorous shaking or mixing, sonic disrup- repetitive operations (e.g., diagnostic procedures in-
tion, opening containers of infectious materials volving the propagation of an agent for identifica-
whose internal pressures may be different from tion, typing, and susceptibility testing) in laborato-
ambient pressures, inoculating animals intrana- ries where facility features satisfy Biosafety Level 2
sally, and harvesting infected tissues from ani- recommendations, provided the recommended "Stan-
mals or eggs. dard Microbiological Practices," "Special Practices,"

. Hligh :"etratien.s ,!ar~e volumes of and "Containment Equipment" for Biosafety Level 3
infectious agents are used. Such materials may are rigorously followed. The decision to implement
be centrifuged in the open laboratory if sealed this modification of Biosafety Level 3 recommenda-
heads or centrifuge safety cups are used and if tions should be made only by the laboratory director.
they are opened only in a biological safety cabi- The following standard and special safety prac-
net. tices, equipment, and facilities apply to agents as-

signed to Riosafetv Level 3.

D. Laboratory facilities
A. Standard microbiological practices

1. The laboratory is designed so that it can

be easily cleaned. I. Work surfaces are decontaminated at
2. Bench tops are impervious to water and least once a day and after any spill of viable

resistant to acids, alkalis, organic solvents, and material.
moderate heat. 2. All infectious liquid or solid wastes are

3. Laboratory furniture is sturdy, and spaces decontaminated before disposal.
between benches, cabinets, and equipment are 3. Mechanical pipetting devices are used;
accessible for cleaning, mouth pipetting is prohibited.
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4. Eating, drinking, smoking, storing food, containment module. No work in open vessels is
and applying cosmetics are not permitted in the conducted on the open bench.
work area. 7. The work surfaces of biological safety

5. Persons wash their hands after handling cabinets and other containment equipment are
infectious materials and animals and when they decontaminated when work with infectious ma-
leave the laboratory. terials is finishd'. Plastic-nacked papxr toweling

6. All procedures are performed carefully used on nonperforatcd work surfaces within bio-
to minimize the creation of aerosols. logical safety cabinets facilitates cleanup

8. An insect and rodent control program is
B. Special practices in effect.

9. Laboratory clothing that protects strct
1. Laboratory doors are kept closed when clothing (e.g., solid front or wrap-around gov, ns,

experiments are in progress. scrub suits, coveralls) is worn in the laboratory.
2. Contaminated materials that are to be Laboratory clothing is not worn ouLside the lax'-

decontaminated at a site away from the labora- ratory, and it is decontaminated before being
tory are placed in a durable leakproof container laundered.
which is closed before being removed from the 10. Special care is taken to avoid skin con-
laboratory. tmination with infectious materials; gloves

3. The laboratory director controls access snould be worn when handling infected animals
to the laboratory and restricts access to persons and when zkin contact with infectious materials
whose presence is required for program or sup- is unavoidable.
port purposes. Persons who are at increased risk 11. Molded surgical masks or respirators arc
of acquiring infection or for whom infection worn in rooms containing infected animals.
may be untiqually hazardous are not allowed in 12 Animals and plants not related to the
the laboratory or animal rooms. The director has work being conducted are not permiued in the
the final responsibility for assessing each cir- laboratory.
cumstance and determining who may enter or 13. All wastes from laboratories and animal
work in the laboratory. rooms are appropriately decontaminated before

4. The laboratory director establishes poll- disposal.
cies and procedures whereby only persons who 14. Vacuum lines are protected with high
have been advised of the potential biohazard, efficiency particulate air (HEPA) filters and liq-
who meet any specific entry requirements (e.g., uid disinfectant traps.
immunization), and who comply with all entry 15. Hypodermic needles and syringes are
and exit procedures enter the laboratory or ani- used only for paron,&.al injection and aspiration
mal rooms. of fluids from laboratory animals and diaphragm

5. When infectious materials or infected bottles. Only needle-locking syringes or dispos-
animals are present in the laboratory or contain- able syringe-needle units (i.e., needle is integral
ment module, a hazard warning sign, in.corporat- to the syringe) are used for the iniection or aspi-
ing the universal biohazard symbol, is posted on ration of infectious fluids. Extreme caution should
all laboratory and animal room access doors. be used when handling needles and syringes to
The hazard warning sign identifies the agent, avoid auto;'w--:!atJon and IN" a-n-ition of acro-
lists the name and telephone number of the labo- sols during use and disposal. Needles should not
ratory director or other responsible person(s), be bent, sheared, replaced in the sheath or guard.
and indicates any special requirements for enter- or removed from the syringe following use. The
ing the laboratory, such as the need for immuni- needle and syringe should be prompty placed in
zations, respirators, or other personal protective a puncture-resistant container and decontami-
measures. nated, preferably by autoclaving, before discard

6. All activities involving infectious mate- or reuse.
rials are conducted in biological safety cabinets 16. Spills and accidents which result in overl
or other physical containment devices within the or potential exposures to infectious materials are
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;- .,iediately reported to the !aboratory director. 3. Bench tops are impervious to water and
Appropriate medical evaluation, surveillance, and resistant to acids, alkalis, organic solvenL, and
treatment are provided and written records are moderate heat.
maintained. 4. Laboratory furniture is sturdy, and spaccs

17. Base-line serum samples for Jl1 labora- between benches, cabinets, and equipment are
tory and other at-risk personnel should be col- accessible for cleaning.
lected and stored. Additional serum specimens 5. Each laboratory contains a sink for hand-
may be collected periodically, depending on the washing. The sink is foot, elbow, or automati-
agents handled or the function of the laboratory. cally operated and is located near the laboratory

18. A biosafety manual is prepared or exit door.
adopted. Personnel are advised of special haz- 6. Windows in the laboratory are closed
ants and are required to read instructions on and sealed.
practices and procedures and to follow them. 7. Access doors to the laboratory or coi-

tainment module are self-closing.

C. Containmient equipment 8. An autoclave for decontaminating labo-
ratory wastes is available, preferably within the

Biological safety cabinets (Class I, II, or III) (see laboratory.
Appendix A.1) or other appropriate combinations of 9. A ducted exhaust air ventilation system
personal protective or physical containment devices is provided. This system creates directional air-
(e.g., special protective clothing, masks, glves, res- flow that draws air into the laboratory through
pirators, centrifuge safety cups, sealed centrifuge ro- the entry area. The exhaust air is not recirculated
tors, and containment caging for animals) are used to any other area of the building, is discharged to
for all activities with infectious materials which pose the outside, and is dispersed away from occu-
a threat of aerosol exposure. These include: manipu- pied areas and air intakes. Personnel must verify
!ation of cultures and of those clinical or environ- that the direction of the airflow (into the labora-
mental materials which may be a source of infectious tory) is proper. The exhaust air from the labora-
aerosols; the aerosol challenge of experimental ani- tory room can be discharged to the outside with-
mals; harvesting of tissues or fluids from infected out being filtered or otherwise treated.
animals and embryonated eggs; and necropsy of in- 10. The HEPA-filtered exhaust air from
fected animals. Class I or Class II biological safety cabinets is

discharged directly to the outside or through the

D. Laboratory facilities building exhaust system. Exhaust air from Class
I or II biological safety cabinets may be recircu-

1. The laboratory is separated from areas lated within the laboratory if the cabinet is tested
which are open to unrestricted traffic flow within and certified at least every 12 months. If the
the building. Passage through two sets of doors HEPA-filtered exhaust air from Class I or II
is the basic requirement for entry into the labora- biological safety cabinets is to be discharged to
tory from access corridors or other contiguous the outside through the building exhaust air sys-
areas. Physical separation of the high contain- tem, it is connected to this system in a manner
ment laboratory from access corridors or other (e.g., thimble unit connection [801) that avoids
laboratories or activities may also be provided any interference with the air balance of the cabi-
by a double-doored clothes change room (show- nets or building exhaust system.
crs may be included), airlock, or other access
facility which requires passage through two sets Biosafety Level 4. Biosafety Level 4 is re-
of doors before entering the laboratory. quired for work with dangerous and exotic agents

2. The interior surfaces of walls, floors, which pose a high individual risk of life-threatening
and ceilings are water resistant so that they can disease. Members of the laboratory staff have spc-
be easily cleaned. Penetrations in thest surtaces cific and thorough training in handling extremely
are scaled or capable of being sealed to facilitate hazardous infectious agents, and they understand the
decontamiiating the area. primary and secondary containment functions of the
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standard and special practices, the containment equip- or decontaminated before they leave the facility.
ment, and the laboratory design characteristics. They Equipment or material which might be damaged
are supervised by competent scientists who are trained by high temperatures or steam is decontami-
and experienced in working with these agents. Ac- nated by gaseous or vapor methods in an airlock
cess to the laboratory is strictly controlled by the or chamber designed for this purpose.
laboratory director. The facility is either in a separate 3. Only persons whose presence in the fa-
building or in a controlled area within a building, cility or individual laboratory rooms is required
which is completely isolated from all other areas of for program or support purposes are authorized
the building. A specific facility operations manual is to enter. Persons who may be at increased risk of
prepared or adopted. acquiring infection or for whom infection may

Within work areas of the facility, all activities be unusually hazardous are not allowed in the
are confined to Class III biological safety cabinets or laboratory or animal rooms. The supervisor has
Class I or Class II biological safety cabinets used the final responsibility for assessing each cir-
along with one-piece positive-pressure personnel suits cumstance and determining who may enter or
ventilated by a life support system. The maximum work in the laboratory. Access to the facility is
c-,'tainment laboratory has special engineering and limited by means of secure, locked doors; acces-
design features to prevent microorganisms from being sibility is managed by the laboratory director,
disseminated into the environment. biohazards control officer, or other person re-

The following standard and special safety prac- sponsible for the physical security of the facility.
tices, equipment, and facilities apply to agents as- Before entering, persons are advised of the po-
signed to Biosafety Level 4. tential biohazards and instructed as to appropri-

ate safeguards for ensuring their safety. Author-
ized persons comply with the instructions and
all other applicable entry and exit procedures. A

1. Work surfaces are decontaminated at logbook, signed by all personnel, indicates the
least once a day and immediately after any spill date and time of each entry and exit. Practical
of viable material. and effective protocols for emergency situations

2. Only mechanical pipetting devices are are established.
used. 4. Personnel enter and leave the facility

3. Eating, drinking, smoking, storing food, only through the clothing change and shower
and applying cosmetics are not permitted in the rooms. Personnel shower each time they leave
laboratory. the facility. Personnel use the airlocks to enter or

4. All procedures are performed carefully leave the laboratory only in an emergency.
to minimize the creation of aerosols. 5. Street clothing is removed in the outer

clothing change room and kept there. Complete

B. Special practices laboratory clothing, including undergarments,
pants and shirts or jumpsuits, shoes, and gloves,

1. Biological materials to be removed from is provided and used by all personnel entering
the Class III cabinet or from the maximum con- the facility. Head covers are provided for per-
tainment laboratory in a viable or intact state are sonnel who do not wash their hair during the exit
transferred to a nonbreakable, scaled primary shower. When leaving the laboratory and before
container a, d then enclosed in a nonbreakable, proceeding into the shower area, personnel re-
sealed secondary container which is removed move their laboratory clothing and store it in a
from the facility through a disinfectant dunk locker or hamper in the inner change room.
tank, fumigation chamber, or an airlock designed 6. When infectious materials or infected
for this purpose. animals are present in the laboratory or animal

2. No materials, except for biological ma- rooms, a hazard warning sign, incorporating the
terials that are to remain in a viable or intact universal biohazard symbol, is posted on all ac-
state, arc removed from the maximum contain- cess doors. The sign identifies the agent, lists the
ment laboratory unless they have been autoclaved name and telephone number of the laboratory
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'irector or other responsible person(s), and ind- one-piece posiive-pressure personnel suits ventilated
cates any special requiren.ents for entering the by a life support system. Activities with viral agents
area (e.g., the, need for immunizations or respira- (e.g., Rift Valley fever virus) that require Biosafety
tors). Level 4 secondary containment ca :ibilities and for

7. Supplies and materials needed in tae fa- which highly eiiective vaccines are available and
cility are brought in by way of the double-doore_ used can be conducted within Class I or Class II
autoclave, fumigation chamber, or airlock which biological safety cabinets within the facility without
is appropriately decontaminated between each the one-piece positive-pressure perso -iel suit being
use. After securing the outer doors, personnel used, if (1) the facility has been decontaminated; (2)
within the facility retrieve the materials by open- no work is being conducted in the facility with other
ing the interior doors of the autoclave, fumi- agents assigned to Biosafety Level 4; and (3) all
gation chamber, or airlock. These doors are oth..r standards and special practices are followed.
secured after materials are orought into the faci!-
ity. 8. An insect and rodent coi' rol program is D. Laboratory facilities

in effect. 1. The maximum containment facility con-
9. Materials (e.g., plants, animals, and sists of either a separate building or a clec.-ly

clothing) not related ti the experiment 1 eing demarcated and isolated zone within a buildig.
conducted are not permitted in the facility. Outer and inner change rooms separated by a

10. Hypodermic needles and syringes are shower are provided for personnel entering and
used only for parenteral injection and aspiration leaving the facility. A double-doored autoctave,
of fluids from laboratory animals and diaphragm fumigation chamber, or ventilated airlock is pro-
bottle3 . Only needle-locking syringes or dispos- vided for p,,ssage of those materials, supplies, or
able syringe-needle uiits (i.e., needle is integral equipment which are not brought into the facil-
part of unit) are used for the injection or aspira- ity through the change room.
tion of infectious fluids. Needles should ,ot be 2. Walls, floors, and ceilings of the facility
bent, sheared, replaced in the needle guard, or are constructed to form a sealed inter-a shell
removed from the syringe following us'. The which facilitates fumigation and is animal and
needle and syringe should be placed in a punc insect proof. The internal surfaces of this shell
ture-rcsistant container and decontaminated, pref- are resistant to liquids and chemicals, ,nus facili-
.rably by autoclaving, before discard or reuse. taing cleaning and decontamination of tiie area.
Whenever possible, cannulas are used instead of All penetrations in these structures and surfaces
sharp needles (e.g., for gavage). are sealed. Any drains in the floors contain traps

11. A systerr -s set up for reporting labora- filled with a chemical disinfectant rvc demon-
tory accidents and exposures and employee ab- strated efficacy against the target aget.., and they
senteeism, and for the medical surveillance of are connected directly to the liquid waste decon-
potential labc -y-associated illnesses. Writ- tamination system. Sewer and other ventilation
ten records we prepared and maintained. An lines contain HEPA filters.
essential adjunct to such a reporting-surveillance 3. Internal facility appurtenances, such as
system is the availability of a facility for the light fixtures, air ducts, and utility pipes, are
quarantine, isolation, and medical care of per- arranged to minimize the horizonti surface area
sonnel with potential or known laboratory-asso- on which dust can settle.
ciated illnesses. 4. Bench tops have seamless swfaces which

are impervious to water and resistant to acids,

C. Containment equipment alkalis, organic solvents, and moderate heat.
5. Laboratory furniture is of simple and

All procedures within the facility with agents sturdy construction, and spaces between benches,
assigned to Biosafety Level 4 are conducted in a cabinets, and equipment are accessible for clean-
Class III biological safety cabinet or in Class I or II ing.
biological safety cabinets used in conjunction with 6. A foot-, elbow-, or automatically oper-
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ated handwashing sink i, provided near the door tains pressure differentials and directional air-
of each laboratory room in the facility, flow as required to assure flows inward from

7. If there is a central vacuum system, it areas outside of the facility toward areas of high-
does not serve areas outside the facility. In-line est potential risk within the facility. Manometers
HEPA filters are placed as near as practicable to are used to sense pressu.'e differentials between
each use point or service cock. Filters are in- adjacent areas maintained at different pressure
stalled to permit in-place decontamination and levels. If a system malfunctions, the manome-
replacement. Other liquid and gas services to the ters sound an alarm. The supply and exhaust
facility are protected by devices that prevent airflow is interlocked to assure inward (or zero)
backflow. airflow at all times.

8. If water fountains are provided, they are 15. The exhaust air from the facility is fll-
foot operated ad are located in the facility cor- tered through HEPA filters and discharged to
ridors outside the laboratory. The water service the outside so that it is dispersed away from
to the fountain is not connected to the backflow- occupied buildings and air intakes. Within the
protected distribution system supplying water to facility, the filters are located as near the labora-
the laboratory areas. tories as practicable in order to reduce the length

9. Access doors to the laboratory are self- of potentially contaminated air ducts. The filter
closing and lockable, chambers are designed to allow in situ decon-

10. Any windows are breakage resistant. tamination before filters are removed and to fa-
11. A double-doored autoclave is provided cilitate certification testing after they are replaced.

for decontaminating materials passing out of the Coarse filters and HEPA filters are provided to
facility. The autoclave door which opens to the theat air supplied to the facility in order to in-
area external to the facility is sealed to the outer crease the lifetime of the exhaust HEPA filters
wall and automatically controlled so that the and to protect the supply air system should air
outside door can only be opened after the auto- pressures become unbalanced in the laboratory.
clave "sterilization" cycle has been completed. 16. The treated exhaust air from Class I and

12. A pass-through dunk tank, fumigation II biological safety cabinets can be discharged
chamber, or an equivalent decontamination into the laboratory room environment or ,o the
method is provided so that materials and equip- outside through the facility air exhaust system.
ment that cannot be decontaminated in the autfo- If exhaust air from Class I or II biological safety
clave can be safely removed from the facility, cabinets is discharged into the laboratory, the

13. Liquid effluents from laboratory sinks, cabinets are tested and certified at 6-month
biological safety cabinets, floors, and autoclave intervals. The treated exhaust air from Class i f
chambers are decontaminated by heat treatment biological safety cabinets is discharged, withoi,
before being released from the maximum con- recirculation through two sets of HEPA filters ir
tainment facility. Liquid wastes from shower series, via the facility exhaust air system. If the
rooms and toilets may be decontaminated with treated exhaust air from any of these cabinets is
chemical disinfectants or by heat in the liquid discharged to the outside through the facility
waste decontamination system. The procedure exhaust air system, it is connected to this system
used for heat decontamination of liquid wastes in a manner (e.g., thimble unit connection [801)
is evaluated mechanically and biologically by that avoids any interference with the air balance
using a recording thermometer and an indicator of the cabinets or the facility exhaust air system.
microorganism with a defined heat susceptibil- 17. A specially designed suit area may be
ity pattern. If liquid wastes from the shower provided in the facility. Personnel who enter this
rooms are decontaminated with chemical disin- area wear a one-piece positive-pressure suit that
fectants, the chemical used is of demonstrated is ventilated by a life support system. The life
efficacy against the target or indicator microor- support system 'ncludes alarms and emergency
ganisms. backup breathing air tanks. Entry to this area is

14. An individual supply and exhaust air through an airlock fitted with airtight doors. A
ventilation system is provided. The system main- chemical shower is provided to decontaminate
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the surface of the suit before the worker leaves These recommendations describe four combina-
the area. The exhaust air from the suit area is tions of practices, safety equipment, and facilities for
filtered by two sets of HEPA filters installed in experiments on animals infected with agents which
series. A duplicate filtration unit, an exhaust fan, are known or believed to produce infections in hu-
and an automatically starting emergency power mans. These four combinations provide increasing
source are provided. The air pressure within the levels of protection to personnel and to the environ-
suit area is lower than that of any adjacent area. ment and are recommended as minimal standards for
Emergency lighting and communications sys- activities involving infected laboratory animals. These
tems are provided. All penetrations into the four combinations, designated Animal Biosafety
internal shell of the suit area are sealed. A double- Levels 1-4, describe animal facilities and practices
doored autoclave is provided for decontaminat- applicable to work on animals infected with agents
ing waste materials to be removed from the suit assigned to corresponding Biosafety Levels 1-4.
area. Facility standards and practices for invertebrate

vectors and hosts are not specifically addressed in
SECTION IV. VERTEBRATE ANIMAL standards written for commonly used laboratory ani-
BIOSAFETY LEVEL CRITERIA mals. "Laboratory Safety for Arboviruses and Cer-

tain Other Viruses of Vertebrates" (112), prepared
If experimental animals are used, institutional by the Subcommittee on Arbovirus Laboratory Safety

management must provide facilities and staff and of the American Committee on Arthropod-Borne
establish practices which reasonably assure appro- Viruses, serves as a useful reference in the design
priate levels of environmental quality, safety, and and operation of facilities using arthropods.
care. Laboratory animal facilities are extensions of
the laboratory and in some situations are integral to Animal Biosafety Level 1
and inseparable from the laboratory. As a general
principle, the Biosafety Level (facilities, practices,
and operational requirements) recommended for A. Standard practices
working with infectious agents in vivo and in vitro 1. Doors to animal rooms open inward, are
are comparable. self-closing, and are kept closed when experi-

These recommendaticns presuppose that labora- mental animals are present.
tory animal facilities, operational practices, and qual- 2. Work surfaces are decontaminated after
ity of animal care meet applicable standards and use or after any spill of viable materials.
regulations and that appropriate species have been 3. Eating, drinking, smoking, and storing
selected for animal experiments (e.g., Guide for the food for human use are not permitted in animal
Care and Use of Laboratory Animals, HEW Publica- rooms.
tion no. [NIHI] 78-23, Rev. 1978, and Laboratory 4. Personnel wash their hands after han-
Animal Welfare Regulations, 9 CFR, Subchapter A, dling cultures and animals and before leaving
Parts 1, 2, and 3). the animal room.

Ideally, facilities for laboratory animals used for 5. All procedures are carefully performed
studies of infectious or noninfectious disease should to minimize the creation of aerosols.
be physically separate from other activities such as 6. An insect and rodent control program is
animal production and quarantine, clinical laborato- in effect.
ries, and especially from facilities that provide pa-
tient care. Animal facilities should be designed and B. Special practices
constructed to facilitate cleaning and housekeeping.
A "clean hall/dirty hall" layout is very useful in re- 1. Bedding materials from animal cages
ducing cross contamination. Floor drains should be are removed in such a manner as to minimize the
installed in animal facilities only on the basis of creation of aerosols and disposed of in compli-
clearly defined needs. If floor drains are installed, the ance with applicable institutional or local re-
drain trap should always contain water. quirements.
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2. Cages are washed manually or in a cage- B. Special practices
washer. Temperature of final rinse water in a
mechanical washer should be 180F. 1. Cages are decontaminated, preferably by

3. The wearing of laboratory coats, gowns, autoclaving, before they are cleaned and washed.
or uniforms in the animal room is recommended. 2. Surgical-type masks are worn by all per-
It is further recommended that laboratory coats sonnel entering animal rooms housing nonhu-
worn in the animal room not be worn in other man primates.
areas. 3. Laboratory coats, gowns, or uniforms are

worn while in the animal room. This protective
clothing is removed before leaving the animal

C. Containment equipment facility.
Special containment equipment is not required 4. The laboratory or animal facility direc-Specanials coinent ipent ai d not rqid tor limits access to the animal room to personnel

for animals infected with agents assigned to Bio- who have been advised of the potential hazard
and who need to enter the room for program or

service purposes when work is in progress. In

D. Animal facilities general, persons who may be at increased risk of
acquiring infection or for whom infection might

1. The animal facility is designed and con- be unusually hazardous are not allowed in the
structed to facilitate cleaning and housekeeping. animal room.

2. A handwashing sink is available in the 5. The laboratory or animal facility direc-
animal facility. tor establishes policies and procedures whereby

3. If the animal facility has windows that only persons who have been advised of the po-
open, they are fitted with fly screens. tential hazard and meet any specific requirements

4. It is recommended, but not required, that (e.g., for immunization) may enter the animal
the direction of airflow in the animal facility is room.
inward and that exhaust air is discharged to the 6. When the infectious agent(s) in use in
outside without being recirculated to other rooms. the animal room requires special entry provi-

sions (e.g., vaccination), a hazard warning sign,
incorporating the universal biohazard symbol, is

Animal Biosafety Level 2 posted on the access door to the animal room.
The hazard warning sign identifies the infectious

A. Standard practices agent, lists the name and telephone number of
the animal facility supervisor or other respon-

1. Doors to animal rooms open inward, are sible person(s), and indicates the special
self-closing, and are kept closed when infected requirement(s) for entering the animal room.
animals are present. 7. Special care is taken to avoid skin con-

2. Work surfaces are decontaminated after tamination with infectious materials; gloves
use or spills of viable materials, should be worn when handling infected animals

3. Eating, drinking, smoking, and storing and when skin contact with infectious materials
of food for human use are not permitted in ani- is unavoidable.
mal rooms. 8. All wastes from the animal room are ap-

4. Personnel wash their hands after han- propriately decontaminated, preferably by auto-
dling cultures and animals and before leaving claving, before disposal. Infected animal carcasses
the animal room. are incinerated after being transported from the

5. All procedures are carefully performed animal room in leakproof, covered containers.
to minimize the creation of aerosols. 9. Hypodermic needles and syringes are

6. An insect and rodent control program is used only for the parenteral injection or aspira-
in effect. tion of fluids from laboratory animals and dia-
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phragm bottles. Only needle-locking syringes or Animal Biosalety Level 3
disposable needle-syringe units (i.e., the needle
is integral to the syringe) are used for the injec-
tion or aspiration of infectious fluids. Needles A. Standard practices
should not be bent, sheared, replaced in the sheath 1. Doors to animals rooms open inward,
or guard, or removed from the syringe following are self-closing, and are kept closed when work
use. The needle and syringe should be promptly are sected anmas kepross.
placed in a puncture-resistant container and de- with infected animals is in progress.
contaminated, preferably by autoclaving, before 2. or srface ar ama afdiscard or reuse, use or spills of viable materials.

discrd r rese.3. Eating, drinking, smoking, and storing
10. If floor drains are provided, the drain 3. E an srining nsokig, nd tingof food for human use are not permitzd in the

traps are always filled with water or a suitable animal room.
disinfectant. 4. Personnel wash their hands after han-

11. When appropriate, considering the 4. Pesnnwas and fe an-
agents handled, base-line serum samples from deng cultures and animals and before leaving
animal care and other at-risk personnel are col- 5 Alab ro.5. All procedures are carefully performed
lected and stored. Additional serum samples may to minimize th c.;on of aerosols.
be collected periodically, depending on the agents 6. An insect and rodent control program is
handled or the function of the facility, in effect.

C. Containment equipment B. Special practices

Biological safety cabinets, other physical con- 1. Cages are autoclaved before bedding is
tainment devices, and/or personal protective devices removed and before they are cleaned and washed.
(e.g., respirators, face shields) are used whenever 2. Surgical-type masks orotherrespiratory
procedures with a high potential for creating aerosols protection devices (e.g., respirators) are worn by
are conducted (82). These include necropsy of in- personnel entering rooms housing animals in-
fected animals, harvesting of infected tissues or fluids fected with agents assigned to Biosafety Level
from animals or eggs, intranasal inoculation of ani- 3.
mals, and manipulations of high concentrations or 3. Wrap-around or solid-front gowns or
large volumes of infectious materials. uniforms are worn by personnel entering the

animal room. Front-button laboratory coats are
unsuitable. Protective gowns must remain in the

D. Animal facilities animal room and must be decontaminated be-
fore being laundered.

1. The animal facility is designed and con- 4. The laboratory director or other respon-
structed to facilitate cleaning and housekeeping. sible person restricts access to the animal room

2. A handwashing sink is available in the to personnel who have been advised of the po-
room where infected animals are housed. tential hazard and who need to enter the room

3. If the animal facility has windows that for program or service purposes when infected
open they are fitted with fly screens. animals are present In general, persons who

4. It is recommended, but not required, that may be at increased risk of acquiring infection
the direction of airflow in the animal facility is or for whom infection might be unusually haz-
inward and that exhaust air is discharged to the ardous are not allowed in the animal room.
outside without being recirculated to other rooms. 5. The laboratory director or other respon-

5. An autoclavc which can be used for de- sible person establishes policies and procedures
contaminating infectious laboratory waste is whereby only persons who have been advised of
available in the building with the animal facility, the potential hazard and meet any specific re-
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quirements (e.g., for immunization) may enter are used for all procedures and manipulations of
the animal room. infectious materials or infected animals.

6. Hazard warning signs, incorporating the 2. The risk of infectious aerosols from in-
universal biohazard warning symbol, are posted fected animals or their bedding can be reduced if
on access doors to animal rooms containing ani- animals are housed in partial containment cag-
mals infected with agents assigned to Biosafety ing systems, such as open cages placed in venti-
Level 3. The hazard warning sign should iden- lated enclosures (e.g., laminar flow cabinets),
tify the agent(s) in use, list the name and tele- solid-wall and -bottom cages covered by filter
phone number of the animal room supervisor or bonnets, or other equivalent primary contain-
other responsible person(s), and indicate any ment systems.
special conditions of entry into the animal room
(e.g., the need for immunizations or respirators). D. Animalfacilities

7. Personnel wear gloves when handling
infected animals. Gloves are removed asepti- 1. The animal facility is designed and con-
cally and autoclaved with other animal room structed to facilitate cleaning and housekeeping
wastes before being disposed of or reused. and is separated from areas which are open to

8. All wastes from the animal room are unrestricted personnel traffic within the build-
autoclaved before disposal. All animal carcasses ing. Passage through two sets of doors is the
are incinerated. Dead animals are transported basic requirement for entry into the animal room
from the animal room to the incinerator in from access corridors or other contiguous areas.
leakproof covered containers. Physical separation of the animal room from

9. Hypodermic needles and syringes are access corridors or other activities may also be
used only for gavage or for parenteral injection provided by a double-doored clothes change
or aspiration of fluids from laboratory animals room (showers may be included), airlock, or
and diaphragm bottles. Only needle-locking sy- other access facility which requires passage
ringes or disposable needle-syringe units (e.g., through two sets of doors before entering the
the needle is integral to the syringe) are used. animal room.
Needles should not be bent, sheared, replaced in 2. The interior surfaces of walls, floors,
the sheath or guard, or removed from the syringe and ceilings are water resistant so that they may
following use. The needle and syringe should be be easily cleaned. Penetrations in these surfaces
promptly placed in a puncture-resistant container are sealed or capable of being sealed to facilitate
and decontaminated, preferably by autoclaving, fumigation or space decontamination.
before discard or reuse. Whenever possible, can- 3. A foot-, elbow-, or automatically oper-
nulas should be used instead of sharp needles ated handwashing sink is provided near each
(e.g., for gavage). animal room exit door.

10. If floor drains are provided, the drain 4. Windows in the animal room are closed
traps are always filled with water or a suitable and sealed.
disinfectant. 5. Animal room doors are self-closing and

11. If vacuum lines are provided, they are are kept closed when infected animals are pres-
protected with HEPA filters and liquid disinfec- ent.
tant traps. 6. An autoclave for decontaminating wastes

12. Boots, shoe covers, or other protective is available, preferably within the animal room.
footwear and disinfectant footbaths are avail- Materials to be autoclaved outside the animal
able and used when indicated, room are transported in a covered leakproof

container.
7. An exhaust air ventilation system is pro-

C. Containment equipment vided. This system creates directional airflow

1. Personal protective clothing and equip- that draws air into the animal room through the
ment and/or other physical containment devices entry area. The building exhaust can be used for
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this purpose if the exhaust air is not recirculated acquiring infection or for whom infection might
to any other area of the building, is discharged to be unusually hazardous are not allowed in the
the outside, and is dispersed away from occu- animal facility. Persons at increased risk may
pied areas and air intakes. Personnel must verify include children, pregnant women, and persons
that the direction of the airflow (into the animal who are immunodeficient or immunosuppressed.
room) is proper. The exhaust air from the animal The supervisor has the final responsibility for
room that does not pass through biological safety assessing each circumstance and determining
cabinets or other primary containment equip- who may enter or work in the laboratory. Access
ment can be discharged to the outside without to the facility is limited by secure, locked doors;
being filtered or otherwise treated. accessibility is controlled by the animal facility

8. The HEPA-filtered exhaust air from supervisor, biohazards control officer, or other
Class I or Class II biological safety cabinets or person responsible for the physical security of
other primary containment devices is discharged the facility. Before entering, persons are advised
directly to the outside or through the building of the potential biohazards and instructed as to
exhaust system. Exhaust air from these primary appropriate safeguards. Personnel comply with
containment devices may be recirculated within the instructions and all other applicable entry
the animal room if the cabinet is tested and and exit procedures. Practical and effective proto-
certified at least every 12 months. If the HEPA- cols for emergency situations are established.
filtered exhaust air from Class I or Class II bio- 2. Personnel enter and leave the facility
logical safety cabinets is discharged to the out- only through the clothing change and shower
side through the building exhaust system, it is rooms. Personnel shower each time they leave
connected to this system in a manner (e.g., the facility. Head covers are provided to person-
thimble unit connection [80]) that avoids any nel who do not wash their hair during the exit
interference with the air balance of the cabinets shcwer Except in an emergency, personnel do
or building exhaust system. not enter or leave the facility through the air-

locks.
3. Street clothing is removed in the outer

Animal Biosafety Level 4 clothing change room and kept there. Complete
A. Standard practices laboratory clothing, including undergarments,

pants and shirts or jumpsuits, shoes, and gloves,
1. Doors to animal rooms open inward and is provided and used by all personnel entering

are self-closing, the facility. When exiting, personnel remove
2. Work surfaces are decontaminated after laboratory clothing and store it in a locker or

use or spills of viable materials. hamper in the inner change room before enter-
3. Eating, dripking, smoking, and storing ing the shower area.

of food for human use are not permiued in the 4. When infectious materials or infected
animal room. animals are present in the animal rooms, a haz-

4. All procedures are carefully performed ard warning sign, incorporating the universal
to minimize the creation of aerosols. biohazard symbol, is posted on all access doors.

5. An insect and rodent control program is The sign identifies the agent, lists the name and
in effect. telephone number of the animal facility supervi-

6. Cages arc autoclaved before bcd.'iig is sor or other fcsponziUi, prson(s), and ir.dicacs
removed and before they are cleaned and washed. any special conditions of entry into the area

(e.g., the need for immunizations and respira-
B. Special practices tors).

5. Supplies and materials to be taken into
1. Only persons whose entry into the facil- the facility enter by way of the double-door auto-

ity or individual animal rooms is required for clave, fumigation chamber, or airlock, which is
program or support purposes are authorized to appropriately decontaminated between each use.
enter. Persons who may be at increased risk of After securing the outer doors, personnel inside
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the facility retrieve the materials by opening the conducted with partial-containment cages and with-
interior doors of the autoclave, fumigation cham- out the one-piece positive-pressure personnel suit if
ber, or airlock. This inner door is secured after the facility has been decontaminated, if no concur-
materials are brought into the facility, rent experiments are being done in the facility which

6. Materials (e.g., plants, animals, cloth- require Biosafety Level 4 primary and secondary
ing) not related to the experiment are not permit- containment, and if all other standard and special
ted ;n the facility, practices are followed.

7. hypodermic needles and syringes are
used only for gavage or for parenteral injection D. Animalfacility
and aspiration of fluids from laboratory animals
and diaphragm bottles. Only needle-locking sy- 1. The animal rooms are located in a sepa-
ringeb or disposable syringe-needle units (i.e., rate building or in a clearly demarcated and iso-
needle is integral part of unit) are used. Needles lated zone within a building. Outer and inner
should not be bent, sheared, replaced in the guard change rooms separated by a shower are pro-
or sheath, or removed from the syringe follow- vided for personnel entering and leaving the fa-
ing use. The needle and syringe should be cility. A double-doored autoclave, fumigatinn
promptly placed in a puncture-resistant container chamber, or ventilated airlock is provided for
and decontaminated, preferably by autoclaving, passage of materials, supplies, or equipment
before discard or reuse. Whenever possible, can- which are not brought into the facility through
nulas should be used instead of sharp needles the change room.
(e.g., for gavage). 2. Walls, floors, and ceilings of the facility

8. A system is developed and is opera- are constructed to form a sealed internal shell
tional for the reporting of animal facility acci- which facilitates fumigation and is animal and
dents and exposures, employee absenteeism, and insect proof The ;,tprnal surfaces of this -hell
for the medical surveillance of potential labora- are resistant to liquids and chemicals, thus facili-
tory-associated illnesses. An essential adjunct to tating cleaning and decontamination of the area.
such a reporting-surveillance sysium is the availa- All penetrations in these structures and surfaces
bility of a facility for the quarantine, isolation, are sealed.
and medical zare of persons with potential or 3. Internal facility appurtenances, such as
known laboratory-associated illnesses. light fixtures, air ducts, and utility pipes, are

9. Base-line serum samples are collected arranged to minimize the horizontal surface area
and stored for all laioratory and other at-risk on which dust can settle.
personnel. Additional sz'rum specimens may be 4. A foot-, elbow-, or automatically oper-
collected periodically, dcpending on the agents ated handwashing sink is provided near the door
handled or the function o1 the laboratory. of each animal room within the facility.

