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I.
Introduction: Bio-safety Level 3 (BSL3) Facility and Procedures
The policies and procedures listed below were adapted, in part, from the CDC-NIH publication Biosafety in Microbiological and Biomedical Laboratories (5th Edition).  This manual is partially based upon the standard operating procedures described for the BSL3 laboratories of Dr. Clifton Barry (National Institutes of Health), Dr. Richard Friedman (University of Arizona), and Dr. Inge Ericks (Washington State University).  Guidelines included here are also based upon the DHHS for working with Mycobacterium tuberculosis complex which includes Mycobacterium bovis in clinical, public health, and research laboratories faound at : http://www.cdc.gov/od/ohs/TB/tbdoc2.htm.  Additionally, the WSU Safety Policies and Procedures Manual (SPPM) and other applicable guidelines were used.

This manual to be complete must include a copy of the BAF (Biosafety Approval Form) submitted to the IBC, a copy of IBC approval for the work to be done and a copy of the approved facility review.  The facility must be recertified on at least an annual basis.

Synopsis of experimental procedures in the BSL3 facility

This facility will be used to grow and manipulate bacterial cultures that are pathogenic.  The class-3 pathogen Mycobacterium bovis will be grown exclusively in the western half of the facility (rooms B56A, AA, AB, and AC).  All manipulations of bacterial cultures will be performed inside biosafety cabinets with the room itself acting as a secondary, backup containment device.
A.
The Facility and Equipment
1. The facility

The BSL3 facility is constructed to allow work with level 3 biological agents.  The first room entered from the main hallway XXX (see BSL3 map in Appendix F of this biosafety manual) will be called the “anteroom”, while the next rooms entered will be the “laboratory”.  Rooms XXX are extensions of the anteroom but will not be used for purposes of putting on or removing protective clothing (see below).  All rooms in the BSL3 facility operate under a negative pressure system.  This system maintains an airflow gradient with the air flowing from the hallway to the laboratory and finally exiting though the ventilation exhaust ducts and the animal cage hood.  Maintaining a negative air pressure gradient is essential for safe working conditions.  At least 10-12 air changes per hour must be affected by the ventilation system for effective removal of air-borne particulate matter.  Airflow gauges to monitor proper airflow in the facility and of the bio-safety cabinet are present in the BSL3 facility in roomsXXXX (see Appendix F).  All work performed with class 3 biological agents (specifically, XXX) will be performed in rooms XXXX, however, BSL3 safety practices will be performed in all rooms of the BSL3 facility.
2. Bacterial species to be used in the BSL3 laboratory

In general, the organisms employed in research studies in this facility are risk group 3 agents, but it is important to understand the factors that influence the risk of infection. 

Bacteria that are spread as aerosols (M. bovis) are never intentionally exposed to the circulating air in the rooms of the BSL3 laboratory.  Manipulations of these cultures are always done inside biosafety cabinets that will safely contain any spills or aerosols that are generated there.  The biosafety cabinets are the primary barriers to exposure and the BSL3 room itself is the secondary barrier.  Even if an aerosol of M. bovis is accidentally generated outside the biosafey cabinets the airflow of the BSL3 facility is designed to have several room air volumes pass through HEPA filters each hour.  Any aerosolized M. bovis accidentally released would be quickly removed from the laboratory and the personal protection equipment (Tyvek coveralls, hoods, gloves, and surgical masks would protect any lab personnel from accidental exposure.  Infections caused by the bacterial pathogens listed below are all commonly treatable by antibiotics. 

a. BSL3-class pathogens (bacteria spread by aerosols)

(i)  Mycobacterium bovis  

A BSL3 laboratory is required for research work with microbial agents that cause serious or potentially serious disease as a result of exposure via the inhalation route.  M. bovis is a BSL-3 class agent that can infect the lungs of humans.  M. bovis is suspended into the air when an infected individual coughs, sneezes, laughs, or sings.  The bacilli are spread in the air as droplet nuclei that can be infectious if they reach the lower regions of the lungs of a person.  While working with cultures of M. bovis in the laboratory there are a number of common laboratory procedures that can lead to the production of aerosols composed primarily of droplet nuclei.  These procedures include:

-Pouring of liquid cultures or supernatant fluids

-Delivering a fluid out of a pipette into a receptacle

-Electroporation of recombinant organisms

-Mixing a fluid culture with a pipette

-Using high speed mixing devices (vortexing)

-Dropping/breaking a tube or flask of liquid culture 

-Breaking tubes during centrifugation

-Dropping a bacterial suspension from a pipette onto a hard surface

There are also extra-pulmonary routes of infection, such as needle stick injuries, contaminated glassware, and infection through uncovered cuts or abrasions.

M. bovis grown in the BSL3 laboratory will only be opened inside the biological safety cabinets.  All manipulations of cultures including pouring, pipetting, vortexing, and electroporation will be done inside a biosafety cabinet.  Samples to be centrifuged will be done so using special rotors designed to contain aerosols.  These rotors are detachable from the centrifuges and will only be opened inside biosafety cabinets.  The strain of M. bovis used in this BSL3 laboratory is XXXX Antibiotic markers used with this strain include Kanamycin and Hygromycin; two antibiotics not used in the treatment of tuberculsosis.  Multiple drug resistant strains of M. bovis will not be used in this facility.  Most people (~70%) exposed to M. bovis do not establish infections.  Of those infected with M. bovis there is a 5-10% lifetime risk of developing tuberculosis.  M. bovis infections may be detected by PPD-skin tests with chest X-rays used as a secondary diagnostic tool for people who are PPD skin-test positive.

What is Tuberculosis and what is a PPD test? 
Tuberculosis is a disease caused most commonly by Mycobacterium tuberculosis and Mycobacterium bovis.  The World Health Organization estimates that this disease affects 2 billion people worldwide, most with latent disease. 

Primary pulmonary disease is the most common presentation of active TB, although extrapulmonary infections are seen: lymphadenitis,meningitis, osteomyelitis, and peritoneal and renal TB. Symptoms usually are nonspecific and consist of fever, anorexia, and weight loss. Occasionally, a nonproductive cough, headache, and vague abdominal pain are seen. 

The intradermal Mantoux test is the most reliable TST (Tuberculin Skin Test) screen for TB. The test consists of 0.1mL of 5 tuberculin units of purified protein derivative (PPD) injected intradermally on the volar aspect of the forearm, forming a 6- to 10-mm wheal. The area is inspected at 48 to 72 hours; induration, not erythema, is measured transfersely to the long axis of the forearm and the results recorded in millimeters. The determination of a positive PPD depends on the clinical and epidemiologic circumstances and size does not differentiate between active or latent infection. 
Tubercle infection can occur when:  The air droplet nuclei containing the tubercle bacilli are inhaled, entering the respiratory tract and initiating infection in the lungs. Rarely there is GI or cutaneous acquisition. The infection spreads from there to regional lymph nodes and subsequently throughout the body via the systemic circulation, preferring the vascular areas. This is usually unrecognized and asymptomatic in all affected people. Once the affected individual mobilized cell-mediated immunity 6 to 10 weeks later, the progress of the infection is stopped, many of the bacilli are eliminated and those that remain enter a latent state. 

Ninety percent of those infected have latent TB infection (LTBI) and a lifetime risk of reactivation. The highest incidence of active disease is found in children younger than 4 years of age and in those recently infected. Symptomatic illness peaks within the first year or two after infection and decreases substantially after 5 years, although a small ongoing risk of reactivation exists for the lifetime of the individual. This risk increases if the individual acquires HIV infection, certain chronic disease, or is on immunosuppressive therapy.  http://pediatrics.uchicago.edu/chiefs/ClinicCurriculum/documents/PPDandTBScreening.pdf 
MATERIAL SAFETY DATA SHEET - INFECTIOUS SUBSTANCES
SECTION I - INFECTIOUS AGENT
NAME: Mycobacterium tuberculosis, Mycobacterium bovis
SYNONYM OR CROSS REFERENCE: TB

CHARACTERISTICS: Gram positive rods, non-spore forming, non-motile, slightly curved, forming strands and cords, acid-fast staining, aerobic, slow-growing,

SECTION II - HEALTH HAZARD
PATHOGENICITY: Initial infection usually unnoticed, tuberculin sensitivity appears in a few weeks and lesions commonly heal; may progress to pulmonary tuberculosis (fatigue, fever, cough, chest pain, hemoptysis fibrosis, cavitation) or extrapulmonary involvement (miliary, meningeal) by lymphohematogenous dissemination; serious outcome of initial infection more frequent in infants and children; infection with bovine bacillus rare; drug resistant strains can cause irreversible damage in the lungs 

EPIDEMIOLOGY: Worldwide (important cause of disability and death in many parts of the world despite downward mortality and morbidity rates); higher in males, among poor and in cities; in low incidence areas, most tuberculosis is endogenous (reactivation of initial latent foci); long exposures of some contacts leads to high risk of infection (25-50%); epidemics in enclosed areas; M. bovis infection encountered where disease in cattle has not been controlled and raw milk is still used; 11.8% of the isolates are drug resistant, 1.2% being multi-drug resistant 

HOST RANGE: Primarily humans, cattle, primates, other animals (rodents)

INFECTIOUS DOSE: 10 bacilli by inhalation

MODE OF TRANSMISSION: Portal entry is the lung; pathogen is carried as airborne particles (droplet nuclei); exposure to airborne bacilli from sputum of infected persons; direct invasion of mucous membranes or breaks in skin;bovine tuberculosis from exposure to infected cattle (airborne, ingestion of raw milk or dairy products); medical personnel at risk while performing autopsies, intubation, bronchoscopies or by dermal innoculation

INCUBATION PERIOD: From infection to primary lesion or significant tuberculin reaction - 4 to 12 weeks; risk of progressive pulmonary or extrapulmonary tuberculosis is greatest within 1 to 2 years after infection; may persist for lifetime as latent infection

COMMUNICABILITY: Communicable as long as bacilli are discharged in sputum (may be years if untreated); extrapulmonary TB (except laryngeal tuberculosis) generally not communicable

SECTION III - DISSEMINATION
RESERVOIR: Primarily humans; in some areas, diseased cattle, badgers, swine and other mammals are infected (M. bovis)

ZOONOSIS: Yes - inhalation of infected droplets; direct contact with infected animals or tissues of infected animals 

VECTORS: None

SECTION IV - VIABILITY
DRUG SUSCEPTIBILITY: Sensitive to combination of antimicrobial drugs - isoniazid, rifampin, streptomycin, ethambutol, pyrazinamide

DRUG RESISTANCE: Isoniazid (INH) and rifampin; multi-drug resistant isolates are resistant to first and second-line antibiotics

SUSCEPTIBILITY TO DISINFECTANTS: Greater resistant to disinfectants and require longer contact times for most disinfectants to be effective; 5% phenol, 1% sodium hypochlorite (only if low organic matter and longer contact times), iodine solutions (high concentration of available iodine required), glutaraldehyde and formaldehyde (longer contact time) are effective

PHYSICAL INACTIVATION: Sensitive to moist heat (121° C for at least 15 min), light

SURVIVAL OUTSIDE HOST: Guinea pig carcasses - 49 days; carpet - up to 70 days; dust - 90 to 120 days; cockroaches - 40 days; manure 45 days; paper book - 105 days; sputum (cool, dark location) - 6 to 8 months; clothing - 45 days

SECTION V - MEDICAL
SURVEILLANCE: Skin testing with PPD (purified protein derivative) of previously skin-tested-negative personnel; chest X-ray

FIRST AID/TREATMENT: Combination antibiotic therapy

IMMUNIZATION: Licensed attenuated live vaccine (BCG) available, but not routinely carried out

PROPHYLAXIS: Preventative treatment with INH (risk of hepatitis for those over 35 years old)

SECTION VI - LABORATORY HAZARDS
LABORATORY-ACQUIRED INFECTIONS: Incidence of tuberculosis in laboratory workers working with M. tuberculosis is three times higher than those not working with agent; fourth most commonly reported laboratory infection; 176 reported cases with 4 deaths

SOURCES/SPECIMENS: Sputum, gastric lavage fluids, cereobrospinal fluid, urine, lesions from a variety of tissues

PRIMARY HAZARDS: Inhalation of infectious aerosols; accidental parenteral inoculation, direct contact of mucous membranes, ingestion; naturally or experimentally infected non-human primates are a known cause of human infection; litter of infected animals (e.g. mice and hamsters) serve as source of infectious aerosols;

SPECIAL HAZARDS: Bacilli may survive in heat-fixed smears and may be aerosolized in the preparation of frozen sections and during manipulation of cultures; high rate of isolation of acid fast organisms from clinical specimens (>10%), sputum and other specimens, from suspected or known cases

SECTION VII - RECOMMENDED PRECAUTIONS
CONTAINMENT REQUIREMENTS: Biosafety level 2 practices, containment equipment and facilities for primary culture of sputum and preparing smears; biosafety level 3 practices, containment equipment and facilities for the propagation and manipulation of cultures of M. tuberculosis or M. bovis and for animal studies utilizing non-human primates

PROTECTIVE CLOTHING: Laboratory coat and gloves when manipulating specimens; gloves and gown with tight wrists and ties in back when manipulating cultures

OTHER PRECAUTIONS: Appropriate practices and precautions to minimize the production of infectious aerosols

SECTION VIII - HANDLING INFORMATION
SPILLS: Allow aerosols to settle; wearing protective clothing, gently cover spill with paper towels and apply 5% phenol, starting at perimeter and working towards the centre; allow sufficient contact time (30 min) before clean up

DISPOSAL: Decontaminate before disposal; steam sterilization, incineration

STORAGE: In sealed containers that are appropriately labelled

SECTION IX - MISCELLANEOUS INFORMATION
Date prepared: March, 2001

Prepared by: Office of Laboratory Security, PHAC

Although the information, opinions and recommendations contained in this Material Safety Data Sheet are compiled from sources believed to be reliable, we accept no responsibility for the accuracy, sufficiency, or reliability or for any loss or injury resulting from the use of the information. Newly discovered hazards are frequent and this information may not be completely up to date.

Copyright ©
Health Canada, 2001

4.
BSL3 Equipment
The facility is fully self-contained in that laboratory equipment has been acquired specifically for BSL3 work and may not be removed without prior decontamination.  BSL class 3 biological agents (M. bovis) will only be used in the western half of the BSL3 laboratory (rooms B56A-AC; see Appendix F) while class 2 biological agents can be used in both the western and eastern (B56B-BC) halves of the BSL3 laboratory.  Major items of equipment within rooms B56A-AC (western half) include incubators for bacterial culture, a tabletop centrifuge designed for working with bio-hazardous material, an electroporation apparatus, a compound light microscope, refrigerators, a microcentrifuge designed for working with bio-hazardous material, an incubator roller-bottle apparatus, a spectrophotometer, a water bath, and aerosol-containing holding areas for infected animals.  Major items of equipment within rooms B56B-BC (eastern half) include a -70oC freezer, refrigerators, incubators, biosafety cabinets, a confocal microscope, computers, and centrifuges.

5.
Biosafety Cabinets 
Class II bio-safety cabinets (100% exhaust to the outside) are installed in the BSL3 laboratory in rooms B56A, B56AA, B56B, and B56BA.  Before any work is to be done in the cabinet the blower will be turned on and allowed to run for at least 2 to 5 minutes.  Shutting the bio-safety cabinet blower off has no effect on the laboratory remaining under the same level of negative pressure. Biosafety cabinets in the rooms B56A and B56AA (western half of the BSL3 laboratory) will always be left on as an added containment precaution for working with M. bovis.  The bio-safety cabinets will be recertified on a yearly basis by Michael Price of ENV services.
  

6.
Facility Entry and Exit
Entry and exit from the BSL3 facility is through the anteroom which provides a safe environment for personnel to gown (upon entry) and to degown (upon exit).  The entrance door to the anteroom and the doors into the BSL3 laboratory must NOT be opened at the same time. 
There are exit doors available in the men’s (room XXX) and women’s (room XXX) shower rooms.  These doors are not accessible from the outside.  Anyone exiting through these doors must make sure doors are shut and locked before leaving.