5. If there is a central vacuum system, it
C. Containmtent equipment does not serve areas outside of the facility. The

vacuum system has in-line HEPA filters placed
Laboratory animals infected with agents assigned as near as practicable to each use point or serv-

to Biosafety Level 4 are housed in a Class III biologi- ice cock. Filters are installed to permit in-place
cal safety cabinet or in partial-containment caging decontamination and replacement. Other liquid
systems (suca as open cages placed in ventilated and gas services for the facility are protected by
enclosures, solid-wall and -bottom cages covered with devices that prevent backflow.
filter bonnets, or other equivalent primary contain- 6. External animal facility doors are self-
ment systems) in specially designed areas in which closing and self-locking.
all personnel are required to wear one-piece positive- 7. Any windows must be resistant to break-
pressure suits ventilated with a life support system. age and sealed.
Animal work with viral agents that require Biosafety 8. A double-doored autoclave is provided
Level 4 secondary containment and for which highly for decontaminating materials that leave the fa-
effective vaccines are available and used may be cility. The autoclave door which opens to the
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area external to the facility is automatically con- supplied to the facility in order to increase the
trolled so that it can only be opened after the lifet; ne of the HEPA filters.
autoclave "sterilization" cycle is completed. 14. The treated exhaust air from Class I or

9. A pass-through dunk tank, fumigation Class II biological safety cabinets can be dis-
chamber, or an equivalent decontamination charged into the animal room environment or to
method is provided so that materials and equip- the outside through the fazili:y air exhaust sys-
ment that cannot be decontaminated in the auto- tem. If exhaust air from Class I or II biological
clave can be safely removed from the facility, safety cabinets is discharged into the animal

10. Liquid effluents from laboratory sinks, room, the cabinets are tested and certified at 6-
cabinets, floors, and autoclave chambers are month intervals. The treated exhaust air from
decontaminated by heat treatment before being Class III biological safety cabinets is discharged
discharged. Liquid wastes from shower rooms without recirculation via the facility exhaust air
and toilets may be decontaminated with chemi- system. If the treated exhaust air from any of
cal disinfectants or by heat in the liquid waste these cabinets is discharged to the outside through
decontamination system. The procedure used for the facility exhaust air system, it is connected to
heat decontamination of liquid wastes must be this system in a manner that avoids any interfer-
evaluated mechanically and biologically by us- ence with the air 'Wlance of the cabinets or the
ing a recording thermometer and an indicator facility exhaust air system.
microorganism with a defined heat susceptibil- 15. A specially designed suit area may be
ity pattern. If liquid wastes from the shower provided in the facility. Personnel who enter this
rooms are decontaminated with chemical disin- area wear a one-piece positive-pressure suit that
fectants, the chemicals used must have docu- is ventilated by a life support system. The life
mented efficacy against the target or indicator support system is provided with alarms and
microorganisms. emergency backup breathing air tanks. Entry to

11. An individual supply and exhaust air this area is through an airlock fitted with airtight
ventilation system is provided. The system main- doors. A chemical shower is provided to decon-
tains pressure differentials, and diretional air- taminate the surface of the suit before the worker
flow is required to assure inflow from areas leaves the area. The exhaust air from the area in
outside the facility toward areas of highest po- which the suit is used is filtered by two sets of
tential risk within the facility. Manometers are HEPA filters installed in series. A duplicate fil-
provided to sense pressure differentials between tration unit and exhaust fan are provided. An
adjacent areas and are maintained at different automatically starting emergency power source
pressure levels. The manometers sound an alarm is provided. The air pressure within the suit area
when a system malfunctions. The supply and is lower than that of any adjacent area. Emer-
exhaust airflow is interlocked to assure inward gency lighting and communication systems are
(or zero) airflow at all times. provided. All penetrations into the inner shell of

12. Air can be recirculated within an animal the suit area are sealed. A double-doored auto-
room if it is filtered through a HEPA filter. clave is provided for decontaminating waste

13. The exhaust air from the facility is fil- materials to be removed from the suit area.
tered by HEPA filters and discharged to the
outside so that it is dispersed away from occu- SECTION V. RECOMMENDED BIOSAFETY
pied buildings and air intakes. Within the facil- LEVELS FOR INFECTIOUS AGENTS AND
ity, the filters are located as near to the laborato- INFECTED ANIMALS
ries as practicable in order to reduce the length
of potentially contaminated air ducts. The filter Selection of an appropriate biosafety level for
chambers are designed to allow in situ decon- work with a particular agent or animal study depends
tamination before filters are removed and to fa- upon a number of factors. Some of the most impor-
cilitate certification testing after they are replaced. tant are: the virulence, pathogenicity, biological sta-
Coarse filters are provided for treatment of air bility, route of spread, and communicability of the
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agent; the nature or function of the laboratory; the (e.g., splenectomy, gastrectomy), predisposing dis-
procedu.. and manipulations involving the agent; eases (e.g., diabetes, lupus erythematosus), or altered
the quantity and concentration of the agent; the en- physiological function. These and other variables must
demicity of the agent; and the availability of effec- be considered in individualizing the generic risk as-
tive vaccines or therapeutic measures. sessments of the agent summary statements for spe-

Agent summary statements in this section pro- cific activities.
vide guidance for the selection of appropriate bio- The basic biosafety level assigned to an agent is
safety levels. Specific information on laboratory based on the activities typically associated with the
hazards associated with a particular agent and rec- growth and manipulation of quantities and concen-
ommendations regarding practical safeguards that can trations of infectious agents required to accomplish
significantly reduce the risk of laboratory-associated identification of typing. If activities with clinical
diseases are included. Agent summary statements are materials pose a lower risk to personnel than those
presented for agents which meet one or more of the activities associated with manipulation of cultures, a
following criteria: the agent is a proven hazard to lower biosafety level is recommended. On the other
laboratory personnel working with infectious hand, if the activities involve large volumes or highly
materials (e.g., hepatitis B virus, tubercle bacilli); the concentrated preparations ("production quantities")
potential for laboratory-associated infection is high or manipulations which are likely to produce aero-
even in the absence of previously documented sols or which are otherwise intrinsically hazardous,
laboratory-associated infections (e.g., exotic additional personnel precautions and increased lev-
arboviruses); or the consequences of infection are els of primary and secondary containment may be
grave (e.g., Crz.t', 1dt-Jakob disease, botulism). indicated. "Production quantities" refers to large vol-

Recommendations for the use of vaccines and umes or concentrations of infectious agents consid-
toxoids are included in agent summary statements erably in excess of those typically used in identifica-
when such products are available--either as licensed tion and typing activities. Propagation and concen-
or Investigational New Drug (IND) products. When tration of infectious agents, as occurs in large-scale
applicable, recommendations for the use of these fermentations, antigen and vaccine production, and a
products are based on current recommendations of variety of other commercial and research activities,
the Public Health Service Advisory Committee on clearly deal with significant masses of infectious
Immunization Practice and are specifically targeted agents that are reasonably considered "production
to at-risk laboratory personnel and others who must quantities." However, in terms of potentially increased
work in or enter laboratory areas. These specific risk as a function of the mass of infectious agents, it
recommendations should in no way preclude the rou- is not possible to define "production quantities" in
tine use of such products as diphtheria-tetanus toxoids, finite volumes or concentrations for any given agent.
poliovirus vaccine, influenza vaccine, and others Therefore, the laboratory director must make a risk
because of the potential risk of community expo- assessment of the activities conducted and select
sures irrespective of any laboratory risks. Appropri- practices, containment equipment, and facilities ap-
ate precautions should be taken in the administration propriate to the risk, irrespective of the volume or
of live attenuated virus vaccines in individuals with concentration of agent involved.
altered immunocompetence. Occasions will arise when the laboratory direc-

Risk assessments and Biosafety Levels recom- tor should select a biosafety level higher than that
mended in the agent summary statements presuppose recommended. For example, a higher biosafety level
a population of immunocompetent individuals. Those may be indicated by the unique nature of the pro-
with altered immunocompetence may be at increased posed activity (e.g., the need for special containment
risk when exposed to infectious agents. Immunodefi- for experimentally generated aerosols for inhalation
ciency may be hereditary, congenital, or induced by studies) or by the proximity of the laboratory to areas
a number of neoplastic diseases, by therapy, or by of special concern (e.g., a diagnostic laboratory
radiation. The risk of becoming infected or the con- located near patient care areas). Similarly, a rec-
sequences of infection may also be influenced by ommended biosafety level may be adapted to com-
such factors as age, sex, race, pregnancy, surgery pensate for the absence of certain recommended
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safeguards. For example, in those situations where and the primary laboratory hazards of working with
Biosafety Level 3 is recommended, acceptable safety the agent are described generically for agents in Bio-
may be achieved for routine or repetitive operations safety Levels 1-4 and specifically for individual agents
(e.g., diagnostic procedures involving the propaga- or groups of agents on pages 87-88 and in Section V,
tion of an agent for identification, typing, and sus- respectively, of this Appendix.
ceptibility testing) in laboratories where facility fea- Hepatitis B virus (HBv) is an appropriate model
tures satisfy Biosafety Level 2 recommendations, for illustrating the risk assessment process. HBv is
provided the recommended "Standard Microbiologi- among the most ubiquitous of human pathogens and
cal Practices," "Special Practices," and "Contain- most prevalent of laboratory-associated infections.
ment Equipment" for Biosafety Level 3 are rigor- The agent has been demonstrated in a variety of body
ously followed. The decision to adapt Biosafety Level secretions and excretions. Blood, saliva, a;-d semen
3 recommendations in this manner should be made have been shown to be infectious. Natural transmis-
only by the laboratory director. This adaptation, sion is associated with parenteral inoculation or with
however, is not suggested for agent production op- contamination of the broken skin or of mucous mem-
erations or activities where procedures are frequently branes with infectious body fluids. There is no evi-
changing. The laboratory director should also give dence of airborne or interpersonal spread through
special consideration to selecting appropriate safe- casual contact. Prophylactic measures include the
guards for materials that may contain a suspected use of a licensed vaccine in high-risk groups and the
agent. For example, sera of human origin may con- use uf h.epatitis B immune globalin following overt
tain hepatitis B virus and should be handled under exposure.
conditions which reasonably preclude cutaneous, The rimary risk of HBv infection in laboratory
mucous membrane, or parenteral exposure of per- personnel is associated with accidental parenteral
sonnel, and sputa submitted to the laboratory for inoculation, exposure of the broken skin or mucous
assay for tubercle bacilli should be handled under membranes of the eyes, nose, or mouth, or ingestion
conditions which reasonably preclude the generation of infectious body fluids. These risks are typical of
of aerosols or which contain any aerosols that may those described for Biosafety Level 2 agents and are
be generated during the manipulation of clinical ma- addressed by using the recommended standard and
terials or cultures. special microbiological practices to minimize orelimi-

The infectious agents which meet the previously nate these overt exposures.
stated criteria are listed by category of agent on tne Hepatitis non-A non-B and AIDS-acquired
following pages. To use these summaries, first locate immune deficiency syndrome-pose similar infec-
the agent in the listing under the appropriate category tion risks to laboratory personnel. The prudent prac-
of agent. Second, utilize the practices, safety equip- tices recommended for HBv are applicable to these
ment, and type of facilities recommended for work- two disease entities, as well as to the routine labora-
ing with clinical materials, cultures of infectious tory manipulation of clinical materials of domestic
agents, or infected animals recommended in the agent origin.
summary statement and described in Section V. The described risk assessment process is also

The laboratory director is also responsible for applicable to laboratory pe-rations other than those
appropriate risk assessment of agents not included in involving the use of primary agents of human dis
the Agent Summary Statements and for utilization of ease. Microbiological studies of animal host-specific
appropriate practices, containment equipment, and pathogens, soil, water, food, feeds, and other natural
facilities for the agent used. or manufactured materials, by comparison, pose sub-

stantially lower risks of laboratory infection. Micro-
Risk assessment. The risk assessment of labo- biologists and other scientists working with such

ratory activities involving the use of infectious mi- materials may nevertheless find the practices, con-
croorganisms is ultimately a subjective process. Those tainment equipment, and facilities recommendations
risks associated with the agent, as well as with the described in this publication of value in developing
activity to be conducted, must be considered in the operational standards to meet their own assessed
assessment. The characteristics of infectious agents needs.
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AGENT SUMMARY STATEMENTS ratory animal-associated infections have not beenreported, contact with lesion material from rodents

Parasitic Agents with cutaneous leishmaniasis and with feces or blood
of experimentally or naturally infected animals may

Agent: Nematode parasites of humans be a direct source of infection for laboratory person-
Laboratory-associated infections with Strongyloi- nel.

des spp. and hookworms have been reported (90). Laboratory hazards. Infective stages may be
Allergic reactions to various antigenic components present in blood, feces, lesion exudates, and infected
of nematodes (e.g., aerosolized Ascaris antigens) may arthropods. Depending on the parasite, accidental
represent an individual risk to sensitized persons. parenteral inoculation, transmission by arthropod
Laboratory animal-associated infections (including vectors, skin penetration, and ingestion are the pri-
arthropods) have not been reported, but infective mary laboratory hazards. Aerosol or droplet expo-
larvae in the feces of nonhuman primates and of dogs sure of the mucous membranes of the eyes, nose, or
infected with Strongyloides spp. are a potential in- mouth with trophozoites are potential hazards when
fection hazard for laboratory and animal care person- working with cultures of Naegleria fowleri, Leish-
nel. mania spp., Trypanosoma cruzi, or tissue homoge-

Laboratory hazards. Eggs and larvae in freshly nates o; blood containing hemoflagellates. Because
passed feces of infected hosts are usually not infec- of the grave consequence of toxoplasmosis in the
tive; development of the infective stages may take developing fetus, women of childbearing age should
periods of I day to several weeks. Ingestion of the be discouraged from working with viable Toxoplasma
infective eggs or skin penetration of infective larvae spp.
are the primary hazards to laboratory and animal care Recommended precautions. Biosafety Level 2
personnel. Arthropods infected with filarial parasites practices, containment equipment, and facilities are
pose a potential hazard to laboratory personnel. In recommended for activities with infective stages of
laboratory personnel with frequent exposure to aero- the parasites listed. Infected arthropods should be
solized antigens of Ascaris spp., development of maintained in facilities which reasonably preclude
hypersensitivity is common. the exposure of personnel or their escape to the out-

Recommended precautions. Biosafety Level 2 side. Primary containment (e.g., biological safety
practices, containment equipment, and facilities are cabinet) or personal protection (e.g., face shield) may
recommended for activities with infective stages of be indicated when working with cultures of T. cruzi,
the parasites listed. Exposure to aerosolized sensitiz- Leishiania, N. fowleri, or tissue homogenates or
ing antigens of Ascaris spp. should be avoided. Pri- blood containing hemoflagellates. Gloves are recom-
mary containment (e.g., biological safety cabinet) mended for activities where there is the likelihood of
may be required for work with these materials by direct skin contact with infective stages of the para-
hypersensitive individuals, sites listed.

Agent: Protozoal parasites of humans Agent: Trematode parasites of humans

Laboratory-associated infections with Laboratory-associated infections with Schis-
Toxoplasma spp., Plasmodium spp. (including P. tosoma spp. and Fasciola spp. have been reported-
cynomologi), Trypanosoma spp., and Leishmania spp. none associated directly with laboratory animals (90).
have been reported (21, 49, 90, 100). In addition, Laboratory hazards. Infective stages of Schis-
infections with Entamoeba histolytica, Giwdia spp., tosoma spp. (cercariac) and Fasciola spp. (metacer-
and Cucc.dia snp. can result from ingestion of cysts cariae) may be found, respectively, in the water or
in feces. encysted on aquatic plants in laboratory aquaria used

Accidental laboratory infections as well as hu- to maintain snail intermediate hosts. Skin penetration
man volunteer studies have proven the transmissibil- by schistosome cercariae and ingestion of fluke meta-
ity of P. cynomologi from nonhuman primates to cercariae are the primary laboratory hazards. Dissec-
humans via infected mosquitoes (40). Although labo- tion or crushing of schistosome-infected snails may
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also result in exposure of skin or mucous membranes tissues or cultures containing yeast forms of B. der-

to cercariac-containing droplets. Additionally, mcta- matitidis (39, 54, 66, 103, 127) have been reported.
cercariac may be inadvertently transferred from hand A single pulmonary infection (asymptomatic) oc-
to mouth by fingers or gloves following contact with curred following the presumed inhalatio'n of conidia.
contaminated aquatic vegetation or surfaces of aq- Subsequently this individual developed an osteolytic
uaria. Most laboratory exposure to Schistosoma spp. lesion from which B. dermatitidis was cultured (30).
would predictably result in low worm burdens with Presumably, pulmonary infections are associated only
minimal disease potential. Safe and effective drugs with sporulating mold forms (conidia).
are available for the treatment of schistosomiasis. Laboratory hazards. Yeast forms may be pres-

Recommended precautions. Biosafety Level 2 ent in the tissues of infected animals and in clinical
practices, containment equipment, and facilities are specimens. Parenteral (subcutaneous) inoculation of
recommended for activities with infective stages of these materials may cause local granulomas. Mold
the parasites listed. Gloves should be worn when form cultures of B. dermatitidis containing infectious
there may be direct contact with water containing conidia may pose a hazard of aerosol exposure.
cercariac or vegetation containing metacercariae from Recommended precautions. Biosafety Level 2
natutally or experimentally infected snail intermedi- and Animal Biosafety Level 2 practices, containment
ate hosts. Srails ind cercariae in the water of labora- equipment, and facilities are recommended for ac-
tory aquaria should be killed by chemicals (e.g., hy- tivities with clinical materials, animal tissues, and
pochlorites, iodine) or heat before discharge to sew- infected animals.
ers. Biosafety Level 3 practices, containment equip-

mcnt, and facilities are recommended for processing
mold cultures, soil, and other environmental materi-
als known or likely to contain infectious conidia.

Although laboratory-associated infections with
Echinococcus granulosus or Taenia solium have not Agent: Coccidioides immitis
been reported, the consequences of such infections
following Lhc ingestion of infective eggs of T. solium Laboratory-associated coccidioidomycosis is a
or E. granulosus are potentially grave, documented hazard (12, 28, 31, 32, 33, 64, 68, 79,

Laboratory hazards. Infective eggs may be 105, 106, 107). Wilson et al. reported that 28 of 31
present in the feces of dogs or other canids (the (90%) laboratory-assoc iated infections in his institu-
definitive hosts of E. granulosts) or in the feces of tion resulted in clinical disease, whereas more than
humans (the definitive host of T. solium). Ingestion half of infections acquired in nature were asympto-
of infective eggs from these sources is the primary matic (128).
laboratory hazard. Cysts and cyst fluids of E. gran- Laboratory hazard:;. Because of its size (2 to 5
ulosus are not infectious for humans. ptm), the arthrosporc is conducive to ready dispersal

Recommended precautions. Biosafety Level 2 in air and retention in the deep pulmonary spaces.
practices, containment equipment, and facilities are The much laiger size of the spherule (30 to 60 lpm)
recommended for work with infective stages of these considerably reduces the effectiveness of this form
parasites. Special attention should be given to per- of the fungus as an airborne pathogen.
sonal hygiene practices (e.g., handwashing) and avoid- Spherules of the fungus may be present in cli-
ance of ingestion of infective eggs. Gloves are rec- cal specimens and animal tissues, and infectious
ommended when there may be direct contact with arhrospores may be present in mold cultures and soil
feces or surfaces contaminated with fresh feces of samples. Inhalation of arthrospores from soil samples
dogs infected with E. granulosus or humans infected or mold cultures or following transformation from
with T. solium adults. the spherule form in clinical materials is the primary

laboratory hazard. Accidental percutaneous inocula-

Fungal Agents tion of the sphcrule form may result in local gran-
uloma formation (118). Disseminated disease may

gen:drr ilidis occur at a greater frequency in pregnant women,
blacks, and Filipinos than in whites.

Laboratory-associated local infections follow- Recommended precautions. Biosafety Level 2
ing accidental parenteral inoculation with infected practices, containment equipment, and facilities are



APPENDIX A 109

recommended for handling and processing clinical Collecting and processing soil samples from endemic
spt, imens and animal tissues. Animal Biosafety Level areas have caused pulmonary infections in labora-
2 practices and facilities are recommended for ex- tory workers. Spores are resistant to drying and may
perimental animal studies when the route of chal- remain viable for long periods of time. The small
lenge is parenteral. size of the infective conidia (microconidia are less

Biosafety Level 3 practices and facilities are than 5 l.rm) is conducive to airborne dispersal and
recommended for all activities with sporulating mold intrapulmonary retention. Furcolow reported that 10
form cultures of C. immitis and for processing soil or spores were almost as effective as a lethal inocuium
other environmental materials known or likely to in mice as 10,000 to 100,000 spores (45).
contain infectious arthrospores. Laboratory hazards. The infective stage of this

dimorphic fungus (conidia) is present in sporulating
mold form cultures and in soil from endemic areas.

Agent: Cryptococcu; neoformans The yeast form in tissues or fluids from infected
A single account of a laboratory exposure to C. animals may produce local infection following par-

neoformans as a result of a laceration by a scalpel enteral inoculation.
blade heavily contaminated with encapsulated cells Recommended precautions. Biosafety Lcvel 2
is reported (50). This vigorous exposure, which did and Animal Biosafety Level 2 practices, containment
not result in local or systemic evidence of infection, equipment, and facilities are recommended for han-
suggests that the level of pathogenicity for normal dling and processing clinical specimens and animal
immunocompetent adults is low. Respiratory infec- tissues and for experimental animal studies when the
tions as a consequence of laboratory exposure have route of challenge is parenteral.
not been recorded. Biosafety Level 3 practices and facilities are

Laboratory hazards. Accidental parenteral in- recommended for processing mold cultures, soil, or
oculation of cultures or other infectious materials other environmental materials known or likely to
represents a potential hazard to laboratory person- contain infectious conidia.
nel-particularly to those that may be immunocom-
promised. Bites by experimentally infected mice and
manipulations of infectious environmental materials Agent: Sporothrix schenckii
(e.g., pigeon droppings) may also represent a poten- S. schenckii has caused a substantial number of
tial hazard to laboratory personnel. local skin or eye infections in laboratory personnel.

Recommended precautions. Biosafety Level 2 Most cases have been associated with accidents and
and Animal Biosafety Level 2 practices, containment have involved splashing culture material into the eye
equipment, and facilities are recommended, respec- (41,125), scratching (13) or injecting (117) infected
tively, for activities with known or potentially infec- material into the skin, or being bitten by an experi-
tiousclinical, environmental, or culture materials and mentally infected animal (60, 61). Skin infections
with experimentally infected animals. have resulted also from handling cultures (74, 81 ) or

The processing of soil or other environmental necropsy of animals (44) without a known break in
materials known or likely to contain infectious yeast technique. No pulmonary infections have been re-
cells should be conducted in a Class I or Class II ported to result from laboratory exposure, although
biological safety cabinet. This precaution is also in- naturally occurring lung disease, albeit rare, is thought
dicated for cultures of the perfect or sexual state of to result from inhalation.
the agent. Recommended precautions. Biosafety Lcvel 2

and Animal Biosafety Level 2 practices. containment
Agent: Hlistoplasma capsulatum equipment, and facilities are recommended for all

laboratory and experimental animal activities with S
Laboratory-associated histoplasmosis is a dou- .mzenckii.

mented hazard in facilities conducting diagnostic or
investigative work (90, 91). Pulmonary infections Agents: Pathogenic members or the genera Ep-
have resulted from handling mold form cultures (78). AentoPatonic meme an t h n
Local infection has resulted from skin puncture dur- idermophytn, Microsporum, and Trichophyton
ing autopsy of an infected human (119) and from Although skin, hair, and nail infections by these
accidental needle inoculation of a viable culture ( 16). dermatophytic molds are among the most prevalent
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of human infections, the processing of clinical mate- 3 practices and facilities are recommended for work
rial has not been associated with laboratory infec- involving production volumes or concentrations of
tions. Infections have been acquired through contacts cultures and for activities which have a high poten-
with naturally or experimentally infected laboratory tial for aerosol production. In these facilities vacci-
animals (mice, rabbits, guinea pigs, etc.) and, rarely, nation is recommended for all persons working with
with handling cultures (71,90, 51). the agent, all persons working in the same laboratory

Laboratory hazards. Agents are present in the room where the cultures are handled, and persons
skin, hair, and nails of human and animal hosts. working with infected animals.
Contact with infected laboratory animals with inap-
parent or apparent infections is the primary hazard to
laboratory personnel. Cultures and clinical materials Agent: Brucella (B. abortus, B. canis, B. melitensis,
are not an important source of human infection. B. suis)

Recommended precautions. Biosafety Level 2 B. abortus, B. canis, B. melitensis, and B. suis
and Animal Biosafety Level 2 practices, containment have all caused illness in laboratory personnel (77,
equipment, and facilities are recommended for all 90, 110). Brucellosis is the most commonly reported
laboratory and experimental animal activities with laboratory-associated bacterial infection (90). Hy-
dermatophytes. persensitivity to Brucella antigens is also a hazard to

laboratory personnel.
Occasional cases have been attributed to expo-

Bacterial Agents sure to experimentally and naturally infected animals
or their tissues.

Agent: Bacillus anthracis Laboratory hazards. The agent may be present
Forty (40) cases of laboratory-associated anthrax, in blood, cerebrospinal fluid, semen, and occasion-

occurring primarily at facilities conducting anthrax ally urine. Most laboratory-associated cases have
orrigar ily atve facilieporte c38,90)Nonu athrx occurred in research facilities and have involved
associated cases of anthrax have been reported in the exposure to Brucella organisms being grown in large
assoited aes f ntraxhavebeenarequantities. Direct skin contact with cultures or withUnited States for more than 20 years. infectious clinical specimens from inimals (e.g.,

Naturally and experimentally infected animals ifciu lnclseiesfo oias(~.Napturayadxeentialrisktolallry ind animals blood, uterine dischargcs) are also commonly impli-
pose a potential risk to laboratory and animal care ctd eoosgnrtddrn aoaoypoe
p,,rsonnl, cated. Aerosols generated during laboratory proce-

Lronn toy hdures have caused large outbreaks (59). Mouth pipet-
Laboratoryig, accidental parenteral inoculations, and sprays

in blood, skin lesion exudates, and, rarely, in urine int , a n d out a v ai an d in

and feces. Direct and indirect contact of the intact into eyes, nose, and mouth have also resulted in

and broken skin with cultures and contaminated labo- infection.
Recommended precautions. Biosafety Level 2

ratory surfaces, accidental parenteral inoculation, and, R ecommended forca ctits ith cl-
rarely, exposure to infectious aerosols arc the pri- practices are recommended for activities with clini-
rarly expordsur to iatous erosoels acal materials of human or animal origin containing or

Recommended precautions. Biosafety Level 2 potentially containing pathogenic Brucella spp. Bio-
presco mend precauion. Biafete L ev 2 safety Level 3 and Animal Biosafety Level 3 prac-

practices, containment equipment, and facilities are tices, containment equipment, and facilities are rec-
recommended for activities using clinical materials ommended, respectively, for all manipulations of
and diagnostic quantities of infectious cultures. Ani- cultures of the pathogenic Brucella spp. listed in this
mal Biosafety Level 2 practices and facilities are
recommended for studies utilizing experimentally summary and for experimental animal studies. Vac-
infected laboratory rodents. A licensed vaccine is
available through the Centers for Disease Control;
however, vaccination of laboratory personnel is not Agent: Chiamydia psitaci, C. trachomatis
recommended unless frequent work with clinical
pecimens or diagnostic cultures is anticipated (e.g., Infections with psittacosis, lymphogranuloma

animal disease diagnostic laboratory). Biosafety Level venereum (LGV), and trachoma are documented
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hazards and the fifth most commonly reported labo- Agent: Clostridium botuinum
ratory-associated bacterial infection. The majority of
cases were of psittacosis, occurred before 1955, and While there are no reported cases of botulism
had the highest case-fatality rate of all groups of associated with the handling of the agent or toxin in
infectious agents (90). Contact with and exposure to the laboratory or working with naturally or experi-
infectious aerosols in the handling, care, or necropsy mentally infected animals, the consequences of such
of naturally or experimentally infected birds are the intoxications would be grave.
major sources of laboratory-associated psittacosis. Laboratory hazards. C. botulinum or its toxin
Infected mice and eggs are less important sources of may be present in a variety of food products, clinical
C. psittaci. Laboratory animals are not a reported materials (serum, fees), and environmental samples
source of human infection with C. trachomatis. (soil, surface water). Exposure to the toxin of C.

Laboratory hazards. C. psittaci may be present botulinum is the primary laboratory hazard. The toxin
in the tissues, feces, nasal secretions, and blood of may be absorbed after ingestion or following contact
infected birds and in blood, sputum, and tissues of with the skin, eyes, or mucous membranes, including
infected humans. C. trachomatis may be present in the respiratory tract. Accidental parenteral inocula-
genital, bubo, and conjunctival fluids of infected tion may also represent a significant exposure to
humans. Exposure to infectious aerosols and droplets toxin. Broth cultures grown under conditions of opti-
created during the handling of infected birds and mal toxin production may contain 2 x 106 mouse
tissues is the primary hazard to laboratory personnel LDo per ml (11).
working with psittacosis. The primary laboratory Recommended precautions. Biosafety Level 2
hazards of C. trachomatis are accidental parenteral practices, containment equipment, and facilities are
inoculation and direct and indirect exposure of mu- recommended for all activities with materials known
cous membranes of the eyes, nose, and mouth to to contain or potentially containing the toxin. A pen-
genital, bubo, or conjunctival fluids, cell culture ma- tavalent (ABCDE) botulism toxoid is available
terials, and fluids from infected eggs. Infectious aero- through the Centers for Disease Control as an Inves-
sols may also pose a potential source of infection. tigational New Drug (IND). This toxoid is recom-

Recommended precautions. Biosafety Level 2 mended for personnel working with cultures of C.
practices, containment equipment, and facilities are botulinum or its toxins. Solutions of sodium hydrox-
recommended for activities involving the necropsy ide (0.1 N) readily inactivate the toxin and are rec-
of infected birds and the diagnostic examination of ommended for decontaminating work surfaces and
tissues of cultures known to be infected or poten- spills of cultures or toxin. Additional primary con-
tially infected with C. psittaci or C. trachomatis. tainment and personnel precautions, such as those
Wetting the feathers of infected birds with a deter- recommended for Biosafety Level 3, may be indi-
gent-disinfectant prior to necropsy can appreciably cated for activities with a high potential for aerosol
reduce the risk of aerosols of infected feces and nasal or droplet production, those involving production
secretions on the feathers and external surfaces of the quantities of toxin, and those involving purified tox-
bird. Animal Biosafety Level 2 practices and facili- ins. Animal Biosafety Level 2 practices and facilities
ties and respiratory protection are recommended for are recommended for diagnostic studies and titration
personnel working with caged birds naturally or cx- of toxin.
perimentally infected. Gloves are recommended for
the necropsy of birds and mice, the opening of inocu- Agent: Clostridium tetani
lated eggs, and when there is the likelihood of direct
skin contact with infected tissues, bubo fluids, and Although the risk of infection to laboratory per-
other clinical materials. Additional primary contain- sonnel is negligible, Pike (90) has recorded five inci-
ment and personnel precautions, such as those rec- dents related to exposure of personnel during ma-
ommended for Biosafety Level 3, may be indicated nipulation of the toxin.
for activities with high potential for droplet or aero- Laboratory hazards. Accidental parenterai in-
sol production and for activities involving produc- oculation and ingestion of the toxin are the primary
tion quantities or concentrations of infectious materi- hazards to laboratory personnel. Since tetanus toxin
als. Vaccines are not available for use in humans. is poorly absorbed through mucous membranes, acro-
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sols and droplets probably represent minimal haz- exposure to aerosols and infectious droplets have
ards. resulted in infection. Cultures have been more corn-

Recommended precautions. Biosafety Level 2 monly associated with infection than have clinical
practices, containment equipment, and facilities are materials and infected animals. The human 25-50%
recommended for activities involving the manipula- infectious dose is on the order of 10 organisms by the
tion of cultures or toxin. While the risk of laboratory- respiratory route (121).
associated tetanus is low, the administration of an Recommended precautions. Biosafety Level 2
adult diphtheria-tetanus toxoid at 10-year intervals practices, containment equipment, and facilities are
may further reduce the risk to laboratory and animal recommended for activities with clinical materials of
care personnel of toxin exposures and wound con- human or animal origin containing or potentially
tamination (24). containing F. tularensis. Biosafety Level 3 and Ani-

mal Biosafety Level 3 practices and facilities are
Agent: Corynebacterium diphtheriae recommended, respectively, for all manipulations of

cultures and for experimental animal studies. An in-
Laboratory-associated infections with C. diphth- vestigationa live attenuated vaccine (10) is available

eriae arc documented. Pike (90) lists 33 cases re- through the Centers for Disease Control and is rec-
ported in the world literature. ommended for persons working with the agent or

Laboratory animal-associated infections have not with infected animals and for persons working in or
been reported. entering the laboratory or animal room where cul-

Laboratory hazards. The agent may be present tures or infected animals are maintained.
in exudates or secretions of the nose, throat (tonsil),
pharynx, larynx, and wounds, in blood, and on the Agent: Leptospira interrogans-all serovars
skin. Inhalation, accidental parenteral inoculation,
and ingestion are the primary laboratory hazards. Leptospirosis is a well-documented laboratory

Recommended precautions. Biosafety Level 2 hazard. Sixty-seven laboratory-associated infections
practices, containment equipment, and facilities are and 10 deaths have been reported (90).
recommended for all activities utilizing known or An experimentallyi infected rabbit was identified
potentially infected clinical materials or cultures. as the source of an infection with L. interrogans
Animal Biosafety Level 2 facilities are recommended serovar icterohemorrhagiae (97). Direct and indirect
for studies utilizing infected laboratory animals. While contact with fluids and tissues of experimentally or
the risk of laboratory-associated diphtheria is low, naturally infe'-'ed mammals during handling, care, or
the administration of an adult diphtheria-tetanus necropsy are 'ntial sources of infection. In ani-
toxoid at 10-year intervals may further reduce the mals with . ,ic kidney infections, the agent is
risk to laboratory and animal care personnel of toxin shed in the urine in enormous numbers for long peri-
exposures and work with infectious materials (24). ods of I;me.

Laboratory hazards. The agent may be present
Agent: Francisella tularensis in urine, blood, and tissues of infected animals and

humans. Ingestion, accidental parenteral inoculation,
Tularemia is the third most commonly reported and direct and indirect contact of skin or mucous

laboratory-associated bacterial infection (90). Almost membranes with cultures or infected tissues or body
all cases occurred at facilities involved in tularemia fluids---especially urine-are the primary laboratory
research. Occasional cases have been related to work hazards. The importance of aerosol exposure is not
with naturally or experimentally infected animals or known.
their ectoparasites. Recommended precautions. Biosafety Level 2

Laboratory hazards. The agent may be present practices, containment equipment, and facilities are
in lesion exudate, respiratory secretions, cerebrospi- recommended for all activities involving the use or
nal fluid, blood, urine, tissues from infected animals, manipulation of known or potentially infectious tis-
and fluids from infected arthropods. Direct contact sues, body fluids, and cultures and for the housing of
of skin or mucous membranes with infectious mate- infected animals. Gloves are recommended for the
rials, accidental parenteral inoculation, ingestion, and handling and necropsy of infected animals and when
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there is the likelihood of direct skin contact with leprosy or leprosy-like diseases have been reported
infectious materials. Vaccines are not available for in armadillos (120) and in nonhuman primates (35,
use in humans. 76), humans are the only known important reservoir

of this disease.
Laboratory hazards. The infectious agent may

Agent: Legionella pneumophila; other Legionea. be present in tissues and exudates from lesions of
like agents infected humans and experimentally or naturally

A single documented nonfatal laboratory-asso- infected animals. Direct contact of the skin and mu-
ciated case of legionellosis due to presumed aerosol cous membranes with infecticus materials and acci-
or droplet exposure during animal challenge studies dental parenteral inoculation ar? the primary labora-
with Pontiac fever agent (L. pneumophila) is recorded tory hazards associated with handling infectious
(16). Human-to-human spread has not been docu- clinical materials.
mented. Recommended precautions. Biosafety Level 2

Experimental infections are readily produced in practices, containment equipment, and facilities are
guinea pigs and embryonated chicken eggs (72). recommended for all activities with known or poten-
Challenged rabbits develop antibodies but not clini- tially infectious clinical materials from infected
cal disease. Mice are refractory to parenteral expo- humans and animals. Extraordinary care should be
sure. Unpublished studies by Kaufmann, Feeley, and taken to avoid accidental parenteral inoculation with
others at the Centers for Disease Control have shown contaminated sharp instruments. Animal Biosafety
that animal-to-animal transmission did not occur in a Level 2 practices and facilities are recommended for
variety of experimentally infected mammalian and animal studies utilizing rodents, armadillos, and
avian species. nonhuman primates.

Laboratory hazards. The agent may be present
in pleural fluids, tissue, sputa, and environmental Agent: Mycobacterium spp. other than M. tubercu-
sources (e.g., cooling tower water). Since the natural Agent: M.obactr . ohe
mode of transmission appears to be airborne, the losis, M. bovis, or M. leprae
greatest potential hazard is the generation of aerosols Pike reported 40 cases of nonpulmonary "tuber-
during the manipulation of cultures or of other con- culosis" thought to be related to accidents or inci-
centrations of infectious materials (e.g., infected yolk dents in the laboratory or autopsy room (90). Pre-
sacs and tissues.) sumably these infections were due to mycobacteria

Recommended precautions. Biosafety Level 2 other than M. tuberculosis or M. bovis. A number of
practices, containment equipment, and facilities are mycobacteria which are ubiquitous in nature are as-
recommended for all activities involving the use or sociated with diseases other than tuberculosis or lep-
manipulation of known or potentially infectious clini- rosy in humans, domestic animals, and wildlife. Char-
cal materials or cultures and for the housing of in- acteristically, these organisms are infectious but not
fected animals. Primary containment devices and contagious. Clinically, the diseases associated with
equipment (e.g., biological safety cabinets, centri- infections by these "atypical" mycobacteria can be
fuge safety cups) should be used for activities likely divided into three general categories:
to generate potentially infectious aerosols. Vaccines
are not available for use in humans. I. Pulmonary diseases resembling tubercu-

losis which may be associated with infection with M.

Agent: Mycobacterium leprae kansasii, M. avium complex, and, rarely, with M.
xenopi, M. malmoense, M. asiaticun, M. simiae, and

Inadvertent parenteral human-to-human trans- M. szulgai
mission of leprosy following an accidental needle 2. Lymphadenitis which may be associated
stick in a surgeon (69) and the use of a presumably with infection with M. scrofulaceum, M. avium
contaminated tattoo needle (87) have been reported, complex, and, rarely, with M.fortuitum and M. kan-
There are no cases reported as a result of working in sasii
a laboratory with biopsy or other clinical materials of 3. Skin ulcers and soft tissue wound infec-
human or animal origin. While naturally occurring tions which may be associated with infection with
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M. ulcerans, M. marinun, M. fortuitum, and M. che- the low infectious dose of M. tuberculosis for hu-
lonei mans (i.e., 50% infectious dose equals <10 bacilli)

(98, 99) and in some laboratories a high rate of
Laboratory hazards. The agents may be pres- isolation of acid-fast organisms from clinical speci-

ent in sputa, exudates from lesions, tissues, and envi- mens (>10%) (47), sputa and other clinical speci-
ronmental samples (e.g., soil and water). Direct con- mens from suspected or known cases of tuberculosis
tact of skin or mucous membranes with infectious must be considered potentially infectious and handled
materials, ingestion, and accidental parenteral inocu- with appropriate precautions.
lation are the primary laboratory hazards associated Recommended precautions. Biosafety Level 2
with clinical materials and cultures. Infectious aero- practices, containment equipment, and facilities (see
sols created during the manipulation of broth cul- American Thoracic Society laboratory service levels
tures or tissue homogenates of these organisms asso- I and II) (2, 65) are recommended for preparing acid-
ciated with pulmonary disease also pose a potential fast smears and for culturing sputa or other clinical
infection hazard to laboratory personnel. specimens, provided that aerosol-generating manipu-

Recommended precautions. Biosafety Level 2 lations of such specimens are conducted in a Class I
practices, containment equipment, and facilities are or II biological safety cabinet. Liquification and con-
recommended for activities with clinical materials centration of sputa for acid-fast staining may also be
and cultures of Mycobacterium spp. other than M. conducted on the open bench at Biosafety Level 2 by
tuberculosis or M. bovis. Animal Biosafety Level 2 first treating the specimen with an equal volume of
practices and facilities are recommended for animal 5% sodium hypochlorite solution (undiluted house-
studies with the mycobacteria other than M. tubercu- hold bleach) and waiting 15 min before centrifuga-
losis, M. bovis, or M. leprae. tion (85, 108).

Biosafety Level 3 practices, containment equip-
ment, and facilities (see American Thoracic Society
laboratory service level III) (2,65) are recommended

M. tuberculosis and M. bovis infections are a for activities involving the propagation and manipu-
proven hazard to laboratory personnel as well as to lation of cultures of M. tuberculosis or M. bovis and
others who may be exposed to infectious aerosols in for animal studies utilizing nonhuman primates ex-
the laboratory (90,93). The incidence of tuberculosis perimentally or naturally infected with M. tuberculo-
in laboratory workers working with M. tuberculosis sis or M. bovis. Animal studies utilizing guinea pigs
is three times higher than that of laboratorians not or mice can be conducted at Animal Biosafety Level
working with the agent (95). Naturally or experimen- 2. Skin testing with purified protein derivative (PPD)
tally infected nonhuman primates are a proven source of previously skin-tested-negative laboratory person-
of human infection (e.g., the annual tuberculin con- nel can be used as a surveillance procedure. A li-
version rate in personnel working with infected nonhu- censed attenuated live vaccine (BCG) is available
man primates is about 70/10,000 compared with less but is not routinely used in laboratory personnel.
than 3/10,000 in the general population (62). Experi-
mentally infected guinea pigs or mice do not pose the Agent: Neisseria gonorrhoe'e
same problem, since droplet nuclei are not produced
by coughing in these species; however, litter from Four cases of laboratory-associated gonorrhea
infected animals may become contaminated and serve have been reported in the United States (34, 90).
as a source of infectious aerosols. Laboratory hazards. The agent may be present

Laboratory hazards. Tubercle bacilli may be in conjunctival, urethral, and cervical exudates, syno-
present in sputum, gastric lavage fluids, cerebrospi- vial fluid, urine, feces, and cerebrospinal fluid. Acci-
nal fluid, urine, and lesions from a variety of tissues dental parenteral inoculation and direct or indirect
(3). Exposure to laboratory-generated aerosols is the contact of mucous membranes with infectious clini-
most important hazard encountered. Tubercle bacilli cal materials are the primary laboratory hazards. The
may survive in heat-fixed smears (1) and may be importance of aerosols is not determined.
aerosolized in the preparation of frozen sections and Recommended precautions. Biosafety Level 2
during manipulation of liquid cultures. Because of practices, containment equipment, and facilities are
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recommended for all activities involving the use or sols and droplets are the primary laboratory hazards.
manipulation of clinical materials or cultures. Gloves The agent has been demonstrated in blood, sputum,
should be worn when handling infected laboratory and abscess materials and may be present in soil and
animals and when there is the likelihood of direct water samples from endemic areas.
skin contact with infectious materials. Additional Recommended precautions. Biosafety Level 2
primary containment and personnel precautions, such practices, containment equipment, and facilities are
as those described for Biosafety Level 3, may be recommended for all activities utilizing known or
indicated for aerosol or droplet production and for potentially infectious body fluids and tissues. Gloves
activities involving production quantities or concen- should be worn when handling, and during necropsy
trations of infectious materials. Vaccines are not avail- of, infected animals and when there is the likelihood
able for use in humans. of direct skin contact with infectious materials. Ad-

ditional primary containment and personnel precau-
tions, such as those described for Biosafety Level 3,

Agent: Neisseria meningis may be indicated for activities with a high potential
Meningococcal meningitis is a demonstrated but for aerosol or droplet production and the activities

rare hazard to laboratory workers (4, 92). involving production quantities or concentrations of
Laboratory hazards. The agent may be present infectious materials.

in pharyngeal exudates, cerebrospinal fluid, blood,
and saliva. Parenteral inoculation, droplet exposure Agent: Salmonella cholera-suis, S. enteritidis-all
of mucous membranes, and infectious aerosol and serotypes
ingestion are the primary hazards to laboratory per-
sonnel. Salmonellosis is a documented hazard to labora-

Recommended precautions. Biosafety Level 2 tory personnel (90). Primary reservoir hosts include
practices, containment equipment, and facilities are a broad spectrum of domestic and wild animals in-
recommended for all activities utilizing known or cluding birds, mammals, and reptiles, all of which
potentially infectious body fluids and tissues. Addi- may serve as a source of infection to laboratory per-
tional primary containment and personnel precau- sonnel.
tions, such as those described for Biosafety Level 3, Laboratory hazards. The agent may be present
may be indicated for activities with high potential for in feces, blood, and urine and in food, feed, and
droplet or aerosol production and for activities in- environmental materials. Ingestion or parenteral in-
volving production quantities or concentrations of oculation are the primary laboratory hazards. The
infectious materials. The use of licensed polysaccha- importance of aerosol exposure is not known. Natu-
ride vaccines (19) should be considered for person- rally or experimentally infected animals are a poten-
nel regularly working with large volumes or high tial source of infection for laboratory and animal care
concentrations of infectious materials. personnel and for other animals.

Recommended precautions. Biosafety Level 2
Agent: Pseudomonas pseudomallei practices, containment equipment, and facilities are

recommended for activities with clinical materials
Two laboratory-associated cases of melioidosis known to contain or potentially containing the agents.

are reported, one associated with a massive aerosol Animal Biosafety Level 2 practices and facilities are
and skin contact exposure (48), the second resulting recommended for activities with experimentally or
from an aerosol created during the open-flask sonica- naturally infected animals.
tion of a culture presumed to be Pseudomonas ce-
pacia (102). Agent: Salmonella typhi

Laboratory hazards. The agent may be present
in sputa, blood, wound exudates, and various tissues, Typhoid fever is a demonstrated hazard to labo-
depending on site of localization of the infection. ratory personnel (7, 92).
Direct contact with cultures and infectious materials Laboratory hazards. The agent may be present
from humans, animals, or the environment, inges- in feces, blood, gallbladder (bile), and urine. Humans
tion, autoinoculation, and exposure to infectious aero- are the only known reservoir of infection. Ingestion
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and parenteral inoculation of the organism represent Laboratory hazards. The agent may be present
the primary laboratory hazards. The importance of in materials collected from primary and secondary
aerosol exposure is not known. cutaneous lesions and in blood. Accidental paren-

Recommended precautions. Biosafety Level 2 teral inoculation and contact of mucous membranes
practices, containment equipment, and facilities are or broken skin with infectious clinical materials (and,
recommended for all activities utilizing known or perhaps, infectious aerosols) are the primary hazards
potentially infectious clinical materials and cultures. to laboratory personnel.

Licensed vaccines, which have been shown to Recommended precautions. Biosafety Level 2
protect 70-90% of recipients, may be a valuable ad- practices, containment equipment, and facilities are
junct to good safety practices in personnel regularly recommended for all activities involving the use or
working with cultures or clinical materials which manipulation of blood or lesion materials from hu-
may contain S. typhi (7). mans or infected rabbits. Gloves should be worn

when there is a likelihood of direct skin contact with

Agent: Shigella spp. lesion materials. Periodic serological monitoring
should be considered in personnel regularly working

Shigellosis is a demonstrated hazard to labora- with infectious materials. Vaccines are not available
tory personnel, with 49 cases reported in the United for use in humans.
States (90). While outbreaks have occurred in captive
nonhuman primates, humans are the only significant Agent: Vibrionic enteritis (Campylobacter fetus
reservoir of infection. Experimentally infected guinea subsp. jejuni, Vibrio cholerae, V. parahaemoly-
pigs, other rodents, and nonhuman primates are a ticus)
proven source of infection.

Laboratory hazards. The agent may be present Vibrionic enteritis due to C.fetusjejuni, V. chol-
in feces, and, rarely, in blood of infected humans or erae. or V. parahaemolyticus is a documented but
animals. Ingestion and parenteral inoculation of the rare cause of laboratory-associated illnesses (92).
agent are the primary laboratory hazards. The oral Naturally and experimentally infected animals are a
25-50% infectious dose of S. flexneri for humans is potential source of infection (94).
on the order of 200 organisms (122). The importance Laboratory hazards. All pathogenic vibrios may
of aerosol exposure is not known. occur in feces. C.fetus may also be present in blood,

Recommended precautions. Biosafety Level 2 exudates from abscesses, tissue, and sputa. Ingestion
practices, containment equipment, and facilities are of V. cholerae and ingestion or parepteral inocula-
recommended for all activities utilizing known or tion of other vibrios constitute the primary labora-
potentially infectious clinical materials or cultures. tory hazard. The human oral infecting dose of V.
Animal Biosafety Level 2 facilities and practices are cholerae in healthy non-achlorhydric individuals is
recommended for activities with experimentally or of the order of 10' organisms (94). The importance
naturally infected animals. Vaccines are not avail- of aerosol exposure is not known. The risk of infec-
able for use in humans. tion following oral exposure may be increased in

achlorhydric individuals.
Recommended precautions. Biosafety Level 2

Agent: Treponema pallidum practices, containment equipment, and facilities are
Syphilis is a documented hazard to laboratory recommended for activities with cultures or poten-

personnel who handle or collect clinical material from tially infectious clinical materials. Animal Ief'a"f& :y
cutaneous lesions. Pike lists 20 cases of laboratory- Level 2 practices and facilities are recommended for
associated infection (90). Humans are the only known activities with naturally or experimentally infected
natural reservoir of the agent animals. Although vaccines have been shown to pro-

No cases of laboratory animal-associated infec- vide partial protection of short duration (3-6 months)
tions are reported; however, rabbit-adapted strains of to nonimmune individuals in highly endemic areas
T. pallidum (Nichols and possibly others) retain their (7), the routine use of cholera vaccine in laboratory
virulence for humans. staff is not recommended.
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Agent: Yersinia p s persons recorded in several institutions (90). A broad
range of domestic and wild mammals are natural

Plague is a proven but rare laboratory hazard. hosts for Q fever and may serve as potential sources
Four cases have been reported in the United States of infection for laboratory and animal care person-
(11,90). nel. Exposure to naturally infected and often asymp-

Laboratory hazards. The agent may be present tomatic sheep and to their birth products is a docu-
in bubo fluid, blood, sputum, cerebrospinal fluid, mented hazard to personnel (20, 109). The agent is
feces, and urine from humans, depending on the clini- remarkably resistant to drying and is stable under a
cal form and stage of the disease. Direct contact with variety of environmental conditions (121).
cultures and infectious materials from humans or Laboratory hazards. The agent may be present
rodents, infectious aerosols or droplets generated in infected arthropods and in the blood, urine, feces,
during the manipulation of cultures and infected tis- milk, or tissues of infected animal or human hosts.
sues ard in the necropsy of rodents, accidental auto- The placenta of infected sheep may contain as many
inoculation, ingestion, and bites by infected fleas as 101 organisms per gram of tissue, and milk may
collected from rodents are the primary hazards to contain 10 organisms per gram. Parenteral inocula-
laboratc,y5 personnel. tion and exposure to infectious aerosols and droplets

Recommended precautions. Biosafety Level 2 are the most likely sources of infection for laboratory
practices, containment equipment, and facilities are and animal care personnel. The estimated human 25-
recommended for all activities involving the han- 50% infectious dose (inhalation) for Q fever is 10
dling of potentially infectious clinical materials and organisms (122).
cultures. Special care should be taken to avoid the Recommended precautions. Biosafety Level 2
generation of aerosols of infectious materials and practices, containment equipment, and facilities are
during the necropsy of naturally or experimentally recommended for nonpropagative laboratory proce-
infected rodents. Gloves should be worn when han- dures, including serological examinations and stain-
dling field-collected or infected laboratory rodents ing of impression smears. Biosafety Level 3 prac-
and when there is the likelihood of direct skin con- tices and facilities are recommended for activities
tact with infectious materials. Necropsy of rodents is involving the inoculation, incubation, and harvesting
ideally conducted in a biological safety cabinet. Al- of embryonated eggs or tissue cultures, the necropsy
though field trials have not been conducted to deter- of infected animals, and the manipulation of infected
mine the efficacy of licensed inactivated vaccines, tissues. Since infected guinea pigs and other rodents
experience with these products has been tavordole may shed the organisms in urine or feces (90), ex-
(14). Immunization is recommended for personnel perimentally infected rodents should be maintained
working regularly with cultures of Y. pestis or in- under Animal Biosafety Level 3. Recommended pre-
fected rodents (26). cautions for facilities using sheep as experimental

Additional primary containment and personnel animals are described by Spinelli (109) and by Ber-
precautions, such as those described for Biosafety nard (6). An Investigational New Phase-I Q fever
Level 3, are recommended for activities with high vaccine (IND) is available from the U.S. Army Medi-
potential for droplet or aerosol production, for work cal Research Institute for Infectious Diseases, Fort
with antibiotic-resistant strains, and for activities Detrick, Maryland. The use of this vaccine should be
involving production quantities or concentrations of limited to those at high risk of exposure who have no
infectious materials, demonstrated sensitivity to Q fever antigen.

Rickettsial Agents Agent: Rickettsia akari, Rochalimaea quintana, and
Rochalimaea vinsonii

Agent: Coxiella burnetdi Based on the experience of laboratories actively

Pike's summary indicates that Q fever is the working with Rickettsia akari, it is likely that the five
second most commonly reported laboratory-associ- cases of rickettsialpox recorded by Pike (90) were
ated infection, with outbreaks involving 15 or more associated with exposure to bites of infected mites
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rather than aerosol or contact exposure to infected recommended for nonpropagative laboratory proce-
tissues. There are no recorded cases of laboratory- dures, including serological and fluorescent-antibody
associated infections with trench fever (Rochalimaea procedures, and for the staining of impression smears.
quintana) or vole rickettsia (Rochalimaea vinsonis). Biosafety Level 3 practices and facilities are recom-

Laboratory hazards. The agent of rickettsialpox mended for all other manipulations of known or po-
may be present in blood and other tissues of infected tentially infectious materials, including necropsy of
house mice or humans and in the mite vector Lipo- experimentally infected animals and trituration of
nyssoides sanguineus. Exposure to naturally or ex- their tissues and inoculation, incubation, and har-
perimentally infected mites and accidental parenteral vesting of embryonated eggs or tissue cultures. Ani-
inoculation are the most likely sources of human mal Biosafety Level 2 practices and facilities are
infection with rickettsialpox. The agent of trench recommended for activities with infected mammals
fever may be present in the blood and tissues of other than flying squirrels or arthropods. Vaccines
infected humans and in the body fluids and feces of are not currently available for use in humans. Be-
infected human body lice (Pediculus h. humanus). cause the mode of transmission of R. prowazekii

Recommended precautions. Biosafety Level 2 from flying squirrels to humans is not defined, Ani-
practices, containment equipment, and facilities are mal Biosafety Levcl 3 practices and facilities are
recommended for propagation and animal studies recommended for animal studies with flying squir-
with Rickettsia akari, Rochalimaea vinsonii, and rels natur-Afly or experimentally infected with R.
Rochalimaea quintana. Appropriate precautions prowazekii.
should be taken to avoid exposure of personnel to
infected mites that are maintained in the laboratory
or that may be present on naturally infected house Agent: Rikettsia ricketsii
mice. Rocky Mountain spotted fever is a documented

hazard to laboratory personnel. Pike (90) reported 63

Agent: Rickettsia prowazekii, Rickettsia typhi (R. laboratory-associated cases, 11 of which were fatal.

mooseri), Rickettsia tsutsugamushi, Rickettsia Oster (86) reported nine cases occurring over a 6-
year period in one laboratory which were believed tocanada, and Spotted Fever Group agents of hu- have been acquired as a result of exposure to infer-

man disease other than Rickettsia rickettsii and tiuaeols
Rickettsia akari ious aerosols.

Laboratory hazards. Accidental parenteral in-

Pike reported 57 cases of laboratory-associated oculation and exposure to infectious aerosols are the
typhus (type not specified), 56 cases of epidemic most likely sources of laboratory-associated infec-
typhus with three deaths, and 68 cases of murine tion (57). Successful aerosol transmission has been
typhus (90). More recently, three cases of murine experimentally docamented in nonhuman primates
typhus were reported from a research facility (18). (101). Naturally and experimentally infected mam-
Two of these three cases were associated with work mals, their ectoparasites, and their infected tissues
with infectious materials on the open bench; the third are sources of human infection. The organism is
case resulted from an accidental parenteral inocula- relatively unstable under ambient environmental
tion. These three cases represented an attack rate of conditions.
20% in personnel working with infectious materials. Recommended precautions. Biosafety Level 2

Laboratory hazards. Accidental parenteral in- practices, containment equipment, and facilities are
oculation and exposure to infectious aerosols are the recommended for all nonpropagative laboratory
most likely sources of laboratory-associated infec- procedures, including serological and fluorescent-
tions. Naturally or experimentally infected lice, fleas, antibody tests, and staining of impression smears.
and flying squirrels (Glaucomys spp.) (9) may also Biosafety Level 3 practices and facilities are recom-
be a direct source of infection to laboratory person- mended for all other manipulations of known or
nel. The organisms are relatively unstable under potentially infectious materials, including necropsy
ambient environmental conditions. of experimentally infected animals and trituration of

Recommended precautions. Biosafety Level 2 their tissues and inoculation, incubation, and har-
practices, containment equipment, and facilities are vesting of embryonated eggs or tissue cultures. Ani-
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mal Biosafety Level 2 practices and facilities are the general population (104). Epidemiological evi-
recommended for holding of experimentally infected dence indicates that hepatitis non-A non-B is a blood-
rodents; however, necropsy and -y subsequent borne disease similar to hepatitis B.
manipulation of tissues from infected animals should Laboratory hazards. The age.nt of hepatitis E
be conducted at Biosafety Level 3. may be present in blood and blood products of hu-

Because of the proven value of antibiotic ther- man origin and in urine, semen, cerebrospinal fluid,
apy in the early stages of infection, it is essential that and saliva. Parenteral inoculation, droplet exposure
laboratories working with R. rickettsii have an effec- of mucous membranes, and contact exposure of bro-
tive system for reporting febrile illnesses in labora- ken skin are the primary laboratory hazards. The
tory personnel, medical evaluation of potential cases, virus may be stable in dried blood or blood compo-
and, when indicated, institution of appropriate anti- nents for several days. Attenuated or avirulent strains
biotic therapy. Vaccines are not currently available are not defined.
for use in humans (see Appendix A.3). Recommended precautions. Biosafety Level 2

practices, containment equipment, and facilities are

Viral Agents recommended for all activities utilizing known or
potentially infectious body fluids and tissues. Addi-

Agent: Hepatitis A virus tional primary containment and personnel precau-
tions, such as those described for Biosafety Level 3,

Laboratory-associated infections with hepatitis may be indicated for activities with high potential for
A virus do not appear to be an important occupa- droplet or aerosol production and for activities in-
tional risk among laboratory personnel. However, volving production quantities or concentrations of
the disease is a documented hazard in animal han- infectious materials. Animal Biosafety Level 2 prac-
dlers and others working with chimpanzees which tices, containment equipment, and facilities are rec-
are naturally or experimentally infected (92). ommended for activities utilizing naturally or experi-

Laboratory hazards. The agent may be present mentally infected chimpanzees or other nonhuman
in feces of infected humans and chimpanzees. Inges- primates. Gloves should be worn when working with
tion of feces, stool suspensions, and other contami- infected animals and when there is the likelihood of
nated materials is the primary hazard to laboratory skin contact with infectious materials. A licensed
personnel. The importance of aerosol exposure has inactivated vaccine is available and is recommended
not been demonstrated. Attenuated or avirulent strains for laboratory personnel, who are at substantially
have not been fully defined but appear to result from greater risk of acquiring infection than is the general
serial passage in tissue culture. population (27).

Recommended precautions. Biosafety Level 2
practices, containment equipment, and facilities are Agent: Herpesvirus simiae (B-virus)
recommended for activities with known or poten-
tially infected feces from humans or chimpanzees. Although B-virus presents a potential hazard to
Animal Biosafety Level 2 practices and facilities are laboratory personnel working with the agent, labora-
recommended for activities using naturally or ex- tory-associated human infections with B-virus have,
perimentally infected chimpanzees. Animal care per- with rare exceptions, been limited to personnel hav-
sonnel should wear gloves and take other appropriate ing direct contact with living Old World monkeys
precautions to avoid possible fecal-oral exposure. (29, 56, 89). Exposure to in vitro monkey tissues
Vaccines are not available for use in humans, but are (i.e., primary rhesus monkey kidney) has been asso-
in the developmental stages. ciated with a single documented case (29).

B-virus is an indigenous chronic and/or recur-
rent infection of macaques and possibly other Old
World monkeys and is a frequent enzootic infection

Pike concluded that hepatitis B is currently the of captive Macaca mulaita.
most frequently occurring laboratory-associated in- Laboratory personnel handling Old World mon-
fection (90). The incidence in some categories of keys run the risk of acquiring B-virus from a bite or
laboratory workers is seven times greater than that of contamination of broken skin or mucous membranes
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by an infected monkey. Fifteen fatal cases of human frequency of their presence in clinical materials and
infections with B-virus have been reported (29). their common use in research warrants their inclu-

Laboratory hazards. The agent may be present sion in this publication
... uia, , thoracic and abdominal viscera, L abor,?.c-y hazards. Clinical materials and
and central nervous system tissues of naturally in- isolates of herpesviruses, nonpolio enteroviruses, and
fected macaques. Bites from monkeys with oral her- other indigenous pathogens may pose a risk of infec-
pes lesions are the greatest hazard to laboratory and tion following ingestion, accidental parenteral inocu-
animal care personnel. Exposures of broken skin or lation, droplet exposure of the mucous membranes of
mucous membranes to oral secretions or to infec- the eyes, nose, or mouth, or inhalation of concen-
tious culture fluids are also potential hazards. The trated aerosolized materials.
importance of aerosol exposure is not known. At- Recommended precautions. Biosafety Level 2
tenuated or avirulent strains have not been defined, practices, containment equipment, and facilities are

Recommended precautions. Biosafety Level 2 recommended for activities utilizing known or po-
practices, containment equipment, and facilities are tentially infectious clinical materials or cultures of
recommended for all activities involving the use or indigenous viral agents which are associated with or
manipulation of tissues, body fluids, and primary identified as a primary pathogen of human disease.
tissue culture materials from macaques. Additional Although there is no definitive evidence that infec-
containment and personnel precautions, such as those tious aerosols are a significant source of laboratory-
recommended for Biosafety Level 3, are recom- associated infections, it is prudent to avoid the gen-
mended for activities involving the use or manipula- eration of aerosols during the handling of clinical
tion of any material known to contain H. simiae. materials and isolates or during the necropsy of ani-

Biosafety Level 4 practices, containment equip- mals. Primary containment devices (e.g., biological
ment, and facilities are recommended for activities safety cabinets) constitute the basic barrier protect-
involving the propagation of H. simiae, manipula- ing personnel from exposure to infectious aerosols.
tions of production quantities or concentrations of H.
simiae, and housing vertebrate animals with proven Agent: Influenza virus
natural or induced infection with the agent.

The wearing of gloves, masks, and laboratory Laboratory-associated infections with influenza
coats is recommended for all personnel working with are not normally documented in the literature but are
nonhuman primates-especially macaques and other known to occur by informal accounts and published
Old World species-and for all persons entering ani- reports, particularly when new strains showing anti-
mal rooms where nnhuman primates are housed. genic drift or shift are introduced into a laboratory
Vaccines are not available for use in humans. for diagnostic or research purposes (36).

Laboratory animal-associated infections are not
reported; however there is a high possibility of hu-
man infection from infected ferrets and vice versa.

The herpesviruses are ubiquitous human patho- Laboratory haza-ds. The agent n,, be 'evn,
gens and are commonly present in a variety of clini- in respiratory tissues or secretions of man or most
cal materials submitted for virus isolation. While infected animals and in the cloaca of many infected
these viruses are not demonstrated causes of labora- avian species. The virus may be disseminated in
tory-associated infections, they are primary as well multiple organs in some infected animal species.
as opportunistic pathogens, especially in immuno- Inhalation of virus from aerosols generated by
compromised hosts. Nonpolio enteroviruses, ade- aspirating, dispensing, or mixing virus-infected
noviruses, and cytomegalovirus pose similar !zw samples or by infected animals is the primary labora-
potential infection risks to laboratory personnel. Al- tory hazard. Genetic manipulation of virus has un-
though this divcrse group of indigenous viral agents known potential for altering host range and patho-
does not meet the criteria for inclusion in agent- genicity or for introducing into man transmissible
specific summary statements (i.e., demonstrated or viruses with novel antigenic composition.
high potential hazard for laboratory-associated infec- Recommended precautions. Biosafety Level 2
tion; grave consequences should infection occur), the practices, containment equipment, and facilities are
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recommended when receiving and inoculating rou- described for Biosafety Level 3 may be indicated for
tine laboratory diagnostic specimens. Autopsy mate- activities wi:h high potential for aerosol production
rial should be handled in a biological safety cabinet and for activities involving production quantities or
using Biosafety Level 2 procedures. concentrations of intectious materials. Animal Bio-

Activities utilizing noncontemporary virus safety Level 2 practices and facilities are recom-
strains. Biosafety considerations should take into mended for studies in adult mice with mouse brain-
account the available information about infectious- passaged strains. Animal Biosafety Level 3 practices
ness of the strains being used and the potential for and facilities are recommended for work with in-
harm to the individual or society in the event that fected hamsters. Vaccines are nol available for use in
laboratory-acquired infection and subsequent trans- humans.
mission occur. Research or production activities util-
izing contemporary strains may be safely performed Agent: Polivirus
using Biosafety Level 2 containment practices. Sus-
ceptibility to infection with older noncontemporary Laboratory-associated infections with polio-
human strains, with recombinants, or with animal viruses are uncommon and are generally limited to
isolates warrants the use of Biosafety Level 2 con- unvaccinated laboratory persons working directly with
tainment procedures. Current experience suggests, the agent. Twelve cases have been reported in the
however, that there is no evidence for laboratory- world literature (90).
acquired infection with reference strains A/PR/8/34 Laboratory animal-associated infections have not
and A/WS/33 or their commonly used neurotropic been reported (73); however, naturally or experimen-
variants, tally infected nonhuman primates could provide a

source of infection to exposed unvaccinated persons.
Laboratory hazards. The agent may be foundA 41ent: Lymphocytic choriomeningitis (LCM) in the feces and in throat secretions. Ingestion and

4'Lus parenteral inoculation of infectious tissues or fluids

Laboratory-associated infections with lympho- by unimmunized personnel are the primary hazards
cytic choriomeningitis virus are well documented in to laboratory personnel. The importance of aerosol
facilities where infections occur in laboratory ro- exposure is not known. Laboratory exposures pose
dents, especially mice and hamsters (8, 90). Tissue negligible risk to appropriately immunized persons.
cultures which have inadvertently become infected Recommended precautions. Biosafety Level 2
represent a potential source of infection and dissemi- practices, containment equipment, and facilities are
nation of the agent. Natural infections are occasion- recommended for all activities utilizing known or
ally found in nonhuman primates, swine, and dogs. potentially infectious culture fluids and specimen

Laboratory hazards. The agent may be present materials. All laboratory personnel working directly
in blood, cerebrospinal fluid, urine, secretions of the with the agent must have documented polio vaccina-
nasopharynx, feces, and tissues of infected humans tion or demonstrated serologic evidence of immunity
and other animal hosts. Parenteral inoculation, inha- to qlI threp- r-!;'"vin1; fvrw (95).
lation, and contamination of mucous membranes or
broken skin with infectious tissues or fluids from
infected animals are common hazards. Aerosol trans- Agent: Poxvirus
mission is well documented (8). Sporadic cases of laboratory-associated poxvirs

Recommended precautions. Biosafety Level 2 infections have been reported. Pike lists 24 cases of
practices, containment equipment, and facilities are yaba and tanapox virus infection and 18 vaccinia and
recommended for all activities utilizing known or smallpox infections (90). Epidemiological evidence
potentially infectious body fluids or tissues and for suggests that transmission of monkeypox virus from
tissue culture passage of mouse brain-passaged strains. nonhuman primates or rodents to humans may have
All manipulations of known or potentially infectious occurred in nature but not in the laboratory setting.
passage and clinical materials should be conducted Naturally or experimentally infected laboratory ani-
in a biological safety cabineL Additional primary mals are a potential source of infection to exposed
containment and personnel precautions such as those unvaccinated laboratory personnel.
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Laboratory hazards. The agents may be pres- nel. Infectious aerosols have not been a demonstrated
ent in lesion fluids or crusts, respiratory secretions, hazard to personnel % irking with clinical materials
or tissues of infected hosts. Ingestion, parenteral in- and conducting diagnostic examinations. Fixed and
oculation, and droplet or aerosol exposure of mucous attenuated strains of virus are presumed to be less
membranes or broken skin to infectious fluids or hazardous, but the only two recorded cases of labora-
tissues are the primary hazards to laboratory and tory-associated rabies resulted from exposure to a
animal care personnel. Some poxviruses are stable at fixed challenge virus standard (CVS) derived from
ambient temperature when dried and may be trans- SAD (Street Alabama Dufferin) strain (17, 129).
mitted by fomites. Recommended precautions. Biosafety Level 2

Recommended precautions. The possession and practices, containment equipment, and facilities are
use of variola viruses are restricted to the World recommended for all activities utilizing known or
Health Organization Collaborating Center for Small- potentially infectious materials. Preexposure immu-
pox and Other Poxvirus Infections located at the nization is recommended for all individuals working
Centers for Disease Control, Atlanta, Georgia. Bio- with rabies virus or infected animals or engaged in
safety Level 2 practices, containment equipment, and diagnostic, production, or research activities with
facilities are recommended for all activities involv- rabies virus. Preexposure immunization is alsc rec-
ing the use or manipulation of poxviruses other than ommended for all individuals entering or working in
variola that pose an infection hazard to humans. All the same room where rabies virus or infected animals
persons working in or entering laboratory or animal are used. When it is not feasible to open the skull or
care areas where activities with vaccinia, monkeypox, remove the brain within a biological safety cabinet, it
or cowpox viruses are being conducted should have is pertinent to wear heavy protective gloves to avoid
documented evidence of satisfactory vaccination cuts or sticks from cutting instruments or bone frag-
within the preceding 3 years (23). Activities with ments, and to wear a face shield to protect the mu-
vaccinia, cowpox, or monkeypox viruses in quanti- cous membranes of the eyes, nose, and mouth from
ties or concentrations greater than those present in exposure to infectious droplets or tissue fragments. If
diagnostic cultures may also be conducted by immu- a Stryker saw is used to open the skull, avoid striking
nized personnel at Biosafety Level 2, provided that the brain with the blade of the saw. Additional pri-
all manipulations of viable materials are conducted mary containment and personnel precautions, such
in Class I or II biological safety cabinets or other as those described for Biosafety Level 3, may be
primary containment equipment. indicated for activities with a high potential for drop-

let or aerosol production and for activities involving
Agent: Rabies virus production quantities or concentrations of infectious

materials.
Laboratory-associated rabies infections are ex-

tremely rare. Two have been documented. Bothresulted from presumed exposure to high~ 't'~red :.n Agents: Transmissible spongiform encephalopa-
resutedfro preume exosur tohig 1-iredln- thies (Creutzfeldt-Jakob and kuru aeents)

fectious aerosols generated in a vaccine production
facility (129) and a research facility (17). Naturally Laboratory-associated infections with the trans-
or experimentally infected animals, their tissues, and missible spongiform encephalopathies have not been
their excretions are a potential source of exposure to documented. The consequences of infection are grave,
laboratory and animal care personnel, however, and there is evidence that Creutzfeldt-Jakob

Laboratory hazards. The agent may be present disease has been transmitted to patients by corneal
in all tissues of infected animals. Highest titers are transplant and by contaminated electroencephalo-
demonstrated in central nervous system tissue, sali- graphic electrodes. There is no known nonhuman
vary glands, and saliva. Accidental parenteral inocu- reservoir for Creutzfeldt-Jakob disease or kuru.
lation, cuts, or sticks with contaminated laboratory Nonhuman primates and other laboratory animals
equipment, bites by infected animals, and exposure have been infected by inoculation, but there is no
of mucous membranes or broken skin to infectious evidence of secondary transmission.
droplets of tissie or fluids are the most likely source Laboratory hazards. High titers of a transmis-
of exposure for laboratory and animal care person- sible agent have been demonstrated in the brain and
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spinal cord of persons with kuru. In persons with In contrast, anecdotal information indicates that
Creutzfeldt-Jakob disease, a transmissible agent has activities with less virulent laboratory-adapted strains
been demonstrated in the brain, spleen, liver, lymph (e.g., VSV-Indiana [San Juan and Glasgow]) are rarely
nodes, lungs, spinal cord, kidneys, cornea, and lens. associated with seroconversion or illness. Such strains
Accidental parenteral inoculation, especially with are commonly used by molecular biologists, often in
neural tissues, and including Formalin-fixed speci- large volumes and high concentrations, under condi-
mens, is extremely hazardous. Although nonneural tions of minimal or no primary containment. Experi-
tissues are less often infective, all tissues of humans mentally infected mice have not been a documented
and animals infected with these agents should be source of human infection.
considered potentially hazardous. The risk of infec- Laboratory hazards. The agent may be present
tion from aerosols and droplets and from exposure to in vesicular fluid, tissues, and blood of infected ani-
intact skin and gastric and mucous membranes is not mals and in blood and throat secretions cf infected
known; however, there is no evidence of contact or humans. Exposure to infectious aerosols and infected
aerosol transmission. These agents are characterized droplets, direct skin and mucous membrane contact
by extreme resistance to conventional inactivation with infectious tissues and fluids, and accidental auto-
procedures, including irradiation, boiling, and chemi- inoculation are the primary laboratory hazards asso-
cals (Formalin, betapropiolactone, alcohols). ciated with virulent isolates. Accidental parenteral

Recommended precautions. Biosafety Level 2 inoculation and exposure to infectious aerosols rep-
practices, containment equipment, and facilities are resent potential risks to personnel working with less
recommended for all activities utilizing known or virulent laboratory-adapted strains.
potentially infectious tissues and fluids from natu- Recommended precautions. Biosafety Level 3
rally infected humans and from experimentally in- practice:, containment equipment, and facilities are
fected animals. Extreme care must be taken to avoid recommended for activities involving the use or
accidental autoinoculation or other traumatic paren- manipulation of infected tissues and of virulent iso-
teral inoculations of infectious tissues and fluids (46). lates from naturally or experimentally infected live-
Although there is no evidence to suggest that aerosol stock. Gloves and respiratory protection are recom-
transmission occurs in the natural disease, it is pru- mended for the necropsy and handling of infected
dent to avoid the generation of aerosols or droplets animals. Biosafety Level 2 practices and facilities
during the manipulation of tissues and fluids and are recommended for activities utilizing laboratory-
during the necropsy of experimental animals. It is adapted strains of demonstrated low virulence. Vac-
further recommended that gloves should be worn for cines are not available for use in humans.
activities which provide the opportunity for skin
contact with infectious tissues and fluids. Vaccines ARBOVIRUSES
are not available for use in humans.

Arboviruses Assigned to Biosafety Level 2
Agent- Vesicular stomatitis virus (VSV) The American Committee on Arthropod-Borne

Forty-six laboratory-associated infections with Viruses (ACAV) registered 424 arboviruses azs of
indigenous strains of VSV have been reported (112). December 31, 1979. The ACAV's Subcommittee on
Laboratory activities with indigenous strains of VSV Arbovirus Laboratory Safety (SALS) has categorized
present two different levels of risk to laboratory per- each of these 424 agents into one of four recom-
sonnel and are related, at least in part, to the passage mended levels of practice and containment which
history of the strains utilized. Activities utilizing in- parallel the recommended practices, safety equip-
fected livestock, their infected tissues, and virulent ment, and facilities described in this publication as
isolates from these sources are a demonstrated haz- Biosafety Levels I - 4 (112). It is the intent of SALS
ard to laboratory and animal care personnel (52, 88). to periodically update the 1980 publication by pro-
Seroconversion and clfn;'a! illncss rates in personnel viding a supplemental listing and recommended yev-
working with these materials are high (88). Similar els of practice and containment for arboviruses regis-
risks may be associated with exotic strains such as tered since 1979. SALS categorizations were besed
Piry (112). on risk assessments from information provided by a
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worldwide survey of 585 laboratories working with laboratory-associated infections are reported; or (b)
arboviruses. SALS recommended that work with the infections resulted from exposures other than to in-
majority of these agents should be conducted at the fectious aerosols; or (c) if aerosol exposures are docu-
equivalent of Biosafety Level 2. These viruses are mented they represent an uncommon route of expo-
listed alphabetically on pages 124-126 and include sure.
the following agents which are the reported cause of Laboratory hazards. Agents listed in this group
laboratory-associated infections (53, 90, 112). may be present in blood, cerebrospinal fluid, central

nervous system and other tissues, and infected ar-
Virus Cases (SALS) thropods, depending on the agent and the stage of

infection. While the primary laboratory hazards are
Vesicular stomatitis 46 accidental parenteral inoculation, contact of the virus
Colorado tick fever 16 with broken skin or mucous membranes, and bites by
Dengue 11 infected laboratory rodents or arthropods, infectious
Pichinde 17 aerosols may also be a potential source of infection.
Western equine

encephalomyelitis 7 (2 deaths) Arboviruses Assigned to Biosafety Level 2
Rio Bravo 7
Kunjin 6 Abu Hammad Bertioga
Catu 6 Acado Bimiti
Caraparu 5 Acara Birao
Ross River 5 Aguacate Bluetongue
Bunyamwera 4 Alfuy (indigenous)
Eastern equine AImpiwar Boraceia

cncephalomyelitis 4 Amapari Botambi
Zika 4 Anhanga Boteke
Apeu 2 Anhembi Bouboui
Marituba 2 Anopheles A Bujaru
Tacaribe 2 Anopheles B Bunyamwera
Muructucu I Apeu Burg el Arab
O'nyong nyong I Apoi Bushbush
Modoc 1 Aride Bussuquara
Oriboca I Arkonam Buttonwillow
Ossa I Aruac Bwanba
Keystone 1 Arumowot Cacao
Bebaru 1 Aura Cache Valley
Bluetongue I Avalon Caimito

Bagaza California
The list of arboviruses in Biosafety Level 2 includes Bahig encephalitis
yellow fever virus (17D strain) and Venezuelan equine Bakau Calovo
encephalomyclitis (VEE) virus (TC83 strain), pro- Baku Candiru
vided that personnel working with these vaccine Bandia Cape Wrath
strains are immunized. Bangoran Capim

The results of the SALS survey clearly indicate Bangui Caraparu
that the suspected source of the laboratory-associ- Banzi Carey Island
ated infections listed above was other than exposure Barur Catu
to infectious aerosols. Recommendations that work Batai C-aco
with these 334 arboviruses should be conducted at Batu Chagres
Biosafety Level 2 were based on the existence of Bauline Chandipura
adequate historical laboratory experience to assess Bebaru Changuinola
risks for the virus which indicated that: (a) no overt Belmont Charleville
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Chenu&- Irituia Lokem Pacui
Chilibre Isfahan Lone Star Pahayokee
Chobar Itaporanga Lukuni Palyamn
Gorge Itaqui M'poko Parana
Clo Mor Jamestown Madrid Pata
Colorado Tick Canyon Maguari Pathu un ani

Fever Japanaut Mahogany Patois
Comrparta Jerry Slough Hammock Phnom-Penh bat
Cotia Johnston Atoll Main Drain Pichinde
Cowbone Ridge Joinjakaka Malakal Pixuna
D'Aguilar Juan Diaz Manawa Pongola
Dakar Bat Jugra Manzanilla Pretoria
Dengue-1 Jurona Mapputa Puchong
Dengue-2 Jutiapa Maprik Punta Salinas
Dengue-3 Kadamn Marco Punta Toro
Dengue-4 Kaeng khoi Marituba, Qalyub
Dera Ghazi Khan Kaikalur Matariya Quaranfil
Eastern equine Kaisodi Matruh Restan

encephalomyeli- Kamese Matucare, Rio Bravo
tis Kammamavanpet- Melao Rio Grande

Edge Hill tai Mermet Ross River
Entebbe Bat Kannar-nangalam Minatitlan Royal Farm
Epizootic Kao shuan Minnal Sabo

hemorrhagic Karimabad Mirim Saboya
disease Karshi Mitchell River Saint Flonis

Eubenangee Kasba. Modoc Sakhalin
Eyach Kemervo Moju Salehabad
Flanders Kern Canyon Mono Lake San Angelo
Fort Morgan Ketapang Mont. myotis leuk. Sandfly F. (Naples)
Frijoles; Keterah Moriche Sandfly F. (Sicilian)
Giamboa Keuraliba Mossuril Sandjimba.
GomokA Keystone Mount Elgon bat Sathuperi
Gossas Klamnath Murutucu Sawgrass
Grand Arbaud Kokobera Navarro Sebokele
Great Island Kolongo Nepuyo Seletar
Guajara Koongol Ngaingan Sembalam
Guamna Kowanyama Nique Shanionda
Guaroa Kurj~jm Nkolbisson Shark River
Gumbo limbo Kununurra Nola Shuni
Hart Park Kwatta Ntaya Silverwater
Hazart La Crosse Nugget Simbu
Huacho Lagos bat Nyarnanini Simian hemorrhagic
Hughes La Joya Nyando fever
Icoaraci Landjia O'nyong-nyong Sindbis
leri Langat Okhotskiy Sixgun City
lhcu Lanjan Okola Snowshoe hare
Ilesha Latino Olifants~lei Sokuluk
Ingwavurna Lebombo Oriboca Soldado
Inkoo) Le Dantec Ossa Sororoca
Ippy Lipovnik Pacora Stratford
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Sunday Canyon Thottapalayam Urucuri Whataro
Tacaiuma Timbo Usutu Witwatersrand
Tacaribe Toure Uukuniemi Wongal
Taggert Tribec Vellore Wongorr
Tahyna Triniti Venezuelan equine Wyeomyia
Tamiami Trivittatus encephalomyelitis Yaquina Head
Tanga Trubanaman (TC-83) Yata
Tanjong Rabok Tsuruse Venkatapurarn Yellow fever
Tataguine Turlock Vesicular stomatitis (17D)
Tembe Tyuleniy (see p. 123) Yogue
Tembusu Uganda S Wad Medani Zaliv Terpeniya
Tensaw Umatilla Wallal Zegla
Tete Umbre Wanowrie Zika
Tettnang Una Warrego Zingilamo
Thimiri Upolu Western equine Zirqa

encephalomyelitis

Recommended precautions. Biosafety Level 2 available, or laboratory experience with the agent is
practices, safety equipment, and facilities are recom- inadequate to assess risk and the natural disease in
mended for activities with potentially infectious clini- humans is potentially severe or life threatening or
cal materials and arthropods and for manipulations causes residual damage. Hantaan virus, which was
of infected tissue cultures, embryonated eggs, and not included in the SALS publication, has been placed
rodents. Infection of newly hatched chickens with at Biosafety Level 3 based on documented labora-
eastern and western equine encephalomyelitis viruses tory-associated infections. Rift Valley fever virus,
is especially hazardous and should be undertaken which was classified by SALS at Containment Level
under Biosafety Level 3 conditions by immunized 3 (i.e., HEPA filtration required for all air exhausted
personnel. Investigational vaccines (IND) against from the laboratory), was placed in Biosafety Level
eastern equine encephalomyelitis and western equine 3 provided that all personnel entering the laboratory
encephalomyelitis viruses are available through the or animal care area where work with this virus is
Centers for Disease Control and the U.S. Army Medi- being conducted are vaccinated. Laboratory or labo-
cal Research Institute for Infectious Diseases, re- ratory animal-associated infections have been reported
spectively. The use of these vaccines is recommended with the following agents (53, 90, 112, 124).
for personnel who work directly and regularly with
these two agents in the laboratory. Western equine Virus Cases (SALS)
encephalomyelitis immune globulin (human) is also
available from the Centers for Disease Control. The Venezuelan equine encephalitis 150 (1 death)
efficacy of this product has not been established. Rift Valley fever 47 (1 death)