The anteroom door has a keypad and access requires the appropriate code for entry.  Only authorized personnel will have the code for access to this facility.  Entry into room XXX from the anteroom is by use of a key for the laboratory door.  Exit from the BSL3 laboratory is via the anteroom.

Emergency exit Room XXX has an emergency exit to the outside this door is only to be used in case of emergency and access to the anteroom exit is blocked.

B.
Safe Operating Procedures for the BSL3 Facility
Safe operating procedures (SOP) will be used by all operators in the BSL3 laboratory.  This information is listed below (II. General Laboratory Practices for BSL3).  All personnel will be required to read the SOP before working in the laboratory.  All personnel will be trained by the BSL3 laboratory managers, Drs. Bill Davis, and Mike Konkel, prior to gaining access to or performing work in the facility.  Working in a BSL3 facility is dependant upon the trust of fellow workers to perform safe handling practices of bacterial agents and to promptly report accidents in the facility to fellow workers.  Whenever possible, researchers working with M. bovis will coordinate their activities with researchers working with BSL2-class agents so that personnel need not be in the facility at the same time.
Medical Surveillance for Individuals working in the BSL3

As a general precaution, individuals believed to be immunocompromised will not be allowed to work in this facility. 

All personnel who will work in the BSL3 laboratory will be given a PPD intradermal skin test (Mantoux Test) prior to commencing work in the facility to establish baseline data.  Staff at the Whitman County Health Department (NE 235 Olsen, Pullman) will perform the skin test.  Personnel working in the BSL3 with M. bovis in the western half of the BSL3 facility will be PPD tested every six months.  Personnel who do not work in the western half of the BSL3 facility will be PPD tested annually.  Personnel who are initially PPD skin-test positive must also obtain a chest X-ray.  Chest X-rays will be performed at the Health and Wellness Services Center, Washington State University.  After a positive Mantoux Test, skin tests will be performed on all lab personnel on a three month interval until no additional positive results are found.  Records will be kept by Dr. Bill Davis and handled so as to maintain patient confidentiality.

All seroconversions require immediate reporting to the Biosafety Officer.  This report must be made in writing and include an Incident Investigation Report.

II.  General Laboratory Practices for BSL3
A. Standard Microbiological Practices

a. The laboratory supervisor must enforce the institutional policies that control access to the laboratory.  Access to the laboratory is restricted to persons whose presence is required for program or support purposes.  The Principal Investigator has the final responsibility for assessing each circumstance and determining who may enter or work in the laboratory.
b. Persons must wash their hands after working with potentially hazardous materials and before leaving the laboratory.

c. Eating, drinking, smoking, handling contact lenses, applying cosmetics, and storing food for huma consumption must not be permitted in laboratory areas.  Food must be stored outside the laboratory area in cabinets or refrigerators designated and used for this purpose.
d. Mouth pipetting is prohibited; mechanical pipetting devices must be used.

e. Policies for the safe handling of sharps, such s needles, scalpels, pipettes, and proben glassware must be developed and implemented.  Whenever practical, laboratory supervisors should adop improved engineering and work practice controls that reduce risk of sharps injuries.

Precautions, including those listed below, must always be taken with sharp items.  These include:

i. Careful management of needles and other sharps are of primary importance.  Needles must not be bent, sheared, broken, recapped, removed from disposable, syringes, or otherwise manipulated by hand before disposal.

ii. Used disposable needles and syringes must be carefully & promptly placed in conveniently located puncture-resistant containers used for sharps disposal.

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

iv. Hypodermic needles and syringes are used only for aspiration of fluids from diaphragm bottles.  Only needle locking syringes or disposable syringe-needle units (i.e. needle is integral to the syringe) are used for the injection or aspiration of fluids containing organisms that contain recombinant DNA molecules.

v. Extreme caustion should be used when handling needles and syringes to avoid autoinoculation and the generation of aerosols during use and disposal  

vi. Broken glassware must not be handled directly.  Instead, it must be removed using a brush and dustpan, tongs, or forceps.  Plasticware should be substituted for glassware whenever possible.

f. Perform all procedures to minimize the creation of splashes and/or aerosols.  All open work with Mycobacterium tuberculosis is performed in the BSC.

g. Decontaminate work surfaces after completion of work and after any spill or splash of potentially infectious material with appropriate disinfectant.

h. Decontaminate all wastes, cultures, stocks and other potentially infectious materials before disposal using an effective method.  A method for decontaminating all laboratory wastes should be available in the facility, preferably within the laboratory (e.g., autoclave, chemical disinfection, incineration, or other validated decontamination method). 

i. A sign incorporating the universal biohazard symbol must be posted at the entrance to the laboratory when infectious agents are present.  Posted information must include the laboratory’s biosafety level, the supervisor’s name (or other responsible personnel), telephone number, and required procedures for entering and exiting the laboratory to include personal protective equipment that must be worn upon entry into the lab.  Agent information should be posted only on the internal door before entering the anteroom.
j. An effective integrated pest management program is in place.

k. The laboratory supervisor must ensure that laboratory personnel receive appropriate training regarding their duties, the necessary precaustions to prevent exposures, and exposure evaluation procedures.  Personnel must receive annual updates or additional training when procedureal or policy changes occur.  Personal health status may impact an individual’s susceptibility to infection, ability to receive immunications or prophylactic interventions.  Threfore, all laboratory personnel and particularly women of chil-bearing age should be proved with information regarding immune competence and conditions that may predispose them to infection.  Individuals having these conditions should be encouraged to self-identify to the institution’s healthcare provider for appropriate counseling and guidance.

B. Special Practices

a. All persons entering the laboratory must be advised of the potential hazards and meet specific entry/exit requirements

b. Laboratory personnel must be provided medical surveillance and offered appropriate immunizations for agents handled or potentially present in the laboratory.

c. Each institution must establish policies and procedures describing the collection and storage of serum samples from at-risk personnel.  No serum samples are taken or stored for work in this laboratory facility with the agent Mycobacterium bovis.  
d. This manual is the laboratory specific biosafety manual that is available and accessible in the laboratory at all times.

e. The laboratory supervisor must ensure that laboratory personnel demonstrate proficiency in standard and special microbiological practices before working with BSL-3 agents.  See Appendix B Training Agreement to be signed by each employee and Bill Davis (PI) when this training is complete.

f. Potentially infectious materials and recombinant DNA material must be placed in a durable, leak proof container during collection, handling, processing, storage, or transport within a facility.  These containers must be closed before being removed from the laboratory.
g. Laboratory equipment is routinely decontaminated, as well as, after spills, splashes, or other potential contamination.

i. Spills involving infectious materials and genetically modified organisms must be contained, decontaminated, and cleaned up by staff properly trained and equipped to work with these materials.

ii. Equipment must be decontaminated before repair, maintenance, or removal from the laboratory.

h. Incidents that may result in exposure to infectious materials must be immediately evaluated and treated according to procedures describe in this laboratory biosafety manual.  All such incidents must be reported to the laboratory supervisor and Biosafety Officer.  Medical evaluation, surveillance and treatment should be provided and appropriate records maintained.  Spills and accidents which result in overt or potential exposures to organisms containing recombinant DNA molecules are immediately reported to the Biological Safety Officer and or the IBC (Institutional Biosafety Committee).
i. Animals and plants not associated with the work being performed must not be permitted in the laboratory.

j. Children are not allowed access.

k. All procedures involving the manipulation of infectious materials must be conducted within a BSC or other physical containment devices.  No work with open vessels is conducted on the bench.  When a procedure cannot be performed with a BSC. A combination of personal protectivie equipment and other containment devices, such as a centrifuge safety cup or sealed rotor, must be used.

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

a. All procedures involving the manipulatin of infectious materials must be conducted with a BSC (preferably Class II or Class III), or other physical containment devices.

b. Protective laboratory clothing with a solid-front such as a tie-back or wrap-around gowns, scrub suits, or coveralls are worn by workers when in the laboratory.  Protective clothing is not worn outside of the laboratory.  Reusable clothing is decontaminated with appropriate disinfectant or autoclaved before being laundered.  Clothign is changed when contaminated.

c. Eye and face protection (goggles, mask, face shield or other splatter guard) is used for anticipated splashes or sprays of infectious or other hazardous materials.  Eye and face protection must be disposed of with other contaminated laboratory waste or decontaminated before reuse.  People who wear contact lenses in laboratories must also wear eye protection.

d. Gloves must be worn to protect hands from exposure to hazardous material.  Glove selection should be based on an appropriate risk assessment.  Alternative to latex gloves should be available.  Gloves must not be worn outside the laboratory.  In addition, BSL-3 laboartoy workers should:

i. Change gloves when contaminated, integrity has been compromised, or when otherwise necessary.  Wear two pairs of gloves when appropriate.

ii. Remove gloves and wash hands when work with hazardous materirals has been completed and before leaving the lab.

iii. Do not wash or reuse disposable gloves.  Dispose of used gloves with other contaminated laboratory waste.  Hand washing protocols must be rigorously followed.

e. Eye, face, and respiratory protection must be used in rooms containing infected animals.

D. Laboratory Facilities (Secondary Barriers)

a. Laboratory doors must be self closing and have locks.
The laboratory must be separated from areas that are open to unrestricted traffic flow within the building.

Access to the laboratory is restricted to entry by a serices of two self-closing doors.

A clothing change room (anteroom) may be included in the passageway between the two self-closing doors.
b. Laboratory doors are kept closed when experiments are in progress


c. Laboratories must have a sink for hand washing.  The sink must be hands-free or automatically operated.  It is located near the exit door.

If the laboratory is segregated into different laboraties, a sink must also be available for hand washing in each zone. Additional sinks may be required as determined by the risk assessment.

d. The laboratory must be designed so that it can be easily cleaned and decontaminated.  Carpets and rugs are not permitted.  Seams, floors, walls, and ceiling surfaces should be sealed.  Spaces around doors and ventilation openings should be capable of being sealed to facilitate space decontamination.

i. Floors must be slip resistant, impervious to liquids, and resistant to chemicals.  Consideration should be given to the installation of seamless, sealed, resilient or poured floors, with integral cove bases.

ii. Walls should be constructed to produce a sealed smooth finish that can be easily cleaned and decontaminated.

iii. Ceilings should be constructed, sealed, and finished in the same general manner as walls.

Decontamination of the entire laboratory should be considered when there has been gross contamination of the space, significant changes in laboratory usage, for major renovations, or maintenance shut downs.  Selection of the appropriate materials and methods used to decontaminate the laboratory must be based on the risk assessment of the biological agents in use.

e. Laboratory furniture must be capable of supporting anticipated loads and uses.  Speaces between benches, cabinets, and equipment must be accessible for cleaning.

i. Bench tops must be impervious to water and resistant to heat, organic solvents, acids, alkalis, and other chemicals.

ii. Chairs, used in laboratory work must be covered with a non-porous material that can be easily cleaned and decontaminated with appropriate disinfectant.

f. All windows in the laboratory must be sealed.

g. BSC’s must be installed so that fluctuations of the room air supply and exhaust do not interfere with proper operations.  If the HEPA filtered exhaust air from the biological safety cabinet is to be discharged to the outside throught the building exhaust air system, it is connected to the system in a manner (e.g. thimble unit connection) that avoids any interference with the air balance of the cabinets or building exhaust system. BSC’s should be located away from doors, heavily traveled laboratory areas, and other possible airflow disruptions.

h. Vacuum lines must be protected with HEPA filters, or their equivalent.  Filters must be replaced as needed.  Liquid disinfectant traps are also required.

i. An eyewash station must be readily available in the laboratory.

j. A ducted air ventilation system is required.  This system must provide sustained directional airflow by drawing air into the laboratory from “clean” areas toward “potentially contaminated” areas. The laboratory shall be designed such that under failure conditions the airflow will not be reversed.

i. Laboratory personnel must be able to verify directional air flow.  A visual monitoring device which confirms directional air flow must be provided at the laboratory entry.  Audible alarms should be considered to notify personnel of air flow disruption.

ii. The laboratory exhaust air must not re-circulate to any other area of the building

iii. The laboratory building exhaust air should be dispersed away from occupied areas and from building air intake locations or the exhaust air must be HEPA filtered.

k. HEPA filtered exhaust air from a Class II BSC can be safely re-circulated into the laboratory environment if the cabinet is tested and certified at least annually and operated according to manufacturer’s recommendations.  BSC’s can also be connected to the laboratory exhaust system by either a thimble (canopy) connection or a direct (hard) connection.  Provisions to assure proper safety cabinet performance and air system operation must be verified.  BSC’s should be certified at least annually to assure correct performance.  Class III BSC’s must be directly (hard) connected up through the second exhaust HEPA filter of the cabinet.  Supply air must be provided in such a manner that prevents positive pressurization of the cabinet.

l. A method for decontamination all laboratory wastes should be available in the facility, preferably within the laboratory (e.g., autoclave, chemical disinfection, incineration, or other validated decontamination method).

m. Equipment that may produce infectious aerosols must be contained in devices that exhaust air through HEPA filtration or other equivalent technology before being discharged into the laboratory.  These HEPA filters should be tested and/or replaced at least annually.

n. Facillity design consideration should be given to means of decontaminating large pieces of equipment before removal from the laboratory.

o. Enhanced environmental and personal protection may be required by the agent summary statement, risk assessment, or applicable local, state, or federal regulations.  These laboratory enhancements may include, for example, one or more of the following; an anteroom for clean storage of equipment and supplies with dress-in, shower-out capabilities; gas tight dampers to facilitate laboratory isolation; final HEPA filtration of the laboratory exhaust air; laboratory effluent decontamination; and advanced access control devices such as biometrics.  HEPA filter housings should have gas-tight isolation dampers; decontamination ports; and/or bag-in/bag-out (with appropriate decontamination procedures) capability.  The HEPA filters and the housing should be certified at least annually

p. The BSL-3 facility design, operational parameters, and procedures must be verified and documented prior to operation.  Facilities must be re-verified and documented at least annually.



Restricted Access
Entry into the BSL3 facility is restricted to authorized individuals who have obtained training specific for BSL3 operations and emergency procedures.  The keypad code will be given only to personnel who need access to the BSL3 and only after successfully completing all training requirements.  There is a key to the door between the anteroom and the western half of the BSL3 that will be stored in the anteroom inside the cabinets.
Any breach of the safety manual procedures may result in temporary suspension or other disciplinary actions from the BSL3 facility until further evaluation by the PI.
Only authorized visitors are allowed into the BSL3 facility.  Authorization must be provided by the PI.

B.
Entry
The operator enters the code for the keypad and enters the vestibule where the air-flow gauge is examined to ensure there is a proper negative air flow relative to outside the BSL3 facility.  From the vestibule the operator enters the anteroom where again the air flow is determined by viewing the gauge. 
In the anteroom, the operator dons a TYVEK tie-back gown, head cover and foot covers, an N95 particulate respirator (custom fit mask), and gloves fastened appropriately to overlap suit.  The operator is then ready to enter the BSL3 laboratory.

It is the responsibility of the operator to ensure that all necessary equipment and materials are available within the BSL3 laboratory and that all safety concerns have been addressed prior to entering the anteroom.  Pre-planning is essential.  Exposure risks increase with repeated entry and exit from the facility.

Once inside the BSL3 laboratory (rooms B56A or B56B) the operator will examine the pressure gauge readings to ensure there is proper negative air flow in the BSL3 (for positions of air-flow gauges in those rooms please see Appendix F, Map of the BSL3 Laboratory).

Within the BSL3 laboratory there is a telephone, which is for emergency use only and for contact with laboratory staff in the department.  Appropriate emergency phone numbers are posted next to the telephone.
C.
Bio-safety Cabinet Use for class 3 Biological Agents (M. bovis)
All work with M. bovis cultures exposed to the air must be performed inside a biosafety cabinet.