Chikungunya 39
Yellow fever 38 (8 deaths)

Arboviruses and Arenaviruses Assigned to Bio- Japanese encephalitis 22
safety Level 3 Jpns nehlts2

Louping ill 22

SALS has recommended that work with the ar- West Nile 18
boviruses included in the alphabetical listing on page Lymphocytic choriomeningitis 15
127 should be conducted at the equivalent of Bio- Orungo 13
safety Level 3 practices, safety equipment, and fa- Piry 13
cilities. These recommendations are based on one of Wesselsbron 13
the following criteria: overt laboratory-associated in- Mucambo 10
fections with these agents have occurred by aerosol Oropouche 7
route if protective vaccines are not used or are un- Germiston 6
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Bhanja 6 A licensed attenuated live virus is available for
Hantaan (Korean immunization against yellow fever and is recom-

hemorrhagic fever) 6 mended for all personnel who work with this agent
Mayaro 5 or with infected animals and for those who enter
Spondweni 4 rooms where the agents or infected animals are pres-
St. Louis encephalitis 4 ent. An investigational vaccine (IND) is available for
Murray Valley encephalitis 3 immunization against VEE and is recommended for
Semliki Forest 3 (1 death) all personnel working with VEE (and the related Ev-
Powassan 2 erglades, Mucambo, Tonate, and Cabassou viruses)
Dugbe 2 or infected animals or entering rooms where these
Issyk-kul I agents or infected animals are present. Work with
Koutango 1 Hantaan (Korean hemorrhagic fever) virus in rats,

voles, and other laboratory rodents should be con-
Large quantities and high concentrations of ducted with special caution (Biosafety Level 4). An

Semliki Forest virus are commonly used or manipu- inactivated, investigational new Rift Valley fever
lated by molecular biologists under conditions of vaccine (IND) is available from the U.S. Army Medi-
moderate or low containment. Although antibodies cal Research Institute for Infectious Diseases and
have been demonstrated in individuals working with recommended for all laboratory and animal care per-
this virus, the first overt (and fatal) laboratory-asso- sonnel working with the agent or infected animals
ciated infection with this virus was reported in 1979 and for all personnel entering laboratorieq or animal
(126). Because this infection may have been influ- rooms when the agent is in use.
enced by a compromised host, an unusual route of
exposure or high dosage, or a mutated strain of the Arboviruses Assigned to Biosafety Level 3
virus, this case and its outcome may not be typical.
Since exposure to an infectious aerosol was not indi- Aino Israel turkey
cated as the probable mode of transmission in this Akabane meningoenceph-
case, it is suggested that most activities with Semliki Araguari alitis
Forest disease virus can be safely conducted at Bio- Batarna Issyk-kul
safety Level 2. Batken Itaituba

Some viruses (e.g., Ibaraki, Israel turkey menin- Bhanja Japanese encepha-
goencephalitis) are listed by SALS in Level 3, not Bimbo litis
because they pose a threat to human health, but be- Bluetongue (exotic)" Kairi
cause they are exotic diseases of domestic livestock Bobaya Khasan
or poultry. Bobia Korean hemor-

Laboratory hazards. The agents listed in this Buenaventura rhagic
group may be present in blood, cerebrospinal fluid, Cabassouc fever (Hantaan)
urine, and exudates, depending on the specific agent Chikungunyac Koutango
and stage of disease. The primary laboratory hazards Chim Kyzlagach
are exposure to aerosols of infectious solutions and Cocal Louping ill'
animal bedding, accidental parenteral inoculation, and Dhori Lymphocytic
broken skin contact. Some of these agents (e.g., Vene- Dugbe choriom-
zuelan equine encephalitis [VEE]) may be relatively Everglades' eningitis
stable in dried blood or exudates. Attenuated strains Garba Mayaro
are identified in a number of the agents listed (e.g., Germiston' Middelburg
yellow fever 17D strain and VEE TC83 strain). Getah Mosqueiro

Recommended precautions. Biosafety Level 3 Gordil Mucamboc
practices, containment equipment, and facilities are Guaratuba Murray Valley
recommended for activities using potentially infec- Ibaraki encephalitis
tious clinical materials and infected tissue cultures, Ihangapi Nariva
animals, or arthropods. Inini Ndumu
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Negishi Semliki Forest Laboratory or laboratory animal-associated infections
New Minto Sepik have been reported with the following agents (37, 53,
Nodamura Serra do Navio 58,67,90,112,12).
Northway Slovakia
Oropouchec Spondweni Virus Cases (SALS)

,rungo St. Louis
-jango encephalitis Kyasanur Forest disease 133

Oubangui Tamdy Hypr 37 (2 deaths)

Paramushir Telok Forest Junin 21 (1 death)
Piry Thogoto Marburg 25 (5 deaths)
Ponteves Tlacotalpan Russian spring-summer
Powassan Tonatec encephalitis 8
Razdan Venezuelan equine Congo-Crimean hemorrhagic

Rift Valley fever *'b'C encephalomye- fever 8 (1 death)

Rochambeau litisc Omsk hemmorrhagic fever 5

Rocio VSV-Alagoas Lassa 2 (1 death)

Sagiyama Wesselsbrona" Machupo 1 ( death)

Sakpa West Nile Ebola I

Salanga Yellow fever'

Santa Rosa Zingaa-bc Rodents are natural reservoirs of Lassa fever

Saumarez Reef virus (Mastomys naralensis), Junin and Machupo
viruses (Calomys spp.), and perhaps other viruses
assigned to Biosafety Level 4. Nonhuman primates

The importation, possession, or use of this agent is re- were associated with the initial outbreaks of Kyas-
stricted by USDA regulation or administrative policy. See Ap- anur Forest disease (Presbytis spp.) and Marburg
pendix A.5.

b Zinga virus is now recognized as being identical to Rift disease (Cercopithecus spp.), and arthropods are the
Valley fever virus. natural vectors of the tick-borne encephalitis com-

c SALS recommends that work with this agent should be plex agents. Work with or exposure to rodents, nonhu-
conducted only in Biosafety Level 3 facilities which provide for man primates, or vectors naturally or experimentally
HEPA filtration of all exhaust air prior to discharge from the infected with these agents represents a potential source
laboratory. All persons working with agents for which a vaccine
is available should be immunized. of human infection.

Laboratory hazards. The infectious agents may
be present in blood, urine, respiratory and throat

Arboviruses, Arenaviruses, or Filoviruses secretions, semen, and tissues from human or animal
Assigned to Biosafety Level 4 hosts and iv arthropods, rodents, and nonhuman pri-

SALS has recommended that work with the ar- mates. Respiratory exposure to infectious aerosols,
boviruses, arenaviruses, or filoviruses (63) included mucous membrane exposure to infectious droplets,
in the listing hat follows should be conducted at the and accidental parenteral inoculation are the primary
equivalent of Biosafety Level 4 practices, safety hazards to laboratory or animal care personnel (67,
equipment, and facilities. These recommendations 124).
are based on documented cases of severe and fre- Recommended precautions. Biosafety Level 4
quently fatal naturally occurring human infections practices, containment equipment, and facilities are
and aerosol-transmitted laboratory infections. Addi- recommended for all activities utilizing known or
tionally, SALS recommended that certain agents with potentially infectious materials of human, animal, or
a close or identical antigenic relationship to the Bio- arthropod origin. Clinical specimens from persons
safety Level 4 agents (e.g., Absettarov and Kumlinge suspected of being infected with one of the agents
viruses) also be handled at this level until sufficient listed in this summary should be submitted to a labo-
laboratory experience is obtained to retain these agents ratory with a Biosafety Level 4 maximum contain-
at this level or to work with them at a lower level. ment facility (22).
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Arboviruses, Arenaviruses, and Filoviruses ment, personnel must be trained in the proper use of
Assigned to Biosafety Level 4 the biological safety cabinets. The slide-sound train-

ing film developed by NIH (Effective Use of the
Congo-Crimean hemorrhagic fever Marburg Laminar Flow Biological Safety Cabinet) provides a
Tick-borne encephalitis virus thorough training and orientation guide. Of particu-

complex (Absettarov, Ebola lar note are those activities which may disrupt the
Hanzalova, Hypr, Kumlinge, Junin inward directional airflow through the work opening
Kyasanur Forest disease, Lassa of Class I and II cabinets. Repeated insertion and
Omsk hemorrhagic fever, and Machupo withdrawal of the workers' arms in and from the
Russian spring-summer work chamber, opening and closing doors to the
encephalitis) laboratory or isolation cubicle, improper placement

or operation of materials or equipment within the
work chamber, or briskly walking past the biological

APPENDIX A.1. BIOLOGICAL SAFETY safety cabinet while it is in use are demonstrated

CABINETS causes of the escape of aerosolized particles from
within the cabinet. Strict adherence to recommended

Biological safety cabinets are among the most practices for the use of biological safety cabinets is
effective, as well as the most commonly used, pri- as important in attaining the maximum containment
mary containment devices in laboratories working capability of the equipment as is the mechanical per-
with infectious agents. Each of the three types- formance of the equipment itself.
Class I, II, and Il-has performance characteristics Horizontal laminar flow "clean benches" are
which are described below. In addition to the design, present in a number of clinical, pharmacy, and labo-
construction, and performance standards for vertical ratory facilities. These "clean benches" provide a
laminar flow biological safety cabinets (Class III), high-quality environment within the work chamber
the National Sanitation Foundation has also devel- for manipulation of nonhazardous materials. Cau-
oped a list of such products which meet the reference tion: Since the operator sits in the immediate down-
standard. Utilization of this standard (80) and list stream exhaust from the "clean bench," this equip-
should be the first step in selection and procurement ment must never be used for the handling of toxic,
of a biological safety cabinet, infectious, or sensitizing materials.

Class I and II biological safety cabinets, when Class I. The Class I biological safety cabinet
used in conjunction with good microbiological tech- (Figure A.1) is an open-fronted, negative-pressure,
niques, provide an effective partial containment sys- ventilated cabinet with a minimum inward face ve-
tem for safe manipulation of moderate and high-risk locity at the work opening of at least 75 ft/min. The
microorganisms (i.e., Biosafety Level 2 and 3 agents). exhaust air from the cabinet may be used in three
Both Class I and II biological safety cabinets have operational modes: with a full-width open front, with
comparable inward face velocities (75 linear ft/min) an installed front closure panel not equipped with
and provide comparable levels of containment in gloves, and with an installed front closure panel
protecting the laboratory worker and the immediate equipped with arm-length rubber gloves.
laboratory environment from infectious aerosols Class II. The Class II vertical laminar-flow bio-
generated within the cabinet, logical cabinet (Figure A.2) is an open-fronted, ven-

It is imperative that Class I and II biological tilated cabinet with an average inward face velocity
safety cabinets are tested and certified in situ at the at the work opening of at least 75 ft/min. This cabinet
time of installation within the laboratory, at any time provides a HEPA-filtered, recirculated mass airflow
the cabinet is moved, and at least annually thereafter. within the work space. The exhaust air from the
Certification at locations other than the final site may cabinet is also filtered by HEPA filters. Design, con-
attest to the performance capability of the individual struction, and performance standards for Class II
cabinet or model but does not supersede the critical cabinets have been developed by and are available
certification prior to use in the laboratory. from the National Sanitation Foundation, Ann Ar-

As with any other piece of laboratory equip- bor, Michigan (80).
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Class IH. The Class III cabinet (Figure A.3) is a
totally enclosed ventilated cabinet of gas-tight con-
struction. Operations within the Class III cabinet are

[ ' conducted through attached rubber gloves. When in
.......- use, the Class III cabinet is maintained under nega-Q0 0 0_ tive air pressure of at least 0.5 in. water gauge. Sup-

I ply air is drawn into the cabinet through HEPA fil-
ters. The cabinet exhaust air is filtered by two HEPA
filters, installed in series, belore dis..iLa ge outsiL'L of
the facility. The exhaust fan for the Class III cabinet
is generally separate from the exhaust fans of the

FIGURE A.1 Class I biological safety cabinet facility's ventilation system.
Use of cabinets. Personnel protection provided

by Class I and Class II cabinets is dependent on the
inward airflow. Since the face velocities are similar,

, t they generally provide an equivalent level of person-
nel protection. The use of these cabinets alone,

, -however, is not appropriate for containment of
....'.......--- ..... highest-risk infectious agents because aerosols may

: I accidentally escape through the open front.
The use of a Class II cabinet in the microbiologi-

N \/ ~cal laboratory offers the additional capability and
advantage of protecting materials contained within it
from extraneous airborne contaminants. This capa-
bility is provided by the HEPA-filtered, recirculated
mass airflow within the work space.

The Class III cabinet provides the highest level
Type A of personnel and product protection. This protection

is provided by the physical isolation of the space in
which the infectious agent is maintained. When these
cabinets are required, all procedures involving infec-

...... .... Q QQ
K)MIWI

Type B

FIGURE A.2 Class 11 biological safety cabinets FIGURE A.3 Class III biological safety cabinet
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tious agents are contained within them. Several Class for employment. A complete record of vaccines re-
III cabinets are therefore typically set up as an inter- ceived on the basis of occupational requirements or
connected system. All equipment required by the recommendations should be maintained in the em-
laboratory activity, such as incubators, refrigerators, ployee's permanent medical file.
and centrifuges, must be an integral part of the cabi- Recommendations for the use of vaccines,
net system. Double-doored autoclaves and chemical adapted from those of the Public Health Service
dunk tanks are also attached to the cabinet system to Advisory Committee on Immunization Practices, are
allow supplies and equipment to be safely introduced included in the agent summary statements in Section

V
Personnel protection equivalent to that provided

by Class HI cabinets can also be obtained with , APPENDIX A. SURVEILLANCE OF
personnel suit area and Class I or Class II cabinets.
This area is one in which the laboratory worker is PESONNED R LABORATORY
protected from a potentially contaminated environ-
ment by a one-piece positive-pressure suit ventilated Under natural circumstances, the severity of dis-
by a life-support system. This area is entered through ease caused by rickettsial agents varies considerably.
an airlock fitted with airtight doors. A chemical In the laboratory, very large inocula which might
shower is provided to decontaminate the surfaces of produce unusual and perhaps very serious responses
the suit as the worker leaves the area. The exhaust air are possible. Surveillance of personnel for labora-
from the suit area is filtered by two HEPA units tory-associated infections with rickettsial agents can
installed in series. dramatically reduce the risk of serious consequences

of disease.
APPENDIX A.2. IMMUNOPROPHYLAXIS Recent experience indicates that infections treated

adequately with specific anti-rickettsial chemother-
An additional level of protection for at-risk per- apy on the first day of disease do not generally pres-

sonnel may be achieved with appropriate prophylactic ent serious problems. Delay in instituting appropriate
vaccinations. A written organizational policy which chemotherapy, however, may result in debilitating or
defines at-risk personnel, which specifies risks as severe acute disease ranging from increased periods
well as benefits of specific vaccines, and which dis- of convalescence in typhus and scrub typhus to death
tinguishes between required and recommended in R. rickensii infections. The key to reducing the
vaccines is essential. In developing such an organiza- severity of disease from laboratory-associated infec-
tional policy, these recommendations and require- tions is a reliable surveillance zyst-;m which includes
ments should be specifically targeted at infectious (1) round-the-clock availability of an experienced
diseases known or likely to be encountered in a par- medical officer, (2) indoctrination of all personnel
ticular facility. into the potential hazards of working with rickettsial

Vaccines for which the benefits (levels of agents and advantages of early therapy, (3) a report-
antibody considered to be protective) clearly exceed ing system for all recognized overt exposures and
the risks (local or systemic reactions) should be re- accidents, (4) the reporting of all febrile illnesses,
quired for all clearly identified at-risk personnel, especially those associated with headache, malaise,
Examples of such preparations include vaccines prostration, when no other certain cause exists, and
against yellow fever, rabies, and poliomyelitis. Rec- (5) a nonpunitive atmosphere that encourages report-
ommendations for giving less efficacious vaccines, ing of any febrile illness.
those associated with high rates of local or systemic Rickettsial agents can be handled in the labora-
reactions, or those that produce increasingly severe tory with minimal real danger to life when an ade-
reactions with repeated use should be carefully con- quate surveillance system complements a staff who
sidered. Products with these characteristics (e.g., are knowledgeable about the hazards of rickettsial
cholera, tularemia, and typhoid vaccines) may be infections and who put to use the safeguards recom-
recommended but should not ordinarily be required mended in the agent summary statements.
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APPENDIX A.4. IMPORTATION AND Bovine ephemeral fever
Bovine infectious petechialINTERSTATE SHIPMENT OF HUMAN fv~ gn

PATHOGENS AND RELATED MATERIALS Caevp agent
Camelpox virus

The importation or subsequent receipt of etio- Foot and mouth disease vu' u:
logic agents and vectors of human disease is subject Fowl plague virus
to the Public Health Service Foreign Quarantine Histopiasma (Zymonema)
Regulations (42 CFR, Section 71.56). Permits au- farciminosum
,c.hrizing :'c imnp'rtaltion or recipt of -cg"ted ma- !,g heo!era ,n.,-,
terials and specifying conditions under which the Louping ill virus
agent or vector is shipped, handled, and used are Lumpy skin disease virus
issued by the Centers for Disease Control. Mycoplasma agalactiae

The interstate shipment of indigenous etiologic Mycoplasma mycoides
agents, diagnostic specimens, and biological prod- Nairobi sheep disease virus
ucts is subject to applicable packaging, labeling, and (Ganjam virus)
shipping requirements of the Interstate Shipment of Newcastle disease virus
Etiologic Agents (42 CFR, Part 72). Packaging and (velogenic strains)
labeling requirements for interstate shipment of etio- Pseudomonas mallei
logic agents are summarized and illustrated in Figure Rickettsia ruminantium
A.4. Rift Valley fever virus

Additional information on the importation and Rinderpest virus
interstate shipment of etiologic agents of human dis- Swine vesicular disease virus
ease and other related materials may be obtained by Teschen disease virus
writing to: Theileria annulata

Theileria bovis
Centers for Disease Control Theileria hirci
Attention: Office of Biosafety Theileria lawrencei
1600 Clifton Road, N.E. Trypanosoma evansi
Atlanta, GA 30333 Trypanosoma vivax
Telephone: (404) 329-3883 Vesicular exanthema virus

FTS: 236-3883 Wesselsbron disease virus

The importation, possession, use, or interstatePATHOGENS shipment of animal pathogens other than those listed

above may also be subject to regulations of the U.S.
Nonindigenous pathogens of domestic livestock Department of Agriculture.

and poultry may require special laboratory design, Additional information may be obtained by writ-
operation, and containment features not generally ing to:
addressed in this publication. The importation, pos-
session, or use of the following agents is prohibited Chief Staff Veterinarian
or restricted by law or by U.S. Department of Agri- Organisms and Vectors
culture regulations or administrative policies: Veterinary Services

Animal and Plant Health Inspection Service
African horse sickness virus U.S. Department of Agriculture
African swine fever virus Hyattsville, MD 20782
Besnoitia besnoiti Telephone: (301) 436-8017
Borna disease virus FTS 436-8017
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National Institutes of Health
INFORMATION Attention: Division of Safety

Bethesda, MD 20892

Resources for information, consultation, and Telephone: (301) 496-1357
advice on biohazard control, decontamination proce- FTS 496-1357
dures, and other aspects of laboratory safety manage-
ment include: National Animal Disease Center

U.S. Department of Agriculture
rentprq for rji'q Cnntrnl Ames. TA 50010
Attention: Office of Biosafety Telephone: (515) 862-8258
Atlanta, GA 30333 FTS 862-8258
Telephone: (404) 329-3883

7'TS 236-3883
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1988 AGENT SUMMARY STATEMENT for laboratory personnel working with HIV, depend-
FOR HIVs, INCLUDING HfLV-IH, LAV, ing on the concentration or quantity of virus or the

IHIV-1, AND HIV-2 type of laboratory procedures used.
The HIV agent summary statement does not

specifically address safety measures for collecting
INTRODUCTION and handling clinical specimens. Nonetheless, it has

been recommended that blood and body-fluid pre-
In 1984, the Centers for Disease Control (CDC) cautions consistently be used for ALL specimens

and the National Institutes of Health (NIH), in con- from ALL patients. This approach, referred to as
sultation with experts from academic institutions, "universal blood and body-fluid precautions" or
industry, and government, published the book Bio- "universal precautions," eliminates the need to iden-
safety in Microbiological and Biomedical Laborato- tify all patients infected with HIV (or other blood-
ries ("Guidelines")* (1). borne pathogens) (3). This subject is also covered in

other publications (3-8).
These Guidelines are based on combinations of Laboratory directors, supervisors, and others are

standard and special practices, equipment, and facili- asked to attach a copy of this revised "1988 Agent
ties recommended for use in working with infectious Summary Stat-nent for HIVs" to each copy of the
agents in various laboratory settings. The recommen- Guidelines and to all copies of their laboratory bio-
dations are advisory; they provide a general code for safety manual; they should review the recommended
operating microbiologic and biomedical laboratories, precautions with laboratory personnel, provide ap-

One section of the Guidelines is devoted to stan- propriate training in practices and operation of facili-
dard and special microbiologic practices, safety equip- ties, and ensure that all personnel demonstrate profi-
ment, and facilities for biosafety levels (BSL) 1 ciency BEFORE being allowed to work with HIV.
through 4. Another section contains specific agent The laboratory director (or the designated laboratory
summary statements, each consisting of a brief de- supervisor) is responsible for biosafety in the labora-
scription of laboratory-associated infections, the na- tory and must establish and implement practices,
ture of laboratory hazards, and recommended pre- facilities, equipment, training, and work assignments
cautions for working with the causative agent. The as appropriate (9).
authors realized that the discovery of the availability
of information about these agents would necessitate
updating the agent summary. Such a statement for HIV AGENT SUMMARY STATEMENT
human immunodeficiency virus (HIV) (called HTLV- AGENT: HIVS INCLUDING HTLV-m, LAV,
III/LAV when the Guidelines were published) was HIV-1, AND HIV-2
published in Morbidity and Mortality Weekly Report
(MMWR) in 1986 (2). The HIV agent summary state- In the period 1984-1986, several health-care
ment printed in this Supplement updates the 1986 workers (HCWs) who had no recognized risk behav-
statement. ior for acquired immunodeficiency syndrome (AIDS)

Attached to the updated HIV agent summary state- were reported to have HIV infection (10-15). Only
ment are the essential elements for BSL 2 and 3 one of these HCWs was identified as a laboratory
laboratories, reproduced from the Guidelines (1) (see worker. These and other reports assessed the risk of
Addendum 1, p. 145). BSL 2 and 3 laboratory de- work-related HIV infection for all HCWs as being
scriptions are included because they are recommended very low (3,6,10-12,14-18).

*Available from:

Superintendent of Documents National Technical Information Service
U.S. Government Printing Office U.S. Department of Commerce
Washington, DC 20402 5282 Pon Royal Road
Stock #01702300167-1 Springfield. VA 22161

Stock #PB84-206879
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In 1985, anecdotal reports were received indi- mentally infected nonhuman primates. In the labora-
cating that workers in two different HIV-reagent- tory, virus should be presumed to be present in all
production laboratories had been exposed to droplets HIV cultures, in all materials derived from HIV cul-
and splashed liquid from a vessel containing concen- tures, and in/on all equipment and devices coming
trated virus. One of several workers had been cut by into direct contact with any of these materials.
glass from a broken carboy that contained HIV-in- In the laboratory, the skin (especially when
fected cells and medium. None of the persons ex- scratches, cuts, abrasions, dermatitis, or other lesions
posed in these episodes had developed antibody to are present) and mucous membranes of the eye, nose,
HIV or had clinical signs of infection 18 and 20 mouth, and possibly the respiratory tract should be
months, respectively, after the reported exposure. considered as potential pathways for entry of virus.

In 1987, CDC received reports that three HCWs Needles, sharp instruments, broken glass, and other
had HIV infection; none of the infections were asso- sharp objects must be carefully handled and properly
ciated with needlesticks or cuts. Two of these HCWs discarded. Care must be taken to avoid spilling and
were clinical laboratory workers (11). One was a splashing infected cell-culture liquid and other virus-
phlebotomist whose face and mouth were s,,Iattered containing materials.
with a patient's blood when the rubber stopper was
suddenly expelled from a blood-collection tube. The RECOMMENDED PRECAUTIONS
second was a medical technologist who inadvertently
spilled blood on her arms and forearms while using 1. BSL 2 standards and special practices, con-
an apheresis apparatus to process blood from an HIV- tainment equipmert, and facilities, as described in
seropositive patient. the CDC-NIH publication Biosafety in Microbiologi-

In September 1987, a production-laboratory cal and Biomedical Laboratories ("Guidelines"), are
worker was reported to have HIV infection (18). recommended for activities involving all clinical
This person worked with large concentrations of HIV specimens, body fluids, and tissues from humans or
in a BSL 3 facility. HIV was isolated from the from infected or inoculated laboratory animals. These
worker's blood; the isolate was genetically indistin- are the same standards and practices recommended
guishable from the strain of virus being cultivated in for handling all clinical specimens. For example, and
the laboratory. No risk factors were identified, and for emphasis:
the worker recalled no specific incident that might
have led to infection. However, there were instances a. Use of syringes, needles, and other sharp
of leakage of virus-positive culture fluid from equip- instruments should be avoided if possible. Used
ment and contamination of the work area and centri- needles and disposable cutting instruments should
fuge rotors. The report concluded that the most plau- be discarded into a puncture-resistant container
sible source of exposure was contact of the worker's with a lid. Needles should not be re-sheathed,
gloved hand with virus-culture supernatant, followed bent, broken, removed from disposable syringes,
by inapparent exposure to skin. or otherwise manipulated by hand.

In October 1987, a second person who worked b. Protective gloves should be worn by all
in another HIV production facility was reported to personnel engaged in activities that may involve
have HIV infection (18). This laboratory was a well- direct contact of skin with potentially infectious
equipped BSL 3 facility, and BSL 3 practices were specimens, cultures, or tissues. Gloves should
being followed. This worker reported having sus- be carefully removed and changed when they
tained a puncture wound to a finger while cleaning are visibly contaminated. Personnel who have
equipment used to concentrate HIV. dermatitis or other lesions on the hands and who

may have indirect contact with potentially infec-
LABORA TORY HAZARDS tious material should also wear protective gloves.

Hand washing with soap and water immediately
Human immunodeficiency virus has been iso- after infectious materials are handled and after

lated from blood, semen, saliva, tears, urine, cerebro- work is completed-EVEN WHEN GLOVES
spinal fluid, amniotic fluid, breast milk, cervical HAVE BEEN WORN as described above-
secretions, and tissue of infected persons and experi- should be a routine practice.
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c. Generation of aerosols, droplets, taminated, and at the end of each work day. Many
splashes, and spills should be avoided. A bio- commercially available chemical disinfectants (5,20-
logical safety cabinet should be used for all pro- 23) can be used for decontaminating laboratory work
cedures that might generate aerosols or droplets surfaces, for some laboratory instruments, for spot
and for all infected cell-culture manipulations. cleaning of contaminated laboratory clothing, and
The Guidelines (pp. 11-13) contain additional for spills of infectious materials. Prompt decontami-
precautions for operating at BSL 2. nation of spills should be standard practice.

8. Universal precautions are recommended for
2. Activities such as producing research-labo- handling all human blood specimens for hematol-

ratory-scale amounts of HIV, manipulating concen- ogic, microbiologic, chemical, and serologic testing;
trated virus preparations, and conducting procedures these are the same precautions for preventing trans-
that may produce aerosols or droplets should be per- mission of all bloodborne infections, including hepa-
formed in a BSL 2 facility with the additional prac- titis B (17,21,24,25). It is not certain how effective
tices and containment equipment recommended for 56'C-60"C heat is in destroying HRV in serum
BSL 3 (19) (Guidelines, pp. 14-17). (22,23,26), but heating small volumes of serum for

3. Activities involving industrial-scale, large- 30 minutes at 56"C before serologic testing reduces
volume production or high concentration and ma- residual infectivity to below detectable levels. Such
nipulation of concentrated HIV should be conducted treatment causes some false-positive results in HIV
in a BSL 3 facility using BSL 3 practices and equip- enzyme immunoassays (27-30) and may also affect
ment (19). some biochemical assays performed on serum

4. BSL 2 practices, containment equipment, and (27,31,32).
facilities for animals are recommended for activities 9. Human serum from any source that is used
involving nonhuman primates and any animals ex- as a control or reagent in a test procedure should be
perimentally infected or inoculated with HIV. Be- handled at BSL 2 (Guidelines, pp. 11-13). Adden-
cause laboratory animals may bite, throw feces or dum 2 (p. 152) to this report is a statement issued by
urine, or expectorate at human-, -nimal-care person- CDC on the use of all human control and reagent
nel, investigators, technical staff, and other persons serum specimens shipped to other laboratories. The
who enter the animal rooms should wear coats, pro- Food and Drug Administration requires that manu-
tective gloves, coveralls or uniforms, and-as appro- facturers of human serum reagents use a similarly
priate-face shields or surgical masks and eye shields worded statement.
to protect the skin and mucous membranes of the 10. Medical surveillance programs should be in
eyes, nose, and mouth. place in all laboratories that test specimens, do re-

5. All laboratory glassware, disposable mate- search, or produce reagents involving HIV. The na-
rial, and waste material suspected or known to con- ture and scope of a surveillance program will vary
tain IV should be decontaminated, preferably in an according to institutional policy and applicable local,
autoclave, before it is washed, discarded, etc. An state, and Federal regulations (9).
alternate method of disposing of solid wastes is in- 11. If a laboratory worker has a parenteral or
cineration. mucous-membrane exposure to blood, body fluid, or

6. Laboratory workers should wear laboratory viral-culture material, the source material should be
coats, gowns, or uniforms when working with HIV identified and, if possible, tested for the presence of
or with material known or suspected to contain HIV. virus. If the source material is positive for HIV anti-
There is no evidence that laboratory clothing poses a body, virus, or antigen, or is not available for exami-
risk for HIV transmission; however, clothing that nation, the worker should be counseled regarding the
becomes contaminated with HIV preparations should risk of infection and should be evaluated clinically
be decontaminated before being laundered or dis- and serologically for evidence of HIV infection. The
carded. Laboratory personnel must remove labora- worker should be advised to report on and to seek
tory clothing before going to nonlaboratory areas. medical evaluation of any acute febrile illness that

7. Work surfaces should be decontaminated occurs within 12 weeks after the exposure (3). Such
with an appropriate chemical germicide after proce- an illness-particularly one characterized by fever,
dures are completed, when surfaces are overtly con- rash, or lymphadenopathy-may indicate recent HIV
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infection. If seronegative, the worker should be re- ADDENDUM 1
tested 6 weeks after the exposure and periodically
thereafter (e.g., at 12 weeks and 6 months after expo-
sure). During this follow-up period--especially dur- LABORATORY BIOSAFETY LEVEL
ing the first 6-12 weeks after exposure, when most CRITERIA
infected persons are expected to show serologic evi-
dence of infection-exposed workers should be coun- Biosafety Level 2
seled to follow Public Health Service recommenda-
tions for preventing transmission of HIV (3,14,25,33). Biosafety Level 2 is similar to Level I and is
It is recommended that all institutions establish writ- suitable for work involving agents that represent a
ten policies regarding the management of laboratory moderate hazard for personnel and the environment.
exposure to HIV; such policies should deal with con- It differs in that
fidentiality, counseling, and other related issues.

12. Other primary and opportunistic pathogenic a. laboratory personnel have specific training
agents may be present in the body fluids and tissues in handling pathogenic agents and are di-
of persons infected with HIV. Laboratory workers rected by competent scientists,
should follow accepted biosafety practices to ensure b. access to the laboratory is limited when work
maximum protection against inadvertent laboratory is being conducted, and
exposure to agents that may also be present in clini- c. certaiOprocedures in which infectious aero-
cal specimens (34-36). sols are created are conducted in biological

13. Unless otherwise dictated by institutional safety cabinets or other physical containment
policy, the laboratory director (or designated labora- equipment.
tory supervisor) is responsible for carrying out the
biosafety program in the laboratory. In this regard, The following standard and special practices,
the laboratory directnr or designated supervisor should safety equipment, and facilities apply to agents as-
establish the biosalety level for each component of signed to Biosafety Level 2:
the work to be done and should ensure that facilities
and equipment are adequate and in good working
order, that appropriate initial and periodic training is A. Standard microbiological practices
provided to the laboratory staff, and that recom- 1. Access to the laboratory is limited or restricted
mended practices and procedures are strictly followed by the laboratory director when work with infectious
(9). agents is in progress.

14. Attention is directed to a "Joint Advisory 2. Work surfaces are decontaminated at least
Notice" of the Departments of Labor and Health and once a day and after any spill of viable material.
Human Services (9) that describes the responsibility 3. All infectious liquid or solid waste is decon-
of employers to provide "safe and healthful working taminated before being disposed of.
conditions" to protect employees against occupational 4. Mechanical pipetting devices are used; mouth
infection with HIV. The notice defines three expo- pipetting is prohibited.
sure categories of generic job-related tasks and 5. Eating, drinking, smoking, and applying cos-
describes .,. protective measures required for em- metics are not permitted in the work area. Food must
ployees involved in each exposure category. These be stored in cabinets or refrigerators designed and
measures are: administrative measures, training and used for this purpose only. Food storage cabinets or
education programs for employees, engineering refrigerators should be located outside the work area.
coihtrols, work practices, medical and health-care 6. Persons are to wash their hands when they
practices, and record-keeping. The recommendations leave the laboratory after handling infectious mate-
in this report are consistent with the "Joint Advisory rial or animals.
Notice"; managers/directors of all biomedical labora- 7. All procedures are peiformed carefully to
tories are urged to read this notice. minimize the creation of aerosols.
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B. Special practices needle-locking syringes or disposable syringe-needle
units (i.e., the needle is integral to the syringe) are

1. Contaminated materials that are to be decon- used for the injection or aspiration of infectious fluid.
tarninated away from the laboratory are placed in a Extreme caution should be used when handling
durable, leakproof container that is closed before needles and syringes to avoid autoinoculation and
being removed from the laboratory. the generation of aerosols during use and disposal. A

2. The laboratory director limits access to the needle should not be bent, sheared, replaced in the
laboratory. In general, persons who are at increased sheath or guard, or removed from the syringe follow-
risk of acquiring infection or for whom infection ing use. The needle and syringe should be promptly
may be unusually hazardous are not allowed in the placed in a puncture-resistant container and decon-
laboratory or animal rooms. The director has the taminated, preferably by autoclaving, before discard
final responsibility for assessing each circumstance or reuse.
and determining who may enter or work in the labo- 11. Spills and accidents that result in overt expo-
ratory. sures to infectious material are immediately reported

3. The laboratory director establishes policies to the laboratory director. Medical evaluation, sur-
or procedures whereby only persons who have been veillance, and treatment are provided as appropriate,
advised of the potential hazard and who meet any and written records are maintained.
specific entry requirements (e.g., vaccination) enter 12. When appropriate, considering the agent(s)
the laboratory or animal rooms. handled, baseline serum samples for laboratory and

4. When an infectious agent being worked with other at-risk personnel are collected and stored. Ad-
in the laboratory requires special provisions for entry ditional serum specimens may be collected periodi-
(e.g., vaccination), a hazard warning sign that incor- cally, depending on the agents handled or on the
porates the univcrsal biohazard symbol is posted on function of the facility.
the access door to the laboratory work area. The 13. A biosafety manual is prepared or adop-ed.
hazard warning sign identifies the infectious agent, Personnel are advised of special hazards and are re-
lists the name and telephone number of the labora- quired to read instructions on practices and proce-
tory director or other responsible person(s), and indi- dures and to follow them.
cates the special requirement(s) for entering the labo-
ratory.C.Cmiieteupen

5. An insect and rodent control program is in C. Containment equipment
Biological safety cabinets (Class I or II) or other

6. Laboratory coats, gowns, smocks, or uni- appropriate personal-protection or physical-contain-
forms are worn while in the laboratory. Before leav- ment devices are used when:
ing the laboratory for nonlaboratory areas (e.g., cafe-
teria, library, administrative offices), this protective 1. Procedures with a high potential for creating
ciothing is removed and left in the laboratory or infectious aerosols are conducted. These may in-
covered with a clean coat not used in the laboratory. clude centrifuging, grinding, blending, vigorous shak-

7. Animals not involved in the work being per- ing or mixing, sonic disruption, opening containers
formed are not permitted in the laboratory. of infectious materials whose internal pressures may

8. Special care is taken to avoid having skin be be different from ambient pressures, inoculating ani-
contaminated with infectious material; gloves should mals intranasally, and harvesting infected tissues from
be worn when handling infected animals and when animals or eggs.
skin contact with infectious material is unavoidable. 2. High concentrations or large volumes of in-

9. All waste from laboratories and animal rooms fectious agents are used. Some types of materials
is appropriately decontaminated before disposal. may be centrifuged in the open laboratory if sealed

10. Hypodermic needles and syringes are used heads or centrifuge safety cups are used and if the
only for parenteral injection and aspiration of fluids containers are opened only in a biological safety
from laboratory animals and diaphragm bottles. Only cabinet.
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The following standard and special practices,D. Laboratory facilities safety equipment, and facilities apply to agents as-

1. The laboratory is designed so that it can be signed to Biosafety Level 3:
easily cleaned.

2. Bench tops are impervious to water and resis-
tant to acids, alkalis, organic solvents, and moderate
heal 1. Work surfaces are decontaminated at least

3. Laboratory furniture is sturdy, and spaces once a day and after any spill of viable material.
between benches, cabinets, and equipment are acces- 2. All infectious liquid or solid waste is decon-
sible for cleaning. taminated before being disposed of.

4. Each laboratory contains a sink for hand- 3. Mechanical pipetting devices are used; mouth
washing. pipetting is prohibited.

5. If the laboratory has windows that open, they 4. Eating, drinking, smoking, storing food, and
are fitted with fly screens. applying cosmetics are not permitted in the work

6. An autoclave for decontaminating infectious area.
laboratory wastes is available. 5. Persons wash their hands after handling in-

fectious materials and animals and every time they

Biosafety Level 3 leave the laboratory.
6. All procedures are performed carefully to

Biosafety Level 3 is applicable to clinical, diag- minimize the creation of aerosols.
nostic, teaching, rebearch, or production facilities in
which work is done with indigenous or exotic agents B. Special practices
that may cause serious or potentially lethal disease as
a result of exposure by inhalation. Laboratory per- 1. Laboratory doors are kept closed when ex-
sonnel have specific training in handling pathogenic periments are in progress.
and/or potentially lethal agents and are supervised by 2. Contaminated materials that are to be decon-
competent scientists who are experienced in working taminated at a site away from the laboratory are
with these agents. All procedures involving the ma- placed in a durable, leakproof container that is closed
nipuLaion of infectious matwrial are conducted witlin before being removed from the laboratory.
biological safety cabinets or other physical contain- 3. The laboratory director controls access to
ment devies or hy percrw'ne! wearing appropriate the laboratory and limits access only to persons whose
personal-protection clothing and devices. The labo- presence is required for program or support pur-
ratory has special engineering and design features. It poses. Persons who are at increased risk of acquiring
is recognized, however, that many existing facilities infection or for whom infection may be unusually
may not have all the facility safeguards recommended hazardous are not allowed in the laboratory or animal
for Biosafety Level 3 (c.g., access zone, sealed pene- rooms. The director has the final responsibility for
trations, and directional airflow). In these circum- assessing each circumstance and determining who
stances, acceptable safety may be achieved for may enter or work in the laboratory.
routine or repetitive operations (e.g., diagnostic pro- 4. The laboratory director establishes policies
cedures involving the propagation of an agent for and procedures whereby only persons who have becn
identification, typing, and susceptibility testing) in advised of the potential biohazard, who meet any
laboratories in which facility features satisfy Bio- specific entry requirements (e.g., vaccination), and
safety Level 2 recommendations if the recommended who comply with all entry and exit procedures enter
"Standard Microbiological Practices," "Special Prac- the laboratory or animal rooms.
tices," and "Containment Equipment" for Biosafety 5. When infectious materials or infected ani-
Level 3 are rigorously followed. The decision to mals are present in the laboratory or containment
implement this modification of Biosafety Level 3 module, a hazard warning sign (incorporating the
recommendations should be made only by the labo- universal biohazard symbol) is posted on all labora-
ratory director. tory and animal-room access doors. The hazard warn-
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ing sign identifies the agent, lists the name and tele- puncture-resistant container and decontaminated,
phone number of the laboratory director or other re- preferably by autoclaving, before being discarded or
sponsible person(s), and indicates any special re- reused.
quirements for entering the laboratory, such as the 16. Spills and accidents that result in overt or
need for vaccinations, respirators, or other personal- potential exposures to infectious material are imme-
protection measures. diately reported to the laboratory director. Appropri-

6. All activities involving infectious materials ate medical evaluation, surveillance, and treatment
are conducted in biological safety cabinets or other are provided, and written records are maintained.
physical-containment devices within the containment 17. Baseline serum samples for all laboratory
module. No work is conducted in open vessels on the and other at-risk personnel are collected and stored.
open bench. Additional serum specimens may be collected peri-

7. The work surfaces of biological safety cabi- odically, depending on the agents handled or the
nets and other containment equipment are decon- function of the laboratory.
taminated when work with infectious materials is 18. A biosafety manual is prepared or adopted.
finished. Plastic-backed plper toweling used on non- Personnel are advised of special hazards and are re-
perforated work surfaces within biological safety quired to read instructions on practices and proce-
cabinets facilitates clean-up. dures and to follow them.

8. An insect and rodent control program is in
effect. effect.C. Containment equipment

9. Laboratory clothing that protects street cloth-
ing (e.g., solid-front or wrap-around gowns, scrub Biological safety cabinets (Class I, II, or III) or
suits, coveralls) is worn in the laboratory. Laboratory other appropriate combinations of personal-protec-
clothing is not worn outside the laboratory, and it is tion or physical-containment devices (e.g., special
decontaminated before being laundered. protective clothing, masks, gloves, respirators, cen-

10. Special care is taken to avoid skin contami- trifuge safety cups, sealed centrifuge rotors, and con-
nation with infectious materials; gloves are worn tainment caging for animals) are used for all activi-
when handling infected animals and when skin con- ties with infectious materials that pose a threat of
tact WitG, infetious materials is unavoidable. acrosol exposurc. These include: manipulation of

11. Molded surgical masks or respirators are cultures and of clinical or environmental material
worn in rooms containing infected animals. that may be a source of infectious aerosols; the aero-

12. Animals and plants not related to the work sol challenge of experimental animals; harvesting of
being conducted are not permitted in the laboratory. tissues or fluids from infected animals and embryon-

13. All waste from laboratories and animal rooms ated eggs; and necropsy of infected animals.
is appropriately decontaminated before being dis-
posed of. pose of.D. Laborator facilities

14. Vacuum lines are protected with high-effi-
ciency particulate air (HEPA) filters and liquid disin- 1. The laboratory is separated from areas that
fectant traps. are open to unrestricted traffic flow within the build-

15. Hypodermic needles and syringes are used ing. Passage through two sets of doors is the basic re-
only for parenteral injection and aspiration of fluids quirement for entry into the laboratory from access
from laboratory animals and diaphragm bottles. Only corridors or other contiguous areas. Physical separa-
needle-locking syringes or disposable syringe-needle tion of the high-containment laboratory from access
units (i.e., the needle is integral to the syringe) are corridors or other laboratories or activities may also
used for the injection or aspiration of infectious fluids. be provided by a double-doored ciothes-change room
Extreme caution is used when handling needles and (showers may be included), airlock, or other access
syringes to avoid autoinoculation and the generation facility that requires passing through two sets of doors
of aerosols during use and disposal. A needle should before entering the laboratory.
not be bent, sheared, replaced in the sheath or guard, 2. The interior surfaces of walls, floors, and
or removed from the syringe following use. The ceilings are water resistant so that they can be easily
needle and syringe should be promptly placed in a cleaned. Penetrations in these surfaces are sealed or
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capable of being sealed to facilitate decontaminating 2. Work surfaces are decontaminated after use
the area. or spills of viable materials.

3. Bench tops are impervious to water and re- 3. Eating, drinking, smoking, and storing of
sistant to acids, alkalis, organic solvents, and moder- food for human use are not permitted in animal rooms.
ate heat. 4. Personnel wash their hands after handling

4. Laboratory furniture is sturdy, and spaces cultures and animals and before leaving the animal
between benches, cabinets, and equipment are acces- room.
sible for cleaning. 5. All procedures are carefully performed to

5. Each laboratory contains a sink for washing minimize the creation of aerosols.
hands. The sink is foot-, elbow-, or automatically 6. An insect and rodent control program is in
operated and is located near the laboratory exit door. effect.

6. Windows in the laboratory are closed and
sealed. sealed.B. Special practices

7. Access doors to the laboratory or contain-
ment module are self-closing. 1. Cages are decontaminated, preferably by

8. An autocla"'" for decontaminating laboratory autoclaving, before being cleaned and washed.
wastes is available, preferably within the laboratory. 2. Surgical-type masks are worn by all person-

9. A ducted exhaust-air ventilation system is nel entering animal rooms housing nonhuman pri-
provided. This system creates directional airflow that mates.
draws air into the laboratory through the entry area. 3. Laboratory coats, gowns, or uniforms are
The exhaust air is not recirculated to any other area of worn while in the animal room. This protective cloth-
the building, is discharged to the outside, and is dis- ing is removed before leaving the animal facility.
persed away from occupied -reas and air intakes. 4. The laboratory or animal-facility director
Personnel must verify that the rection of the airflow limits access to the animal room only to personnel
is proper (i.e., into the laboratory). The exhaust air who have been advised of the potential hazard and
from the laboratory room can be discharged to the who need to enter the room for program or service
outside without being filtered or otherwise treated. purposes when work is in progress. In general, per-

10. The HEPA-filtered exhaust air from Class I -ons who may be at increased risk of acquiring infec-
or Class II biological safety cabinets is discharged di- tion or for whom infection might be unusually haz-
rectly to the outside or through the building exhaust ardous are not allowed in the animal room.
system. Exhaust air from Class I or II biological 5. The laboratory or animal-facility director es-
safety cabinets may be recirculated within the labora- tablishes policies and procedures whereby only per-
tory if the cabinet is tested and cei-tified at least every sons who have been advised of the potential hazard
12 months. If the HEPA-filtered exhaust air from and who meet any specific requirements (e.g., vacci-
Class I or II biological safety cabinets is to be dis- nation) may enter the animal room.
charged to the outside through the building exhaust 6. When an infectious agent in use in the ani-
system, it is connected to this system in a manner mal room requires special-entry provisions (e.g., vac-
(e.g., thimble-unit connection) that avoids any inter- cination), a hazard warning sign (incorporating the
ference with the air balance of the cabinets or build- universal biohazard symbo!) is posted on the access
ing exhaust system. door to the animal room. The hazard warning sign

identifies the infectious agent, lists the name and

VERTEBRATE ANIMAL BIOSAFETY LEVEL telephone number of the animal-facility supervisor
CRITERIA or other responsible person(s), and indicates the spe-

cial requirement(s) for entering the animal room.
Animal Biosafety Level 2 7. Special care is taken to avoid contaminating
A. Standard practices skin with infectious material; gloves should be worn

when handling infected animals and when skin con-
I. Doors to animal rooms open inward, are self- tact with infectious materials is unavoidable.

closing, and are kept closed when infected animals 8. All waste from the animal room is appropri-
are present. ately decontaminated-preferably by autoclaving-
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before being disposed of. Infected animal carcasses taminating infectious laboratory waste is available in
are incinerated after being transported from the ani- the same building that contains the animal facility.
mal room in leakproof, covered containers.

9. Hypodermic needles and syringes are used
only for the parenteral injection or aspiration of fluids
from laboratory animals and diaphragm bottles. Only
needle-locking syringes or disposable syringe-needle A. Standard practices
units (i.e., the needle is integral to the syringe) are 1. Doors to animal rooms open inward, are self-
used for the injection or aspiration of infectious fluids. closing, and are kept closed when work with infected
A needle should not be bent, sheared, replaced in the animals is in progress.
sheath or guard, or removed from the syringe follow- 2. Work surfaces are decontaminated after use
ing use. The needle and syringe should be promptly or after spills of viable materials.
placed in a puncture-resistant container and decon- 3. Eating, drinking, smoking, and storing of
taminated, preferably by autoclaving, before being food for human use are not permitted in the animal
discarded or reused. room.

10. If floor drains are provided, the drain taps 4. Personnel wash their hands after handling
are always filled with water or a suitable disinfec- cultures or animals and before leaving the labora-
tant. tory.

11. When appropriate, considering the agents 5. All procedures are carefully perfonilu to
handled, baseline serum samples from animal-care minimize the creation of aerosols.
and other at-risk personnel are col.l"erfe n"! stored. 6. An insect and rodent control program is in
Additional serum samples may be collected periodi- effect.
cally, depending on the agents handled or the func-
tion of the facility. B. Special practices

C. Containment equipment 1. Cages are autoclaved before bedding is re-moved and before they are cleaned and washed.

Biological safety cabinets, other physical-contain- 2. Surgical-type masks or other respiratory pro-
ment devices, and/or personal-protection devices (e.g., tection devices (e.g., respirators) are worn by person-
respirators, face shields) are used when procedures nel entering rooms that house animals infected with
with a high potential for creating aerosols are con- agents assigned to Biosafety Level 3.
ducted. These include necropsy of infected animals, 3. Wrap-around or solid-front gowns or uni-
harvesting of infected tissues or fluids fronm animals forms are worn by personnel entering the animal
or eggs, intranasal inoculation of animals, and ma- room. Front-button laboratory coats are unsuitable.
nipulation of high concentrations or large volumes of Protective gowns must remain in the animal room
infectious materials. and must be decontaminated before being laundered.

4. The laboratory director or other responsible

D Animalfaci'!;ies person limits access to the animal room only to per-
sonnel who have been advised of the potential hazard

1. The animal facility is designed and con- and who need to enter the room for program or
structed to facilitate cleaning and housekeeping. service purposes when infected animals are present.

2. A sink for washing hands is available in the In general, persons who may be at increased risk of
room that houses infected animals. acquiring infection or for whom infection might be

3. If the animal facility has windows that open, unusually hazardous are not allowed in the animal
they are fitted with fly screens. room.

4. It is recommended, but not required, that the 5. The laboratory director or other responsible
direction of airflow in the animal facility is inward person establishes policies and procedures whereby
and that exhaust air is discharged to the outside with- only persons who have been advised of the potential
out being recirculated to other rooms. hazard and meet any specific requirements (e.g., vac-

5. An autoclave that can be used for decon- cination) may enter the animal room.
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6. Hazard warning signs (incorporating the uni- such as open cages placed in ventilated enclosures
versal biohazard warning symbol) are posted on ac- (e.g., laminar-flow cabinets), solid-wall and -bottom
cess doors to animal rooms containing animals in- cages covered by filter bonnets, or other equivalent
fected with agents assigned to Biosafety Level 3 are primary containment systems.
present. The hazard warning sign should identify the
agent(s) in use, list the name and telephone number
of the animal room supervisor or other responsible
person(s), and indicate any spzcial conditions of en- 1. The animal facility is designed and con-
try into the animal room (e.g., the need for vaccina- structed to facilitate cleaning and housekeeping and
tions or respirators). is separated from areas that are open to unrestricted

7. Personnel wear gloves when handling in- personnel traffic within the building. Passage through
fected animals. Gloves are removed aseptically and two sets of doors is the basic requirement for entry
autoclaved with other animal room waste before being into the animal room from access corridors or other
disposed of or reused. contiguous areas. Physical separation of the animal

8. All wastes from the animal room are auto- room from access corridors or from other activities
claved before being disposed of. All animal car- may also be provided by a double-doored clothes
casses are incinerated. Dead animals are transported change room (showers may be included), airlock, or
from the animal room to the incinerator in leakproof, other access facility that requires passage through
covered containers, two sets of doors before entering the animal room.

9. Hypodermic needles and syringes are used 2. The interior surfaces of walls, floors, and
only for gavage or parenteral injection or aspiration ceilings are water resistant so that they can be cleaned
of fluids from laboratory animals and diaphragm easily. Penetrations in these surfaces are sealed or
bottles. Only needle-locking syringes or disposable capable of being sealed to facilitate fumigation or
syringe-needle units (i.e., the needle is integral to the space decontamination.
syringe) are used. A needle should not be bent, 3. A foot-, elbow-, or automatically operated
sheared, replaced in the sheath or guard, or removed sink for handwashing is provided nea - - animal-
from the syringe following use. The needle and sy- room exit door.
inge should be promptly placed in a puncture-resis- 4. Windows in the animal room are closed and
tant cc.-.ainc. and decontaminated, preferably by sealed.
autoclaving, before being discarded or reused. When 5. Animal room doors are self-closing and are
possible, cannulas should be used instead of sharp kept closed when infected animals are present.
needles (e.g., for gavagc). 6. An autoclave for decontaminating wastes is

10. If floor drains are provided, the drain traps available, preferably within the animal room. Mate-
are always filled wi'i water or a suitable disinfec- rials to be autoclaved outside the animal room are
tanL transported in a covered, leakproof container.

11. If vacuum lines are provided, they are pro- 7. An exhaust-air ventilation system is provided.
tected with HEPA filters and liquid disinfectant traps. This system creates directional airflow that draws air

12. Boots, shoe covers, or other protective foot- into the animal room through the entry area. The
wear and disinfectant footbaths are available and building exhaust can be used for this purpose if the
used when indicated. exhaust air is not recirculated to any other area of the

building, is discharged to the outside, and is dis-
C. Containmient equipment persed away from occupied areas and air intakes.

Personnel must verify that the direction of the air-
1. Personal-protection clothing and equipment flow is proper (i.e., into the animal room). The ex-

and/or other physical-containment devices are used haust air from the animal room that does not pass
for all procedures and manipulations of infectious through biological safety cabinets or other primary
materials or infected animals. containment equipment can be discharged to the out-

2. The risk of infectious aerosols from infected side without being filtered or otherwise treated.
animals or their bedding can be reduced if animals 8 Th: HEPA-filtered .xhaust air from Class I
are housed in partial-containment caging systems, or CL iological safety cabinets or other primary
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containment devices is discharged directly to the mary statement. MMWR 1986;35:540-2, 547-
outside or through the building's exhaust systZm. 9.
Exhaust air from these primary containment devices
may be recirculated within the animal room if the 3. CDC. Recommendations for prevention of HIV
cabinet is tested and certified at least every 12 months, transmission in health-care settings. MMWR
If the HEPA-filtered exhaust air from Class I or 1987;36(suppi 2):3S-18S.
Class II biological safety cabinets is discharged to
the outside through the building exhaust system, it is 4. Isenberg HD, Washington JA, Balows A, Son-
connected to this system in a manner (e.g., thimble- nenwirth AC. Collection, handling and proc-
unit connection) that avoids any interference with the essing of specimens. In: Lennette EH, Balows
air balance of the cabinets or building exhaust sys- A, Hausler WJ, Shadomy HI, eds. Manual of
tem. clinical microbiology, 4th ed. Washington, DC:

American Society for Microbiology, 1985:73-
98.

ADDENDUM 2:
CDC CAUTIONARY NOTICE 5. CDC. Acquiree immune deficiency syndrome

(AIDS): precautions for clinical and laboratory
workers. MMWR 1982;32:5' 1-80.

CDC cautionary notice for all human-serum-derived
reavents used as controls: 6. CDC. Recommendations for preventing trans-

mission of infection with human T-Iym-
WARNING: Because no test method can photropic virus type IIT/lymphadenepathy-
offkur complete assurance that laborator' associated virus in the workplace. MMWR
specimens do not contain HIV, hepatitis 8 1985;34:681.
virus, or other infuctious agents, this speci-
men should be handled at the BSL 2 as rec- 7. CDC. Recommendations for preventing trans-
ommended for any potentially infectious mission of infection with human T-lym-
human serum or blood specimen in the CDC- photropic virus type Il/lymphadenopatLhy-
NIH manual, Biosafety in Microbiological associated virus during invasive procedures.
and Biomedical Laboratories, 1984, pages MMWR 1986;35:221-3.
11-13.

8. CDC. Recommendations for preventing trans-
If adaitional statements describing the results of mission of infection with human T-lym-

any heat treatment or serologic procedure(s) already )hotropic virus type IIl/lymphadenopathy-
performed on the human-serum reagent or control associatd virus in the workplace. MMWR
are used in conjunction with the above cautionary 1985;34:682-6, 691-5.
notice, these statements should be worded so as not
to diminish the impact of the warning that empha- 9. U.S. Department of Health and Human Serv-
sizes the need for uni' ersal precautions. icc, Public Health Service. Joint advisory no-

tice: HBV/HIV. Federal Rceister 1987:52
(October 30): 41818-24.
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I. RECOMMENDATIONS FOR The recommendations contained in this docu-
PREVENTION OF HIV TRANSMISSION ment consolidate and update CDC recommendations

IN HEALTH-CARE SETTINGS published earlier for preventing HIV transmission in
nealth-care settings: precautions for clinical and labo-
ratory staffs (1) and precautions for health-care work-

INTRODUCTION ers and allied professionals (2); recommendations
for preventing HIV transmission in the workplace (3)

Human immunodeficiency virus (HIV), the vi- and during invasive procedures (4); recommenda-
rus that causes acquired immunodeficiency syndrome tions for preventing possible transmission of HIV
(AIDS), is transmitted through sexual contact and from tears (5); and recommendations for providing
exposure to infected blood or blood components and dialysis treatment for HIV-infected patients (6). These
perinatally from mother to neonate. HIV has been recommendations also update portions of the "Guide-
isolated from blood, semen, vaginal secretions, sa- line for Isolation Precautions in Hospitals" (7) and
liva, tears, breast milk, cerebrospinal fluid, amniotic reemphasize some of the recommendations contained
fluid, and urine and is likely to be isolated from other in "Infection Control Practices for Dentistry" (8).
body fluids, secretions, and excretions. However, The recommendations contained in this document
epidemiologic evidence has implicated only blood, have been developed for use in health-care settings
semen, vaginal secretions, and possibly breast milk and emphasize the need to treat blood and other body
in transmission. fluids from all patients as potentially infective. These

The increasing prevalence of HIV increases the same prudent precautions also should be taken in
risk that health-care workers will be exposed to blood other settings in which persons may be exposed to
from patients infected with HIV, especially when blood or othei body fluids.
blood and body-fiaid precautions arc not followed
for all patients. Thus, this document emphasizes the
need for health-care workers to consider all -atients
as potentially infected with HIV and/or other blood- Health-care workers are defined as persons, in-
borne pathogens and to adhere rigorously to infec- cluding students and trainees, whose activities in-
tion-control precautions for minimizing the risk of volve contact with patients or with blood or other
exposure to blood and body fluids of all patients. body fluids from patients in a health-care setting.

** Reprinted from Morbidity and Mortality Weekly Report, 1988; 37(24):377+.
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HEALTH-CARE WORKERS WITH AIDS Although 15 of these 33 health-care workers reported
parenteral and/or other non-needlestick exposure to

As of July 10, 1987, a total of 1,875 (5.8%) of blood or body fluids from patients in the 10 years
32,395 adults with AIDS, who had been reported to preceding their diagnosis of AIDS, none of these
the CDC national surveillance system and for whom exposures involved a patient with AIDS or known
occupational information was available, reported HIV infection.
being employed in a health-care or clinical labora-
tory setting. In comparison, 6.8 million persons- RISK TO HEALTH-CARE WORKERS OF
representing 5.6% of the U.S. labor force-were ACQUIRING HIV IN HEALTH-CARE
employed in health services. Of the health-care work- SETTINGS
ers with AIDS, 95% have been reported to exhibit
high-risk behavior; for the remaining 5%, the means Health-care workers with documented percuta-
of HIV acquisition was undetermined. Health-care neous or mucous-membrane exposures to blood or
workers with AIDS were significantly more likely body fluids of HIV-infected patients have been pro-
than other workers to have an undetermined risk (5% spectively evaluated to determine the risk of infec-
versus 3%, respectively). For both health-care work- tion after such exposures. As of June 30, 1987, 883
ers and non-health-care workers with AIDS, the pro- health-care workers have been tested for antibody to
portion with an undetermined risk has not increased HIV in an ongoing surveillance project conducted by
since 1982. CDC (9). Of these, 708 (80%) had percutaneous

AIDS patients initially reported as not belonging exposures to blood, and 175 (20%) had a mucous
t2 rcgnize5 risk groups are investigated by state membrane or open wound contaminated by blood or
and local health departments to determine whether body fluid. Of 396 health-care workers, each of whom
possible risk factors exist. Of all health-care workers had only a convalescent-phase serum sample ob-
with AIDS reported to CDC who were initially char- tained and tested 2t 90 days postexposure, one--for
acterized as not having an identified risk and for whom heterosexual transmission could not be ruled
whom follow-up information was available, 66% have out-was seropositive for HIV antibody. For 425
been reclassified because risk factors were identified additional health-care workers, both acute- and con-
or because the patient was found not to meet the valescent-phase serum samples were obtained and
surveillance case definition for AIDS. tested; none of 74 health-care workers with nonper-

Of the 87 health-care workers currently catego- cutaneous exposures seroconverted, and three (0.9%)
rized as having no identifiable risk, information is of 351 with percutaneous exposures seroconverted.
incomplete on 16 (18%) because of death or refusal None of these three health-care workers had other
to be interviewed; 38 (44%) are still being investi- documented risk factors for infection.
gated. Two other prospective studies to assess the risk

The remaining 33 (38%) health-care v Lrkers of nosocomial acquisition of HIV infection for health-
were interviewed or had other follow-up information care workers are ongoing in the United States. As of
available. The occupations of these 33 were as fol- April 30, 1987, 332 health-care workers with a total
lows: of 453 needlestick or mucous-membrane exposures

to the blood or other body fluids of HIV-infected
nine nursing assistants (27%); patients were tested for HIV antibody at the National
seven housekeeping or Institutes of Health (10). These exposed workers in-

maintenance workers (21%); cluded 103 with needlestick injuries and 229 with
five physicians, three of mucous-membrane exposures; none had serocon-

whom were surgeons (15%); verted.
three nurses (9%); A similar study at the University of California of
three clinical laboratory 129 health-carc workers with documented needle-

technicians (9%); stick injuries or mucous-membrane exposures to blood
one dentist (3%); or other body fluids from patients with HIV infection
one therapist (3%); and has not identified any seroconversions (11). Results
four others who did not of a prospective study in the United Kingdom identi-

have contact with patients (12%). fied no evidence of transmission among 150 health-



158 APPENDIX C

care workers with parenteral or mucous-membrane 1. All health-care workers should routinely use
exposures to blood or other body fluids, secretions, appropriate barrier precautions to prevent skin and
or excretions from patients with HIV infection (12). mucous-membrane exposure when contact with blood

In addition to health-care workers enrolled in or other body fluids of any patient is anticipated.
prospective studies, eight persons who provided care Gloves should be worn for touching blood and body
to infected patients and denied other risk factors have fluids, mucous membranes, or non-intact skin of all
been reported to have acquired HIV infection. Three patients, for handling items or surfaces soiled with
of these health-care workers had needlestick expo- blood or body fluids, and for performing venipunc-
sures to blood from infected patients (13-15). Two ture and other vascular access procedures. Gloves
were persons who provided nursing care to infected should be changed after contact with each patient.
persons; although neither sustained a needlestick, Masks and protective eye wear or face shields should
both had extensive contact with blood or other body be worn during procedures that are likely to generate
fluids, and neither observed recommended barrier droplets of blood or other body fluids to prevent
precautions (16,17). The other three were health-care exposure of mucous membranes of the mouth, nose,
workers with non-needlestick exposures to blood from and eyes. Gowns or aprons should be worn during
infected patients (18). Although the exact route of procedures that are likely to generate splashes of
transmission for these last three infections is not blood or other body fluids.
known, all three persons had direct contact of their 2. Hands and other skin surfaces should be
skin with blood from infected patients, all had skin washed immediately and thoroughly if contaminated
lesions that may have been contaminated by blood, with blood or other body fluids. Hands should be
and one also had a mucous-membrane exposure. washed immediately after gloves are removed.

A total of 1,231 dentists and hygienists, many of 3. All health-care workers should take precau-
whom practiced in areas with many AIDS cases, tions to prevent injuries caused by needles, scalpels,
participated in a study to determine the prevalence of and other sharp instruments or devices during proce-
antibody to HIV; one dentist (0.1%) had HIV anti- dures; when cleaning used instruments; during dis-
body. Although no exposure to a known HIV-in- posal of used needles; and when handling sharp in-
fected person could be documented, epidemiologic struments after procedures. To prevent needlestick
investigation did not identify any other risk factor for injuries, needles should not be recapped, purposely
infection. The infected dentist, who also had a his- bent or broken by hand, removed from disposable
tory of sustaining needlestick injuries and trauma to syringes, or otherwise manipulated by hand. After
his hands, did not routinely wear gloves when pro- they are used, disposable syringes and needles, scal-
viding dental care (19). pel blades, and other sharp items should be placed in

puncture-resistant containers for disposal; the punc-
ture-resistant containers should be located as close as

TRANSMISSION OF HIV practical to the use area. Large-bore reusable needles

should be placed in a puncture-resistant container for
Universal Precautions transport to the reprocessing area.

4. Although saliva has not been implicated in
Since medical history and examination cannot HIV transmission, io minimize the need for emer-

reliably identify all patients infected with HIV or gency mouth-to-mouth resuscitation, mouthpieces,
other blood-borne pathogens, blood and body-fluid resuscitation bags, or other ventilation devices should
precautions should be consistently used for all pa- be available for use in areas in which the need for re-
tients. This approach, previously recommended by suscitation is predictable.
CDC (3,4), and referred to as "universal blood and 5. Health-care workers who have exudative
body-fluid precautions" or "universal precautions," lesions or weeping dermatitis should refrain from all
should be used in the care of all patients, especially direct patient care and from handling patient-care
including those in emergency-care settings in which equipment until the condition resolves.
the risk of blood exposure is increased and the infec- 6. Pregnant health-care workers are not known
tion status of the patient is usually unknown (20). to be at greater risk of contracting HIV infection than
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health-care workers who are not pregnant; however, invasive procedures that are likely to result in the
if a health-care worker develops IV infection dur- splashing of blood or other body fluids, All health-
ing pregnancy, the infant is at risk of infection result- care workers who perform or assist in vaginal or
ing from perinatal transmission. Because of this risk, cesarean deliveries should wear gloves and gowns
pregnant health-care workers should be especially when handling the placenta or the infant until blood
familiar with and strictly adhere to precautions to and amniotic fluid have been removed from the in-
minimize the risk of HIV transmission. fant's skin and should wear gloves during post-deliv-

ery care of the umbilical cord.
Implementation of universal blood and body- 2. If a glove is torn or a needlestick or other

fluid precautions for all patients eliminates the need injury occurs, the glove should be removed and a
for use of the isolation category of "Blood and Body new glove used as promptly as patient safety per-
Fluid Precautions" previously recommended by CDC mits; the needle or instrument involved in the inci-
(7) for patients known or suspected to be infected dent should also be removed from the sterile field.
with blood-borne pathogens. Isolation precautions
(e.g., enteric, AFB (7)) should be used as necessary Precautions for Dentistry***
if associated conditions, such as infectious diarrhea
or tuberculosis, are diagnosed or suspected. Blood, saliva, and gingival fluid from all dental

patients should be considered infective. Special em-
Precautions for Invasive Procedures phasis should be placed on the following precautions

for preventing transmission of blood-borne patho-
In this document, an invasive procedure is de- gens in dental practice in both institutional and non-

fined as surgical entry into tissues, cavities, or organs institutional settings.
or repair of major traumatic injuries 1) in an operat-
ing or delivery room, emergency department, or 1. In addition to wearing gloves for contact
outpatient setting, including both physicians' and den- with oral mucous membranes of all patients, all den-
tists' offices; 2) cardiac catheterization and angi- tal workers should wear surgical masks and protec-
ographic procedures; 3) a vaginal or cesarean deliv- tive eye wear or chin-length plastic face shields
ery or other invasive obstetric procedure during which during dental procedures in which splashing or spat-
bleeding may occur; or 4) the manipulation, cutting, tering of blood, saliva, or gingival fluids is likely.
or removal of any oral or perioral tissues, including Rubber dams, high-speed evacuation, and proper
tooth structurc, during which bleeding occurs or the patient positioning, when appropriate, should be util-
potential for bleeding exists. The universal blood ized to minimize generation of droplets and spatter.
and body-fluid precautions listed above, combined 2. Handpieces should be sterilized after use with
with the precautions listed below, should be the mini- each patient, since blood, saliva, or gingival fluid of
mum precautions for all such invasive procedures. patients may be aspirated into the handpiece or wa-

terline. Handpieces that cannot be sterilized should
1. All health-care workers who participate in at least be flushed, the outside surface cleaned and

invasive procedures must routinely use appropriate wiped with a suitable chemical germicide, and then
barrier precautions to prevent skin and mucous-mem- rinsed. Handpieces should be flushed at the begin-
brane contact with blood and other body fluids of all ning of the day and after use with each patient. Manu-
patients. Gloves and surgical masks must be worn iacturers' recommendations should be followed for
for all invasive procedures. Protective eye wear or use and maintenance of waterlines and check valves
face shields should be worn for procedures that corn- and for flushing of handpieces. The same precau-
monly result in the generation of droplets, splashing tions should be used for ultrasonic scalers and air/
of blood or other body fluids, or the generation of water syringes.
bone chips. Gowns or aprons made of materials that 3. Blood and saliva should be thoroughly and
provide an effective barrier should be worn during carefully cleaned from material that has been used in

***General infection-ountrol precautions are more specifically addressed in previous recommendations for infection-control practices for
dcntistry (8).
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the mouth (e.g., impression materials, bite registra- several chemical germicidec formulated to disinfect
tion), especially before polishing and grincing intra- dialysis machines are commercially available. None
oral devices. Contaminated materials, impressions, of these protocols or procedures need to be changed
and intra-oral devices should also be cleaned and dis- for dialyzing patients infected with HIV.
infected before being handled in the dental labora- Patients infected with HIV can be dialyzed by
tory and before they are placed in the patient's mouth. either hemodialysis or peritoneal dialysis and do not
Because of the increasing variety of dental materials need to be isolated from other patients. The type of
used intra-orally, dental workers should consult with dialysis treatment (i.e., hemodialysis or peritoneal
manufacturers as to the stability of specific materials dialysis) should be based on the needs of the patient.
when using disinfection procedures. The dialyzer may be discarded after each use. Alter-

4. Dental equipment and surfaces that are diffi- natively, centers that reuse dialyzers---i.e., a specific
cult to disinfect (e.g., light handles or X-ray-unit single-use dialyzer is issued to a specific patient,
heads) and that may become contaminated should be removed, cleaned, disinfected, and reused several
wrapped with impervious-backed paper, aluminum times on the same patient only-may include HIV-
foil, or clear plastic wrq.p. The coverings should be infected patients in the dialyzer-reuse program. An
removed and discarded, and clean coverings should individual dialyzer must never be used on more than
be put in place after use with each patient. one patient.

Precautions for Autopsies or Morticians' Services Precautions for Laboratories****

In addition to the universal blood and body-fluid Blood and other body fluids from all patients
precautions listed above, the following precautions should be considered infective. To supplement the
should be used by persons performing post-mortem universal blood and body-fluid precautions listed
procedures: above, the following precautions are recommended

for health care personnel:
1. All persons performing or assisting in post-

mortem procedures should wear gloves, masks, pro- 1. All siecimeng of blood and body iluids
tective eye wear, gowns, and waterproof aprons. should be put in a well-constructed container with a

2. Instruments an.; surfaces contmminated dur- secure lid to prevent leaking during transport. Care
ing post-mortem procedures should be decontami- should be taken when collecting each specimen to
nated with an appropriate chemical germicide. avoid contaminating the outside of the container and

of the laboratory form accompanying the specimen.
2. All persons processing blood and body-fluid

Precautions for Dialysis specimens (e.g., removing tops from vacuum tubes)
Patients with end-stage renal disease who are should wear gloves. Masks and protective eye wear

undergoing maintenance dialysis and who have HIV should be worn if mucous-membrane contact with
infection can be dialyzed in hospital-based or free- blood or body fluids is anticipated. Gloves should be
standing dialysis units using conventional infection- changed and hands washed after completion of speci-
control precautions (21). Universal blood and body- men processing.
fluid precautions should be used when dialyzing all 3. For routine procedures, such as histologic
patients. and pathologic studies or microbiologic culturing, a

Strategies for disinfecting the dialysis fluid path- biological safety cabinet is not necessary. However,
ways of the hemodialysis machine are targeted to biological safety cabinets (Class I or II) should be
control bacterial contamination and generally consist used whenever procedures are conducted that have a
of using 500-750 parts per million (ppm) of sodium high potential for generating droplets. These include
hypochlorite (household bleach) for 30-40 minutes activities such as blending, sonicating, and vigorous
or 1.5%-2.0% formaldehyde overnight. In addition, mixing.

""Additional precautions for research and industrial laboratories are addressed elsewhere (22,23).
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4. Mechanical "ipetting devices should be used other items contaminated with blood or other body
for manipulating a!' ,quids in the laboratory. Mouth fluids from persons infected with blood-borne patho-
pipeuing must not be done. gens including HIV (21,23).

5. Use of needles and syringes should be lim- Instruments or devices that enter sterile tissue or
ited to situations in which there is no alternative, and the vascular system of any patient or through which
the recommendations for preventing injuries with blood flows should be sterilized betore reuse. Dc-
needles outlined under universal precautions should vices or items that contact intact mucous membranes
be followed. should be sterilized or receive high-level disinfec-

6. Laboratory work surfaces should be decon- tion, a procedure that kills vegetative organisms and
taminated with an appropriate chemical germicide viruses but not necessarily large numbers of bacterial
after a spill of blood or other body fluids and when spores. Chemical germicides that are registered with
work activities are completed. the U.S. Environmental Protection Agency (EPA) as

7. Contaminated materials used in laboratory "sterilants" may be used either for sterilization or for
tests should be decontaminated before reprocessing high-level disinfection depending on contact time.
or be placed in bags and disposed of in accordance Contact lenses used in trial fittings should be
with institutional policies for disposal of infective disinfected after each fitting by using a hydrogen
waste (24). peroxide contact lens disinfecting system or, if com-

8. Scientific equipment that has been contami- patible, with heat (78"C-80"C (17?.4F- 176.0"F)) for
nated with blood or other body fluids should be de- 10 minutes.
contaminated and cleaned before being repaired in Medical devices or instruments that require ster-
the laboratory or transported to the manufacturer. ilization or disinfection should be thoroughly cleaned

9. All persons should wash their hands after before being exposed to the germicide, and the manu-
completing laboracr tcuvities and should remove facturer's instructions for the use of the germicide
protective clothing lx.fore leaving the laboratory. should be followed. Further, it is important that the

manufacturer's specifications for compatibility of the
Implementation of uni% zrsa! Hood and body- medical de% ice with chemical germicides be closely

fluid precautions for all patients eliminates the need followed. Information on specific label claims of
for warning labels on specimens since blood and commercial germicides can be obtained by writing to
other body fluids from all patients should be consid- Disinfectants Branch, Office of Pesticides, Environ-
ered infective. mental Protection Agency, 401 M Street, SW, Wash-

ington, D.C. 20460.
Studies have shown that HIV is inactivated rap-

ENVIRONMENTAL CONSIDERATIONS FOR idly after being exposed to commonly used chemicalHIV TRANSMISSION germicides at concentrations that are much lower
than used in practice (27-30). Embalming fluids are

No environmentally mediated mode of HIV trans- similar to the types of chemical germicides that have
mission has been documented. Nevertheless, the pre- been tested and found to completely inactivate HIV.
cautions described below should be taken routinely In addition to commercially available chemical ger-
in the care of all patients. micides, a solution of sodium hypochlorite (house-

hold bleach) prepared daily is an inexpensive and
effective germicide. Concentrations ranging from

Sterilization and Disinfection approximately 500 ppm (1: 100 dilution of household
bleach) sodium hypochlorite to 5,000 ppm (1:10 di-

Standard sterilization and disinfection procedures lution of household bleach) are effective depending
for patient-care equipment currently recommended on the amount of organic material (e.g., blood, mu-
for use (25,26) in a variety of health-care settings- cus) present on the surface to be cleaned and disin-
including hospitals, medical and dental clinics and fected. Commercially available chemical germicides
offices, hemodialysis centers, emergency-care facili- may be more compatible with certain medical de-
ties, and long-term nursing-care facilities-are ade vices that might be corroded by repeated exposure to
quate to sterilize or disinfect instruments, devices, or sodium hypochlorite, especially to the 1:10 dilution.
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Survival of HIV in the Environment only if they are visibly soiled. Disinfectant fogging is
an unsatisfactory method of decontaminating air and

The most extensive study on the survival of HIV surfaces and is not recommended.
after drying involved greatly concentrated HIV Disinfectant-detergent formulations registered by
samples, i.e., 10 million tissue-culture infectious doses EPA can be used for cleaning environmental sur-
per milliliter (31). This concentration is at least faces, but the actual physical removal of microorgan-
100,000 times greater than that typically found in the isms by scrubbing is probably at least as important as
blood or serum of patients with HIV infection. HIV any antimicrobial effect of the cleaning agent used.
was detectable by tissue-culture techniques 1-3 days Therefore, cost, safety, and acceptability by house-
after drying, but the rate of inactivation was rapid. keepers can be the main criteria for selecting any
Studies performed at CDC have also shown that such registered agent. The manufacturers' instruc-
drying HIV causes a rapid (within several hours) 1-2 tions for appropriate use should be followed.
log (90%-99%) reduction in HIV concentration. In
tissue-culture fluid, cell-free HIV could be detected Cleaning and Decontaminating Spills of Blood or
for up to 15 days at room temperature, up to 11 days Other Body Fluids
at 37"C (98.6"17), and up to I day if the HIV was cell-
associated. Chemical germicides that are approved for use

When considered in the context of environmental as "hospital disinfectants" and are tuberculocidal when
conditions in health-care facilities, these results do used at recommended dilutions can be used to decon-
not require any changes in currently recommended taminate spills of blood and other body fluids. Strate-
sterilization, disinfection, or housekeeping strategies. gies for decontaminating spills of blood and other
When medical devices are contaminated with blood body fluids in a patient-care setting are different
or othi ' body fluids, existing recommendations in- from those for spills of cultures or other materials in
clude the cleaning of these instruments, followed by clinical, public health, or research laboratories. In
disinfection or sterilization, depending on the type of patient-care areas, visible material should first be
medical device. These protocols assume "worst-case" removed and then the area should be decontami-
conditions of extreme virologic and microbiologic nated. With large spills of cultured or concentrated
contamination, and whether viruses have been infectious agents in the laboratory, the contaminated
inactivated after drying plays no role in formulating area should be flooded with a liquid germicide be-
these strategies. Consequently, no changes in pub- fore cleaning, then decontaminated with fresh germi-
lished procedures for cleaning, disinfecting, or steril- cidal chemical. In both settings, gloves should be
izing need to be maae. worn during the c'oaning and decontaminating pro-

cedures.