For spills and other heavy contamination, we will use a 1:2 dilution of Lysol or O-syl (diluted in dH20).  This is our concentrated disinfectant.  For general decontamination, and wipe downs, such as the hood we will use a 1:40 dilution of disinfectant.  This is our working dilution.  Unless otherwise noted, the working dilution of disinfectant is to be used.  Throughout these Standard Operating Procedures if the term “disinfectant” is used it refers to a 1:40 dilution of either Lysol or O-syl.  Other disinfectants, such as 10% bleach, can be used if needed (After the use of either Lysol, O-syl, or 10% bleach all stainless steel surfaces must be cleaned with 70% ethanol to prevent corrosion). 

The biosafety cabinet blower will be left on continually in the western half of the BSL-3 laboratory as an added precaution for M. bovis containment. Before working in the bio-safety cabinet, the UV light is switched off and the fluorescent light is switched on.  A fresh absorbent pad is then placed in the cabinet and saturated with disinfectant.

All materials needed to complete the experiment are placed in the cabinet to limit the number of times hands pass through the air barrier.  Equipment is not to be placed on the intake grills at the front of the cabinet, nor against the exhaust opening at the back of the cabinet.

A biohazard bag should be present in the cabinet.  This bag is used for discarding pipettes, contaminated Pipetman tips, and test tubes.  

A second pair of gloves is always worn when working in the Biosafety Cabinet.  During work if outer gloves are potentially contaminated, they should be discarded into the biohazard bag and a new pair put on.  In general, if you have worked with any open cultures in the hood, remove outer gloves to biohazard bag in the Cabinet and then don new gloves outside the biosafety cabinet.
At the end of the work session, culture tubes, DNA tubes, racks, and other material to be removed from the cabinet are decontaminated by wiping with Lysol while still within the biosafety cabinet.

Any liquid cultures of Mycobacterium to be discarded should be first treated with concentrated disinfectant solution.
The absorbent pad and other material used during clean up and the first pair of gloves is placed into the biohazard bag while still within biosafety cabinet and closed with a rubber band. Do not twist or tie the bag, as it may blow open in the autoclave if heated air is not allowed to escape from the bag.
A fresh pair of gloves is donned and the interior of the biosafety cabinet is now wiped down completely with disinfectant followed by 70% Ethanol. 

Cleaning paper towels and gloves used to wipe down the biosafety cabinet surfaces are put into this second bag.  The bag is closed with a rubber band and removed from the biosafety cabinet to be autoclaved.
The cabinet UV light is switched on once the cabinet and bench tops have been disinfected and the operator is ready to exit the laboratory.  
Nothing should be left in the biosafety cabinet upon leaving the facility.

Prior to leaving the BSL3 laboratory, rinse your first layer gloves in disinfectant. Gloves should be removed and hands washed inside the laboratory.

Once inside the anteroom, Tyvek coveralls, head cover, mask, and gloves are removed in that order and put in a biohazard bag.  The bag is closed with a rubber band and placed on the cart to go to the autoclave.
Hands should now be washed at a sink in the anteroom (toilet room adjacent to room B56) (30-second washing) prior to leaving the BSL3 facility.

The operator logs out in the logbook and leaves the anteroom.

D.
Autoclaving
The autoclave in room B56, Eastlick Hall shall be used to autoclave waste generated in the BSL3.  

Personnel in the Eastlick Vivarium (room B58) will be phoned to turn on the autoclave in room B58A from the vivarium side.  This autoclave is not to be opened from the vivarium side.  All autoclave cycles should be run at 121(C for at least one hour. 
A biological indicator is used in each load.  After the completed cycle, the autoclave is unloaded and the bags are disposed of appropriately in designated biohazard containers.  Once full, these biohazard containers are closed and sent to be incinerated. Under no circumstances will these containers be sent to be incinerated before the biological indicators from the autoclave loads have shown that sterilization occurred.
Disposables will be used whenever possible.  If reusable supplies from the BSL3 need to be autoclaved, they will be put into separate marked autoclave bags and containers.

III.
Special BSL3 Procedures
Some laboratory procedures used routinely in the BSL3 laboratory will require additional precautions when working with M. bovis.  These procedures include electroporation, vortexing, centrifugation, and growth of liquid cultures in laboratory incubators.  The special concern is the potential creation of aerosols of pathogenic bacteria outside the biosafety cabinet.  This concern is addressed by performing all manipulations of cultures inside a certified biosafety cabinet and never exposing a culture to the atmosphere outside of a biosafety cabinet.

A.
Manipulations with Live Mycobacteria
All manipulations with live virulent mycobacteria must be performed inside the Biosafety Cabinet in the room B56A or B56AA.  A Bunsen burner should not be used to sterilize transfer loops. Instead, only disposable loops should be used.  Clearly label all cultures that you set up with your name, the date, and the mycobacterial strain.  Storage of stock cultures of M. bovis in the refrigerator or -70oC freezer will be done only in sealed plastic containers or tubes which will be clearly labeled as described above.  Record all activities involving mycobacteria (setting up a culture, harvesting bacteria, storage in freezer, etc.) in the log-in book. All freezer stocks are to be recorded in the -70(C freezer logbook.

B.
Electroporation
Electroporation is the only known technique for transforming mycobacteria.  The Bio-Rad Gene pulser and Pulser Controller units should be placed either next to the biosafety cabinet or on a cart and the cuvette chamber holder should be located inside the biosafety cabinet.  Subsequent removal of the cuvette from the holder after electroporation and the transfer of cultures to other vessels should be carried out only within the cabinet.  After removal of the cuvette from the holder, be sure to wipe the outside of the vessel with disinfectant.  If spillage or breakage occurs it will therefore be inside the cabinet and can be dealt with accordingly (see Section V. Spill Response in the BSL3 Laboratory).  This eliminates the risk that live agents can be released outside the biosafety cabinet.

C.
Vortexing of Bacterial Suspensions
A Fast Prep device is used for bead beating for the purpose of lysing cells.  This device contains a lid that forms a tight seal when closed.  Samples must be beaten for a cumulative time of 90 sec and must be subsequently centrifuged.  This equipment may be used outside the biosafety cabinet. ONLY screw-capped, disposable microfuge tubes with O-rings may be used.  Use the tubes with the clear caps as these fit best in the Fast Prep instrument.  Make sure caps are tightened properly and securely.  Make sure tubes are secure and spaced properly in Fast prep.  If a spill or breakage occurs, transfer the device to the inside of a biosafey cabinet BEFORE opening the device.  Next, soak the interior of the Fast Prep with disinfectant and clean up as described in Section V.

D.
Centrifugation
Room B56A has two bench top centrifuges with special rotors that prevent release of aerosols if a tube breaks while centrifuging.  The rotors can also be removed from the centrifuge for loading/unloading in the biosafety cabinet.  Material to be centrifuged should be loaded/unloaded inside the biosafety cabinet only.  All items to be centrifuged must be properly balanced and the rotor top sealed before the centrifuge is switched on.  After centrifugation, the rotor should be removed to the biosafety cabinet and examined for any breakage.  If no breakage is apparent, the lid can be removed and samples removed and manipulated in the cabinet.  If breakage of a tube occurs in the rotar, the contaminated holder and its entire contents should be soaked with concentrated disinfectant.  No work should continue in the cabinet for at least one hour to allow the cabinet exhaust to remove aerosols and to give sufficient contact time for the germicide to act.  Then all the broken tubes, materials used in the clean up, etc. should be disposed of into a biohazard bag.  The centrifuge bucket should be wiped down with 70% ethanol, and if needed, can be autoclaved as well.  Routinely, the centrifuge chamber and rotor should be wiped down with 70% ethanol at the end of the work day.

E.
Growth of Mycobacteria on Solid Media or Liquid Cultures in Laboratory Incubators
M. bovis cultures will be grown either on solid media (agar slants or plate media contained in Petri dishes) or as liquid cultures.  Growth on agar slants will only be done in plastic sealed tubes or as plate media in Petri dishes in a sealed ziploc bag.   For Mycobacterium grown on solid media the colonies are dry and the infectious dose is extremely low (about 10 organisms) thus, the containers of growth on solid media are never intentionally opened outside the BSC.Liquid mycobacterial cultures will be grown in a bacteriological incubator using a roller bottle apparatus in room B56AA.  The major hazard presented by growing liquid cultures is the creation of aerosols of infectious material after breakage of culture vessels.  To lessen the chance of breakage, only disposable plastic flasks and roller bottles will be used in the incubators. It is anticipated that normally only small volume cultures will be grown (250 ml or less). For larger culture volumes, the operator must receive approval of Dr. Dahl.  The appropriate vessels should be seeded with bacterial culture inside the biosafety cabinet, wiped down with disinfectant, and then transferred to the roller bottle apparatus in the incubator.  After the required culture period, any further manipulations of the culture should only be carried out in the biosafety cabinet.  The incubator has a sealable inner glass door.  Before cultures are removed, a visual check should be done to confirm that no breakage or spillage occurred.  If spillage of any kind is suspected, the lid or door should not be opened.  In order to deal with the infectious material and to decontaminate the machine, the temperature control on the unit should be turned up to 80oC and the machine left for at least 24 hours.   Then the machine should be turned off and allowed to cool.  The vessels should be removed and placed in biohazard bags, and the entire inside of the unit wiped down with disinfectant followed by 70% ethanol.  The size of the incubator necessitates this process, described above, since a large incubator cannot be placed inside a biosafety cabinet.
F.
Removal of Experimental Material from the BSL3 Laboratory
1.
Microscope slides
Microscope slides of M. tuberculosis prepared inside the BSL3 laboratory will only be viewed inside the BSL3 laboratory with the exception of slides prepared for electron microscopy which must be removed from the BSL3 for viewing.  In preparing slides for BSL3 use, the slide containing a heat-fixed sample will be placed in a fumigation box containing tissues soaked in formaldehyde.  The slides will be left for at least one hour inside the box in the biosafety cabinet.  The slides will then be removed and taken out of the BSL3 laboratory.  The fumigation box is then left in the cabinet overnight to allow evaporation of the formaldehyde.  Sample may then be acid-fast stained.  Samples that are to be prepared for electron microscopy work will be pelleted and fixed in 2.5% glutaraldehyde at 4oC for a minimum of 18 hours to render the microbes harmless.  Samples can then be removed from the BSL3 facility for analysis by electron microscopy.

2.
DNA/RNA isolated from M.bovis
In various studies, genomic DNA, plasmids, or RNA may be isolated from M. bovis.  Once DNA/RNA is isolated it can be taken out of the BSL3 facility. Typically, for isolation of DNA/RNA, mycobacterial cultures treated with Trizol (Invitrogen) and lysed with a bead-beater apparatus.  Trizol contains phenol which kills M. bovid.  Thus, any isolated DNA/RNA is then free of viable organisms.   For a PCR template DNA preparation, the mycobacteria are lysed by vigorous bead beating.  The lysate is then centrifuged to pellet any whole cells and solid cell material.  The supernatant is passed through a 0.22 (m filter into a fresh tube.  The tube is closed and the outside wiped down with disinfectant.  You may now take the supernatant out of the BSL3 to use for PCR preparations.  The use of M. bovis DNA to transform other mycobacteria should be done inside the BSL3 facility.

3.
Killed mycobacteria
Before removal of mycobacterial cultures from the BSL3 they should be heat-inactivated (80oC for 30 min to one hour, in a water bath).  Any assays that require non-denatured mycobacterial extracts for enzyme determination or for other functional activity should be conducted only in the BSL3 laboratory.

3. Live mycobacterial cultures 
Live mycobacterial cultures may be taken out of the BSL3 facility only if located within an approved double-sealable container appropriately labeled with a biohazard notice. Approval of Dr. Dahl is required for removal of all live mycobacterial cultures.  This will only be done for transport of live organisms to research colleagues in other BSL3 laboratories.  For this purpose an approved screw-capped plastic container should be used (see section IV below).  It is essential that the packaging and labeling of such cultures conform to current regulations.

5. Protein Preparations
To prepare a protein preparation for SDS-PAGE analysis, the heat-killed mycobacteria are lysed by vigorous bead beating in the biosafety cabinet.  The lysate is spun down to remove beads and solid cell material.  The supernatant is removed and recentrifuge.   If the protein of interest will not be removed by doing so, filter the supernatant through a 0.22 (m filter.  Wipe the outside of the tube with disinfectant.  You may now remove the preparation from the BSL3 laboratory.  

IV.      Shipping and Receiving Biohazardous Materials
It is imperative that the shipping and/or receiving of specimens and cultures which harbor or are suspected of harboring live mycobacteria is performed in a controlled and dedicated manner, thereby providing containment of infectious agents.

A. Shipping Biohazardous materials (Only Trained individuals are allowed to package and send biohazardous material from WSU)  You must verify that you meet the training requirements with Shipping and Receiving prior to preparing a shipment.
A Safe-T-Pak infectious shipper should be used to ship all infectious agents.  The STP-100 is used to ship samples not requiring temperature control.  For samples requiring cold packs or dry ice, a STP-100 unit is placed inside a STP-300 unit.  Consult instructions included in each box.

The general approach to shipping cultures is to first protect the etiologic agent (either agar slant or in a polypropylene screw top tube) with padding/bubble wrap inside an approved secondary sealing screw cap container capable of withstanding 95 kilopascals of pressure differential.  An absorbent pad is placed in each container to control any potential spills.

The secondary container is placed in a cardboard coil and then into the outside shipping box and the box closed appropriately.

Shipments requiring dry ice or freezer packs are put into the polystyrene freezer box of the STP-300 with dry ice or freezer packs and the polystyrene box placed in the outside cardboard box.

For all materials sent by air the IATA guidelines must be followed and packing instructions #602 must be followed.  The packaging must include: (Reference 2008 IATA) Will need to verify if any changes have been made with 2009 , 2010 or 2011 IATA Guidelines before proceeding with packaging.

(a)  Inner packagings, comprising of:

· Watertight primary receptacles:

· A watertight secondary packaging:

· Other than for solid infectious substances, absorbent material, such as cotoon wool, in sufficient quantity to absorb the entire contents placed between the primary receptacle and the secondary packaging, if multiple fragile primary receptacles are placed in a single secondary packaging, they must be either individually wrapped or separated so as to prevent contact between them;

(b) An itemized list of contents, enclosed between the secondary packaging and the outer packaging:and

(c) A rigid outer packaging of adequate strength for its capacity, weight and intended use.  The smallest external dimention must be not less than 4 inches.

Whatever the intended temperature of the consignment, the primary receptacle or the secondary packaging must be capable of withstanding, without leakage, an internal pressure producing a pressure differential of not less thatn 95 kPa (0.95 bar, 13.8lb/square inch) and temperatures in the range of -40 degrees Celsius to 55 degrees Celsius (minus 40 degrees F to 130 degrees F.

Additional Requirements:

Inner packaging containing infectious substances must not be consolidated with inner packaging’s containing unrelated types of goods.  Complete packages may be overpacked in accordance with the provisions of 5.0.1.5.
Other dangerous goods must not be packed in the same packaging as Division 6.2. Infectious Substances unless they are necessary for maintaining the viability, stabilizing or preventing degradation or neutralizing the hazards of the infectious substances.  A quantity of 30 ml or less of dangerous goods included in Classes 3, 8 or 9 may be packed in each primary receptacle containing infectious susbstances provided these substances meet the requirements of 2.7.1 and 2.7.5.  When these small quantities of dangerous goods are packed with infectious substances in accordance with this packing instruction no other requirements in these Regulations need be met.

All pagckages containing infectious substances must be marked wdurably and legibly on the outside of the package with the NAME and TELEPHONE NUMBER OF A PERSON RESPONSIBLE.