Housekeeping

Environmental surfaces such as walls, floors, Laundry

and other surfaces are not associated with transmis- Although soiled linen has been identified as a
sion of infections to patients or health-care workers. source of large numbers of certain pathogenic micro-
Therefore, extraordinary attempts to disinfect or ster- organisms, the risk of actual disease transmission is
ilize these environmental surfaces are not necessary. negligible. Rather than rigid procedures and specifi-
However, cleaning and removal of soil should be cations, hygienic and common-sense storage and
done routinely. processing of clean and soiled linen are recommended

Cleaning schedules and methods vary according (26). Soiled linen should be handled as little as pos-
to the area of the hospital or institution, type of sible and with minimum agitation to prevent gross
surface to be cleaned, and the amount and type of microbial contamination of the air and of persons
soil present. Horizontal surfaces (e.g., bedside tables handling the linen. All soiled linen should be bagged
and hard-surfaced flooring) in patient-care areas are at the location where it was used; it should not be
usually cleaned on a regular basis, when soiling or sorted or ri,.sed in patient-care areas. Linen soiled
spills occur, and when a patient is discharged. Clean- with blood or body fluids should be placed and trans-
ing of walls, blinds, and curtains is recommended ported in bags that prevent leakage. If hot water is
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used, linen should be washed with detergent in water 2. Provision of equipment and supplies neces-
at least 71IC (160'F) for 25 minutes. If low-tempera- sary to minimize the risk of infection with HTV and
ture (_70"C (158"F) laundry cycles are used, chemi- other blood-borne pathogens.
cals suitable for low-temperature washing at proper 3. Monitoring adherence to recommended pro-
use concentration should be used. tective measures. When monitoring reveals a failure

to follow recommended precautions, counseling,
Infective Waste education, and/or re-training should be provided, and,

if necessary, appropriate disciplinary action should
There is no epidemiologic evidence to suggest be considered.

that most hospital waste is any more infective than
residential waste. Moreover, there is no epidemiol- Professional associations and labor organizations,
ogic evidence that hospital waste has caused disease through continuing education efforts, should empha-
in the community as a result of improper disposal. size the need for hea!th-care workers to follow rec-
Therefore, identifying wastes for which special pre- ommended precautions.
cautions are indicated is largely a matter of judgment
about the relative risk of disease transmission. The
most practical approach to the management of infec-
tive waste is to identify those wastes with the poten- Background
tial for causing infection during handling and dis-
posal and for which some special precautions appear A person is identified as infected with HIV when
prudent. Hospital wastes for which special precau- a sequence of tests, starting with repeated enzyme
tions appear prudent include microbiology labora- immunoassays (EIAs) and including a Western blot
tory waste, pathology waste, and blood specimens or or similar, more specific assay, are repeatedly reac-
blood products. tive. Persons infected with HIV usually develop anti-

While any item that has had contact with bood, body against the virus within 6-12 weeks after infec-
exudates, or secretions may be potentially infective, tion.
it is not usually considered practical or necessary to The sensitivity of the currently licensed EIA
treat all such waste as infective (23,26). Infective tests is at least 99% when they are performed under
waste, in general, should either be incinerated or optimal laboratory conditions on serum specimens
should be autoclaved before disposal in a sanitary from persons infected for >12 weeks. Optimal labo-
landfill. Bulk blood, suctioned fluids, excretions, and ratory conditions include the use of reliable reagents,
secretions may be carefully poured down a drain provision of continuing education of personnel, qual-
connected to a sanitary sewer. Sanitary sewers may ity control of procedures, and participation in per-
also be used to dispose of other infectious wastes formance-evaluation programs. Given this per-
capable of being ground and flushed into the sewer. formance, the probability of a false-negative test is

remote exc-pt during the first several weeks after in-
fection, before detectable antibody is present. The

IMPLEMENTATION OF RECOMMENDED proportion of infected persons with a false-negative
PRECAUTIONS test attributed to absence of antibody in the early

stages of infection is dependent on both the inci-
Employers of health-care workers should ensure dence and prevalence of HIV infection in a popula-

that policies exist for: tion (Table C. 1).
The specificity of the currently licensed EIA

1. Initial orientation and continuing education tests is approximately 99% when repeatedly reactive
and training of all health-care workers-including tests are considered. Repeat testing of initially reac-
students and trainees--on the epidemiology, modes tive specimens by EIA is required to reduce the like-
of transmission, and prevention of HIV and other lihood of laboratory error. To increase further the
blood-borne infections and the need for routine use specificity of serologic tests, laboratories must use a
of universal blood and body-fluid precautions for all supplemental test, most often the Western blot, to
patients. validate repeatedly reactive EIA results. Under opti-
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mal laboratory conditions, the sensitivity of the West- Testing of Patients
ern blot test is comparable to or greater than that of a
repeatedly reactive EIA, and the Western blot is highly Previous CDC recommendations have empha-
specific when strict criteria are used to interpret the sized the value of HIV serologic testing of patients
test results. for:

The testing sequence of a repeatedly reactive
EIA and a positive Western blot test is highly predic- I) management of parenteial or mucous-mem-
tive of HIV infection, even in a population with a brane exposures of health-care workers,
low prevalence of infection (Table C.2). If the West- 2) patient diagnosis and management, and
ern blot test result is indeterminant, the testing se- 3) counseling and serologic testing to prevent
quence is considered equivocal for HIV infection, and control HIV transmission in the community.
When this occurs, the Western blot test should be
repeated on the same serum sample, and, if still inde- In addition, more recent recommendations have
terminant, the testing sequence should be repeated stated that hospitals, in conjunctiot with state and
on a sample collected 3-6 months later. Use of other local health departments, should periodically deter-
supplemental tests may aid in interpreting of results mine the prevalence of HIV infection among patients
on samples that are persistently indeterminant by from age groups at highest risk of infection (32).
Western blot. Adherence to universal blood and body-fluid

precautions recommended for the care of all patients
will minimize the risk of transmission of HIV and

TABLE C.1 Estimated Annual Number of Patients Infected other blood-borne pathogens from patients to health-
with HIV not Dei-cted by HIV-Antibody Testing in a Hypotictical care workers. The utility of routine HIV serologic
Hospital with 10,000 Admissions/Year* testing of patients as an adjunct to universal precau-

tions is unknown. Results of such tcsting may not be
-y-l Me in zmerge."cy or cut =, s.g: In z i.-

Approximate number of dition, some recently infected patients will not have
Beginning Annual number of IV-infected detectable antibody to HIV (Table C.1).
prevalence of incidence of IHV-infected patients
IIIV infection 111V infection patients not detected

TABLE C.2 Predictive Value of Positive HIV-Antibody Tests

5.0% 1.0% 550 17-18 in Hypothetical Populations with Different Prevalences of

5.0% 0.5% 525 11-12 Infection
1.0% 0.2% 110 3-4
1.0% 0.1% 105 2-3
0 1% 0.02% 11 0-1 Prevalence Predictive value
0.1% 0.01% I1 0-I of infection of positive test*

*The estimates are based on the following assumptions: 1) the Repeatedly reactive enzyme 0.2% 28.41%
sensitivity of the screening test is 99% (i.e., 99% of IIIV-infected immune .ssay (EIA)t 2.0% 80.16%
persons with antibody will be detected); 2) persons infected with 20.0% 98.02%
IIIV will not develop detectable antibody (serocorvert) until 6
weeks (1.5 months) after infection; 3) new infection% occur at an Repeatedly reactive EIA 0.2% 99.75%

equal rate throughout the year, 4) calculations of the number of followed by positive 2.0% 99.97%
tIlV-infected persons in the patient population are based on the Western Blot (WB)§ 20.0% 99.99%
mid -year prevalence, which is the beginning prevalence plus half
the annual incidence of infections.

*Pr ofxxion of persons with positive tests who are actually in-
fected with lIV.
t,Nssumes FIA sensitivity of 99.0% and specifictty of 99.5%.
4Assumes WB sensitivity of 99.0% and specificity of 99.9%.
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Personnel in some hospitals have advocated se- sures of health-care workers to the blood or other
rologic testing of patients in settings in which expo- body fluids of HIV-infected patients and 2) the effect
sure of health-care workers to large amounts of pa- of modified procedures on patients.
tients' blood may be anticipated. Specific patients
for whom serologic testing has been advocated in-
clude those undergoing major operative procedures Testing of Helth-Care Workers
and those undergoing treatment in critical-care units, Aithough transmission of HIV from infected
especially if they have conditions involving uncon- health-care worker. to patents has not been reported,
trolled bleeding. Decisions rega ling the need to es- transmission during invasive procedures remains a
tablish testing programs for patients should be made possibility. Transmission of hepatitis B virus
by physicians or individual institutions. In addition, (HBV)-a flood-borne agent witn a considerably
when deemed appropriate, testing of individual pa- greater potential for nosocomial spread-from health-
tients may be performed on agreement between the care workers to patients has been documented. Such
patient and the physician providing care. transmission has occurred in situations (e.g., oral and

In addition to the universal precautions recom- gynecologic surgery) in which health-care workers,
mended for all patients. certain additional precau- when tested, had very high concentrations of HBV in
tions for the care of HIV-infected patients undergo- their blood (at least 100 million infectious virus par-
ing major surgical operations have been proposed by ticles per milliliter, a concentration much higher than
personnel in some hospitals. For example, surgical occurs with HIV infection), and the health-care work-
procedures on an HIV-infected patient might be al- ers sustained a puncture wound while performing
tered so that hand-to-hand passing of sharp instru- invasive procedures or had exudative or weeping
ments would be eliminated; stapling instrument-s lesions or microlacerations that allowed virus to con-
rather than hand-suturing equipment might be used taminate instruments or open wounds of patients
to perform tissue approximation; electrocautery de- (33,34).
vices rather than scz!pels might be used as cutting The hepatit B experience indicates that only
instruments; and, even though uncomfortable, gowns those health-care workers who perfor.n certain types
that totally prevent seepage of blood onto the skin of of invasive procedur , have transmitted HP V to pa-
members of the operative team might be worn. While tients. Adherence to recommendations in his docu-
such modifications might further minimize the risk ment will minimize the risk of transmiss.on of HIV
of HIV infection for members of the operative icam, and other blood-borne pathogens from health-care
some of these techniques could result in prolonga- workers to patients during invasive procedures. Since
tion of operative time and could potentially have an transmission of HIV from infected health-care work-
adverse effect on the patient. ers performing invasive procedures to their patienLs

Testing programs, if developed, should include has not been reported and would be expected to
the following principles: occur only very rarely, if at all, the utility of routine

testing of such health-care workers to prevent trans-
• Obtaining consent for testing. mission of IIIV cannot be assessed. If coi.sideration
" Informing patients of test results, and pro- is given to developing a serologic testing program

viding counseling for seropositive patients by prop- for health-care workers who perform invasive proce-
erly trained persons. dures, the frequency of testing, as well as the issues

. Assuring that confidentiality safeguards are of consent and confidentiality, ajad con."ucnces of
in place to limit knowledge of test results to those test results---as previously outlined for testing pro-
directly involved in the care of infected patients or as grams for patients--must be addressed.
required by law.

. Assuring that identification of infected pa- MANAGEMENT OF INFECTED HEALTH-
tients will not result in denial of needed care or CARE WORKEPS
provision of suboptimal care.

. Evaluating prospectively: i) the efficacy of I lealth-care workers with impaired immune sys-
the program in reducing the incidence of parenteral, tems resulting from HIV infection or other causes are
mucous-membrane, or significant cutaneous expo- at increased risk of acquiring or experiencing serious
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complications of infectious disease. Of particular acterized by fever, rash, or lymphadenopathy-may
concern is the risk of severe infection following ex- be indicative of recent HIV infection. Seronegative
posure to patients with infectious diseases that are health-care workers should be retested 6 weeks post-
easily transmitted if appropriate precautions are no' exposure and on a periodic basis thereafter (e.g., 12
taken (e.g., measles, varicelLa). Any health-care weeks and 6 months after exposure) to determine
werker with an impaired im "une system should be whether transmission has occurred. During this fol-
counseled about the potential risk a.sociated with low-up period-especially the first 6-12 weeks after
taking care of patients with any transmissible infec- exposure, when most infected persons are expected
ion and should continue to follow existing recom- to seroconvert-exposed health-care workers should

mendations for infection cona'ol to minimize risk of follow U.S. Public Health Service (PHS) recommen-
exposure to other infectious agents (7,35). Recom- dations for preventing transmission of HIV (36,37).
mendations of the immunization Practices Advisory No further follow-up of a health-care worker
Committee (ACIP) and institutional policies concern- exposed to infection as described above is necessary
ing requirements f.r vaccinating health-care workers if the source patient is seronegative unless the source
with live-vii Lis vaccines (e.g., measles, rubella) should patient is at high risk of HIV infection. In the latter
also be considered, case, a subsequent specimen (e.g., 12 weeks follow-

The questioa of whether wo.keis infected with ing exposure) may be obtained from the health-care
HIV--especially those who perform invasive proce- worker for antibody testing. If the source patient
dures-can adequately and safely be allowed to per- cannot be identified, decisions regarding appropriate
form patient-care duties or whether their work as- follow-up should be individualized. Serologic test-
signnints should be changed must be deterrdned on ing should be available to all health-ctre workers
an individual basis. These decisions should be made who are concerned that they may have been infected
by the health-care worker's personal physician(s) in with HIV.
conjunction with the medical directors and personnel If a patient has a parenteral or mucous-mem-
health service staff of u.e employing institutio:n or brane exposure to blood or other body fluid of a
hospital. health-care worker, the patient should be informed of

the incident, and the same procedure outlined above
MANAGEMF'4T OF EXPOSUPES for management of exposures should be followed for

both the source .Iealth-carc worker an the exposed
If a health-ccre worker has a parenteral (e.g., patient.

needlestick or cut) or mucous-membrane (e.g., splash
to the eye or rnouth exposure to blood or ethe, hod.
fluids or has a ,utaneous exposur' involying la: RE N S
amounts of blood or prolonged contact with blood- - 1. CDC. Acquired immunodeficiency syndrome
c pccially when the exposed skin is chapped. abmdeci, (AIDS): Procau'ions for clinical and laboratory
or afflicted with dermatitis--the source patient should staffs MMWR 1982;31:577-80.
b- informed of the incident and tested for serologic
eviuence of HIV infection after consent is obtained. 2. CDC. Acquired immunodeficiency syndrome
Policies should be developed for testing source pa- (AIDS): Precautions for health-care workers
ticr.:, in situat,.,s in which consent can,.ot t,- oh- and allied professionals. MMWR 1983:32'450-
tained (e.g., an 'inconscios patient) I.

it 6)e source patient nas AIDS, is positive for
t;IV ,awiibody, or rcfuse,': the test, the 6,calth-carc 3. CDC. Recommendations or preventii g
worker sho,,'. be counseled regarding the risk oF transmission of infection with human T-lym-
inf-iion and evaluated clinically and scrologically phitropic virus type Ill/lymphadenopathy-
for evidence of hV infction as soon as possible associated virus in the workplace. MMWR
after the ex,,,.,re. Ih health-care wor,. should he IQ85:34:6, 81-6.1-5.
advised to report and -- ck medical evaluation for any
acute febrile illness hat o:curs within 12 weeks after 4. CDC. Recommendations for preventing
the expo, ire. Such on J:lness -particularly one char- iransmission of infec,,rn 'idh hdman1 T-;m-
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dations nct addrrssed in this update.



APPENDIX C 169

In 1983, CDC published a document enutled Universal precautions also apply to semen and
"Guideline for Isolation Precautions in Hospitals" vaginal secretions. Although both of these fluids have
(2) that contained a section entitled "Blood and Body been implicated in the sexual transmission of HIV
Fluid Precautions." The recommendations in this and HBV, they have not been implicated in occupa-
section called for blood and body fluid precautions tional transmission from patient to health-care worker.
when a patient was known or suspected to be in- This observation is not unexpected, since exposure
fected with bloodborne pathogens. In August 1987, to semen in the usual health-care setting is limited,
CDC published a document entitled "Recommenda- and the routine practice of wearing gloves for per-
tions for Prevention of HIV Transmission in Health- forming vaginal examinations protects health-care
Care Settings" (1). In contrast to the 1983 document, workers from exposure to potentially infectious vagi-
the 1987 document recommended that blood and nal secretions.
body fluid precautions be consistently used for all Universal precautions also apply to tissues and
patients regardless of their bloodborne infection status. to the following fluids: cerebrospinal fluid (CSF),
This extension of blood and body fluid precautions synovial fluid, pleural fluid, peritoneal fluid, pericar-
to all patients is referred to as "Universal Blood and dial fluid, and amniotic fluid. The risk of transmis-
Body Fluid Precautions" or "Universal Precautions." sion of HIV and HBV from these fluids is unknown;
Under universal precautions, blood and certain body epidemiologic studies in the health-care and commu-
fluids of all patients are considered potentially infec- nity setting are currently inadequate to assess the
tious for human immunodeficiency virus (HIV), hepa- potential risk to health-care workers from occupa-
tifis B virus (HBV), and other bloodborne pathogens. tional exposures to them. However, HIV has been

Universal precautions are intended to prevent isolated from CSF, synovial. and amniotic fluid (6-
parenteral, mucous membrane, and nonintact skin 8), and HBsAg has been detected in synovial fluid,
exposures of health-care workers to bloodborne pa- amniotic fluid, and peritoneal fluia (9-11). One case
thogens. In addition, immunization with HBV vac- of HIV transmission was reported after a percutane-
cine is recommended as an important adjunct to uni- ous exposure to bloody pleural fluid obtained by
versal precautions for health-ca-e workers who have needle aspiration (12). Whereas aseptic procedures
exposures to blood (3,4). used to obtain these fluids for diagnostic or therapeu-

Since the recommendations for universal pre- tic purposes protect health-care workers from skin
cautions were published in August 1987, CDC and exposures, they cannot prevent penetrating injuries
the Food and Drug Administration (FDA) have re- due to contaminated needles or other snarp instru-
ceived requests for clarification of the following is- ments.
sues: 1) body fluids to which universal precautions
apply, 2) use of protective barriers, 3) use of gloves
for phlebotomy, 4) selection of gloves for use while BODY FLUIDS TO WHICH UNIVERSAL
observing universal precautions, and 5) need for PRECAUTIONS DO NOTAPPLY
making changes in waste management programs as a
result of adopting universal precautions. Universal precautions do not apply to feces, na-

sal secretions, sputum, sweat, tears, urine, and vomi-
tus unless they contain visible blood. The risk ofPODCFUIDS TO WHICtransmission of HIV and HBV from these fluids and

PRECAUTIONS APPLY materials is extremely low or nonexistent. HIV has

Universal precautions apply to blood and to other been isolated and HBsAg has been demonstrated in
body fluids containing visible blood. Occupational some of these fluids; however, epidemiologic studies
transmission of HIV and HBV to health-care work- in the health-care and community setting have not
ers by blood is documented (4,5). Blood is the single implicated these fluids or materials in the transmis-
most important source of illV, 11BV, and other bloo- sion of HIV and HBV infections (13,14). Some of
dbornc pathogens in the occupational setting. Infec- the above fluids and excretions represent a potential
tion control efforts for M1V, IIBV, and other bloo- source for nosocomial and community-acquired in-
dborne pathogens must focus on preventing expo- fections with other pathogens, and recommendations
sures to blood as well as on delivery of IIBV immuni- for preventing the transmission of non-bl-xlborne
zatlion. pathogens have been published (2).
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nation of mucous membranes and endotracheal suc-IN SPECIAL SETINGS tioning, and handwashing after exposure to saliva-

should further minimize the minute risk, if any, for
Human breast milk has been implicated in peri- salivary transmission of HIV and HBV (1,25). Gloves

natal transmission of HIV, and HBsAg has been need not be worn when feeding patients and when
found in the milk of mothers infected with HBV wiping saliva from skin.
(10,13). However, occupational exposure to human Special precautions, however, are recommended
breast milk has not been implicated i;, the transmis- for dentistry (1). Occupationally acquired infection
sion of HIV or HBV infection to health-care work- with HBV in dental workers has been documented
ers. Moreover, the health-care worker will not have (4), and two possible cases of occupationally ac-
the same type of intensive exposure to breast milk as quired HIV infection involving dentists have been
the nursing neonate. Whereas universal precautions reported (5,26). During dental procedures, contami-
do not apply to human breast milk, gloves may be nation of saliva with blood is predictable, trauma to
worn by health-care workers in situations where ex- health-care workers' hands is common, and blood
posures to breast milk might be frequent, for ex- spattering may occur. Infection control precautions
ample, in breast milk banking. for dentistry minimize the potential for non-intact

Saliva of some persons infected with HBV has skin and mucous membrane contact of dental health-
been shown to contain HBV-DNA at concentrations care workers to blood-contaminated saliva of pa-
1/1,000 to 1/10,000 of that found in the infected tients. In addition, the use of gloves for oral exami-
person's serum (15). HBsAg-positive saliva has been nations ai-d treatment in the dental setting may also
shown to be infectious when injected into experi- protect the patient's oral mucous membranes from
mental animals and in human bite exposures (16-18). exposures to blood, which may occur from breaks in
However, HBsAg-positive saliva has not been shown the skin of dental workers' hands.
to be infect.us when applied to oral mucous mem-
branes in experimental primate studies (18) or through USE OF PROTECTIVE BARRIERS
contamination of musical instruments or cardiopul-
monary resuscitation dummies used by HBV carriers Protective barriers reduce the risk of exposure of
(1920). the health-care worker's skin or mucous membranes

Epidemiologic studies of nonsexual household to potentially infective materials. For universal pre-
contacts of HIV-infected patients, including several cautions, protective barriers reduce the risk of expo-
small series in which HIV transmission failed to sure to blood, body fluids containing visible blood,
occur after bites or after percutaneous inoculation or and ,oth-r . t,,o , ':9±h i; crsal prauaions ap-
contamination of cuts and open wounds with saliva ply.
from HIV-infected patients, suggest that the poten- Examples of protective barriers include gloves,
tial for salivary transmission of HIV is remote gowns, masks, and protective eyewear. Gloves should
(5,13,14,21,22). One case report from Germany has reduce the incidence of contamination of hands, but
suggested the possibility of transmission of HIV in a they cannot prevent penetrating injuries due to needles
household setting from an infected child to a sibling or other sharp instruments. Masks and protective
through a human bite (23). The bite did not break the eyewear or face shields should reduce the Incidence
skin or result in bleeding. Since the date of serocon- of contamination of mucous membranes of the mouth,
version to HIV was not known for either child in this nose, and eyes.
case, evidence for the role of saliva in the transmis- Universal precautions are intended to supple-
sion of virus is unclear (23). Another case report ment rather than replace recommendations for rou-
suggested the possibility of transmission of HIV from tine infection control, such as handwashing and us-
husband to wife by contact with saliva during kissing ing gloves to prevent gross microbial contamination
(24). However, follow-up studies did not confirm of hands (27). Because specifying the types of barri-
HIV infection in the wife (21). ers needed for every possible clinical situation is

Universal precautions do not apply to saliva. impractical, some judgment must be exercised.
General infection control practices already in exis- The risk of nosocomial transmission of HIV,
tence-including the use of gloves for digital exami- HBV, and other bloodborne pathogens can be mini-
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mized if health-care workers use the following gen- 4) the prevalence of infection with bloodborne
eral guidelines:****** pathogens in the patient population.

1. Take care to prevent injuries when using The likelihood of infection after skin exposure
needles, scalpels, and other sharp instruments or to blood containing HIV or HBV will depend on the
devices; when handling sharp instruments after pro- concentration of virus (viral concentration is much
cedures; when cleaning used instruments; and when higher for hepatiis B than for HIV), the duration of
disposing of used needles. Do not recap used needles contact, the presence of skin lesions on the hands of
by hand; do not remove used needles from dispos- the health-care worker, and-for HBV-the immune
able syringes by hand; and do not bend, break, or status of the health-care worker. Although not accu-
otherwise manipulate used needles by hand. Place rately quantified, the risk of HIV infection following
used disposable syringes and needles, scalpel blades, intact skin contact with infective blood is certainly
and other sharp items in puncture-resistant contain- much less than the 0.5% risk following percutaneous
ers for disposal. Locate the puncture-resistant con- needle stick exposures (5). In universal precautions,
tainers as close to the use area as is practical. all blood is assumed to be potentially infective for

2. Use protective barriers to prevent exposure bloodborne pathogens, but in certain settings (e.g.,
to blood, body fluids containing visible blood, and volunteer blood-donation centers) the prevalence of
other fluids to which universal precautions apply. infection with some bloodborne pathogens (e.g., HIV,
The type of protective barrier(s) should be appropri- I-BV) is known to be very low. Some institutions
ate for the procedure being performed and the type of have relaxed recommendations for using gloves for
exposure anticipated. phlebotomy procedures by skilled phlebotomists in

3. Immediately and thoroughly wash hands and settings where the prevalence of bloodborne patho-
other skin surfaces that are contaminated with b'ood, gens is known to be very low.
body fluids containing visible blood, or other body Institutions that judge that routine gloving for all
fluids to which universal precnutions apply. phlebotomies is not necessary should periodically re-

evaluate their policy. Gloves should always be avail-
able to health-care workers who wish to use them for
phlebotomy. In addition, the following general guide-

Gloves should reduce the incidence of blood lines apply:
contamination of hands during phlebotomy (drawing
blood samples), but they cannot prevent penetrating 1. Use gloves for performing phlebotomy when
injuries caused by needles or other sharp instruments. the health-care worker has cuts, scratches, or other
The likelihood of hand contamination with blood breaks in his/her skin.
containing HIV, HBV, or other bloodborne patho- 2. Use gloves in situations where the health-
gens Juring phlebotomy depends on several factors: care worker judges that hand contamination with

blood may occur, for example, when performing phle-
1) the skill and technique of the health-care botomy on an uncooperative patient.

worker; 3. Use gl-ves for performing finger and/or heel
2) the frequency with which the health-care sticks on infants and children.

worker performs the procedure (other factors being 4. Use gloves when persons are receiving training in
equal, the cumulative risk of blood exposure is higher phlebotomy.
for a health-care worker who performs more proce-
dures); SELECTION OF GLOVES

3) whether the procedure occurs in a routine or
emergency situation (where blood contact may be The Center for Devices and Radiological Health,
more likely); and, FDA, has responsibility for regulating the medical

*"""'The Atuust 1987 publication (see pages 155-168 of this report) ,hould be consultid for general infornaUon and specific recorn-

mendrinons nci addressed in this update.
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glove industry. Medical gloves include those mar- Reported by:
keted as sterile surgical or nonsterile examination
gloves made of vinyl or latex. General purpose util- Center for Devices and Radiological Health,
ity ("rubber") gloves are also used in the health-care Food and Drug Administration.
setting, but they are not regulated by FDA since they Hospital Infections Program, AIDS Program.
are not promoted for medical use. There are no re- and Hepatitis Branch, Division of Viral Diseases,
ported differences in barrier effectiveness between Center for Infectious Diseases, National Institute for
intact latex and intact vinyl used to manufacture Occupational Safety and Health, CDC.
gloves. Thus, the type of gloves selected should be
appropriate for the task being performed. MMWR EDITORIAL NOTE

The following general guidelines are recommended: Implementation of universal precautions does
not eliminate the need for other category- or disease-

1. Use sterile gloves for procedures involving specific isolation precautions, such as enteric precau-
contact with normally sterile areas of the body. tions for infectious diarrhea or isolation for pulmonary

2. Use examination gloves for procedures in- tuberculosis (1,2). In addition to universal precau-
volving contact with mucous membranes, unless oth- tions, detailed precautions have been developed for
erwise indicated, and for other patient care or diag- the following procedures and/or settings in which
nostic procedures that do not require the use of sterile prolonged or intensive exposures to blood occur:.
gloves, invasive procedures, dentistry, autopsies or morti-

3. Change gloves between patient contacts. cians' services, dialysis, and the clinical laboratory.
4. Do not wash or disinfect surgical or exami- These detailed precautions are found in the August

nation gloves for reuse. Washing with surfactants 21, 1987, "Recommendations for Prevention of HIV
may cause "wicking," i.e., the enhanced penetration Transmission in Health-Care Settings" (1). In addi-
of liquids through undetected holes in the glove. tion, specific precautions have been developed for
Disinfecting agents may cause deterioration. research laboratories (28).

5. Use general-purpose utility gloves (e.g., rub-
ber household gloves) for housekeeping chores in-
volving potential blood contact and for instrument
cleaning and decontamination procedures. Utility 1. Centers for Disease Control. Recommendations
gloves may be decontaminated and reused bdt should for prevention of HIV transmission in health-
be discarded if they are peeling, cracked, or discol- care settings. MMWR 1987;36(suppl no.
ored, or if they have punctures, tears, or other evi- 2S),3S-18S.
dence of deterioration.

2. Garner JS, Simmons BP. Guideline for isola-

WASTE MANAGEMENT tion precautions in hospitals. Infect Control
1983:4;245-325.

Universal precautions are not intended to change
waste management programs previously recom- 3. Immunization Practices Advisory Committee.
mended by CDC for health-care settings (1). Policies Recommendations for protection against viral
for defining, collecting, storing, decontaminating, and hepatitis. MMWR 1985;34:31 3-24,329-35.
disposing of infective waste arc generally determined
by institutions in accordance with state and local 4. Depariment of Labor, D"partment of Health
re-ulations. Information regarding waste manage- and Human Services. Joint advisory notice:
ment regulations in health-care settings may be ob- protection against occupational exposure to
tained from state or local health departments or agen- hepatitis B virus (HBV) and human immunode-
cies responsible for waste management. ficiency virus (HIV). Washington, _:US
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5. Centers for Disease Control. Update: Acquired
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Regulations Governing the
Packaging, Labeling, and

Transport of Infectious Agents
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The importation and interstate transport of infectious agents is subject to several federal regulations. In this appendix, most of the relevant
regulations and forms ar reproduced for the information of those who will use this report. Federal regulations and forms are subject to
revision, and the reader is urged to consult the most up-to-date version of the Code of Federal Regulations, as well as relevant offices in the
U.S. Department of Agriculture and the Public Health Service, to remain abreast of changes that may have occurred.
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EXCERPT FROM
CODE OF FEDERAL REGULATIONS, TITLE 9, PART 122-

ORGANISMS AND VECTORS*

9 CFR Ch. 1 (1-1-88 Edition) Animal and Plant Health Inspection Service, USDA

PART 122-ORGANISAS AND (h) Person. Any individual, firm, § 122.4 Suspension or revocation of per-

VECTORS partnership, corpo-ation, company, so- mits.
ciety, association, or other organized (a) Any permit for the importation

sec. group of any of the foregoing, or any or transportation of organisms or vec-
122.1 Definitions. agent, officer, or employee of any

122Prisrqie.thereof. tors issued under this part may be for-

122.2 Permits required, tmally suspended or revoked after op-
122.3 Application for permits. (31 FR 81, Jan. 5, 1966] portunlty for hearing has been accord-
122.4 Suspension or revocation of permits. ed the permittee. as provided in Part

AUxrOaii,: Sec. 2. 32 Stat, 792. 37 Stat. § 122.2 Permits required. 123 of this subchapter, if the Secre-
832-833:21 U.S.C. 111. 151-158. No organisms or vectors shall be im- tary finds that the permittee has

EDITOISL NOTE: For nomenclature porte d into the United States or trans- failed to observe the safeguards and
changes, see 36 FR 24928. Dec. 24, 1971. ported from one State or Territory or instructions prescribed by the Deputy

the District of Columbia to another Administrator with respect to the par-
§ 122.1 Definitions. State or Territory or the District of ticular importation or transportation

Columbia without a permit issued by or that such importation or transpor-The following words, when used in the Secretary and in compliance with tation for any other reason may resultthe regulations in this Part 122, shall the terms thereof: Provided, That no in the introduction or dissemination
be construed, respectively, to mean: permit shall be required under this from a foreign country into the United

(a) Department. The U.S. Depart- section for importation of organisms States, or from one State. Territory or
ment of Agriculture. for which an import permit has been the District of Columbia to another, of

(b) Secretary, "Secretary" means the issued pursuaut to Part 102 of this the contagion of any contagious. infec-
Secretary of Agriculture of the United subchapter or for transportation of or- the or co ntaeios i-
States, or any officer or employee of ganisms produced at establishments li- tious or communicable disease of ani-
the Department to whom authority cesed under Part 102 of this subchap- mals (including poultry).
has heretofore been delegated, or to ter. As a condition of issuance of per- (b) In cases of wilfulness or where
whom authority may hereafter be del- mits under this section, the permittee the public health, interest or safety so
egated, to act in his stead, shall agree in writing to observe the requires, however, the Secretary may

(c) Veterinary Services. The Veteri- safeguards prescribed by the Deputy without hearing informally suspend
nary Services unit of the Department. Administrator for public protection such a permit upon the grounds set

(d) Deputy Administrator. The with respect to the particular importa- forth in paragraph (a) of this section.
Deputy Administrator, Veterinary tion or transportation, pending determination of formal pro-ceedings under Part 123 of this sub-
Services or any officer or employee of (Approved by the Office of Management chapter for suspension or revocation
the Veterinary Services to whom au- and Budget under control number 0579-
thority has heretofore lawfully ::-Pn 0013) of the permit.
delegated, or may hereafter lawfully (28 FR 7896. Aug. 2. 1963. Redesignated at 123 FR 10065. Dec. 23. 1958. Redesignated at
be delegated, to act in his stead. 31 FR 81. Jan. 5. 1966 and amended at 48 31 FR 81. Jan. 5. 1966]

(e) Organisms. All cultures nr collec- FR 57473. Dec. 30. 1983]
tions of organisms or their derivatives.
which may introduce or disseminate § 122.3 Application for permits.
any contagious or infectious disease of The Secretary may issue, at his dis-
animals (including poultry). cretion. a permit as specified in 1 122.2

(f) Vectors. All animals (including when proper safeguards are set up as
poultry) such as mice, pigeons, guinea provided in § 122.2 to protect the
pigs, rats, ferrets, rabbits, chickens, public. Application for such a permit
dogs, and the like, which have been shall be made in advance of shipment.
treated or inoculated with organisms, and each permit shall specify the
or which are diseased or infected with name and address of the consignee.
any contagious, infectious, or commu- the true name and character of each
nicable disease of animals or poultry of the organisms or vectors involved,
or which have been exposed to apy and the use to which each will be put.
such disease. (Approved by the Office of Management

(g) Permittee. A person who resides and Budget under control number 0579-
in the United States or operates a 0015)
business establishment within the (23 FR 10065. Dec. 23. 1958. Redesignated at
United States, to whom a permit to 31 FR 81. Jan. 5. 1966 and amended at 48
import or transport organisms or vec- FR 57473. Dec. 30. 19831
tors has been issued under the regula-
tions.

*Code of Federal Regulation.s. 1988. Pan 122, Organisms and Vectors, in Chapter 1, Animal and Plant Hcalth Inspection Scrvicc.
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STATEMENT FROM USDA'S ANIMAL AND PLANT
HEALTH AND INSPECTION SERVICE ON REQUIREMENTS

FOR IMPORTING CFLL CULTURES"

IMPORTING CELL CULTURES: Before most cell lines can be imported, safety tests
REQUIREMENTS TO PROTECT U.S. must be conducted at the APHIS Foreign Animal
AGRICULTURE Disease Diagnostic Laboratory at Plum Island, N.Y.,

a high-security facility located off the northeastern
Some researchers don't know it-and others have tip of Long Island. Generally, the tests employ re-
found out the hard way-but they need a permit from cently developed ii vitro methods, which are consid-
the U.S. Department of Agriculture to bring cell cul- erably faster and less expensive than previous safety
tures into the United States. USDA's Animal and tests conducted in living animals. However, tests for
Plant Health Inspection Service requires permits for FMD still require the use of live animals.
importing cells or their culture medium because of
the possibility they might carry foreign animal dis- To get an import permit, complete the questionnaire
eases that could devastate a highly susceptible U.S. "Importation Information" and fill out VS Form 16-
livestock population. 3. Send both documents to:

Cell cultures and similar materials arriving in this Organisms and Vectors Section
country without permits are confiscated and destroyed Import-Export and Emergency Planning Staff
by agricultural inspectors at U.S. ports of entry. In- VS-APHIS-USDA
spectors have scientific backgrounds and don't like 6505 Belcrest Road
having to set back research. But at that point there is Hyattsville, MD 20732
no alternative. Protection against introduclion of (Phone: 301-436-5453)
organisms from abroad must be built into the import
procedure ahead of time. Applicants will be notified if a safety test is required.

If so, they will be told the estimated cost, and they
A major concern is foot-and-mouth disease (FMD), must then deposit funds to cover this cost. Importers
which is foud throughout most of the world. Two bringing in cell cultures or hybridoma cells on a
of the six FMD outbreaks that occurred in the United regular basis can establish an escrow account, vhich
States early in this century were traced to corlami- avoids the need to forward funds for each import. A
nated cowpox vaccine. FMD has not occurred in the innimum of four vials, each containing at least I
United States since 1929, when stringent import laws million cells from a uniform lot, is required for a
were enacted. safety test.

Although scientists have exchanged cell lines for The normal working time for issuing a permit, com-
many years, there is a large increase in this activity. pleting safety tests, and transferring the imported
One reason is the great popularity of monoclonal material is 60 to 90 days. To expedite the procedure,
antibodies as researcn tools because of their high APHIS may issue a permit for the material to be
specificity and reproducibility. Monoclonal antibod- shipped to the Foreign Animal Disease Diagnostic
ies are produced by hybridomas, which are lines of Laboratory at Plum Liand, N.Y., pending receipt of
hybrid cells formed by fusing mammalian cells. Fe- the funds. However, actual testing will not begin
tal calf serum, a possible source of FMD virus, is until the funds are in hand. Cost of testing varies. In
used to produce virtually all such cultures. early 1986, an in vivo safety test using susceptible

"Reprinted from APHIS Facts, June 1986. Washington, DC: U.S. Department of Agriculture, Animal and Plant Health Inspection
Service.
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host animals cost from $2,000 to $3,000. However, Official information on Federal requirements for
it sometimes was possible to cut costs by pooling importing cell cultures (including hybridomas) is
samples for host animal tests. Cost of in vitro safety published in Veterinary Services Memorandum 593.1,
tests was about $500 per test, depending on the ani- March 11, 1986, which is available from the Organ-
mal diseases present in the country of origin and the isms and Vectors Section. This group can also pro-
intended use of the material being imported. vide additional details and answer questions from

prospective importers.
Safety testing may not be required for some cell
cultures imported for human diagnostic or research Researchers should plan th'r imports as far in ad-
purposes. Some examples are cultured human bone vance as possible. That way, the actual import will
marrow cells, amniocentesis samples, or cells to be proceed smoothly and expeditiously when the time
karyotyped. comes.
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VETERINARY SERVICES MARCH 1986 MEMORANDUM ON IMPORTATION OF
CELL CULTURES INCLUDING HYBRIDOMAS

Veterinary Services Memorandum 593.1

Subject: Importation of Cell Cultures A sample copy of ute application (Form 16-3) is
Including Hybridomas enclosed (Attachment 1). Applicants must also co, a-

plete the questionnaire entitled "Importation Infor-
To: Area Veterinarians in Charge, VS mation" (Attachment 2) and submit it with their ap-

Directors, VS Regions plicaion.
Veterinary Medical Officers, VS
Veterinary Medical Officers, PPQ B. The information requested in these forms is
Director, National Veterinary Services necessary for proper evaluation of the request. In-

Laboratories complete information will result in denials or delays
Director, National Program Planning in processing the application. Based upon the infor-

Staffs mation submitted by the applicant, a determination
Chief, Foreign Animal Disease will be made if the material to be imported requires

Diagnostic Laboratory safety testing to ensure it is free from livestock patho-
gens. S.fety testing can be conducted at the Foreign
Animal Disease Diagnostic Laboratory (FADOL),

I PURPOSE Plum Island, New York.

The purpose of this memorandum is to provide C. Applicants will be advised if a safety test is
updated information on importing cell cultures, required and will be given an estimate of the cost for
including hybridomas, that may require safety conducting the test. Applicants desiring to have
testing. material safety tested must enter into a Cooperative

Trust Fund Agreement with APHIS, VS, and deposit
II CANCELLATIONS sufficient funds to cover the estimated cost for safety

testing in advance. The Import-Export Animals and
This memorandum replaces VS Notice dated June Products Staff will initiate the Cooperative Trust Fund
25, 1985. Agreement. In order to expedite the procedure, VS

may issue a permit for the material to be shipped to
III POLICY FADDL pending receipt of the funds and Coopera-

tive Trust Fund Agreement. However, the signed
It is Veterinary Services policy that no animal- Cooperative , greement, plus the necessary funds,
origin biological materials such as cell culturs, must have been received by VS before testing can be
monoclonal antibodies, or related material may be scheduled at FADDL.
importzd into the United States without a Veteri-
nary Services (VS) permit (VS Form 16-3A). D. The normal working time for issuing a per-

mit for importing material to Plum Island, New York,
IV GEN .RAL completing safety tests, and transferring the imported

material to the applicant is 60 to 90 days. A mini-
A. To obtain an import permit, an application mum of four vials, each containing at least one mil-

(VS Form 16-3) should be submitted to: lion cells from a uniform lot, is required for a safety
test.

Import-Export Staff, Orgarisms and Vectors
VS, APHIS, USDA E. Once the safety test is completed and a de-
6505 Belcrest Road termination made that the imported material is free
Hyattsville, MD 20782 from livestock pathogens, the remainder of the im-
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ported material will be released directly to the im- Class I Cell cultures to be used for the pro-
porter under conditions specified in the permit (At- duction of products such as vaccines,
tachment 3). hormones, or other biologicals to be

used in .-v,,,k, poultry, or for
F. If an importer wishes to import cell cultures commercial distribution.

and/or hybridoma cells on a regular basis, the appli-
cant may enter into a continuous Cooperative Trust Requirement: These cell cultures must be safety
Fund Agreement with VS and establish an escrow tested at FDDL using susceptible host animals,
account to ensure no unnecessary delay will occur approved in vitro test, and/or laboratory ani-
because of lack of funds (Attachment 4). mals.

G. Presently, in vivo safety tests utilizing sus-
ceptible host animals usually cost approximately Class II Cell cultures to be used only for in
$2,000 to $3,000 per test. Sometimes it is possible to vitro studies and not to be used in
reduce the cost by pooling samples in one host ani- animals other than primates.
mal test. Scientists at FADDL have developed in
vitro safety tests to detect certain livestock patho- Requirements: These cultures may not require
gens resulting in substantial cost savings for importers. safety testing. The material may be sent di-
In vitro safety tests for additional diseases are being rectly to the importer when no safety testing is
developed. Current cost for in vitro tests is approxi- required. The permit (VS form 16-3A) will
mately $500 per test depending upon animal disease specify restrictions such as "FOR IN VITRO
present in the country of origin and the intended use LABORATORY TESTS: DO NOT INOCU-
of material being imported. LATE INTO LIVESTOCK, BIRDS, OR

LABORATORY ANIMALS."
H. Safety testing may not be required for some

cell cultures imported for human diagnostic purposes J. Cell cultures imported under permit which
and research. Examples of material which would do not require a safety test may not be distributed to
qualify without safety testing include cultured hu- other laboratories without prior approval from USDA,
man bone marrow cells, amniocentesis samples, or APHIS, VS. Applications for the distribution of
cells to be karyotyped. imported material should be submitted to the USDA,

APHIS, VS, Import-Export Staff, Organisms and Vec-
Applications for such cell cultures will be individu- tors.
ally evaluated.

J.K. Atwell
I. The following classification of cell cultures Deputy Administrator

is based on intended use and generally indicates the Veterinary Services
level of safety testing required.

4 Enclosures
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Attachment 1-VS Form 16-3
Application for Permit to

[mport Controlled Material or to
Import or Transport Organisms or Vectors

U S o"PARTU T OF AGRU GUI E
NIM AND PLAN?,HE AtTH INSPECTION SI~vICE IOM APPROVED L) 118 NO) OS79 00 1'

AfTE RINA SE RvitE S
FEDERAL BUILDING H TTTSILLE MARYLAND 211792 I MOOR of Tk.NSPORTATiOLJ

APPLICATION FOR PERMI-T TO:

F-1 IMPORT CONTROLLED MATERIAL ______________

LIIMPORT OR TRANSPORT ORGANISMS OR VECTORS 1 I1S 11141,1, 'A ENT.L,

SDESCRIPTION OF MATERIAL Ndha"7-1AaI1-I 1--r. '~

6 QUIANrTT OF MATERIAL TO RE IMPORTED AND FREQUENCY OF IMPORTATIONS

7PROPOSED USE OF MATERIAL EXPiCIED COMPLETION DATE ANC' FINAL DISPOSITIONA TO BR MADE

IS DESCRIPTION OI APPLICANTSI FAC1IIES AND EQUIPMENT FOR HANDLING MATERIAL

B QUA(IIFICATION OF TECHNICAL PERSONNEL WHO WiLLI BE WORKIING WITH THIS MATERIAL

I0 METHOD Of TREATME NT 0f MATERIAL JI..,,-. 2~.I

I I WORL OBJECTIVES PROLPOSED PLAN OR WORK1 AND A00ITILINAL VT ATIENT INTCRMATI(IN

I CERTIFY THIS MA TERIAL WILL BEf USED IN ACCORDANCE WITH ALI RE SfRICITONS AND PRIFCAUTIONS AS MAY OE SPECIFIED IN THE PERMIT

1 1 SIGNATURE OF APE iA NT 14 TYPE D NAME Of OFICKIAL SIGNING

It 11ATE SIGNED IL TYPEDL TITLE Of OfFICIAL SIGNING

VS FOAM 16-3 ", II.Ta.

(JAN 66)



194 APPENDIX E

Attachment 2-
Importation Information Questionnaire for

Cell Lines

Cell line designation, or reference number:

Country of origin of cell line:

Cell line passage history:

Country of origin of culture media:

Type of culture media:

Source of culture media ( ):

Country of origin and source of any nutritive factors of animal origin in the
culture media (e.g. serum or supplements):

If serum is used, indicate percentage:

If serum is used, and it is of USA origin, is a USDA Export Certificate
available: Yes No . If answer is yes, give company's name and

serum lot number

Country of origin and source of any animal enzymes (e.g. trypsin) which have
been used to cultivate the cells?

Country of origin and source of any animal viruses utilized in the laboratory

where the cell line originates?

If cell line is a hybridoma, specify fusion partners:

If cell line is not a hybridoma, specify its origin or derivation (e.g. EBV
transformation of human B lymphocytes):

Potential use of imported material:

Name and address of the institution where the material originated:

bignature of Authorized Company Representative Date



APPENDIX E 195

Attachment 3-VS Form 16-3A
Veterinary Permit, International and Domestic Control

Organisms and Vectors

US GOVERNMENT PAINTING OFICE 1981-190-764

UNITED STATES DEPARTMENT OF AGRICULTURE PERMIT NO,
ANIMAL AND PLANT HEALTH INSPFCTION SERVICE

VETERINARY SERVICES

DATE ISSUED

VETERINARY PERMIT
INTERNATIONAL AND DOMESTIC CONTROL DATE EXPIRES (Forpurpaves of Motment fr

ORGANISMS AND VECT09S hipper to psnnttet)

NAME AND ADDRESS OF SHIPPER

TO tNome -od Add-re of PerRittee) MODE OF TRANSPORTATION

U. S. PORT OF ARRIVAL

AS REQUESTED IN YOUR APPLICATION YOU ARE AUTHORIZED TO IMPORT OR TRANSPORT THE FOLLOWING MATERIALS

RESTRICTIONS AND PRECAUTIONS FOR TRANSPORTING AND HANDLING MATERIALS AND ALL THEIR DERIVATIVES
(Item I is always applikable and Itens 2 through I ae applicable only when "X".)

This permit is issued under authority contained in Parts 94 and 122, Chapter 1, Title 9, CFR.
The authorized materials or their derivatives shall be used only in accordance with the restrictions and precautions specified below.
(ALTERATIONS OF RESTRICTIONS CAN BE MADE ONLY WHEN A UTHORIZED B Y VETERINAR Y SER VICES.)

1. Adequate safety precautions shall be maintained during shipment and handling to prevent dissemination of disease.

2. El Work shall be limited to IN VITRO laboratory studies only.

3. El This permit does not authorize direct or indirect exposure of domestic animals, including poultry, cattle, sheep, swine, horses, etc.

4. E All animals shall be exposed and held only in isolated insect and rodent-proof facilities.

5. E] All equipment, animals, pens, cages, bedding, waste, etc. in direct or indirect contact with these materials shall be sterilized by
autoclaving or incineration.

6. l Packaging materials, containers, and all unused portions of the imported materials shall be sterilized by autoclaving or incineration.

7. D Materials shall be shipped by Registered Mail, Railway or Air Express.

8. D Acknowledge receipt of materials by completing and mailing attached VS Form 16-19, which requires no stamp.

9. El This permit is valid only tor work conducted or directed by you in your present facilities. (MATERIALS SHALL NOT BE
REMOVED TO ANOTHER LOCATION, NOR DISTRIBUTED TO OTHERS, WITHOUT USDA A UTHORIZATION,)

10. EZ On completion of your work, all permitted materials and all derivatives therefrom shall be destroyed and the USDA must be
promptly notified by completing and mailing the attached VS Form 16-20, which requires no stamp.

xi. L-i

To e-pei-i1_ ances at the Port of Entry the shipper should attach one of the enclosed labels to each 1
°  A E E = c o E

package of authorized material. (Additional Labels may be obtained from this office.
SIGNATURE T| ILE

VS FORM 16.3A P-ir n dllo-, ob,,,Ite.
(MAR 73)
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Attachment 4- 5. The Import-Export Staff will finalize and send
Procedure to Complete Trust Fund Agreement for five copies of the Cooperative Trust Fund Agree-
Safety Testing of Cell Cultures, Including Hybrido- ment to the Cooperator for signature.
mas

6. If the agc!'-cnt is au;ceptable, the Cooperator
will sign all copies and return the agreement to the

When the applicant has been advised by the Import- Import-Export Staff with a check for the total cost of
Export Animals and Products Staff that a safety test the tests made payable to the United States Depart-
is required (see VS Memorandum No. 593.1, dated ment of Agriculture, Animal and Plant Health In-
March 11, 1986), the following steps will be taken to spection Service, Veterinary Services.
obtain the Cooperative Trust Fund Agreement:

7. The Import-Export staff will deliver the check and
1. A copy of the application with other pertinent Cooperative Trust Fund Agreement to the VS Execu-
information will be submitted to FADDL, Plum Is- tive Office for a document number, final signature
land, New York, to obtain cost estimates for the and processing.
required safety tests.

8. Two copies of the executed Cooperative Trust
2. The total cost estimate will be sent to the appli- Fund Agreement will be sent to the Cooperator for
cant. their records.

3. The Import-Export Staff will then draft the Coop- 9. If an importer wishes to import cell cultures and/
erative Trust Fund Agreement. or hybridoma cells on a regular basis, the importer

should inform the Import-Export Staff during initial
4. The VS Executive Office will review the draft discussions. The importer may enter into a continu-
document for policy compliance, proper format, and ous Cooperative Trust Fund Agreement with VS and
funding requirements. establish a revolving trust fund account.
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VS Form 16-18
Authorized Entry Label

PERISHABLE ANIMAL OUARANTINE MATERIAL

AUTHORIZED ENTRY BY

U.S. DEPARTMENT OF AGRICULTURE
ANIMAL AND PLANT HEALTH INSPECTION SERVICE

VETERINARY SERVICES
FEDERAL BUILDING

HYATTSVILLE, MARYLAND 20782

PLEASE EXPEDITE
VL TERINARY PERMIT NO. EXPIRES

I ft, PACKAGE CONTAINS

VS FORM 16-18
(MAR 74)
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EXCERPT FROM, AND INSTRUCTIONS BASED ON, CODE OF FEDERAL
REGULA77ONS, TITLE 42, PART 71- FOREIGN QUARANTINE:

IMPORTATION OF ETIOLOGICAL AGENTS, HOSTS, AND VECTORS

UNITED STATES DEPARTMENT OF HEALTH with any disease transmissible to man; also,
AND HUMAN SERVICES if alive, any bedbugs, fleas, flies, lice, mites,

Public Health Service mosquitoes, or ticks, even if uninfected. This
includes eggs, larvae, pupae, and nymphs as

42 CFR - Part 71 well as adult forms.
Foreign Quarantine

b. Any animal known to be or suspected of
Importation of Etiological Agents, Hosts, and being infected with any disease transmis-

Vectors sible to man.

c. All live bats.
§71.54. Etiological Agents, Hosts, and Vectors

d. Unsterilized specimens of human and ani-
(a) A person may not import into the United States, mal tissue (including blood), body dis-

nor distribute after importation, any etiological charges or excretions, or similar material,
agent or any arthropod or other animal host or when known to be or suspected of being
vector of human disease, or any exotic living infected with disease transmissible to man.
arthropod or other animal capable of being a
host or vector of human disease unless accom- e. Any culture of living bacteria, virus, or simi-
panied by a permit issued by the Director. lar organism known to cause or suspected

of causing human diseases.
(b) Any import coming within the provisions of this

section will not be released from custody prior f. Any snails capable of transmitting
to receipt by the District Director of the U.S. schistosomiasis. No mollusks are to be
Customs Service of a permit issued by the Di- admitted without a permit from either the
rector. Public Health Service or the Department of

Agriculture. Any shipment of mollusks with
a permit from either agency should be
cleared immediately.

INSTRUCTIONS
2. Advice to Customs. In applying this section,

Customs officers may request advice of the nearest
1. Classes of Imports Requiring Permits. It is quarantine office or Program headquarters if a ques-

impracticable to list all of the several hundred spe- tion should arise as to the necessity for a permit in
cies of etiological agents and vectors that may be any individual instance. In giving advice, quarantine
covered by §71.54. Certain classes of imports over officers should be guided by the principle that the
which the maintenance of surveillance is important intent of this section is to keep out of the United
and for which permits must be obtained from the States communicable diseases and also vectors or
Director, Centers for Disease Control, Public Health hosts not commonly found in this country. When an
Service, Department of Health and Human Services, importation does not seem likely to bring in disease
or his/her authorized representative, follow: or a vector or host, advice should be given to the

effect that a permit is not required. In case of doubt
a. Any living insect, or other living arthropod, concerning admissibility, quarantine officers should

known Lo be or suspected of being infected promptly make inquiry of Program headquarters.
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3. Blanket Permts. Blanket permits, limited as 4. To obtain an importation permit, one should
to time and material, are occasionally issued. The complete the attached permit application form and
original blanket permit is retained in the office to send to: Office of Biosafety, Centers for Disease
which it is issued. When it is used as authority to Control, Atlanta, Georgia 30333. A permit is issued
import quarantinable material, a certified or photo- to the recipient, and may be conditional upon one or
static copy of it should accompany the shipment. more of the items indicated on the attached sample
The copy is cancelled and collected as in the case of permit.
a single entry permit.
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Importation or Transfer Authorization
Label (CDC 0.1007)

IMPORTATION OR TRANSFER AUTHORIZED BY

PHS Permit No.. .

Expiration Date

TO:

DO NOT OPEN INTRANSIT
BIOMEDICAL MATERIALS

ETIOLOGICAL AGENTS OR VECTORS

NOTICE TO CARRIER: If inspection on arrival in i.S. reveais evidence of

damage or leakage, immediately notify: Director,C, rt i irr D t ', ', ,,ir C' "
Atlanta, Georqia 30333 - Telephone 404 633-15313 COC 0 1007 6,85
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Shipper's Declaration for Dangerous Goods (Sample Form)

'SHIPPER'S DECLARATION FOR DANGEROUS GOODS

Shipper
ArWayb,/ No .

Page of Pages

SConsignee

A Two completed and signed copes of this Declaration must WANGA
Sbe handed to the operator F ANN

TRANSPORT DETAILS Failure to comply in all respects with the applicable
-- - _ Dangerous Goods Regulations may be in breach at

Thsshpe t,$Wihn the Airport of Departure the applicable law, subject to legal penalties. This
liiain rsrbed for Declaration must not, in any circumstances. be

(dlt o plcable) completed and/or signed by a consolidator, a
PASEGER ICARG 0 torwarder or an IATA cargo agent.~ ANDCARGOIAIRCRAFTI

Airport of Destination Shipment type ,1oo-PP'-be,

A NAT": -, UANTI Y OF DANGEROUS GOODS __A OangeD-9-- Goonsetf, caioo
--------.................. . ......... ............

Qu .Gantity and PaCkng Authorization
Class UN 5.,Ds type of oaCking iost

PL pe Sh~pp~og Name 0- I Risk
so- No

-- ---- ----- --......... ..... .... ........ .... .... .... ..... -- ----- ---- ----- ---- ----- --- ----A-- -

------------------------------

A Additional Handling InformationA

I hereby declare that the contents ot this consignment are tully and Name/Title of Signatory
accurately described above by proper shipping name and are classified.AApacked, marked and labelled, and are in all respects in the proper Place and Date
condition for transport by air according toathe applicable International and

National Government Regulations.Sintr
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EXCERPT FROM
CODE OF FEDERAL REGULATIONS, TITh-E 42, PART 72-

INTERSTATE SHIPMENT OF ETIOLOGIC AGENTS

PARW 72-INTERSATE SHOWENT OF ?U 722 rmepartb of dkeioas Hamaphau duavyi KL iflu.
ETIOLGIC AGENTI speFms 1l010001 prejetm OW eis Klebais/6laf spirdes and all woluyps

matmWk wntio lesolsg Legibrn.Iloa species sad all Lagionelia-
veq 1*mn hus organisms.

72.1 Deftnitiots. No person may knowingly transport LofrteaJJ Lingw7gaJV-ol strovar
72.2 Transportation of diagnostic or cause to be transported in interstate Lr-.UsuedWs

specimens. biological products, and other traffic, directly or indirectly, any Mima. pol)WiWhAa

reqirents.imupaagn material including, but not limited toh)6gei,-U pds
n2.3 Trnprtto of materials containing diagnostic specimens and biological Mycaplasmo- spaes.

certain etiologic agents, minimium products which such person reasonably Neissena gonorrhos N &nmjudis.
pachaging requirmets believes may contain an etiologic agent Nocardia astemides.

7L.4 Notics of delivery. failure to receive, unless such material is packaged to PAwuaell-oll spadee.
M2. Requirements. variations, withstand leakage of contents. shocks. Pfesiomonas shpfiboides.

Audhmtty Set- 21&. 5 Stat. eOW as pressure changes, and other conditions Prot-l I A
amended. 42 U-S.C 216 sec. un. 58 Stat 71W. in-cident to ordinary handling in tte,,w 590/151
(42 U.SC 254) transportation. Psaudamnanaes wioaL

# 72.1 Detoflans. 72. Trsiorwtel of malsehis S~AW/ge -ll.J species and all smtyps
As used in this art co "'k* ' ON toi Gokt9Slaahrs n~onwhar
"Biological product"* means a minumin packaging reqir'eens. Staphylococcus aunt

biological product prepared and Notwithstandinig the provisions of SUWpiobocWluI WaOnilois,~fi
manufactured in accordance with the j 72.2. no person may knowingly StreptoCcwt pknounhaniol.
provisions ofm 9 CR Parts 103-111 and 21 transport or cause to be transported in S&WPftocinP
CFR Parts 312 and UO-W and whichz. in interstate traffic, directly or Indirectly, 7)p- carnun .poliUxkmd 7W.
accordance with such Foevialons way any material (other than biological Virio cho0/s, V pan Ama/yiMm
be shipped in interstate traffc. products) known to contain, or Verin %#W1k,

"iagnostic specimen" means any reasonably believed by such person to asrlous
human or animal material including but contain, one or more of the following
not limtited to. excrete. secrete, blood etiologic agents unless such material is Fungal Agent
and its components. tissue, and tissue packaged. labeled, and shipped in BlO.stomyces deimotitidis
fluids being shtipped for purposes of accordance with the requirements Cbccidioides imatitis.
diagno. specified in paragraphs (aHO of this Crpc- noofonatam.

Eioloc agent" means a viable section. Hi~lon doqlaawbui.eg
microorganism or its toxin which Dactorial Agents Pncciiilsbotes
causes, or may cauae, huainn disease. Acinstobacter cacaeiu Vied and ftVAW Apas

"Interstate traffic" means the Actinobacilluo-ell species. Adenovinso-eaoan-4.l typsa.
movement of any conveyance or the Actinamycolocooe-ell members. Arbovtruose-ell types.
transportation of persons or property, A erriorni hyophla. Coxiello burnet,
including any portion of such movement Arochnia propianica. Coxackie A and 8 viruseo-efl types.
or transportation which is entirely Artzaof hihosvii-411 sinotypee. Croutzfldt-lacob saet
within a State or possession. (a) from a Bacillus arihpocis. Cylaomeseloviuses.

Bactate idessp Dengue viruses-eD1 types.point of origin in any State or possession hDt,,nm. T~le pecies Ebols virus.
to a point of destination in any other Baruiotsll-ell speckes Echoviruses-ell types.
State or possession, or (b) between a Borrwlia tvcturntia, A ,*,aa. Encephalamyocarditis viass
point of origin and a point of destination arnaelle-efl speades. Hemorrhagic faver saets including but aot
in the same State or possession but CampYlobaCter(VibMjfWA^r C (Vifbi) limited to. Crimea hmm nqcfee
through any other State, possession, or ieiuru. iCoalo). ftJLa Maup wrnsaind
contiguous foreign country. ChloM Ydi p.1,1 oc, C ftchaoat Korean hemorhl feverwn&s

Colanum botulnum Cl. chauvrosi, C1. Hepatitis aseociatedinratls (heeptitis A.
haemolyicum. Ci. histolytcus.C. noay. hepatitis & hepasM afA-nonE).
Cl. sepdcum, Cl. fetani. Hsrpeoviros-all memibers.

Carynebactertum diphdir~ce. C equl. C Infectious beinchitis like vires
______hoemolyticum, C pseudotubercukss C Influesna viruses-Ul types.

roe requirements of this panl ame in edditiaa to pyogenes C MMIa Kars spat.
and not in bou of any other paceag or other Edwarviella tond.. Lea viru.
roqumaemants for the transportation of etloqc EI751peiathflxC insidiona Lymphiocytlc dithoimiitis wire.
04e0ts In interstate traffic prescribed by the Eacherichia col, all anteropathogenic Marbuig virus.
OeParbment of Transportation and other spanciee of sematypes.
the Federal Government Francisella (bAntourefic) 7Wasnais
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Maname wv etiologic agent which may be enclosed Hemrrhagic fewer agents bridudog. bait nott
Minaps vines. within a single outer shiping container limited to. Cimean hemorrhagic fever
pesilasn iZ5Vl55..1 itypies. shall not exceed 4., (Conso). jima. Miaclupio viruses. and

Poieimot-1 wm(c) Dry ice. If dry ice is used as a Kamsan hemorrhagic feve vruses.
Rabies sbuo-e*D absn refrigerant It must be placed outside the Heviri Wou-1 (B irtus).
Rsovlnoae types. secondary container(s). Uf dry ice is used Hist~iaam capsY.unit.?
lsspY s'. viru, between the secondary container and LAsM wirtas
Rbeais- typ-s the outer shipping container. the shock Pastudamotive am~a.
Rticketspho-4ll species. absorbent material shell be placed so lrctimn pvdosk.
Rochahaoea gain=. that the secondary container does not Tbene encephalitis virus complex
Roiaviruaee....ll! tWpm become loose inside the outer shipping including but mall limited to. Russian
Rubmia vim & container as the dry ice sublimates. spring-aumfar encephaelitis. Kyasenur
Tick-barrie encephalitis virus complex. (d)(1) The outer shipping container of forest disease. Ouaak Hemorrhagic feae.

incudng usianspintumerall materials containing etiologic agents and Central European encephalitis viruses.
encplitis. Kyanr orest disease, transported in interstate traffic must Variola minor. and Variola major.
Omsk hemoarrhagic fever. and Central bear a label as illustrated and described Variola major. Vartols minor. and Whitapoix
Itropesn encephalitis viruses, below: viruses.

Vaccinia viu.Yerwuna (PauleurelloJpeelis.
Varicalla virus. ~?. oc fiiay w
Varlola maior and Variols minor viruses.
Vesicular sti05tis viruss" types. KWMDCLWe ouao eieyo aeil
Whits pox viruses.OV OEIA Aenoieodeiryfmaral
Yellow fever virus.' MATERIAL known to contain or reasonably

(a) Volume not exceeding Wo mi'. believed to contain etiologic agents
Material shall be placena~ seurl listed in J 72 3(n1 ia not received by the

'.t J sender within S days following
closd. wterightcontine n11517anticipated delivery of the package, the

container (test tube, vial. etc.)) whichsedrhalntfteDrcorCtr

swallteentclosedain a(secondadrabl for Disease Control. 1800 Clifton Road.
watrtiht ontine (sconary(2) The color of materiel on which the Ne.. Atlanta. CA 3033 (telephone (404)

container). Several primary containers label is printed must be white, the 633.4313).
may be enclosed in a single secondary smo eadtepitn nrdo
container. if the total volume of all the symolte a nd ilu te pritin inuk f red or
exmyc ier 0.1 T e coe d atotes op. (3) The label must be a rectangle The Director. Center for Disease
boto.eed idTespc etwe the tpiar measuring 51 millimeters (mm) (2 Control. may approve variations frombotom.andsids etwen he rimryinches) high by 102.5 mm (4 inches) long, the requirements of this section if, upon
and secondary containers shall contain (4) The red symbol measuring 38 mm review and evaluation. It is found that
sufficient nonperticulate absorbent (I% inches) in diameter must be such variations provide protection at
material (e.g.. paper towel) to absorb the centered in a white square measuring 51 leasi equivalent to that provided by

eire contents of the priay mm (2 inches) on each side. compliance with the requirements
container(s) in case of breakage or (5) Type size of the letters of label specified in this section and such
leaksge. Each set of primary and shall be as follows: findings are made a matter of official
secondary containers shall then bereod
encloseJ in an outer shipping container Etiologic spentw-lO0 pa. rev,.eod
cosrceofcruaefiebad Biomedical material-14il pt. R1~ DOL. GliiW Fied 7-we.0 a. .- 1
cardboard ood coruother maeroald ofin ;&so of damage or leakage-Ia pt. rev. seuM ase 41104acardoar, wod.or ohermatria ofNotify Director CDC Atlanta. Ceorgia-4 pt
equivalent strength. rev.

(b) Vr'lumegreater thanso ml, 406-63--5t13--10 pt. rev. Effective August 20, 1980
Packaging of mater ian volumes of 50 (e) Don aged packages. The carrier
mi. or more shall comply with shall promptly, upon discovery of
requirements specified in paragraph (at) evidence of leakage or any other
of this section. In addition, a shockda getpckesbrignEiogc

eqa otao h bsorbent material.ivouetlas Agents/Biomedical Material label,
qatotafthe r bsaryban secondra isolate the package and notify thebetween tepiayadscnryDirector, Center for Disease Control.

containers, shall be placed at the top. I800 Clifton Road. NE.. Atlanta. CA
bottom, snd sides between the 30333. by telephone: (404) 633-5313. The
secondary container and the outer carrier shall also notify the sender.
shipping container. Single primary(f 4itrdmla .ven

contines sall ot ontin mre hansystem. Transportation of the following
1,000 ml of material. However, two or etiologic agents shall be by registered
more primary containers whose mail or an equivalent system which
combined volumes do not exceed LO requires or provides for sending
ml may be placed in a single. secondary notification of receipt to the sender
container. The maximum amount of immediately upon delivery:

'This lost mayi be rsvised from tine to tie by Cacidioui,*. imaillue.
Notice published in the fed"e 2e81 -1 to udeoty Eboils irus.
edditinwal sents whitch miuit be pocket In Pronciseilo (Pastourefls) tulastiais.
iccordsce with the, reqwtmefintb contained In this
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Notice to Garn er LabelI (C DC)

NOTItci TO CARIFR

This package contains LESS T1AN 'IJ ml OF ALN ETIOLO4IC AGEN'T,
N.O.S., is pa'iaged and ll~bede fn A<--rdar'ce w'ith the U. 5.
T~jblic S hr~tc, In t veto ,arntine RegulIations (42
CFR. Sc,ti - 72 .2'Iv ), *' and ( And KFETS All. RE(tIR-E-
?IXNTS FOR 57H!PKFN7 BY MATI, AND) "' PA2 FYGIGR AIRCRAFT.

This 6';Inent i FXI)(PTE.D FROM A-A RFENTRICTFD ARTICLES
TARIFF 6-D ( ee (;vnvraI Requirements io(d~k) and frm
,,,l HA2ARIXM ' MAtTERIALS RF(L-TI,0NS gsee 49 hEFR, Set icn
1-3, 386W(Jf3). SHIPE'S CERT:FIC:ATES, SHIPPING PAPERS,
AND -IiFR Dt'&MINTATI0N (IR TAREING ARE WIT RFQLIRE:Z.

SIgnature if Shipper

CENTEFR FIR -IISFASE CONTROL

ATLANTA, G.EiuRCI.A 3,2333



Appendix F

Teaching Aids and Training
Courses

SOURCES OF TEACHING AIDS Discusses how to use and maintain equipment in a
microbiological laboratory. Demonstrates proper use

1. State Health Laboratory Directors (loan, no of aerosol-free blender and centrifuge in preventing
charge) contamination. Demonstrates use of negative pres-

sure (Class I) and laminar flow (Class Ii) biological
a. Safety Management in the Laboratory safety cabinets in reducing exposure to infectious

CDC-76-24, John Forney, Ph.D. agents.
(35 slides and 22-page handout)

Describes safety regulations and requirements under 2. National Institutes of ttalth (on loan)
OSHA and CAP; hazards frequently seen; and re- Division of Safety
sponsibilities placed upon management, supervisors, Bethesda, MD 20892
and employees. Develops elements of a safety pro-
gram. a. Assq"¢mv'nt of Risk in the Cancer Virus

Laboratory
b. Contrclling Infectious Aerosols: Part I-

Precautions in Microbiology, produced by b. Certification of Class II (Laminar Flow)
CDC, 1976; on loan for return postage only, Biological Safety Cabinets
16-mm film or videocassette, color and
sound. c. Effective Use of the Laminar Flow

Biological Safety Cabinets

Demonstrates common hazards in the microbiology
laboratory and shows how they produce infectious d. Formaldehyde Decontamination of
aerosols. Discusses ways of becoming infected in Laminar Flow Biological Safety Cabinets
the laboratory and the factors determining infection.

e. Fundamentals for Safe Microbiological
c. Controlling Infectious Aerosols: Part II- Research

Minimizing Equipment-Related Hazaras,
produced by the CDC, 1976; on loan fur f. Hazard Control in the Animal Laboratory
return postage, 16-mm film or videocas-
seue, color anC sound. g. Selecting a Biological Safety Cabinet

205
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3. National Safety Council iii. Principles of Physical and Chemical
444 N. Michigan Avenue Containment (Unit 3)
Chicago, IL 60611

Defines contamination, explains the prin-
Introduction to Biohazards Control ciples of contamination control, and lists
Stock No. !76.54 three types of contamination problems
Slide-tape cassette

257 color slides, silent, 280-page
instructor manual
Title No. A09756/CL

4. National Audiovisual Center
National Archives and Records Administration iv. Biological Containment for Recombi-
Customer Services Section CL nant DNA Molecules (Unit 4)
8700 Edgeworth Drive
Capitol Heights, MD 20743-3701 Levels of biological containment, catego-
Telephone number: 1-800-638-1300 rizing experiments, and the roles played by
(credit card orders) investigators and NIH committees. Recom-

binant DNA techniques as defined by the
a. Fundamentals for Safe Microbiological guidelines.

Research-A Series
5 slide sets with instructor manuals 6 color slides, silent, 84-page
1 videocassette, with study guide, 1983 instructor manual
Division of Safety, Title No. A09757/CL
National Institutes of Health
Series No. A09753/CL v. Laboratory Skills (Unit 5)

i. Host Parasite Relationships (Unit 1) Aseptic technique; principles and purposes
of isolating bacteria from mixed broth cul-

Describes the role of pH, temperature, and tures onto agar plates, staining techniques,
aerobic and anaerobic environment in micro- and making dilutions and pour plates from
bial growth and metabolism; mechanisms liquid suspensions; and the rules for count-
of cell growth division; and the replication ing colonies after incubation of pour plates.
processes for viruses.

123 color slides, silent, 92-page
81 color slides, silent, 176-page instructor manual
instructor manual Title No. A09758/CL
Title No. A09754/CL

b. Using the Gravity Displacement Steam
ii. Microbial Ecology (Unit 2) Autoclave in the Biomedical Laboratory

Covers the chemical and physical proper- Demonstrates aseptic and safe techniques
ties of the natural habitats that influence the and procedures for preparing, processing,
survival and replication of an organism, as and handling materials undergoing steam
well as why an organism is unable to endure sterilization and decontamination.
and proliferate in natural ecosystems.

29-minute videocassette, study guide
37 color slides, silent, 56-page 3/4-inch video no. A10296/CL
instructor manual VHS no. A10372/CL
Title No. A09755/CL Beta 2 no. A 1037 1/CL
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TRAINING COURSES For further information contact: Course Co-
Director, Office of Safety and Environmental Health,

1. Control of Biohazards in the Research Labora- The Johns Hopkins Institutions, 2021 E. Monument
tory: A training course for biosafety officers. Street, Baltimore, MD 21205. Telephone number.

301-955-5918.
A one-week course offered annually (third week

in July) consisting of lectures and laboratory exer-
cises. Lectures include an overview of cell biology 2. Biological Safety Cabinet Certification Workshop
and biotechnology; hazard potential of infectious
agents, recombinant DNA, and oncogenic viruses; A one-week course offered annually to anyone
dissemination of contaminants; equipment designed responsible for certifying or coordinating the certifi-
for safety; containment concepts: primary and secon- cation of biological safety cabinets. The course con-
dary barriers; laboratory design criteria; personal sists of lectures and laboratories covering the con-
practices; safe handling and housing of laboratory struction, operation, decontamination, and testing of
animals; principles of ventilation; radiation safety; biological safety cabinets.
decontamination, disinfection, and sterilization; how For further information, contact Dr. Melvin First,
to plan, organize, develop, and conduct a laboratory Harvard School of Public Health, 665 Huntington
safety program; emergency procedures; and federal Avenue, Boston, MA 02115. Telephone number
regulations involving laboratory safety. 617-732-1168.



Appendix G

Regulation and Accreditation

REGULATORY DEFINITIONS tains authority and stringency over standards even
when another organization is identified as an accept-

Accreditation able or equivalent alternative authority.

A voluntary process recognized as a measure of Guideline
quality. It is used by some regulatory agencies as
one criterion for granting certification and licensure. Suggested operating practice or procedure often
Standards for accreditation may be similar or identi- broadly written. Use of a guideline may be voluntary
cal to standards for licensure. Accrediting organiza- and is often established by the private sector to self-
tions are usually based on peer approval, voluntary govern its activities. When issued by a federal agency,
quality control, education, and consultation, strict adherence to the guideline is not obligatory.

However, federal guidelines specify one manner of
Licensure satisfying legal requirements that will be accepted by

the agency for the purpose of establishing compli-
The process by which an agency or government ance.

grants permission to persons or facilities meeting
predetermined qualifications, to engage in a given Inspections
occupation, use a particular title, or perform speci-
fied functions. Careful, critical, on-the-scene examinations that

determine violations against an accepted or legal stan-
Certification dard. Inspections may be for accreditation, licen-

sure, certification, or safety. Depending on the in-
The process by which a nongovemment agency spection type, it may or may not be announced ahead

or association grants recognition to a person who has of time.
met certain predetermined qualifications specified
by that agency or association. Law or Act

Equivalency or Reciprocity A legal requirement established by legislative
and executive authority, often written in broad, gen-

A mechanism for comparing programs and func- eral language. An agency designtated by the law
tions so that one may be used in lieu of the other, must establish or promulgate the specific regulations
Often the legal body (e.g., a federal agency) main- in order to define how the act will be implemented.

NOIT: Regulatory definitions are modified from Rose, S.1. 1984. A Regulatory Overview. P. 4 in Clinical Laboratory Safety.
Philadelphia. Pa.: J.B. Uppincott Co.
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Regulation The relevant sections of the Health and Safety
Standards (29 CFR Part 1910) are found within the

The specific details by which a law is to be General Industry Standards. Employers of 11 or
implemented. Regulations established by federal more employees must maintain records of all injuries
agencies are published in the Federal Register. Ini- and illnesses as they occur. On-the-job accidents
tially these documents appear as proposals so that resulting in an employee's death or the hospitaliza-
interested or affected individuals and groups have tion of five or more employees must be reported to
the opportunity to comment and participate in the the nearest OSHA office within 48 hours. Another
rule-making process. After the comments have been relevant section is the Hazard Communication Stan-
reviewed, and either accepted or rejected, the regula- dard (the "Right-to-Know" rule), which was revised
tion is published again in the Federal Register as the recently to cover all employees exposed to hazardous
"final rule," and the effective date of implementation chemicals, including those working in university re-
is given. search laboratories.