SPECIFIC REQUIRMENTS

Substances consided at ambient or higher temperatures:  Primary receptacles must be of glass, metal or plastic.  Positive means of ensuring a leak-proof seal must be provided, such as heat seal, skirted stopper or metal crimp seal.  If screw caps are used, these must be secured by postivie means, e.g. tape, paraffin sealing tape or manufactured locking closure.

Substances consigened refrigerated or frozen (wet ice, prefrozen packs, Carbon dioxide, sold (dry ice):  Ice, Carbon dioxide solid (dry ice) or other refrigerant must be placed around the secondary packaging(s) or alternatively in an overpack with one or more complete packages marked in accordance with 6.0.6.  Interior support must be provided to secure the secondary packaging(s) or packages in the original position after the ice or Carbon dioxide, solid (dry ice) has dissipated.  If ice is used the outer packaging or overpack must be leak-proof.  If Carbon dioxide, solid (dry ice) is used, the outer packaging or overpack must permit the release of carbon dioxide gas.  The primary receptacle and the secondary packain must maintain their integrity at the temperature of the refrigerant used.

Substances considgned in liquid nitrogen:  Plastic primary receptacles capable of withstanding very low temperatures must be used.  The secondary packaging must be capable of withstanding ver low temperatures and in most cases will need to be fitted over the primary receptacle individually.  Provisions for the consignement of liquid nitrogen must also be fulfilled.  The primary receptacle and the secondary packaging must maintain their integrity at the temperature of the refrigerant used.

Lyopholized substances: Primary receptacles must be either flame=sealed glass ampoules or rubber-stoppered glass vials fitted with metal seals.

A letter explaining the contents and their hazard is placed inside.

The Shippers Declaration for Dangerous Goods must include the technical name of the Infectious Category A UN 2814 agent being shipped.  The package should not list the technical name of the agent. In accordance with A140.  The Shippers Declaration for Dangerous Goods must have the name and number of a 24 hours available emergency contact.  WSU has a contract with Chemtrek for this service.  You must verify withShipping and Receiving that Chemtrek has been notified and has all information required for the agent being shipped to perform this service.  Both the Shippers Declaration for Dangerous Goods and the package require the listing of the person responsible.  The shippers declaration must include the statement all packed in one fibreboard box if the dry ice is packed with an infectious substance.
Labels are affixed for hazards both biohazard(Class 6 – Infectious Substances (Division 6.2) and dry ice (Miscellaneous Dangerous Goods class 9 label) as appropriate.  Infectious substance sticker must be in place and the infectious materials Proper shipping name, Technical name and UN number must be written on the package. For Mycobacterium tuberculosis this would be UN2814 Infectious substance affecting humans, net quantity (xx ml or grams).  If dry ice is used the following must be added on a second line UN1845, Dry ice (xx kg).  The package must clearly be marked with names and addressed for both the shipper and the receiver.
Make sure full name, addresses and telephone numbers of the responsible party (sender) are written clearly on the package.

Fill out a FedEx form and have someone in the office call for a pickup.

All shipments of etiological agents must be approved by Receiving and Delivery for compliance with shipping regulations before shipping is requested.

B.  Receiving Biohazardous Material

Open exterior box and remove secondary container in the BSL-3 facility.  
  Open the secondary conainer and remove the primary container in the BSC.
Wipe outside of Primary container with disinfectant and store as appropriate.

Put secondary container with lid off and internal packaging in biohazard bag for autoclaving.

V.
Spill Response in the BSL3 Laboratory
Spill responses for the western half of the BSL3 laboratory (rooms B56A, B56AA, B56Ab, and B56AC), that involve a BSL3-class pathogen (M. bovis) will require the  protocols listed below.  While working with M. bovis the biosafety cabinet is turned on and should remain tuned on if a spill occurs.  Because the air volume of the BSL3 facility is exchanged (10-12) times each hour, the best response to major spills is to remove personnel from the facility and allow several hours for any air-borne particulate matter to be trapped in the facility’s HEPA filters.

A.
M. tuberculosis culture spills occurring in the biosafety cabinet
When a spill occurs, the operator should first close the BSC by moving the glass shield down and leaving it for 30 minutes to allow time for the BSC to clear the aerosols.  Open the glass shield and place disinfectant laden towels on the spill.  Leave in contact with the spill for 30 minutes. 
No work should proceed within the biosafety cabinet for at least one hour to allow the cabinet exhaust system time to remove aerosols and to give sufficient contact time for the germicide to act.

At the end of this time, the operator should don a fresh second pair of gloves and place all clean up materials into a biohazard bag inside the BSC.  Close the bag before removing from the BSC.
Any disposable plastic ware or tubes that were within the cabinet at the time of the accident should be disposed of as above.

All autoclavable pieces of equipment, such as racks, should be placed into biohazard bags appropriately labeled to distinguish them from biohazard material to be discarded.

Any non-disposable items, which cannot be autoclaved, should be carefully decontaminated with disinfectant followed by 70% ethanol (inside the BSC).

The entire cabinet interior (including grills at front and rear) should be wiped with disinfectant followed by 70% ethanol.

All biohazard bags should then be taken to the autoclave room and autoclaved.

If potentially infectious material has gotten into the drain pan of the BSC you must notify the Biosafety Officer for an assessment as to whether ENV services will need to provide a cabinet /room decontamination before work resumes.

B.
Minor spill outside the biosafety cabinet within the BSL3 laboratory
It is the operator’s responsibility to immediately assess the situation in terms of the extent of aerosols produced and inform all others working in the BSL3 laboratory.  Research work with M. bovis is to be confined to the western half of the BSL3, but if a minor or major spill occurs outside of the biosafety cabinet the personel in the eastern half must be notified immediately.

A minimal aerosol might be created by breaking a single culture tube of solid medium or by dropping a Petri dish culture. In this case, the operator should leave the room immediately and notify all workers in the BSL-3 facility to evaculate for at least 2 hours to allow the air handling system to remove any potential aerosols.
.

Yellow biohazard tape (located in the anteroom cabinets) should be placed across the BSL3 laboratory door to warn others not to enter the laboratory.

After two hours, the operator responsible for the incident will re-enter the laboratory having donned fresh protective clothing to include tyvek coverall, head cover, foot covers, N-95 respirator, double gloves and safety goggles and apply carefully so as to prevent further aerosolization a physical barrier such as towels that are disinfectant soaked to the spill.  A minimum contact time of 30 minutes should be provided before proceeding with the clean-up procedure.

All clean-up materials should be placed in a biohazard bag.

The floor and bench tops should be wiped or mopped down with disinfectant followed by 70% ethanol.

The incident must be reported to the Lab director Bill Davis who is responsible for completing an Accident reporting form and an accident investigation form.  A call must be placed immediately to the WSU Biosafety Manager or EH&S to notify them of the potential release.
The incident and all remedial actions should be noted in the BSL3 log-in book.

C.
Serious incident outside the bio-safety cabinet but in the BSL3 laboratory
When a large potentially infectious aerosol may be generated (such as by breaking a culture flask containing   > 10 ml of liquid culture), the operator should immediately inform all other workers in the BSL3 facility.

The laboratory should then be evacuated immediately.  
Once all individuals have entered the anteroom, all safety clothing is removed and disposed of in a biohazard bag.

Once outside the BSL3 facility, yellow biohazard tape should be put across the door as well as warning sign, and the door leading to the BSL3 laboratory from the anteroom will be completely sealed with duct tape.

The person responsible for the spill should contact the Office of Environmental Health and Safety and Dr. Dahl.  ENV Services Inc. will be contacted (1-800-486-3368) Prior to decontamination, the BSL3 Manager and Environmental Health and Safety shall discuss the type of decontamination to be performed.  Typically, for contamination that involved a large amount of aerosol material, a chlorine dioxide disinfectant, such as Clidox-S, is nebulized into the room.

Upon completion of disinfection, the level of airborne Clidox-S will be sampled, analyzed, and evaluated to determine if a safe breathing environment exits before reoccupying the laboratory.

Then personnel may enter the laboratory and complete the clean up procedure by mopping the floor and counters with disinfectant.

This incident must be reported to the WSU Biosafety Manager and lab director immediately.  An incident report and incident investigation form must also be filled out and submitted.

The incident is recorded in the BSL3 logbook with all details of remedial actions taken.
VI.
Decontamination and Maintenance of the BSL3 Facility 
A.
Daily/Weekly cleaning and routine maintenance

Daily cleaning and routine maintenance is the responsibility of those workers using the facility.  Daily practices include the following.  Upon entering the BSL3 facility personnel will first examine the pressure gauge in the foyer leading into the anteroom to ensure a negative pressure differential between outside the BSL3 facility and the anteroom.  Once personnel have entered either the Western or Eastern half of the BSL3 facility, they will check the gages in that half of the facility to ensure a negative pressure differential compared to the anteroom.  All personnel working in the BSL3 facility will be trained in how to read these gauges.  Surface decontamination of biosafety cabinets, counters, and equipment is required immediately following work with BSL-3 agents 
Weekly, the floors should be cleaned with disinfectant and the stainless steel counters and cabinets should be wiped with disinfectant followed by 70% ethanol.

The biosafety cabinet work area interiors and any equipment contained therein should be decontaminated daily using disinfectant followed by 70% ethanol.

The sink in the laboratory should be wiped weekly with undiluted disinfectant.

B.
Service or Contract Maintenance
Whenever possible, equipment should be disinfected and removed from the BSL3 laboratory for servicing or repair.

In case of refrigerator, freezer, or incubator failure, all material contained therein is removed and the inside and outside of the equipment is decontaminated with disinfectant.

When maintenance personnel must enter the facility, all infectious material must be secured and stored, with no work with infectious agents to proceed during the entire period that the worker is present.  Materials to be worked upon (light fixtures, biosafety cabinets, etc.) must be disinfected prior to maintenance people entering the facility.  This entils spraying a disinfectant on surface and wiping down these surfaces.  Ventilation systems that need to be accessed will first be disinfected by ENV Services.

All material and tools brought in must be decontaminated with disinfectant before they are removed from the laboratory.  This procedure should also be followed for any tools, pens, pencils, and other items that were used within the laboratory.

Outside workers, while in the BSL3 laboratory, are required to wear complete protective clothing.  This is the same protective clothing worn by researchers in the laboratory (Tyvek coveralls, an N95 particulate respirator, head covering, and double gloves).
Details of the work performed should be entered in the BSL3 logbook and signed by the contractor.

C.
Bio-safety Cabinet Monitoring and Maintenance

Bio-safety cabinet efficiency will be monitored and certified annually by ENV Services Inc.  These cabinets will be clearly marked with documentation of annual certification.

D.
Annual Evaluation of Air Flow in the BSL3 Facility
Personnel from Facilities Operations at Washington State University will perform annual evaluations of the air flow of the BSL3 facility.  On the day prior to this evaluation, all work with pathogenic agents will cease and general decontamination of surfaces and equipment will be performed. Decontamination of the facility with nebulized Clidox-S will not be required as this disrupts the integrity of HEPA filters already installed.  At least 12 hours of air volume changes will be allowed to occur before Facilities Operations personnel are allowed to enter the facility.  The biohazardous nature of the pathogens used in this facility will be explained to these personnel before entering the facility. During this annual inspection of the airflow system will be a good time to perform routine maintenance functions such as changing light bulbs.

VII.   
Handling Medical and Facility Emergencies in BSL3
A. Medical Emergencies

In case of a medical emergency dial 911.  If the individual is conscious and can be moved, exit the facility immediately.  If the individual is unconscious, immediately begin first aid.  If possible, (and if it will cause no further harm) decontaminate using what? and move the unconscious victim to the outside of the facility through the anteroom.  If the victim cannot be moved, instruct the emergency medical personnel in proper gowning procedures to enter the facility.  Continue first aid until emergency medical personnel arrive and take over.

B. Electrical Failure

In case of power outage, the operator must use his/her judgment to assess the situation and act accordingly.  Loss of power to the building should trip the emergency generator so that power should be restored.

While working with M. bovis, if the blower fan of a biosafety cabinet stops working for any length of time the alarm will sound.  Any operator working in the cabinet is required to cease all work immediately, pull down the glass covering of the access area to the biosafety cabinet, discard gloves and other protective gear, and then exit the laboratory.  This operator is required to immediately inform all others working in the BSL3 laboratory (both western and eastern halves) of the situation.  The blower must be on for at least thirty minutes before work can resume.

In case of a blackout, all operators are to make certain that all cultures are covered and that the sliding glass doors of the biosafety cabinets are closed before evacuating the facility.  If power has not returned within two minutes, the door to the anteroom is to be taped shut.  A sign should be place across the anteroom entrance door and a notice posted to advise persons not to enter the facility.  Emergency flashlights are available in readily accessible areas of the BSL3 laboratory and the anteroom.

C. Fire, Gas Leak, or Water Leak

A fire extinguisher is available in both the western and eastern halves of the BSL3 laboratory.  In case of a small fire first alert all coworkers in the BSL3 laboratory and then attempt to control the blaze either my smothering it or using the nearest available fire extinguisher.  Quickly determine if the blaze cannot be contained and if so immediately proceed to the exit and close all doors behind you.  If possible, exit through the anteroom, but if unavoidable exit the laboratory through the door in room B56BC which serves as an emergency exit.  Your first concern is to preserve human life with concerns for containing bacterial pathogens being secondary.  Once exited from the facility immediately alert emergency personnel (dial 911) and wait to advise arriving emergency personnel.

If a water leak or gas leak is noticed, immediately notify all personnel inside the BSL3 laboratory and anteroom, leave the facility, and notify UIFacilities Operations (dial XXXX, 24 hours per day) and emergency personnel (dial 911).  Wait to advise arriving personnel.

VIII.
Training of BSL3 Laboratory Users
This is to provide training for all individuals using the BSL3 facility and to outline safe operating procedures.  All BSL3 users must undergo the training process to ensure that they are fully aware of all the health hazards and safety issues associated with the work.

A.
Training 
The user is given a copy of the Standard Operating Procedures manual and instructed to read it carefully.

The user is given the opportunity to discuss any questions or issues relating to the manual during a training session with the PI.
The Facility Manager will then:

1) Go through the manual with the trainee.

2) Outline safe working practices which all persons in the facility are expected to follow.

3) Outline responses appropriate for small and large spills in the BSL3 laboratory.

4) Outline emergency decontamination procedures.

5) Take trainee to the BSL3 facility and demonstrate how to correctly put on all disposable protective clothing.

6) Walk through the entire facility with the trainee, pointing out the location of specific equipment and safety items.

7) Indicate how to monitor the ventilation system to ensure its continued proper functioning.

8) Work in the biosafety cabinet with props to demonstrate safe and proper working practices and show how contaminated items are to be discarded.

9) Demonstrate how the autoclave works and correct procedures for autoclaving biohazard waste.

10) At the end of the session, both the trainee and the Facility Manager are required to sign a form to indicate that the trainee has received training specific for BSL3 work (see Appendix B). 

11) The Facility Manager must be present on the first and several subsequent occasions that the trainee works in the BSL3 laboratory so as to be on hand if problems arise and to ensure that safe working practices are being followed.  When training is complete, the operator will be given the access code for entry.

12) Safety Cabinet Video  and Biological Safety Cabinets power point at the following website: http://www.bio-safety.wsu.edu/biosafety/web_training.asp 

13) All new employees will complete  the Biosafety Practices and Principles, Biosafety Training Level 1, 2 & 3 at the training website: http://www.bio-safety.wsu.edu/biosafety/web_training.asp
XI.  Appendices
Appendix A, Policies and Procedures for Admittance to Eastlick B52-56 Complex
1.
All persons entering this BSL3 laboratory must have the prior consent and approval of the primary investigators.
2.
The laboratory routinely the BSL3 pathogen Mycobacterium bovis.  Any person entering this lab should be aware of the presence of this pathogen and take appropriate caution.    Inhalation of the class 3 pathogen can lead to granulomatous lesions in the lungs.  Any person who is considered immunosuppressed will be advised not to enter this laboratory facility.

Appendix B, Agreement of training in BSL3 standard operating procedures

I verify that I have received training under the guidance of Dr. ____________in the proper procedures of microbiological work in a level 3 Biological Safety Laboratory (BSL3).  This training has included …..

1) Introduction to and familiarization with the Standard Operating Procedure Manual for the BSL3

2) Being taken to the BSL3 facility and shown how to correctly put on all disposable protective clothing

3) Reading the Standard Operating Procedures for the BSL3 facility, including the chapter on the health risks of Q fever.

4) Explanation of how to read pressure gauges in the anteroom and inside the BSL3 laboratories

5) Explanation and demonstration of safe working practices which all persons in the facility are expected to follow

6) Explanation of responses appropriate for small and large spills in the BSL3 laboratory

7) Explanation of emergency decontamination procedures

8) Explanation and demonstration of specific equipment and safety items

9) Explanation of use of the biological safety cabinet with props to demonstrate safe and proper working practices and show how contaminated items are to be discarded

10) Demonstration how the autoclave works and correct procedures for autoclaving biohazard waste

11) Explanation of emergency evacuation routes

12) Dr. ________________________________ directly observed my experimental technique in the BSL3 at least three times.

I accept responsibility for safe practices within the BSL3 laboratory.

Name: ______________________________________       Date: _________________

Appendix C, Insect and Rodent Control Program for Eastlick Vivarium Complex, Rooms B52-56

The BSL3 laboratory will be visually inspected weekly for evidence or signs of either insect or rodent infestation.  These signs might include any evidence of gnawing on materials, mouse feces outside of the cage changing area or a concentration of dead insects.  If any of these signs are observed, immediately notify the Laboratory Director.  Contact UI Environmental Health & Safety at 5-6524 for exterminator contractor information.

 Appendix E, Emergency Evacuation Routes 



Appendix F, Map of the BSL3 Laboratory
Appendix G, DDHS recommendations
http://www.cdc.gov/od/ohs/TB/tbdoc2.htm
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SUMMARY
The Mycobacterium tuberculosis complex includes four species: Mycobacterium tuberculosis, Mycobacterium bovis, Mycobacterium africanum, and Mycobacterium microti. With the exception of M. microti, all species are pathogenic for humans. The risk for becoming infected with species of the M. tuberculosis complex is high for those who work in mycobacteriological laboratories. Therefore, all cultures or specimens suspected of containing acid-fast bacilli must be manipulated in settings where specific engineering controls, administrative procedures and appropriate personal work practices ensure containment of the organism and protection of workers from exposure. When these controls and procedures are implemented and protective measures are followed, laboratorians can substantially reduce their risk for becoming infected. This report updates and expands those sections of Biosafety in Microbiological and Biomedical Laboratories (BMBL), published by CDC and the National Institutes of Health, that address precautions that must be taken to manipulate Mycobacterium species safely in the laboratory. 

INTRODUCTION
CDC and the National Institutes of Health (NIH) jointly issue laboratory safety guidelines in a publication entitled Biosafety in Microbiology and Biomedical Laboratories (BMBL) (1). The BMBL is re-published, with updated information approximately every five years. It provides specific guidelines for laboratories that work with infectious organisms. The BMBL includes safety recommendations for laboratory managers and personnel who work with M. tuberculosis complex species. Because until recently there had been few changes in the techniques available to laboratorians working with M. tuberculosis, these recommendations have remained the same through the last 3 editions of the BMBL, with no significant revisions since 1981.

Recent changes in public health recommendations for use of rapid laboratory diagnostic procedures and the development of new technologies led CDC and a group of consulting laboratorians to review existing safety guidelines for working with M. tuberculosis (2,3,4). Revisions were presented and discussed at the Second National Conference on Laboratory Aspects of Tuberculosis, convened by the Association of State and Territorial Public Health Laboratory Directors (ASTPHLD) and the CDC in April 1995 (5). 

This report updates and expands those sections of the BMBL that address engineering controls, administrative practices, and specific procedures for laboratorians who manipulate clinical specimens and purified cultures of M. tuberculosis, M. africanum, and M. bovis (the three species of the M. tuberculosis complex that pose an infectious hazard to personnel in clinical and research laboratories) (6).

INTENDED USE OF THIS DOCUMENT
This document is intended to be used in conjunction with the BMBL and the other references. Together these documents provide guidelines for persons responsible for the design, maintenance and use of laboratories doing diagnostic or research work with M. tuberculosis complex species. It is recognized that not all current TB laboratories have all of the facilities and equipment recommended, particularly for activities that should be carried out under biosafety level 3 (BL-3) conditions (1). Those laboratories should carefully review their facilities, equipment, policies and procedures to ensure that current activities are accomplished with the smallest risk to employees and others, and should proceed as quickly as possible to upgrade systems as necessary to meet the current recommendations. Those laboratories with seriously deficient facilities should discontinue high risk procedures until improvements are made.

BACKGROUND 

M. tuberculosis complex in the clinical laboratory - risks for laboratory workers
The M. tuberculosis complex species are usually transmitted by the aerosol route; percutaneous injection may lead to localized infections before dissemination. The infectious dose of M. tuberculosis is low for humans (i.e., 1-10 bacilli carried in 1-3 droplet nuclei (7,8)). Specimens considered to be potential sources for laboratory transmission are sputum, fluids collected by gastric or bronchial lavage, cerebrospinal fluid, urine, and caseous lesions in tissues (9,10,11). 

The incidence of tuberculosis among persons who work with M. tuberculosis in the laboratory is three to five times greater than that among laboratory personnel who do not manipulate this bacterium (12,13,14,15). Data from one study indicate that the frequency of infection for persons who manipulate M. tuberculosis is 100 times greater than for the general population (12). 

Kubica (16) described 13 separate incidents in which 80 of 291 (27%) exposed laboratorians developed positive tuberculin skin tests following specific incidents. Eight of the incidents involved poor directional airflow in the laboratory, five were associated with failures of the biological safety cabinets, one was associated with an autoclave failure, and the other was due to equipment failure. Two additional incidents of poor directional airflow in clinics resulted in 64/166 (39%) conversions.

Two reports of laboratory-acquired tuberculosis tuberculin conversions have been reported in Minnesota hospital laboratorians (17). One case of pulmonary tuberculosis (possibly due to inadequate compliance with safety guidelines) and a second laboratory-associated infection (an autoinoculation incident resulting in a granuloma) have been reported in 1995 in another hospital laboratory (18). A more recent report (19) indicates seven laboratory-acquired skin test conversions in nine diagnostic laboratories handling M. tuberculosis specimens. 

Under-reporting of laboratory-acquired infections appears to be the rule, rather than the exception. Of the 15 incidents reported by Kubica, none had been previously reported in the literature; he further suggests from anecdotal reports that 8-30% of laboratories may experience tuberculin conversions (16). CDC continues to periodically receive requests to assist laboratories experiencing similar conversions, but the facilities have been reluctant to publish their experiences.

The risks to laboratory workers depend on how frequently specimens positive for M. tuberculosis are processed in the laboratory, the concentration of organisms in specimens, the number of specimens handled by an individual worker, and safety practices in the laboratory (19,20). Exposure to laboratory-generated aerosols created while performing routine procedures is the most serious of the hazards encountered by laboratory personnel (9,10,11,21,22,23). Some aerosol-generating procedures that produce droplet nuclei in the respirable range include: a) pouring liquid cultures and supernatant fluids, b) using fixed-volume automatic pipettors, c) mixing liquid cultures with a pipette, d) preparing specimen and culture smears, e) dropping tubes or flasks containing cultures, f) spilling suspensions of bacilli, g) breaking tubes during centrifugation, h) preparing frozen sections, i) cutting or sawing through tissue specimens that have not been fixed, and j) homogenizing tissues for primary culture (24,25,26,27, 27A).

Needle stick and other cutaneous injuries have been uncommon causes of laboratory acquired M. tuberculosis infection. However, with increasing use of rapid culture techniques (e.g., BACTECTM), recent needle stick-associated M. tuberculosis infections have been reported (19). 

Until recently, blood has not been considered a source of laboratory transmission of M. tuberculosis (or M. bovis) partly because mycobacteremia is transient in immunocompetent hosts. However, with the emergence of human immunodeficiency virus/acquired immunodeficiency syndrome (HIV/AIDS), mycobacteremia caused by M. tuberculosis has occurred more frequently and blood is now considered a potential source of transmission in the laboratory (29,30). 

All clinical specimens suspected to be positive for M. tuberculosis must be considered potentially infectious and must be handled according to the recommended precautions for blood-borne pathogens (30) and in such a way that aerosolization is minimized (9,22,23,31).

Biosafety Levels

Microbiology laboratories are special, often unique, work environments that may pose identifiable infectious disease risks to persons in or near them. Infections have been contracted in these laboratories throughout the history of microbiology. A review of the literature on such laboratory acquired infections is included in the introductory chapter of the BMBL and in papers by Kruse and Sewell (1,9,31). The literature, along with considerable anecdotal information, suggests that most laboratory acquired infections occur when the mode of transmission is unknown (as may occur with a newly recognized pathogen), or as a result of error, accident, or carelessness in the handling of a known pathogen.

During the 1970's, in an effort to diminish the risks of infection in the laboratory, scientists devised a system for categorizing etiologic agents into groups based on the mode of transmission, type and seriousness of illness resulting from infection, availability of treatment (e.g., antimicrobial drugs), and availability of prevention measures (e.g., vaccination). The etiologic agent groupings were the basis for the development of guidelines for appropriate facilities, containment equipment, procedures and work practices to be used by laboratorians working with the various organisms. These guidelines are now referred to as biosafety levels (BL) 1-4. 

BL-1

BL-1 defines conditions suitable for work involving well-characterized microorganisms not known to cause disease in healthy adult humans, and of minimal potential hazard to laboratory personnel and the environment. The laboratory is not necessarily separated from the general traffic patterns in the building. Work is generally conducted on open bench tops using standard microbiological practices. Special containment equipment or facility design is not required nor generally used. Laboratory personnel have specific training in the procedures conducted in the laboratory and are supervised by a scientist with general training in microbiology or a related science.

BL-2

BL-2 is similar to BL-1 and is suitable for work involving agents of moderate potential hazard to personnel and the environment. It differs from BL-1 in that: a) laboratory personnel have specific training in handling pathogenic agents and are directed by competent scientists; b) access to the laboratory is limited when work is being conducted; c) extreme precautions are taken with contaminated sharp items; and d) certain procedures in which infectious aerosols or splashes may be created are conducted in a biological safety cabinet (BSC) or other physical containment equipment. There is no specification in the BMBL (1) for single-pass directional inward flow of air for BL-2. However, most microbiology laboratories also work with potentially hazardous chemicals. There are published recommendations (32) for preventing build-up of chemical vapors in laboratories; this can be accomplished by using chemical fume hood and/or having single-pass air when recirculation would increase the ambient concentration of hazardous materials.

BL-3

BL-3 is applicable to clinical, diagnostic, teaching, research, or production facilities in which work is done with indigenous or exotic agents which may cause serious or potentially lethal diseases as a result of exposure by the inhalation route. M. tuberculosis is representative of microorganisms transmissible by the aerosol route that are assigned to this level. Primary hazards to personnel working with these agents relate to exposure to infectious aerosols, autoinoculation, and ingestion. Laboratory personnel must have specific training in handling pathogenic and potentially lethal agents, and are supervised by competent scientists who are experienced in working with these agents. 

More emphasis is placed on primary and secondary barriers at BL-3 to protect personnel in contiguous areas and in the community from exposure to potentially infectious aerosols, and to prevent contamination of the environment. The laboratory has special engineering and design features to provide a total environment aimed at the control of infectious aerosols. 

The BL-3 laboratory is separated from other parts of the building by an anteroom with two sets of doors, or by access through a BL-2 area. Because of the potential for aerosol transmission, air movement is unidirectional into the laboratory (i.e., from clean areas into the BL-3 area) and all exhaust air from the BL-3 area is directed outside the building without any recirculation. All procedures at BL-3 involving the manipulation of infectious materials are conducted within BSCs or other physical containment devices. Personnel wear appropriate personal protective clothing and equipment while in the BL-3 laboratory.

BL-3 facilities have solid floors and ceilings and sealed penetrations. They are designed and maintained to allow appropriate decontamination in the event of a significant spill. 

BL-3 laboratories have single pass air, i.e., non-recirculating air ventilation systems, to protect personnel. Filtration of exhaust air through high efficiency particulate air (HEPA) filters is neither required nor recommended in most situations. Single pass air that mixes with outside air allows for the rapid dilution of the small numbers of microorganisms that may be released in the laboratory. 

All waste from the BL-3 laboratory must be autoclaved before being discarded into routine disposal containers.

BL-4

BL-4 is required for work with dangerous and exotic agents which pose a high individual risk of aerosol-transmitted laboratory infections and life-threatening diseases. Within work areas of the facility, all activities are confined to Class III biological safety cabinets, or Class II biological safety cabinets used by workers wearing one-piece positive-pressure body suits ventilated by a life support system. Members of the laboratory staff have specific and thorough training in handling extremely hazardous infectious agents; and they understand the primary and secondary containment functions of the standard and special practices, the containment equipment, and the laboratory design characteristics. They are supervised by competent scientists who are trained and experienced in working with these agents.
All wastes are decontaminated before leaving the BL-4 laboratory, and air is exhausted from the BL-4 area through HEPA filters.

Relationship of the BMBL BL to the American Thoracic Society Levels of Service

The current agent summary statement published in BMBL recognizes the "levels of service" concept for clinical mycobacteriology laboratories that was first proposed in 1967 (33) and accepted in 1983 by the American Thoracic Society (ATS)(21,34). The "levels of service" approach to laboratory services remains standard today, although increased workloads, new techniques, need for faster results for management of complicated cases, and economic considerations are forcing reconsideration of the concept (2,4, 5, 35, 36, 37). However, BSL recommendations are based on risks related to laboratory procedures, so if/when a laboratory changes the services it provides, laboratory activities can be re-assessed and facilities, equipment and work practices modified, if necessary, using the BMBL as a guideline. 

DETERMINING THE TYPE OF TUBERCULOSIS LABORATORY NEEDED FOR A FACILITY
Decisions on the type of laboratory for a given facility must be based on an assessment of the extent of tuberculosis activities that will be carried out in that laboratory. The assessment must include issues such as expected workload, personnel training and experience, risks of the various laboratory procedures, and availability of appropriate space and required equipment.

Assessment of proficiency in the mycobacteriology laboratory
Although this document emphasizes appropriate facilities, equipment, and safe work practices, the laboratory workload must also be considered in deciding what to include in a new or renovated mycobacteriology laboratory.

Laboratories that receive fewer than 20 specimens per week to process for isolating, identifying, and testing for M. tuberculosis drugsusceptibility are unlikely to maintain proficiency in the required procedures and would be unlikely to maintain proficiency at Mycobacteriology Level II. Usually 20 processed specimens per week will only produce an average of one M. tuberculosis isolation per week. If requests fall below this level, specimens should be sent to a laboratory that processes a larger number of specimens (5,36,37).

Assessment of risk in the mycobacteriology laboratory

Specific risks associated with many laboratory activities that involve specimens and cultures of M. tuberculosis have been assessed in recent publications (22,38). These publications recommend that laboratory workers evaluate all procedures for risks related to aerosol generation and injury from contaminated sharp objects (e.g., needle sticks) and develop a strategy for safe, step-by-step manipulation of both specimens and cultures. 

Recommendations for safe practices associated with specific procedures are detailed in other publications (1,22,39).

The limited service laboratory

A small facility that only occasionally is asked to support the evaluation and management of possible M. tuberculosis cases may opt to package specimens for shipment to a reference laboratory. The originating laboratory will require personnel who can collect an adequate specimen and know how to handle the specimen properly. The required laboratory facility will be equivalent to the BL-2 space found in a general microbiology laboratory (1,36). Supplies for correctly packaging the specimen for shipment to the full-service laboratory must be available. 