OSHA has documented its interest in the control
Standards of biological hazards by publishing an advanced no-

tice of proposed rulemaking concerned with "Occu-
Specific criteria, to be used unmodified for ma- pational Exposure to Hepatitis B Vinis and Human

terials, methods, or practices. Use of a standard may Immunodeficiency Virus" (52 FR 45438, November
be voluntary or mandatory. If it is put forth by a 27, 1987).
voluntary-consensus standard-setting group, it is [,aborator:" covered by the act are subject to
usually voluntary; if promulgated by a government inspect ),i AIA compliance officers and health
agency, it is mandatory. Regulations issued under cficers.
federal laws are compiled annually into the Codc v,
Federal Regulations (CFR) and arranged ty subject b. National Institute for Occupational Safety and
into assigned Titles: e.g., Title 9, Animals and Ani- Health (NIOSH)
mal Products; Title 10, Ercigy; Title 21, Food and
Drugs; Title 29, LatZr; Title 39, Postal Service; Title NIOSH was also created by the Occupational
40, Protection of the Environment; Title 42, Public Safety and Health Act of 1970, but was made a
Health; and Title 49, Transportation. component of the Centers for Disease Control within

the Public Health Service of the Department of Health
and Human Services. NIOSH does not regulate,

REGULATORY AGENCIES issue, or enforce safety and health regulations. It has
the responsibility to undertake research to eliminate

1. Federal Agencies on-the-job hazards to health and safety. When re-
quested by employers or employees, health-hazard

a. Occupational Health and Safety Administra- evaluations of workplaces are carried out.
tion (OSHA)

c. Environmental Protection Agency (EPA)
The Occupational Safety and Health Act of 1970

created OSHA within the Department of Labor. All The Resource Conservation and Recovery Act
biomedical laboratories, and their employees, may of 1976, as amended, requires EPA to develop and
be subject to the act. Although federal, state, and evaluate environmentally sound methods for man-
municipal laboratories were not specifically men- agement of hazardous waste, including infectious
tioned in the act, Executive Order 12196 (1980) made waste. In May 1986, the EPA published its Guide for
all federal agencies subject to the same requirements. Infectious Waste Management (National Technical
The purpose of the act was to reduce occupational Information Service Publication No. PB86-199130,
injuries and illnesses and each employer is required Springfield, VA 22161). This document is intended
to furnish to each of his employees a job and a work to provide guidance to persons responsible for infec-
environment that is free from recognized hazards tious waste management at hospitals, medical
that are causing, or are likely to cause, death or laboratories, research laboratories, commercial diag-
serious physical harm. nostic laboratories, animal experimentation units,
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industrial plants and laboratories, and other facilities f. Centers for Disease Control (CDC)
that generate infectious waste, such as biotechnology
companies. Its appendix contains a tabulation of the The CDC has the responsibility for controlling
state regulations pertaining to infectious waste man- the interstate shipment of etiologic agents under the
agement, including a summary of the requirements Public Health Service (PHS) Interstate Quarantine
and me identity of the responsible state agency. regulation (42 CFR, Section 72.25). The importation

into the United States of etiologic agents and vectors
d. Food and Drug Administration (FDA) of human disease, and subsequent transfer to other

laboratories, requires the issuance of a permit to the
The FDA issues regulations pertaining to the recipient by the CDC under the provisions of the

safety, efficacy, and labeling of drugs and medical PHS Foreign Quarantine regulation (42 CFR, Part
devices, including diagnostic reagents and labora- 71, Section 71.156). In addition to the CDC/NIH
tory z.:4pmenL, under the provisions of the Food, biosafety guidelines mentioned above, CDC pcb -
Drug, and Cosmetic Act, as amended, and of biologi- lishes recommendations for various other aspects of
cal products under the provisions of the Public Health laboratory safety and operations.
Service Act. The Office of Medical Devices in the
Center for Devices and Radiological Health (CDRH) g. U.S. Department of Transportation (DOT)
has the responsibility for laboratory instruments, di-
agnostic agents, and reagents. The Center for Drug In addition to the CDC, the DOT has responsi-
Evaluation and Research (CDER) is responsible for bility for regulating shipment of etiologic agents,
the premarket testing and approval of drug products diagnostic specimens, and biological products that
for human use, and the Center for Biologics Evalu- are shipped in the United States. Its regulation dif-
ation and Research (CBER) similarly controls bio- fers in part from the CDC requirements in that pack-
logical products for human use, including blood and aging materials must have been proven to be ade-
blood products, bacterial and virus vaccines, and cer- quate to contain infectious material under a variety
tain diagnostic materials for dermal tests and labora- of environmental and test conditions, and control is
tory tests. The regulations do not directly address exerted over both intrastate and interstate shipments.
issues of safety in biomedical laboratories. These
matters are affected indirectly in the regulations cov-
ering Current Good Manufacturing Practices (21 CFR, h.U.S. Department of Agriculture (USDA)
Part 211) and Good Laboratory Practice for Non-clinical Laboratory Studies (21 CFR, Part 58), which The importation of etiologic agents of plant and
clinl tLaboratorySudies or2ing wih i rto 5materi- animal diseases, serum specimens, and other materi-apply to laboratories working with infectious ti- als of animal origin requires a permit that must be
als in the course of research, development, testing, obtained from the appropriate authorities in the
and manufacture of controlled products. USDA. (See Chapter 3, Section G.)

e. National Institutes of Health (NIH)
i. U.S. Postal Service (USPS)

The National Cancer Institute issues guidelines
for the control of contamination in facilities working The USPS requirements for the mailing of "dis-
with cancer viruses. In conjunction with the Centers eased tissues, blood, serum, and cultures of patho-
for Disease Control, the NIH published guidelines ger.ic microorganisms" are essentially the same as
for Biosafety in Microbiological and Biomedical those of the CDC and DOT.
Laboratories, which has been reproduced as Appen-
dix A in this publication. In addition the NIH pub- j. U.S. Nuclear Regulatory Commission (U.S.
lishes guidelines on various other aspects of labora- NRC)
tory safety, as well as on laboratory animal care. The
NIH Guidelines for Research Involving Recombi- The U.S. NRC strictly regulates the possession,
nard DNA Molecules were first published in 1976. use, and disposal of radioactive materials under a
They are updated periodically, most recently in 1986. licensing system.
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k. Health Care Financing Administration thologist, completes an extensive checklist during a
(HCFA) site review of the procedures and facilities. Cited

deficiencies must be corrected before accreditation is
By overseeing both Medicare and Medicaid pro- granted. CAP accreditation can exempt a laboratory

grams and related medical care quality control, the from federal inspection for interstate licensure and is
HCFA has a direct relationship with hospital labora- recognized by the Joint Commission on Accredita-
tory services and indirectly influences safety con- tion of Healthcare Organizations.
cerns. HCFA currently has the responsibility for
licensing and inspecting clinical laboratories, which 2. Joint Commission on Accreditation of Healthcare
are subject to the Clinical Laboratory Improvement Organizations (JCAHO)
Act of 1967.

The Joint Commission on Accreditation of
1. Office of Science and Technology Policy Healthcare Organizations has a number of safety

(OSTP) requirements similar to those of the CAP cited above.
In addition, it has extensive safety requirements for

The Coordinated Framework for Regulation of other areas of the hospital.
Biotechnology: Announcement of Policy and Notice
for Public Comment (1986) describes federal regula- 3. American Association for Accreditation of Labo-
tory policy for ensuring the safety of biotechnology ratory Animal Care (AAALAC)
research and products. This document emphasizes
mostly technologies for emerging genetic manipula- One of the considerations for certification by the
tion, such as recombinant DNA, and summarizes Council of Accreditation of AAALAC is indirectly
previously published policies of FDA, EPA, USDA, related to control of biohazards encountered during
OSHA, and NIH. the course of experiments involving laboratory ani-

mals. The certification process involves an exten-
2. State and Local Government Regulations sive on-site inspection, and recertification is a bien-

nial event. Recognition by AAALAC attests that the
States vary in their regulations applicable to bi- recipient of accreditation is in compliance with the

omedical laboratories and the handling of biohaz- Laboratory Animal Welfare Regulations (9 CFR,
ardous waste. One summary of state laws regarding Subchapter A, Parts 1, 2, and 3) and adheres to the
hazardous waste is found in the appendix of the standards set forth in the Guide for the Care and Use
Environmental Protection Agency (EPA) Guide for of Laboratory Animals, DHHS Publication No. (NIH)
Infectious Waste Management (1986). This publica- 86-23 (revised 1985). Both of these publications can
tion can be obtained from the Superintendent of be obtained from the Superintendent of Documents,
Documents, U.S. Government Printing Office, Wash- U.S. Government Printing Office, Washington, DC
ington, DC 20402-9325. 20402-9325.

4. State Health Departments
III. ACCREDITING BODIES

Health departments of various states are required
1. College of American Pathologists (CAP) to perform inspections of medical laboratories that

receive payment from Medicaid. They have safety
The College of American Pathologists offers a requirements similar to those of CAP and JCAHO

voluntary accreditatior program for clinical labora- cited above. Medicaid and the state health depart-
tories. The requirements for safe work practices ments will look for safety deficiencies similar to
include biosafety. The inspector, a practicing pa- those described for the JCAHO and CAP programs.
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List of Abbreviations

AIDS acquired immunodeficiency syndrome NIH National Institutes of Health
AOMA American Occupational Medical NRC Nuclear Regulatory Commission

Association
APHIS Animal and Plant Health Inspection OSHA Occupational Safety and Health

Service Administration
ATCC American Type Culture Collection

PEE postemployment evaluation
BTU British thermal unit PME periodic monitoring examination

PPE preplacement examination
CDC Centers for Disease Control
CJA Creutzfeldt-Jakob agent RCRA Resource Conservation and Recovery
CJD Creutzfeldt-Jakob disease Act

RSO radiation safety officer
DNA deoxyribonucleic acid

SOP standard operating procedure
EPA Environmental Protection Agency

USAMRIID U.S. Army Medical Research Institute
HAV hepatitis A virus for Infectious Diseases
HBV hepatitis B virus USDA U.S. Department of Agriculture
HEPA high-efficiency particulate air USPHS U.S. Public Health Service
HIV human immunodeficiency virus

VS Veterinary Services
IND investigational new drug

MSDS material safety data sheet
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A American Chemical Society, 53American College of Physicians. 58

Absettarov virus, 128 American Committee on Arthropod-Bome Viruses, 123
Academic laboratories American Industrial Hygiene Association, 30

design of laboratory exercises and experiments, 68-69 American Occupational Medical Association, 59
monitoring and recordkeeping, 69 American Society for Microbiology, 53
orientation and training of students, 68 American Type Culture Collection, 21
safety in laboratory courses, 68 Ammonium compounds, 40
safety program, 47-48 Animal pathogens, restricted, 132-133

Accrediting bodies, 211-212 Animals, see Laboratory animals; and specific species
Acquired immunodeficiency syndrome (AIDS) Anthrax, 60, 110

autopsy precautions, 17, 159-160 Arboviruses
health care workers with, 157 Biosafety Level 2, 123-126
and tuberculosis morbidity, 10 Biosafety Level 3, 126-128
see also Human immunodeficiency virus (HIV) Biosafety Level 4, 128-129

Actinomycetes, animal sources and routes of infection, laboratory-associated infections, 85, 105
177 Arenaviruses

Aerosols and droplets animal sources and routes of infection, 185
containment/control equipment, 16, 25, 26, 28 Biosafety Level 3, 126-128
handling of, 5, 22-25 Biosafety Level 4, 128-129
HVB transmission in, 11 Ascaris spp., 107
insect waste products in, 14 Association of Practitioners in Infection Control, 53
particulate size, 12,22 Autopsy/mortician services
procedures generating, 18, 19,23, 50, 65-66,94 cadaver/anatomical waste disposal, 17, 18, 36, 38, 42,
from sonicators, homogenizers, and mixers, 23-24, 44

26-28 precautions against HIV transmission, 17, 159-160
from Stryker saw, 17, 122 tissue handling, 18

African green monkeys, 15 see also Necropsies
Alcohol disinfoction. 40
Allergies among laboratory workers B

to aerosolized proteins, 57
animal-associated, 14, 57 B-virus, 15, 119-120
insect-associated, 14, 15,57 Bacillus anihracis, 110
medical evaluation of, 14, 56, 57 Bacillus subilis, 69, 88
to nematode antigenic components, 14, 107 Bacterial agents. 110-117; see also specific agenis
prevalence of, 14-15 Biological safety cabinets
prevention of, 15, 58 air demand and energy requirements, 26
to vaccine components, 57 airflow patterns and operating velocities, 26-27,49

American Association for Accreditation of Laboratory certification of, 31, 50, 97, 104, 129
Animal r'fre, 211 characteristics, 129-131
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Class L 21, 25-27, 87, 89, 92, 97, 109, 129 maintenance on equipment in, 51
Class , 21, 23, 26, 27, 87, 89, 92, 97, 109, 129 microorganisms assigned to, 23, 88, 126-128
Class U11 26, 87, 95, 96, 103. 104, 130-131 principles, 88
decontamination of, 65 reproductive hazards, 56
equipment operation in, 23, 28 rickettsial agents, 117, 118
exhaust air, 94, 97, 102, 104 viral agents, 121-123
failure alarms, 50 Biosafety Level 4
handling of incoming specimens in, 21-22, 89 animals, 102-104
HEPA filter decontamination, 25,39, 94, 102, 129-131 arboviruses, arenaviruses, and filoviruses assigned to,
for I-V handling, 144 127, 128-129
improper use of, 129 criteria, 26, 94-98
maintenance precautions, 51 emergencies, 55
testing and monitoring of, 25, 31, 97, iG4, 129 laboratory design, 49, 87

Biosafety principles for large-scale production. 31
animal biosafety levels, 88-89 microorganisms assigned to, 88, 128-129
biosafety levels, 11, 26, 87-89 principles, 88
equipnent. F6-47 reproductive hazards, 56
facility design, 87 viral agents, 120
information sources. 86 Biosafety levels
laboratory practice and technique, 86 animals, 98-104, 149-152

Biosafety Level 1 arboviruses, 123-129
animals, 98-99 bacterial agents, 110-117
criteria. 89-90 criteria, 11, 26, 89-98, 145-149
laboratory design, 87 fungal agents, 108-110
microorganisms assigned to, 88 human immunodeficiency viruses, 145-149
principles, 88 for large-scale production 31

Biosafety Level 2 parasitic agents, 107-108
animals. 89, 99-100, 149-150 principles, 11, 26, 87-89
arboviruses assigned to, 123-126 rickettsial agents, 117-119
bacteria, 110, 112-117 selection of, 30, 104-105
criteria, 11, 90-92, 145-147 training requirements, 52
electrical systems, 49 viral agents, 119-123
emergencies, 64 Blastomyces dermatidis, 108
exposure routes under. 88 Body fluids
fungi, 108-109 CDC caution, 152
HV handling. 13, 145-147 disposal of, 43-44
hospital laboratories, 68 HBV exposure risk from, 10
laboratory design, 49, 50, 87 spill cleanup, 17
microorganisms assigned to, 88, 123-126 universal precautions, 33, 142, 144, 169-170
parasites, 107-108 Botulism, 60, 105
principles, 88 British Committee on Dangerous Pathogens, 17
rickettsial agents, 117, 118 Brucella spp., 13
viral agents, 119-123 abortus, 110

Biosafety Level 3 canis, 110
animals, 44, 100-102, 150-152 laboratory-associated infection. 2, 9, 85
arboviruses and arenaviruses assigned to, 126-128 melitensis, 110
bacteria 110, 111,114, 115, 117 suis, 9, 69. 110
containment requirements, 23 Bunyavirus, 184-185
criteria, 92-94, 147-149
emergencies, 55 C
exposure routes under, 88
fungi, 108, 109 Calomys spp. 128
HIV handling, 13, 147-149 Campylobacterfetusjejuni, 116
laboratory design, 49, 50, 87 Canine hepatitis virus, 88
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Centers for Disease Control regulation of imports of, 21
guidelines for biosafety, 5, 13, 30, 33, 52, 210 see also Large-scale production
investigations of laboratory-associated tuberculosis, 10 Cutaneous leishmaniasis, 107
universal precautions, 12, 22, 33 Cytomegalovirus, 56

Cercopithecus spp., 128
Cestode parasites, 108, 181 D
Chickens, 15
Chimpanzees, hepatitis risk from, 10, 119 Decontamination
Chlamydia psitaci, I10-111 animal cages, 99, 101
Chlamydia trachomatis, 110-111 Biosafety Level 2,91, 99
Cholera, 12, 60, 85, 116, 131 Biosafety Level 3, 50-51, 93
Clostridium botulimmn, 2, 12, 111 Biosafety Level 4, 50-51, 95, 96, 97
Clostridium tetani, 2, 11, 12 111-112 compounds and target organisms, 39, 40
Clothing, masks, and face shields, 25, 28 freezers, 51
Coccidia spp., 107 of HEPA filters, 39
Coccidioides immitis, 13, 108-109 of patient care equipment, 161
College of American Pathologists, 16, 54, 211 personnel, 65, 102, 131
Containment validation of, 42

approaches, 30-31 of wastes for disposal, 31-32 33, 35, 39-42 104
Biosafety Level 1, 90 of work surfaces, 6, 19, 93, 144
Biosafety Level 2, 92 146, 150 Dentistry, precautions against HIV transmission, 159-160
Biosafety Level 3, 94, 148, 151 Dialysis, precautions against HIV transmission, 160
Biosafety Level 4, 26, 96 Diphtheria, 60, 105, 112
biosafety principles, 86-87 Disinfectants
clothing, masks, and face shields, 25, 28 formalin, 17-18
defined, 86 germicides, 17, 144
experimental animals, 15, 99, 100, 101, 103, 150, 151 iodine-based, 18, 39
filters, 15,23, 25 iodophors, 40
for HIV handling, 146, 148 for radioactive spills, 66
laboratory, 87 sodium hypochlorite solution, 16, 17, 39, 40, 66
maintenance work on, 26, 31 in vacuum system, 50
maximum containment laboratory, 87 DNA viruses, animal sources and routes of infection. 186
packaging for shipment, 20-21
physical, 30-31, 86-87 E
pipetting devices, 23. 26-29
purpose of, 86 Eastern Equine Encephalomyclitis, 60, 124, 125, 126
on sonicators, homogenizers, and mixers, 23-24, 26, Echinococcus granulosus 108

28, 87 Emergencies
testing and certification of, 26, 31 alarm system, 50, 63-64, 97, 104
see also Biological safety cabinet% Biosafety Levels 3 and 4, 55

Corynebacteriun diphtheriae. 112 damaged shipments, 22
Cowpox, 61, 122 decontamination, 50
Coxiella burneui, 13, 88, 117 drills, 7,63, 64
Creutzfeldt-Jakob agent evacuation procedures, 63-64

biosafety criteria, 122-123 fires, 63, 64
consequences of infection, 105 medical, 63
inactivation of, 17, 123 power failure, 49, 64, 67
in necropsy/surgical specimens, 16, 17, 123 preparation and general procedures, 7, 47, 63
occupational risks, 2 11-12 shutdown procedures, 64

Cryptococcus neoformans, 109 small-scale accidents, 63
Cultures spills and releases, 64-67

biohazards from, 15, 24, 123 start-up procedures, 64
inactivation, 31-32, 39, 41 Entamoeba histolytica, 107
large-scale, defined, 28 Enteroviruses, 56; see also spec~uc viruses
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Environmental Protection Agency, 43, 46, 209-210 Formaldehyde, 39, 40
Epidemiology of occupational infections Formalin, 17

environment, 9 Francisella tularensis, 112
infectious agents, 2,9-12 Fungal agents, 108-110; see also specific agents
laboratory workers, 8-9

Epidermophyton spp., 109-110 G
Equipment

aerosol-generating, 23-24, 26, 28 Giardia spp., 107
cell sorters, 25 Glanders, 85
centrifuges and ultracentrifuges, 24, 32. 65, 87 Glutaraldehyde, 40
clean benches, 25, 129 Gonorrhea, 114
decontamination of, 39 Gram negative bacteria, 176
eye wash fountains, 48, 50 Gram positive bacteria, 176-177
inoculating loops, 24
pipetting devices, 26 H
respirators, 15, 58, 111
safety, 15, 47, 50, 86-87 Hantaan virus, 126, 127
sonicators, homogenizers, and mixers, 23, 26, 28 Health Care Financing Administration, 211
see also Biological safety cabinets; Containment Health care workers

Escherichia coli, 65 with AIDS/HIV infection, 142, 143, 157, 165-166
Ethylene oxide, 41 definition of, 156
Exposure exposure routes for, 16

contact route, 12, 18-19, 22 IV infection risks, 157-158
ocular route, 11. 12, 19 precautions to prevent HIV transmissions, 158-166
inoculation route, 11, 12, 19 serologic testing for HIV, 165
management and reporting of, 17 Hemorrhagic fever, 89
monitoring, 32-33 HEPA filters
from necropsy/surgical specimens, 16, 18 for air recirculation in animal rooms, 104
oral route, 11. 12, 19 on biological safety cabinets, 25, 94, 102, 129-131
prevention of, 4-5, 18-19 decontamination of, 39
respiratory route, 10, 19, 22 on fermentors, 32
during waste disposal, 36 in personnel suit areas, 131

on sewer and ventilation lines, 49, 96, 101

F on Stryker saws, 17
on ultracentrifuges, 24

Facilities on vacuum cleaners/lines, 66, 93, 97
Biosafety Level 1, 90 Hepatitis A virus
Biosafety Level 2, 21, 92, 147. 150 biosafety levels, 119
Biosafety Level 3,94, 148-149, 151-152 immunization, 60
Biosafety Level 4,96-98 incidence of infection, 10
constructing, remodeling, and decommissioning, 7, 51 laboratory hazards of, 10
experimental animals, 48, 99, 100, 101-102, 103-104, Hepatitis B virus (HBV)

150,151-152 biosafety levels, 88, 119, 144
for HIV handling, 147. 148-149 body fluid sources, 16, 169-170
housekeeping, 51 carriers, 11
laborT.tory design, 44,48, 49-51, 87 containment equipment for animals, 144
maintenance, 51 decontamination procedures, 144
specimen receiving areas, 21 immunization against, 4, 14, 58, 60
traffic flow patterns, 48, 49, 50 inactivation of, 17-18

Fasciola spp., 107 incidence of infection, 10, 85
Ferrets, 120 laboratory contamination, II
Filoviruses, Biosafety Level 4, 128-129 monitoring employees for, 58, 144
Flavivirus, 182-183 mortality rates, 11
Food and Drug Administration, 210 prevalence in general population 9
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prevalence in laboratory workers, 10, 11. 119 survival in the environment, 162
protective barriers, 170-171 universal precautions, 158-159, 168-172
protective clothing, 143-144 in waste, 163
recommended precautions, 143-145 see also Health care workers
reproductive risks, 56
risk to laboratory workers, 2, 10-11, 13, 105
routes of occupational infection, 11. 56, 144
universal precautions, 144, 168-172 lbaraki, 127
viability and infectiousness, 11 Immunization of workers

Hepatitis, non-A/non-B, 10, 119 allergies precluding, 57
Herpesviruses, 56, 120 documented evidence of, 14, 58
Herpesvirus simiae (B-virus), 15, 119-120 with experimental vaccines, 14
Histoplasma capsulatwn, 109 recommendations, 4, 58, 60-63, 131
lIIV, see Human immunodeficiency virus see also Vaccinations/vaccines
Hookworms, 107 Importation of biologicals, 21, 89, 132-133, 189-204
Hospital laboratories Inactivation

isolation precautions, 68 Creutzfeldt-Jakob agent, 17, 123
unsupervised, 68 botulinum toxin, 111
ventilation of, 49 of cultures, 31-32

Host defense deficiencies, in employees, 56, 57, 105 hepatitis B virus, 17-18
Housekeeping human immunodeficiency virus, 17-18, 144, 161-162

HIV infection precautions, It,2 Mycobacteriwn spp., 17, 18, 114
personnel safety measures, 51 of parasites, 108
waste disposal, 45 Q fever, 10

Human immunodeficiency virus (HIV) tissue samples, 17
animal biosafety level criteria, 149-152 validation of, 32
autopsy/mortician service precaution, 160 of waste, 43
biosafety level criteria, 13, 145-149 see also Decontamination; Disinfectants
body fluid sources, 16, 169-170 Infectious agents
containment equipment, 146, 148 bacterial, 110-117
dentistry precautions, 159-160 descriptive epidemiology, 9
dialysis precautions, 160 fungal, 108-110
exposure management, 166 highest risk, 2. 9-11, 13-14
federal health advisory, 11 lowest risk, 2, 11-12
guidelines for handling, 12, 13, 143-145 parasitic, 107-108
housekeeping precautions, 162 rickettsial, 117-119
inactivation of, 17-18, 144 spills and releases, 64-66
invasive procedure precautions, 159 viral, 119-123
laboratory hazards, 143 see also specific ageus
laboratory facilities, 147, 148-149 Influenza virus, 60, 105, 120-121
laboratory precautions, 13, 145-149, 160-161 Insects, hazards to laboratory workers from, 14-15, 57
laundry precautions, 162-163 International Civil Aviation Organization, 20
management of infected workers, 165-166 Invasive procedures
medical surveillance programs, 144-145 precautions against HIV transmission, 159
occupational risk from, 2, 11, 12, 13, 142-143, 156 wastes from, 36
prevention of transmission in health care settings, 156, see aso Surgical pathology

158-161 Israel turkey meningoencephalitis, 127
protective barriers, 170-171
reproductive risks, 56
routes of exposure, 56, 143, 156, 157-158
seroconversions in laboratory workers, 12, 142-143 Japanese encephalitis, 60, 126, 127
serological testing for, 163-165 Joint Commission for Accreditation of Health Care
spill cleanup/decontamination, 162 Organizations, 49, 54, 211
sterilization and disinfection, 161 Junin virus, 128
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K prevention of exposure. 19
mutes of exposure, 18-19

Kumlinge virus, 128 rules of biosafety, 4-5, 19-20

Kuru agents, 122-123 standard operating procedures, 28, 32 54

Kyasanur Forest disease, 128 training of personnel, 33, 67-69, 86
voluntary code of, 9

L Laboratory waste
animal bedding material, 44

Labeling body fluids, 43-44

of bodies, 17 cadavers and anatomical parts. 44

and levels of laboratory practice, 22 91, 93, 95 characteristics of. 36

shipments of biological materials, 20-21, 188, 200 chemotherapeutic agents, 43

of specimens within the laboratory, 6, 22, 47 decontamination of, 33, 37-39, 42

Laboratory animals (vertebrate) generators of, 37

Biosafety Level 1,98-99 infectious potential of, 35-36

Biosafety Level 2, 99-100,108, 109, 111, 114, 149-150 minimization of, 43

Biosafety Level 3, 100-102, 117. 150-152 mixed, 39,42-44

Biosafety Level 4, 102-104 needles and other "sharps," 44-45

containment equipment for, 15, 99, 100, 103, 150, 151 segregation of, 37, 43, 45, 50

facility design for, 48,99, 100, 101-102, 103-104, 150, see also Waste handling and disposal

151-152 Large-scale production

hazards to workers from, 14-15, 57, 85 containment. 6, 30-31
HIV-related precautions, 144, 149-152 disposal of wastes, 32, 36
safety procedures, 54, 88-89, 98-100, 149-151 exposure monitoring, 12, 32-13

sources of human infection, 10, 108, 109, 110 of HIV, 143, 144
waste handling from, 36, 38, 44, 99, 101, 104 inactivation of cultures, 31-32
see also specific animals organization and responsibilities, 30

Laboratory environment/design risk associated with, 31, 32

access control, 50, 87, 91, 93, 94,96 safety communications, 48

electrical power, 49-50 Lassa fever virus, 88, 128

guidelines, 31 Laundry
HBV contamination, 11 Biosafety Levels 3 and 4 clothing, 50-51
laundry, 50-51 HIV precautions for, 162-163

physical features, 9 infection of workers from, 85-86

regulation of, 9 laboratory tacilities for, 50-51

safety equipment, 50 Legionella pneumophila, 113

sewage system, 50 Leishmania spp., 107

storage areas, 51 Leprosy, 113
vacuum system, 50.93, 97 Leptospires, 13
ventilation, 20,49, 87, 94. 96, 97 Leplospira interrogans, 112-113
voluntary code of practice, 9 Liponyssoides sanguineus, 118
waste handling, 44, 50, 96 Lymphadenitis, 113

water supply system, 32. 50 Lymphocytic choriomeningitis virus, 15, 121, 127
see also Facilities Lymphogranuloma venereum, 110-111

Laboratory practices
academic laboratories, 68-69 M
Biosafety Level 1, 90
Biosafety Level 2,11, 91-92, 145-146, 149-150 Macaques, 15, 119-120
Biosafety Level 3, 92-94, 147-148 Machupo virus, 128
Biosafety Level 4,95-96 Marburg disease, 15, 85, 128-129
biosafety principles, 86 Mastomys natalensis, 128
CDC universal precautions, 12 Material Safety Data Sheets. 48
experimental animals, 98-101, 102-103 Measles, 61
HTV handling precautions, 145-146, 147-148, 160-161 Medical program
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assessment of employee risk, 7, 14, 55-57 National Sanitation Foundation, 129
design. 57 Necropsies
HIV surveillance programs, 144, 163-166 on bodies known to be infected, 16-18
host defense deficiencies, 56, 57 routine, 16
immunizations, 14. 58, 6G--62, 131 see also Autopsy/mortician services
laboratory and other testing. 58, 69, 92, 94, 104, 144 Needles and other "sharps"
management of HIV-infected/exposed workers, 165-166 Biosafety Level 2, 91-92, 99-100
medical history, 14,57 Biosafety Level 3, 93, 101
occupational health history, 57 Biosafety Level 4, 96. 103
periodic monitoring examination, 55, 58-59, 63 disposal of. 17, 33, 35, 38.44-45
physical examination, 57-58 exposure routes, 19
postemployment evaluation, 55. 59 infections related to, 85
preplacement examination, 14. 55. 57-58 limiting use of, 4-5, 19, 143
reproductive hazards, 13, 56-57 reporting of accidents with, 59
resources, 59, 63 Neisseria gonorrhoeae, 114-115
serum bank. 4, 14,58 Neisseria mneningitidis, 114-115
surveillance of personnel for rickettsial infections, Nematode parasites, 107, 180-181

131-132 Newcastle Disease virus, 15
treatment and documentation of exposures. 55 Nuclear Regulatory Commission, 43, 46, 52, 210

Medical Research Council of Canada, 30
Melioidosis, 115 O
Meningococcal meningitis, 61, 115
Mice, 15,109 Occupational infections
Microsporw, 109-110 assessment of risk, 35, 53
Monitoring highest risk organisms, 9-11, 13-14

accident reporting, 59, 96, 103 incidence and mortality rates, 8-11, 85-86
agent-specific surveillance, 58, 59 potential for, 1, 8, 18
exposure in large-scale production facilities, 32-33 risk in large-scale production facilities, 28-29
postemployment evaluation, 59 routes of exposure, 18-19, 36
recordkeeping and result notification, 59 from waite disposal, 37
safety program compliance, 47, 48 see also spec~sc infectious agents
ventilation characteristics, 49 Occupational Safety and Health Administration, 46, 48,

Monkeypox, 61, 121, 122 54,209
Mycobacteriwn Office of Science and Technology Policy, 211

animal sources and routes of infetion, 177 Old World monkeys, 15, 1 1
atypical, 113-114 Orbivirus. 185
avium, 10
bovis, 10, 114 p
contamination of cultures, 24
inactivation of, 17, 18 Packaging of biological materials
leprae, 113 for disposal 33
tuberculosis, 10, 13, 16. 18, 65, 88, 105, 114; see also needles and other "sharps," 33

Tuberculosis for shipment, 20-21, 188
Mycoses, animal sources and routes of infection. 178-179 . araformaldehyde, 40

Parasitic agents

N cestodes, 108
nematodes, 107

Naegleriafowleri, 107 protozoa, 107
Naegleria gruberi, 88 trematodes, 107-108
National Animal Disease Center, 85 Pediculus h. hwnanus, 118
National Committee for Clinical Laboratory Standards, 16 Phenolic compounds, 40
National Institute for Occupational Safety and Health, 209 Physician laboratory/small-volume latxratory, 33, 54
National Institutes of Health Picomavirus, 185

guidelines for biosafety, 5, 13, 30. 31. 33, 52, 210 Pipetting devices
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hazards of, 4, 18, 19, 23, 26, 85 route of infection 10, 85-86
safety aids, 26, 28-29 risk of infection from, 2, 9, 10, 117

Plague, 61, 117
Plasmodiwn cynomolgi, 107 R
Plasmodiwn spp. 107
Poliomyelitis, 61, 105, 121, 131 Rabies virus, 2, 11, 58, 61, 122. 131
Potomac fever agent, 113 Radioactive materials
Pox viruses, 61, 121-122 emergencies, 63, 66-67
Presbytis spp., 128 isotopes posing external and internal hazards, 66
Programs in laboratory safety regulation of, 46

academic laboratories, 68-69 safety training, 52
accident reporting and investigation, 54, 69 waste disposal, 39, 42-44
auditing, 54-55 Regulations
communications. 48 agency-specific responsibilities, 209-211
design, 3, 46 def-nitions, 208-209
employee orientation and education, 47, 50, 52-53 emergency planning, 63
evaluation of hazards, 53 importation of biological specimens, 5, 21, 89, 132.
goals, 46 189-204
meetings and committees, 47-48 information sources on, 67
monitoring, 47, 48 recordkeeping requirements, 67
plans, 47 shipment of biologicals, 5, 20, 21, 89, 132, 188
policy and procedure manuals, 3, 7, 47, 53-54, 86 teaching laboratories, 68
recordkeeping, 46, 54, 69 waste disposal, 37, 42-43
registry of infectious agents, 55 Reovirus, 185
responsibility for safety, 46-47 Reproductive hazards, to employees, 56-57, 107
signs for hazardous areas, 55 Rhabdovirus, 185
waste management, 55 Rhesus monkey kidney cels, 15

Protective clothing Rickettsia
activities requiring, 87 akari, 17-118
Biosafety Level 2, 91 animal sources and routes of infection, 177-178
Biosafety Level 3, 93 biosafety levels, 117-119
Biosafety Level 4, 95, 96 canada, 118
for cleanup and disposal tasks, 17, 39, 64-65, 66 prowazekii, 118
dispersal of contaminants on, 19 ricketsii, 118-119, 131
facial, 19 risk to laboratory workers, 13
gloves, 25, 39, 143, 171-172 ruminantiwn, 132
for HIV handling, 143. 144 surveillance of laboratory personnel for infections,
for necropsy/surgical specimen handling, 16-17 131-132
for phlebotomy, 171 tswtsugamushi, 118
positive pressure personnel suits, 95, 96, 131 typhi, 118
precautions against HIV or HBV transmission, 170-171 Rift Valley fever virus, 126-128, 132
for vivarium operations, 15, 99, 100, 101 RNA viruses, animal sources and routes of infection,
for waste handling, 39 182-186

Protozoal parasites, 107, 182 Rochalimaea quintana, 117-118
Pseudomonas pseudomallei, 115 Rochalimaea vinsonii, 117-118
Pulmonary diseases, Mycobacteriwn spp., 113 Rocky Mountain spotted fever, 118

Rabella virus, 56, 58, 62

Q
Q fever S

animal hosts. 117 Safety management
immunization, 61 administrative organization and responsibilities, 3, 7,
resistance to inactivation, 10 46-48
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emergency plans, 47, 63-67 T
facilities. 48-51
information resources. 133 Taenia soliun, 108
job analysis, 47 Tanapox virus, 121
in laboratory courses, 68 Tetanus, 58, 60, 85, 105, 112
medical program, 55-63 Tissue samples
operations, 51-55 cryostats, 18
regulation and accreditation, 67 disposal of, 18
responsibility for. 46 inactivation of, 17
training programs, 7, 33, 67-69, 86 Togavirus, 183-184
see also Programs in laboratory safety Toxoplasma spp., 56, 88, 107

Salmonella spp., 13 Training in biosafety
biosafety level required for, 88 academic setting, 67-59
cholera-suis, 115 Biosafety Level 2, 91
enteritidis, 115 Biosafety Level 3. 92
typhi, 69, 115-116 Biosafety Level 4,94-95

Schistosoma spp., 107-108 courses, 207
Scrub typhus, 131 responsibility for, 86
Semiliki Forest virus, 127, 128 teachhig aids, 205-207
Serum-derived reagents, caution, 152 use of containment equipment, 26, 129
Shigella spp., 13, 116 Transmissible spongiform encephalopathies, 122-123
Shigellosis, in laboratory workers, 11, 85 Transportation
Shipment of biologcals importation and interstate shipment of biologicals, 5,

receiving and unpacking specimens, 21 89, 132
regulation of, 5, 20. 21, 89, 132, 201-204 Trematode parasites. 107-108, 179-180

Skin ulcers, 113-114 Trench fever, 118
Smallpox, 85, 121 Treponemapallidm, 56, 116
Soft tissue wound infections, 113-114 Trichophyton spp., 109-110
Spills and releases Trypanosoma cruzi, 107

in biological safety cabinets, 65 Trypanosoma spp., 107, 132
Biosafety Level 2, 92 Tuberculosis
Biosafety Level 3,93-94 and AIDS, 10
chemical/biological, 66 cases in human population, 9
disinfection, 17 cases in laboratory workers, 10
disposal of materials used for cleanup, 32 exposure routes, 10
emergency plans, 64-67 immunization, 62
infectious agents, 64-66, 162 infectiousness of, 20
protective clothing for cleanup, 64-65 monitoring employees for, 58
radioactive biologicals, 66-67 risk of infection from, 9. 10, 11
solid materials, 66 Tularemia, 62. 85, 112, 131

Spirochetes, animal sources and routes of infection, 178 Typhoid fever, 2, 9, 62, 85, 115, 131
Sporothrix schenckii, 109 Typhus, 118, 131
Spotted Fever Group agents. 118
St. Louis encephalitis, 88, 127, 128
Sterilization

autoclaving, 17, 39, 44,50 U.S. Department of Agriculture, 21, 30, 89. 133, 210
biological safety cabinets, 31 U.S. Department of Health and Human Services, warning
large-scale production vessels, 31 to laboratory workers, II
of waste, 39 U.S. Department of Labor, warning to laboratory workers,
see also Disinfectants 11

Streptococcal infections, 85 U.S. Department of Transportation, 21. 89, 210
Strongyloides spp., 107 U.S. Postal Service. 21, 210
Surgical pathology, 18 U.S. Public Health Service
Syphilis, 56, 116 regulation of import and transport of etiologic agents,

20,21, 89
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haulers and waste disposal facilities, 36, 37
V HIV precautions, 163

Vaccinations/vaccines, prophylactic, 14, 22, 60-62, 105, human excreta, 33, 34, 43

111, 112, 114, 116, 126, 127, 131 incineration, 6. 18, 32, 35, 36, 39, 41-42 44

Vaccinia virus, 61, 121, 122 laboratory design for, 50

Varicella virus, 56 liquid waste, 33, 38, 97, 104

Venezuelan equine encephalitis, 62, 85, 124, 126-128 mixed waste, 39,42-44

Vesicular stomatitis virus, 123, 124, 126 needles and other "sharps," 17. 33, 35, 38, 44-45

Vibrio cholerae, 2. 11, 116 personnel protection. 3.37, 39, 45

Vibrio parahaemolticus, 116 radioactive materials 18.19 42-44. 67

Vibrionic enteritis, 116 recordkeeping, 37
Viral agents regulation of, 37, 42-43

biosafety levels, 119-123; see also speciuw agents responsibility for, 36-37, 55

immunization of workers against, 14 risks from. 3, 6, 37, 50

Viral hepatitis in sanitary landfills, 3, 6, 34-35,36

risk of infection from 9, 10, 11 sewage system. 3. 6. 32-35, 43, 50, 108

.ee also Hepatitis A virus; Hepatitis B virus (HBV); solid waste. 32, 38

Hepatitis, non-A/non-B steam autoclaving. 33, 39, 41-44
validation of decontamination methods, 42,43

Water
emergency requirements, 50

W treatment and filtering, 32

Waste handling and disposal Western equine encephalomyelitis, 62, 124, 126

animal bedding material, 38, 44, 99
basic principles, 37-38 y
Biosafety Level 2. 91
Biosafety Level 4.97 Yaba virus infection, 121

cadavers and anatomical waste, 17, 18, 38, 42,44, 101 Yellow fever, 62, 126-128

chemical decontamination, 33, 39, 43; see also Yersinia Pestas, 117

Disinfectants
containment/packaging, 7, 19, 32, 35, 38-39.43-45 Z
cultures, 31-32
dioxin compounds, 44 Zoonotic pathogens, 14, 48, 176-186
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IN THE LABORATORY

Prudent Practices for the Handling
and Disposal of Infectious Materials

The comprehensive set of guii'ines needed for immediate improvement in
laboratory safety practices ...

Representing the consensus of top experts in laboratory safety, this new volume
presents a concise set of practical guidelines for handling and disposing of bio-
hazardous material - a job performed by an estimated 500,000 laboratory workers
every day. Biosafety in the Laboratory discusses high- and low-risk biological
agents (including the highest-risk materials now handled in labs), presents the
.seven basic rules of biosafety," addresses special issues such as the shipping of
dangerous materials, covers waste disposal in detail, and offers guidance for
administering laboratory safety. It also includes references for more information on
special problems, and reprints of special reports on biological safety and on human
immunodeficiency virus (HIV).

Also of interest...

PRUDENT PRACTICES FOR HANDLING HAZARDOUS
CHEMICALS IN LABORATORIES

This authoritative guide assesses the full range of hazards encountered in chemistry and
life science laboratories and provides recommendations for handling dangerous substances
in both ordinary and emergency situations. It includes Safety Data Sheets describing the
chemical, physical, and physiological properties of 33 hazardous substances and provides
details on their special handling.
ISBN 0-309-03128-1; 1981, 291 pages, 6 x 9, index, clothbound

PRUDENT PRACTICES FOR DISPOSAL OF CHEMICALS
FROM LABORATORIES

This detailed guide addresses the unique problems faced by laboratories that use many
types of chemicals in small quantities. It provides environmentally sound procedures for the
safe disposal of chemical waste; suggests guidelines for developing a waste management
system; describes methods for destroying common classes of hazardous chemicals; and rec-
ommends ways to dispose of explosives and to transport hazardous chemicals. The volume
includes an insert illustrating U.S. Department of Transportation requirements for labeling
and placarding hazardous materials.
ISBN 0-309-03390-X; 1983, 304 pages, 6 x 9, index, clothbound