Some small hospital laboratories may opt to do smears for acid-fast bacilli (AFB) on inactivated specimens, then send additional specimens to a larger laboratory for culture. "Stat" laboratories in emergency rooms or other locations, where AFB status of a patient is urgently needed, but only the simplest equipment is available, can also be equipped to do direct AFB smears on inactivated samples. This allows prompt service and some diagnostic assistance to clinicians, without requiring a BL-3 laboratory.

The laboratory that intends to do only AFB smears on inactivated specimens will require only a BL-2 laboratory with a BSC, but will require knowledgeable personnel working under close supervision. 

The full-service laboratory

The laboratory that provides all diagnostic services will require both BL-2 and BL-3 areas of sufficient size to accommodate all required equipment and personnel. 

FACILITIES AND EQUIPMENT
Relating laboratory activities to BL

Laboratory activities required for the evaluation of a patient with possible tuberculosis include: specimen collection; transport of specimens to the laboratory; verifying labels and logging in specimens; initial processing that may include transferring specimens to tubes for centrifugation; preparation, staining and reading of smears; preparation of specimens for culture; and preparation of isolates for further study, including antimicrobial susceptibility testing. 

The mycobacteriology laboratory facility and equipment

The tuberculosis laboratory should be isolated from other laboratory areas (Figure 1). Access to the area should require passage through two doors equipped with self-closing devices. This may be achieved with an anteroom, by having the BL-3 isolation room accessible only from the BL-2 laboratory, or by other design arrangements (9). 
The BL-2 laboratory area is where work with specimens that has a low potential for creating aerosols can be performed. A BSC is provided for working with the specimens (see Handling Specimens).

Work that may create infectious aerosols is performed in the BL-3 area. The BL-3 laboratory is also where M. tuberculosis complex species are cultured for identification, drug susceptibility testing, and other tests that require concentrated cell suspensions. Specific facility design recommendations are contained in Table 1 (1). 

Air handling in the mycobacteriology laboratory

The entire mycobacteriology laboratory suite should have a unidirectional negative air flow in relation to the corridor so that in case of an accident, no aerosols of infectious materials can escape into non-laboratory areas. Exhaust air must be discharged directly to the outside. Discharge from the outside exhaust must be directed away from occupied areas and air supply intakes of any building.

HEPA filtration of exhaust air is not routinely required for BL-3 laboratories. However, laboratory facility designers and managers should determine whether unusual or high risk situations are present (e.g., proximity of laboratory exhaust system outlet to air intake for patient care areas, with no way to correct problem), and make a site-specific determination on the need for HEPA filtration. 

Similarly, different air pressure gradients within the laboratory are needed depending on the relative risk of the activities to be performed. For example, a "clean room" used for the preparation of media or other materials, is maintained at a slightly higher pressure than the BL-2 laboratory area. The "isolation room", or BL-3 laboratory area, is maintained negative to the BL-2 area. Thus, airflow is from the least contaminated to the most, and air is then exhausted to the outside without recirculation. Air movement can be tested with a simple indicator (e.g., a strip of tissue paper placed in a 1.5-inch by 12-inch slot in the door) or with more complex devices (e.g., magnehelic gauges) (2,9,39A,39B). 

Ten to twelve exchanges per hour are recommended for laboratory facilities (39A,39B,39C).

Under ideal conditions of maximal air mixing (2), 12 changes of room air per hour will remove approximately 99% of airborne particulates in 23 minutes; in laboratories that have only six air changes per hour, 46 minutes are required to achieve 99% removal, assuming uniform mixing of air in the room. However, removal can be slowed even further by convectional mixing and by air turbulence resulting from furniture placement. 

Air flow should be measured to determine the characteristic of aerosol clearance in the specific BL-2 or BL-3 laboratory. Ideal conditions for air mixing in laboratories rarely exist, and clearance may take 3-10 times longer than calculated, a factor that should be considered in determining when it is safe to reenter a laboratory after a spill.

Engineering personnel should document at least annually that the specified number of air changes occur.

Floors, ceilings and utilities - building for ease of decontamination in case of spills

Interior surfaces of walls, monolithic floors and ceiling of the BL-3 laboratory should be sealed to allow for formaldehyde gas decontamination in the event of a major spill or aerosol release. All air spaces surrounding a pipe, electrical conduit, or other device that passes through a wall, floor, or ceiling should be sealed to prevent air from leaking out of the laboratory.

Biological Safety Cabinets in the mycobacteriology laboratory

The most crucial piece of equipment in all diagnostic mycobacteriology laboratories is the biological safety cabinet (BSC). BSCs are used at both BL-2 and BL-3.

BSC's are of several types. Class II BSCs, recommended for use in tuberculosis laboratories, provide a clean work environment, protect workers against potentially infectious aerosols, and keep infectious agents from entering the environment. A recent publication, Primary containment for biohazards: selection, installation and use of biological safety cabinets (40) details operating procedures for safely working in BSCs. 

The installation of the BSC must conform to accepted specifications (41). It should be located away from doors, air-supply fans, drafts, and areas frequented by personnel (40). Improperly positioned BSCs have contributed to laboratory-associated skin-test conversions (16). A Class ll, Type A BSC that exhausts HEPA filtered air into the room is acceptable at BL-2 and BL- 3 when a 12-inch or greater clearance exists above the cabinet and when the use of toxic chemicals (e.g., generation of cyanogen bromide in the niacin test) is strictly prohibited in the BSC. Thimble adaptors that loosely connect the BSC to the building exhaust system may be used. 

Ensuring that air handling systems and BSCs work properly

BSCs must be certified at least annually by personnel trained in the certification process (1,16,23,40). 

More frequent BSC certification is recommended for laboratories in which operations create substantial aerosols or when dust accumulates on the HEPA filter, thereby rapidly decreasing the cabinet's efficiency. The uninterrupted operation of the BSC should be assured with a back-up source of power and, where applicable, redundant power supply to room air exhaust fans. Preventive maintenance operations that should be routine in every laboratory include daily monitoring of room and BSC air flow direction and, when present, the magnehelic gauge that measures the pressure differential across the exhaust HEPA filter (40).

Laboratory operations involving aerosolization or culture-amplified suspensions of bacilli must incorporate additional preventive maintenance and safety checks, which can include smoke testing or other means for detecting direction of air flow and velocity. Anemometer readings should be taken before working with new configurations of instruments and devices in the BSC. Laboratorians working in BSCs must keep air intake and exhaust grilles free, avoid overcrowding of the cabinet, and understand the operational parameters of the cabinet (38,40). Where aerosolization of large volumes of culture-amplified fluids can occur, a Class III BSC may be used to ensure total containment of droplet nuclei (1,40).

Centrifugation and other aerosol-producing procedures

As a rule, all procedures that can lead to aerosol production must be conducted inside a BSC in a BL-3 laboratory as specified in the BMBL (1). Centrifuges present unique problems for aerosol containment. Table-top centrifuges placed inside BSCs disrupt the cabinet's containment airflow. Were a tube to break or leak, aerosolized material would be expelled into the room with considerable force. Whenever (potentially) infectious materials are centrifuged, bioaerosol-containing equipment should be used. At a minimum, tubes should be equipped with O-rings. Floor-standing centrifuges that have bioaerosol containment heads are currently available. Centrifuges can also be placed in secondary containment devices (especially constructed cabinets/enclosed areas) equipped with HEPA-filtered exhaust air systems (23,38).

New growth detection and molecular biological techniques

After two decades with relatively few changes, new techniques and new equipment are being added to tuberculosis laboratories. Biosafety issues related to newer equipment have been reviewed recently (22). As additional equipment and procedures become available, and they are considered for inclusion in clinical and research laboratories, a risk assessment should be done, reviewing manufacturer's specifications and warnings, adequacy of existing facility for new equipment, need for revision of existing procedures, and personnel training. As with older equipment, potential for aerosol generation and risk of needle stick or other injury should be specifically addressed.

POLICIES AND PROCEDURES IN THE MYCOBACTERIOLOGY LABORATORY
Handling specimens - tasks and risks
Risks associated with many laboratory activities that involve specimens and cultures of M. tuberculosis have been assessed in recent publications (22). These publications recommend that laboratory workers evaluate procedures for relative risk of aerosolization and develop a strategy for safe, step-by-step manipulation of both specimens and cultures. The guidelines published in the BMBL (1) and here are considered to be adequate, based on current knowledge and standard practice. However, laboratory directors should routinely evaluate the risks and adjust the level of safety upwards as indicated.

Specimen collection

Collection of appropriate and adequate specimens and prompt transport of those specimens to the laboratory are critical first steps in the laboratory evaluation of the tuberculosis patient. These procedures involve very significant bio-containment and personnel protection issues. Guidelines for these activities are included in (2,9,10,11). 

Specimen receipt and initial processing

Sputum specimens collected from patients who have clinical signs of tuberculosis (2,36) are sent to the laboratory in closed containers that are opened in a BSC. 

Transfer of patient information, labeling containers, and other paperwork can be done safely by trained laboratory personnel at BL-2.

AFB smears

The first step in the diagnostic process is to determine if the specimen contains AFB. In most U.S. laboratories, smears are prepared - either directly from specimens (e.g., sputum judged likely to have large numbers of AFB), or after digestion, decontamination of other microorganisms in the specimen, and centrifugation to concentrate the mycobacteria in the specimen. Use of rapid-detection systems may eventually reduce the need to make smears, but may pose a new set of potential hazards.

Direct smears

Direct smears are useful only for the examination of specimens likely to contain large numbers of AFB (e.g., sputum). Because of the potential for aerosol generation, specimen containers must be opened and direct smears prepared and air dried in a Class I or II BSC. Smears may be dried and heat-fixed by placing the slide on a warmer in the BSC and heating it at 65-75° C (149-167° F) for at least 2 hours. Heat-fixed smears may contain viable tubercle bacilli (Allen), but they are not easily aerosolized if dried on a slide. Personnel may remove fixed slides from the BSC and stain them without wearing respiratory protective devices or following special engineering controls (i.e., in the BL-2 laboratory). Stain reagents for both light and fluorescence microscopy contain phenol, which kills tubercle bacilli during the staining process (42).

Smears from concentrated specimens

Specimens concentrated by centrifugation may contain very large numbers of AFB. These specimens may be handled in one of two ways.

Use of tuberculocidal agents to allow processing of concentrated AFB smears in the BL-2 laboratory

A working group of the 1995 ASTPHLD/CDC Conference (5) affirmed that if AFB smears are made at BL-2, specimens must have been treated with a tuberculocidal disinfectant. Specimen containers must be opened and disinfectant added in the BSC. Specimens treated with an equal volume of 5% sodium hypochlorite solution (i.e., undiluted household bleach) for 15 minutes (43,44) may be centrifuged and subsequently handled outside the BSC at BL-2. Other tuberculocidal agents may affect staining characteristics; if such agents are used, the laboratory must confirm that the stain result is accurate. The major disadvantage to this method is that the treated specimen cannot subsequently be used for cultures. 

Preparation of concentrated AFB for smear and culture in the BL-3 laboratory

Sputum specimen containers must be opened, chemicals for digestion added, and the processed specimen placed in appropriate centrifuge tubes in a BSC.

Centrifugation of diagnostic specimens suspected of containing live tubercle bacilli must be done in a BL-3 laboratory. Centrifuge tubes must be placed into rotors or biocontainment cups designed to contain aerosols that will be generated if a tube leaks or breaks; tubes must be removed from the cups only in the BSC. O-rings on the centrifuge caps must be examined daily to assure that the seal is intact and that the integrity of the unit is maintained; cracked or otherwise faulty O-rings must be replaced before equipment is reused. (23,38) Concentrated specimens should be returned to a properly maintained and certified BSC (40) (see Biological Safety Cabinets) in the BL-3 laboratory. In the BSC the centrifuge tubes can be removed from the safety cups, and smears can be made or primary cultures can be inoculated. As with direct smears (above), smears made from concentrated material may be dried and heat-fixed by placing the slide on a warmer in the BSC and heating it at 65-75° C (149-167° F) for at least 2 hours. 

AFB Cultures - conventional techniques 

BL-3 practices, containment equipment, and facilities are required for manipulating cultures known or suspected to be positive for AFB. 

In addition to centrifugation, other aerosol-generating procedures such as blending, mixing, pipetting, inoculation of media, and sonication must be performed in a BSC at BL-3. A working group of the ASTPHLD/CDC Conference (5) recognized that activities such as inoculation of both liquid and solid medium for primary isolation, identification of all Mycobacterium species using rapid methods, and susceptibility testing of M. tuberculosis must be done at BL-3.

When tubercle bacilli are inoculated onto a solid medium contained in a test tube, the screw cap is left loose for up to one week to allow water vapor, oxygen, and carbon dioxide to diffuse. Droplet nuclei do not form in the undisturbed tube. 

Examining closed culture vessels (e.g., slant tubes, sealed agar plates) may be done at BL-2. All cultures of specimens must be assumed to contain M. tuberculosis until tests prove otherwise, and specimens from patients having mixed infections with two Mycobacterium species can occur.

AFB culture and identification - newer techniques

Droplet nuclei may be formed while centrifuging or vortexing liquid culture materials (as might be done in preparing suspensions before examination with a probe or high-performance liquid chromatography [HPLC]) and disrupting cells by sonication or shearing procedures (as required for some procedures of molecular biology), and such activities must be done in a BL-3 laboratory using BL-3 procedures. 

Waste Disposal 

All cultures, glass and plasticware, used protective clothing and other potentially contaminated materials from the tuberculosis laboratory must be decontaminated before disposal or reprocessing. Waste should be decontaminated as close to the point of use as possible, ideally before materials are removed from the laboratory area. Materials to be decontaminated outside of the laboratory must be placed in a durable leakproof container and closed for transport from the laboratory. Materials to be decontaminated off site must be packaged in accordance with applicable local, state, and federal regulations before removal from the facility.

Autoclaves 
The BMBL (1) recommends that an autoclave be located in the facility containing the BL-3 laboratory. If this is not possible, all wastes that contain mycobacteria should be placed in a leak-proof discard pan (the pan can be lined with an autoclavable plastic bag) that contains disinfectant solution to a depth of approximately 2-3 cm; the pan should be covered with a solid lid before being removed from the BSC. The lid should be adjusted to allow steam penetration during autoclaving. 

The autoclave must be of sufficient size to handle infectious waste generated by the laboratory without undue delay, and located so it can be loaded and unloaded safely and conveniently. Laboratories that are adding or renovating BL-3 space may wish to consider equipping the laboratory with through-the-wall autoclaves to minimize movement of infectious materials throughout the facility. 

An improperly operated autoclave contributed to at least one laboratory-acquired tuberculin skin-test conversion (16). Proper training in the use of autoclaves and routine proficiency testing are necessary components of the laboratory safety program.

Safety strategies

Prevention of aerosols

In most cases, the "laboratory accident" that results in an exposure and thus a tuberculin skin-test conversion is not as overt as the breakage of a bottle; more often, lapses in technique allow droplet nuclei to be released from culture-amplified materials. Therefore, all laboratory equipment and procedures should be evaluated when put into use and periodically thereafter to ensure that opportunities for generation of aerosols are minimized.

Spill avoidance

A spill can occur at any time during the processing of specimens. If a culture containing M. tuberculosis complex, whether in liquid or on solid medium, is dropped and broken, an aerosol is generated.

Laboratory personnel should avoid practices that can result in spills (e.g., hand-carrying tubes, vials, and bottles, or improperly stacking racks or baskets). All tubes, plates, and other containers should be transported on carts in protected racks or baskets. 

Spill response plan

A written exposure-control plan should be prepared by the director of the mycobacteriology laboratory. Specified clean-up materials and personal protective equipment (PPE) should be stored and a copy of the plan posted outside of the appropriate rooms in both BL-2 and BL-3 laboratories. BSL-3 BMBL Guidelines require that the spill response procedures must be posted prominently inside of the lab. Although plans will vary according to individual facilities and practices, all plans should contain the following information (9,13,22,31):

1.  instructions on evacuation of the laboratory;

2.  instructions for notifying the biosafety office, building engineers, security personnel and others needed to manage the spill; 

3.  instructions on how to manage air-handling equipment, particularly in the event that a space-decontamination is needed (e.g., the cubic volume of the room would be required);

4.  spill clean-up procedures that will be employed in various spaces in the laboratory, the sequencing of each procedure, and the relevant administrative controls, engineering controls, and personal protective equipment required (1);

5.  other decontamination procedures, including steps to control associated problems (e.g., formaldehyde fumes that may not be contained in the sealed rooms during gas decontamination);

6.  provisions for follow-up tuberculin skin testing and other medical intervention procedures;

7.  provision for spill-response drills to ensure appropriate action in response to an emergency. 

Recommended management of a spill

When a spill occurs, all persons should leave the room immediately so that an assessment of the spill and exposure can be made without further personnel exposure. Two hours or more later, depending on the number of air changes in the laboratory, the degree of convectional mixing in the room air and the turbulence resulting from furniture and equipment placement, a person wearing a HEPA or N100 respirator (National Institute for Occupational Safety and Health (45), Occupational Safety and Health Administration (46)) and protective clothing should reenter the room to cover the spill with towels soaked with a tuberculocidal disinfectant. After soaking for at least 2 hours, the spill should be cleaned up by a person wearing a respirator and protective clothing. When more intensive aerosolization of culture-amplified fluids occurs, the room should be sealed and decontaminated with formaldehyde gas.

PERSONNEL PROTECTION
Principles

The fundamental principle of personal protection is the consistent use of appropriate personal protective equipment while manipulating materials that might contain infectious tubercle bacilli. Training, monitoring, and medical surveillance are integral to personal protection. Laboratory supervisors are responsible for educating all laboratory personnel in the concepts of biosafety and for ensuring that safety procedures are followed; when a new procedure is introduced, each step of the operation should be evaluated for potential biohazards.

Training and monitoring of equipment

Laboratorians who manipulate M. tuberculosis complex species must be taught appropriate procedures and be trained to monitor all equipment (especially the BSC) for proper operation. Personnel must confirm that air flow is unidirectional through the facility and that negative air-pressure gradients are maintained (9,23,40).

Medical surveillance

Tuberculin skin testing
Personnel should be monitored for delayed-type hypersensitivity to tuberculin. All new personnel should receive a two-step tuberculin skin test by the Mantoux procedure (2,47); if the tuberculin skin-test results are positive, a reference chest roentgenogram should be made. Tuberculin-positive personnel should be advised of the symptoms of active tuberculosis so that they will know to seek medical attention if such symptoms occur.

Tuberculin skin test by the Mantoux procedure (but not roentgenogram) should be performed at least annually and should be used for surveillance of laboratory personnel whose tuberculin skin test results were negative. This frequency of skin testing is adequate for persons who manipulate specimens from tuberculosis patients or who perform simple procedures on cultures that are unlikely to generate aerosols. 

When the risk for aerosolizing bacterial cultures and suspensions is high, performing a skin test at shorter intervals is necessary (i.e., every 3-6 months depending on the degree of exposure). 

Records of tuberculin skin-test application, the results of the reaction (measurement of the zone of induration in millimeters) and the reference chest roentgenogram should be maintained in the employee health clinic or in the laboratory's safety records. 

If a tuberculin skin-test conversion occurs, the laboratory supervisor must schedule retesting of all laboratory personnel at 3-month intervals until no further conversions are found. The standard interval of testing may then be resumed. Engineering controls, laboratory procedures, and safety practices must be carefully reviewed when a tuberculin skin-test conversion occurs in laboratory personnel. New procedures, additional training, or other appropriate administrative controls may be indicated as a result of this review.

Certain immunocompromised persons (including HIV-positive persons with or without AIDS-defining illness) are at increased risk for developing active tuberculosis when infected with M. tuberculosis. Supervisors of personnel who work in laboratories that process specimens for isolation of M. tuberculosis should educate their workers about the risk of occupationally-acquired tuberculosis to immunocompromised persons. 

BCG vaccine

An attenuated live vaccine strain derived from M. bovis (Bacille de Calmette et Guerin {BCG}) is used in many countries as a live vaccine against tuberculosis. BCG is not routinely used to vaccinate laboratory personnel or other health care workers in the United States (48). However, when health care workers are employed in workplaces where the risk of infection with multiple drug resistant strains of M. tuberculosis is high and where other infection control measures have been unsuccessful, ACET/ACIP recommends consideration be given to BCG immunization for persons who have a reaction of <5 mm induration after skin testing with 5 TU of PPD tuberculin.

Work with BCG in the laboratory or clinical setting

BCG is administered for cancer immunotherapy, as well as to protect against tuberculosis. The infectious vaccine is often prepared in a hospital pharmacy or clinic rather than in a laboratory. Personnel can develop delayed-type hypersensitivity to tuberculin as a result of inhalation of aerosols containing the bacilli; therefore reconstitution of the vaccine in open containers must be done aseptically by persons wearing gloves and working in a Class I or II BSC. The package insert provides instructions for safe vaccine administration.

The BCG strain of M. bovis may be done safely in a BL-2 facility using BL-2 practices and procedures. However, should laboratories be asked to attempt culture of BCG from clinical materials, these should be handled as though they contained M. tuberculosis organisms.

Personal Protective Equipment

Certain protective clothing and equipment must be worn by personnel entering BL-2 and BL-3 laboratories.

Supervisors must emphasize the availability and use of personal protective equipment through training and control procedures. 

BL-2 laboratory

Laboratorians working at BL-2 should wear a laboratory coat or gown over their street clothes; the coat or gown must be removed when leaving the laboratory. Gloves must be worn when handling specimens or any other vessel that may contain tubercle bacilli.

BL-3 laboratory

Laboratorians working at BL-3 must wear protective laboratory clothing such as a solid-front or wrap-around gown. Scrub suits may be worn under the protective gowns, particularly in research or other situations where there is potential exposure to large volumes of liquid culture material. The scrub suits should be changed daily. The protective gown worn in BL-3 laboratories must have long sleeves with snug (knit) cuffs. Gloves must be worn and must be long enough to overlap the sleeves of the gown. Caps and booties are recommended. Laboratorians should remove all outer protective clothing when leaving the BL-3 laboratory and place the clothing into bags for autoclaving.

Respirators 

Recommendations for respirator use are based on recently published guidelines for particulate respirators (NIOSH) and evaluations of the risk for infection by aerosol inhalation associated with work performed. Engineering controls, safe work practices, including use of personal protective equipment (Table 2), and common sense are combined to minimize risk. 

OSHA standard

The respiratory protection standard of the Occupational Safety and Health Administration (46) requires that all respiratory protective devices used in the workplace be certified by the National Institute for Occupational Safety and Health (45). CDC published recommendations for selection of respirators for protection against tuberculosis in 1994 (2). Four criteria govern the use of these respirators:

1.  The ability of an unloaded respirator to filter particles 0.3  in size with a filter efficiency of 95% (i.e., filter leakage of 5%), given flow rates of up to 50 L per minute.

2.  The ability to be qualitatively or quantitatively fit-tested to obtain a face-seal leakage rate of no more than 10%.

3.  The ability to fit different facial sizes and characteristics, which can usually be attained by making the respirators available in at least three sizes.

4.  The ability to check for face piece fit by the person wearing the respirator each time it is worn in accordance with OSHA standards. 

NIOSH procedures for certification of respirators

Since publication of the CDC recommendations for selection of respirators for M. tuberculosis in 1994, the NIOSH procedures for certification of respirators have been revised (45). The revised guidelines for certification of air-purifying respirators enable users to select from a broader range of certified models that meet the performance criteria. NIOSH certifies three classes of filters, designated as the N-,R-, and P-series, using newly available particulate filter tests. Each series contains three levels of filter efficiency, 95%, 99%, and 99.97%, respectively. All tests for classification of the filter employ the most penetrating aerosol size (i.e., 0.3  aerodynamic mass median diameter). Respirators in the N-series are tested against an aerosol of sodium chloride (NaCl), and the R- and P-series filters are tested against an aerosol of dioctylphalate (DOP). Currently available HEPA respirators or any of the respirators that are certified by NIOSH for use in laboratory settings under the Code of Federal Regulations 42, Part 84 are recommended (45).

Respirator program in the mycobacteriology laboratory

The respirator program, in accordance with the OSHA standard (46), should be implemented by the laboratory's safety officer or person designated to perform this task and should include written procedures concerning how to: a) select the appropriate respirator, b) conduct fit-testing, and c) train personnel on the use, fit checking, and storage of the respirator. Surgical masks are not NIOSH certified respirators and must not be worn to provide respiratory protection.

Use of respirators in the mycobacteriology laboratory

When sputum specimens are collected in a laboratory setting, either the patient must be in a negative air-pressure booth equipped with a HEPA filter on the exhaust, or the laboratorian must wear a HEPA respirator (which may be a powered air purifying respirator equipped with N100 respirator cartridges (2)).

All manipulations of M. tuberculosis cultures create splatter or aerosol and must be performed in a BSC located in a BL-3 facility. All workers in BL-3 laboratories should wear an N95 respirator and other protective clothing (see Clothing) to minimize potential exposure when infectious materials are being manipulated. Laboratory infections are nearly always caused by either poorly monitored BSCs or a BSC in which normal aerosol containment capability is compromised, thereby permitting escape of droplet nuclei (38,40). The respirator then acts as an additional barrier to reduce the likelihood that tubercle bacilli will enter the lung.

RESEARCH
Research procedures involving the M. tuberculosis complex species should be carefully evaluated. Large volumes of fluids and suspensions of concentrated mycobacteria must be manipulated at BL-3 using procedures approved by the institution=s biosafety representative knowledgeable in containment of M. tuberculosis. Filtering exhaust laboratory air is not required; however, overriding local conditions may make it prudent to install HEPA filters.

RESEARCH INVOLVING ANIMALS
Experiments involving induced M. tuberculosis or M. bovis infections in animals pose hazards during certain stages of the study. The animals are challenged (i.e., intentionally infected with tubercle bacilli) by either intravenous injection (mice) or by inhalation of an aerosol (mice and other animals). During this process, laboratory personnel are at risk for being self-inoculated or exposed to aerosols. 

Primates are likely to produce an infectious aerosol by coughing. Therefore, all infected primates must be housed in an animal biosafety level 3 (ABL-3) facility (1).

Rodents are unlikely to produce aerosols by coughing, but they should be housed in bonnet-top or similar containment cages because of the risk for aerosolizing AFB from contaminated bedding. Rodent cages can be held in an Animal Biosafety Level 2 (ABL-2) facility (1) that has single-pass, unidirectional inward air flow and that exhausts all air to the outside. Litter must be handled as if infectious. Laboratory and animal-care personnel should always follow ABL-3 practices and procedures. An ABL-3 facility also may be used for work with other rodent species.

SHIPMENT OF CLINICAL SPECIMENS AND CULTURES
Specimens that may contain species of the M. tuberculosis complex, including clinical specimens and cultures, must be packaged, labeled, and shipped in accordance with Public Health Service (PHS), Department of Transportation (DOT), and International Air Traffic Association (IATA) regulations (50,51,52,53). PHS shipping regulations are being revised to reflect varying risks of disease transmission during shipment of infectious agents, and to conform more closely to DOT and IATA regulations. An NPRM will be published for comments in mid-1997. 

Under the proposed PHS shipping regulation, clinical specimens sent for initial diagnosis should be placed in a water-tight primary container (e.g., screw-capped container). The primary container should be placed in a watertight secondary container (e.g., sealable plastic bag). The primary container should be surrounded by sufficient absorbent material to completely soak up the liquid in the clinical specimen. The secondary container should be placed into a sturdy outer container that bears the address label and a label indicating "clinical specimen".

Mycobacterial cultures, and other materials known to contain M. tuberculosis complex species should be enclosed in a watertight primary container (e.g., a screw-capped tube or plastic vial). The primary container should be placed in a watertight, durable secondary container (e.g., rigid aluminum can with a sealable top). The space between the primary container and secondary container should contain sufficient absorbent material to completely soak up the liquid in the culture or specimen in the event of leakage or breakage. The secondary container should be placed into a sturdy outer container that bears the address label and PHS infectious substance label. Packages containing cultures of M. tuberculosis species must also bear DOT's infectious substance label on the outer package. All packages containing infectious substances must meet DOT performance standards.

The importation of materials containing species of the M. tuberculosis complex into the United States requires an import permit (50). An application to import etiologic agents or vectors, federal regulations regarding importation, and other information may be obtained by calling CDC/OHS voice/FAX information system at (404) 639-3883.

Packages containing M. tuberculosis complex species should be opened in a BSC in the receiving laboratory. Damaged packages should be reported to CDC/OHS at (800) 232-0124.

THE MYCOBACTERIOLOGY LABORATORY IN NEED OF IMPROVEMENT
It is recognized that some laboratories may not currently meet these guidelines because of certain facility limitations, (e.g., not having a complete BL-3 laboratory). In those laboratories, the laboratory director and biosafety officer should evaluate the facility, available equipment and work practices to determine what services can be provided without compromising employee health and safety. Activities must be modified or discontinued if necessary. For example, personnel working in a BL-2 laboratory can inactivate the tubercle bacilli before centrifugation and other activities that could generate aerosols. Some laboratory directors may choose to temporarily refer some work to other laboratories until improvements to their own facility have been made.

In some situations, it may not be possible to suspend or significantly alter current laboratory activities. In that case, the laboratory director and biosafety officer should develop policies and procedures to allow those activities to continue following full BL-3 practices and procedures while working in a BL-2 laboratory (1). However, the pursuit of achieving optimum good laboratory practices must include the timely development of a plan to achieve appropriate facility upgrades. When a temporary program is implemented to continue routine work in a BL-2 facility with BL-3 procedures, all work practices should be closely monitored, and all employees should receive tuberculin skin tests at recommended intervals. 

CONCLUSIONS
Although the incidence of tuberculosis is higher in laboratory workers than for the general population, the risk of becoming infected with M. tuberculosis in the laboratory can be minimized through the use of the engineering controls, administrative procedures, and specific work-place practices that are presented in these guidelines. 

Full biosafety level 3 is recommended for laboratories performing work with live tubercle bacilli that may generate infectious aerosols. Currently available procedures for preparing AFB smears, preparing samples for culture, identification and antimicrobial susceptibility testing of AFB all have the potential for generation of aerosols and must be done using BL-3 practices and procedures. 

Biosafety level 2 facilities and procedures are sufficient for laboratories performing direct AFB smears on samples that have been treated to inactivate the tubercle bacilli. 
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Appendix H, Hazard Assessment Form

	WORKPLACE HAZARD ASSESSMENT CERTIFICATION FORM



	Instructions: Complete form using Personal Protective Equipment Hazard Assessment Guidelines. Completed form is to be retained for departmental records.

	Supervisor conducting the hazard assessment:


	Date of hazard assessment:

	Work Activity Assessed


	Location of Assessment (Blg/Rm)
	Hazard(s) Identified
	Workplace Controls and PPE Selected (Make & Model #)

	
	
	
	

	All open work with  M tuberculosis
	BSL-3 lab suite
	Aerosol exposure
	N-95 respirator

	
	
	
	All open work performed in BSC

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	I,                                                               , certify that the assessment of the identified work activities has been performed.        Date:                         

                           Signature


SECTION 6: SPILL & ACCIDENT RECORD for [Building/room(s)]
Chemical and Biological Spills:

Trained laboratory workers may clean up relatively small spills.  Seek assistance when  personnel qualified to clean up the release are not available, proper PPE or spill kit supplies are not available, spill cannot be identified, chemical is highly flammable or highly toxic, or the spill is outside the employee’s immediate work area.  For spill assistance call Fire Services/EHS by dialing 911, or call EHS directly at 335-3041.

	Date of spill
	Substance spilled
	Location of spill
	Name of personnel involved 
	Method of clean-up

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Accidents:

Call 911 for help when required.  Fill out all required accident forms located in Bustad 490 filing cabinet (see WSU Safety Policies and Procedures Manual Section 25.20 for list of required forms).

	Date of accident
	Name of personnel involved
	Description of accident
	Location
	Follow-up/ corrective actions

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


TRAINING DOCUMENTATION

Laboratory Personnel Listing for *(Lab Building/Room Number)
The personnel listed below have been trained on the potential hazards of the work involved, the necessary precautions to avoid exposure, the exposure evaluation process, and safe operation of the equipment used. 

	Name
	Signature
	Position
	Date Manual Reviewed
	Date Biosafety Training Completed
	Annual Retraining  Initial and date

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Biosafety Risk Assessment

For more information on Risk Assessment see Supplemental Resources G at the end of this document.
	Principal Investigator:
	
	Approved by: (signature of Principal Investigator)
	

	Date of Risk Assessment:
	
	
	

	Risk Assessment undertaken by:
	
	Submitted to BSO: (date)
	

	Action required completed on:
	
	Reviewed by BSO: 

(date)
	


SECTION A:

AGENT CHARACTERIZATION

	Research Activity (BAF#)
	 Title & Brief Description of Research Activity

( attach second page if required)
	Biohazardous Materials in use
	Overall Risk Group

Based on Factor Analysis 

(see supplemental resources F for more information)

 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Part B:
Personnel Factors
	Research Personnel

*B - Beginning,

I - Intermediate,

A – Advanced
	Name:
	Name:
	Name:
	Name:
	Name:
	Name:

	Biosafety training Date completed
	
	
	
	
	
	

	SOP training

Date completed
	
	
	
	
	
	

	Health Assessment (immunosuppressed)
	 FORMCHECKBOX 
Completed
	 FORMCHECKBOX 
Completed
	 FORMCHECKBOX 
Completed
	 FORMCHECKBOX 
Completed
	 FORMCHECKBOX 
Completed
	 FORMCHECKBOX 
Completed

	Experience with the Agent (B, I, A)*
	
	
	
	
	
	

	MSDS read (y/n)
	
	
	
	
	
	

	Experience with the procedures

 (B, I, A)*
	
	
	
	
	
	

	Use of PPE training

Date completed
	
	
	
	
	
	

	Job hazard analysis undertaken (y/n)
	
	
	
	
	
	

	Allergies (animal, environmental)
	 FORMCHECKBOX 
Assessment

Completed
	 FORMCHECKBOX 
Assessment

Completed
	 FORMCHECKBOX 
Assessment

Completed
	 FORMCHECKBOX 
Assessment

Completed
	 FORMCHECKBOX 
Assessment

Completed
	 FORMCHECKBOX 
Assessment

Completed


	Part C: 

Experimental Factors
	Examples
	Comments
	Action Required 

(Y/N) (specify action)

	Aerosol generating potential
	 FORMCHECKBOX 
centrifuging,  FORMCHECKBOX 
vortexing, 

 FORMCHECKBOX 
homogenizing,  FORMCHECKBOX 
flaming loops

 FORMCHECKBOX 
shaking,  FORMCHECKBOX 
other 
	
	

	Potential for self-inoculation (needle stick, lesion)
	 FORMCHECKBOX 
recapping,  FORMCHECKBOX 
incorrect disposal of sharps  FORMCHECKBOX 
 other
	
	

	Sample origin and concentration
	Origin:  FORMCHECKBOX 
clinical,  FORMCHECKBOX 
pure culture,

 FORMCHECKBOX 
 previously manipulated, 

 FORMCHECKBOX 
characterized, concentration
	
	

	Volume of pathogen used
	 FORMCHECKBOX 
 >10L large scale, max. volume 
	
	

	Animal use (types, potential viral shedding, bites and scratches)
	
	
	

	Replication competency 
	 FORMCHECKBOX 
low,  FORMCHECKBOX 
medium,  FORMCHECKBOX 
high
	
	

	Recombinants
	Inserted gene is an  FORMCHECKBOX 
oncogene,   FORMCHECKBOX 
alters cell cycle,   FORMCHECKBOX 
integrates with host DNA, 
	
	

	Cell line characteristics
	 FORMCHECKBOX 
established,  FORMCHECKBOX 
new

 FORMCHECKBOX 
attenuated  FORMCHECKBOX 
non-replicating (documented)
	
	

	Toxin production (y/n, MSDS))
	
	
	

	Modification of pathogen (y/n, result / implication)
	
	
	

	Vector use (y/n, describe) 
	
	
	

	Inventory Records
	 FORMCHECKBOX 
centralized, catalogued by

 FORMCHECKBOX 
agent,  FORMCHECKBOX 
user,  FORMCHECKBOX 
location, 

 FORMCHECKBOX 
searchable 
	
	

	 Contingency plan (exposure, accidental releases / spills)
	 FORMCHECKBOX 
written,  FORMCHECKBOX 
included in biosafety manual,  FORMCHECKBOX 
posted in work area
	
	

	Techniques – cryogenics, cytometry
	
	
	

	Disinfectant used as directed
	 FORMCHECKBOX 
appropriate for agent, 

 FORMCHECKBOX 
concentration  FORMCHECKBOX 
 contact time
	
	


	Part D:

Environmental Factors
	
	Comments
	Action Required 

(Y/N) (specify action)

	Level of containment available
	 FORMCHECKBOX 
as per regulations,  FORMCHECKBOX 
status not compromised due to age or use
	
	

	Degree of monitoring of containment factors
	 FORMCHECKBOX 
air flow / FORMCHECKBOX 
 pressurization,  FORMCHECKBOX 
biological safety cabinet,  FORMCHECKBOX 
certification
	
	

	Impact of external activities
	 FORMCHECKBOX 
construction altering pressure differentials,  FORMCHECKBOX 
new routes of egress created,  FORMCHECKBOX 
increase traffic by the public
	
	

	Biosecurity (access and inventory control)
	 FORMCHECKBOX 
appropriate level of security in place
	
	

	Availability and status of emergency support 
	 FORMCHECKBOX 
eye wash,  FORMCHECKBOX 
first aid,  FORMCHECKBOX 
 spill kits
	
	

	Housekeeping and Trades Personnel
	 FORMCHECKBOX 
trained,  FORMCHECKBOX 
procedures
	
	

	Access by public
	 FORMCHECKBOX 
students,  FORMCHECKBOX 
visitors,  FORMCHECKBOX 
trades personnel
	
	


	Part E:

Equipment Factors
	
	Comments
	Action Required 

(Y/N) (specify action)

	Equipment Maintenance (frequency, status)
	 FORMCHECKBOX 
centrifuge,  FORMCHECKBOX 
pumps,  FORMCHECKBOX 
aspirators,  FORMCHECKBOX 
autoclaves   FORMCHECKBOX 
cell cytometers
	
	

	Manual 
	 FORMCHECKBOX 
available and  FORMCHECKBOX 
 used
	
	

	Reservoirs empty &disinfected
	 FORMCHECKBOX 
aspirators,  FORMCHECKBOX 
tubing clean
	
	

	Standard Operating Procedures
	 FORMCHECKBOX 
Biosafety Manual read and available to all in work area
	
	

	Location of use
	 FORMCHECKBOX 
consideration of room ventilation,

 FORMCHECKBOX 
ow traffic area  FORMCHECKBOX 
minimal transport
	
	

	Ventilation Consideration
	 FORMCHECKBOX 
Potential disruption of biological safety cabinets.
	
	


Rating of Risk Consequence and Probability

Each hazard / risk observed was rated according to possible consequence (Table 1) and probability (Table 2) according to the criteria listed in these Tables as follows:

	 Rating of Risk Consequences

	Class
	Rating
	Consequences

	4
	Catastrophic
	People:                 fatalities, evacuation outside site area

Environment:     irreversible, long-term damage outside site area

Business:             total loss:         >  $2 million

                             Interruption:     > 2 months

                             image:              severely damaged, > 1 week, national

	3
	Critical
	People:                 serious injuries, effects outside site area

Environment:     reversible, short-term damage outside site area

Business:             total loss:         >  $100,000 - $2 million

                             Interruption:     > 2 – 8 weeks

                             image:              damaged, > 1 week, regional

	2
	Marginal
	People:                 minor injuries, annoyance outside site area

Environment:     only site area effected

Business:              total loss:         >  $5,000 - $100,000

                              Interruption:     > 1 – 2 weeks

                              Image:              < 1 week, local

	1
	Negligible
	People:                 no effects

Environment:     only building effected

Business:              total loss:         <  $ 10,000

                              Interruption:     > 1 week

                              Image:              no effects

	Table 2 - Rating of Probability

	Class
	Rating
	Probability
	Definition

	A
	Frequent
	More than once a year
	Likely to occur repeatedly in life cycle system

	B
	Moderate
	Once per year
	Likely to occur several times in life cycle system

	C
	Occasional
	Once in 5 years
	Likely to occur sometime in life cycle system

	D
	Rare
	Once in 25 years (e.g. once in the life cycle of the system)
	Not likely to occur in system life cycle, but possible

	E
	Unlikely
	Once in 100 years
	Will occur once in a lifetime of a site

	F
	Very Unlikely
	Once in 1,000 years
	Almost impossible to occur


Risk Profile
Based on the previous general and specific observations, a risk profile is developed for this area, laboratory, or facility as follows.  The hazards / risks in the gray zone are considered acceptable risks (although risk reduction is always a research goal); the hazards / risks in the white zone are not considered acceptable and need to be abated and improved.  The numbers in the table refer to the Risk / Hazard Observations in the previous sections.

	Risk Profile/Probability

	    Consequences

Probability
	Negligible

1


	Marginal

2
	Critical

3
	Catastrophic

4

	Frequent

A
	
	
	
	

	Moderate

B
	
	
	
	

	Occasional

C
	
	
	
	

	Rare

D
	
	
	
	

	Unlikely

E
	
	
	
	

	Very Unlikely

F
	
	
	
	


Supplemental Resource B Medical Surveillance*

To determine if Medical Surveillance is appropriate a risk assessment should be made based on the following risks:

· The probability of infection

· Implies an estimate of numbers exists

· Predict an outcome given similar events

· What is the natural host?

· Does the agent cross species barriers?

· Wild-type agent or attenuated?

· Infectious for normal healthy adult?

· What if adult is immunocompromised?

· Mode of Transmission

· Contact

· Fomites

· Mucous membrane exposure

· Ingestion

· Inoculation or insect bites

· Inhalation

· Sex

· Volume being manipulated?

· Concentration of agent?

· Infectious dose?

· Past history of lab-associated infection?

· Secondary spread in community?

· Prophylaxis

· Immunizations available?

· Pharmaceuticals?

· Effectiveness?

· Post-Exposure

· Anti-microbial agents?

· Pharmaceuticals?

· Effectiveness?

· Dealing with an unknown agent?

· Epidemiological data

· Patterns parallel to other agents

· Data from animal studies

· Route of infection

* (At the discretion of the Laboratory Director, if a Medical Surveillance program is established, it is in accordance with the WSU Laboratory Safety Manual Section II-10 and WAC 296-62-40001 for chemical exposures.  For microbiological exposures, the program is developed to detect immunological exposures related to the microorganisms used within the laboratory.  State whether a Medical Surveillance Program is instituted and if serum samples are being stored and if immunizations are required to work in the lab.  Include a procedure for obtaining medical treatment if needed.)

Biological Safety Cabinet Operating Procedures (Lab Building/Room Number)
Proper use of the Biological Safety Cabinet – (the Baker Company’s Owner Manual).

Start up Procedure
1.
If the unit has not been left running continuously, first turn the blower switch to on.  Make sure that you have cabinet airflow either by listening for blower sound, feeling the airflow across your fingers, or checking the minihelic gauge for a reading other than zero.  The reading on the gauge should be consistent with the last time the unit was on.

2.
Turn on the fluorescent light.  Never leave the ultraviolet light on while there is anyone in the room.

3.
Check to see that the drain valve is in the closed position or the drain coupling is capped.

4.
Wipe the interior area of the cabinet with a surface disinfectant.  Virex will typically be used since bleach can corrode and pit the steel surface.  If bleach must be used, clean the surfaces afterwards with a detergent and rinse with tap water to prevent corrosion.

5.
Place all material to be used for the next procedure inside the cabinet.  It may be necessary to disinfect the exterior of these materials.  Everything required (and nothing more) should be placed in the cabinet before beginning your work so that nothing passes in or out through the air barrier until the procedure is completed.  Implements should be arranged in the cabinet's work area in logical order so that dean and dirty material are segregated, preferably on opposite sides of the work area.  Note that the more equipment that is in the cabinet, the greater will be the air turbulence it causes.  Equipment that rotates, vibrates, or heats should be avoided, or if must be used then these should be placed towards the rear of the cabinet.


Blocking the front and rear grilles must be avoided.  If wipes are used, be sure to keep them away from the grilles.

6.
Make sure that the vertical sliding viewscreen is open exactly eight inches.

7.
After the cabinet has operated for three minutes with the viewscreen in proper position, you are ready to begin.

Work in the cabinet
1.
Hands and arms should be washed before and after work in the cabinet.  Gloves should be worn when working with infectious material.

2.
Perform all work in the depressed area of the solid work surface.

3.    Work with slow movements.  Do not move things (arms included) in and out through the air barrier.

4.
Open and close doors as little as possible when hood is in use.  Such activity causes air disturbances that might interfere with cabinet airflow.

5.
Discard pipettes in a suitable container within the cabinet.

6.
Flames are usually not necessary, and because they disturb airflow are discouraged.  Any use of flames in the hood must have prior approval.

7.
Never operate the hood while a warning light or alarm is on.

8.
After a procedure has been completed, all equipment which has been in contact with the research agent should be enclosed, and the entire surface decontaminated.  Trays of discarded pipettes and glassware should be covered.  The cabinet should then be allowed to run for at least three minutes with no activity so that the airborne contaminant will be purged from the work area.  All equipment is then removed from the cabinet.

9.
Decontaminate the interior surface of the cabinet.  In particular check for areas of spilled or splashed media. Never use the cabinet to store supplies or laboratory equipment.

10.
If the cabinet is turned off, close the sash completely.

11.
If an accident occurs during cabinet operation which causes spills and spatters of an infectious agent around the work area, decontaminate all items and surfaces before any items are removed (the fewer items under the hood the easier it is to clean!).


If the spill of an infectious agent was enough to create puddles or liquid in the drain pan then the following procedure should be followed:

a.
Leave the cabinet running and close the viewscreen for about 5 minutes.  This will allow aerosols to settle before starting cleanup.

b.
The drain pan should be flooded with 109.0 liters of 10% bleach or virex.  Leave the disinfectant in the pan for at least 15 minutes, longer if the spill involved a lotof protein or protein-like material. The disinfectant then needs to be drained out and the surfaces thoroughly cleaned with water to prevent corrosion.

Ultraviolet Light
1.
The UV light is typically turned on after all operations involving a biosafety level two infectious agent and left on for 15-30 minutes.

2.
Eyes and skin should not be exposed to UV light.  It should be turned on only when no one is in the room. It should never be left on over night.

3.
UV light cannot be relied upon as the sole decontaminating agent.  Surface decontamination is always essential.










































































































Evacuation procedures:  In case of medical emergencies, electrical failure, fire, gas leaks, or water leaks (see section VII) the BSL3 facility is to be evacuated.  If no barriers or hazards exist to the movement of people then evacuation shall proceed by first entering the anteroom to remove protective gear, and then exiting by route ____ from the facility.  Should safety or barrier issues prevent exiting then personnel shall exit through the ____ exit.  This is the secondary evacuation route.  In evacuating the facility, personal safety supersedes issues of biological containment.
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