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INTRODUCTION
The operations manual was developed to ensure that safety is used when working Lentiviral vectors and particles. This section is to give some background to lentivirus and the reason safety is such a concern. 
To understand lentivirus, there needs to be an understanding of basic retroviruses. These RNA viruses use a DNA intermediate in order to replicate. The basic structure of a retrovirus is a viral protein core containing two identical single-stranded RNA molecules and replication enzymes​​​1. A viral envelop consisting of host cell membrane and viral encoded envelop glycoproteins surrounds the viral protein core. Figure 11 describes the basic replication cycle of a generic retrovirus. 
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Figure 1.

The envelope glycoproteins recognize specific receptors on the cell’s surface. The envelope and membrane then fuse releasing the viral core into the cytoplasm. In the cytoplasm the RNA undergoes reverse transcription, thus forming double stranded DNA. Though the timing is not actually known for this process, it is believed that the DNA is then transported to the nucleus where it is randomly integrated into the genome. The viral genome is now stable and replicated during DNA synthesis. The produced viral RNA is transported out of the nucleus when it is translated into viral proteins and enzymes. These proteins are then assembled forming new core particles, which are encapsulated in glycoproteins and membrane. These mature progeny virions are now released from the cell and are capable of infecting other cells. 
Retroviruses contain the sequences for three genes: gag, pol and env.1, 2 The exact make up of these genes is different depending on the virus, but the overall function is the same. The viral core proteins, structural protein matrix, capsid and nucleocapsid, are encoded within the gag gene. While the viral replication enzymes, reverse transcriptase and protease, are encoded in the pol gene. Finally, the viral envelope glycoproteins and transmembrane proteins are encoded within the env gene.1, 2 In the case of HIV-1 there are additional genes present making the process more complicated, including tat, rev and vpr. These genes will be discussed below. 
The term “Lentivirus” actually means a slow acting virus that is characterized by a long interval between infection and the onset of symptoms.3 This means that there are many retroviruses that fall under this category, including HIV-1 and SIV. The scientific community, however, has come to use the term “Lentivirus” for a viral vector adapted from HIV-1. This vector was developed as a means to integrate a gene of interest into the genome of a cell. HIV-1 was used as the model because it is able to infect both dividing a non-dividing cells. And though this process is not completely understood, it is believed that the matrix protein from Gag, the integrase protein, and the accessory protein Vpr are involved.2, 4 Little is known of the functions of the various accessory proteins, excluding Tat and Rev. This combined with the fact that it was difficult to generate a stable packaging cell line made it so that the early forms of lentivirus had little difference to HIV-1.
First Generation: Early studies using the HIV-1 for gene delivery found that the wild-type Env proteins gave low titers and limited the cells that could be infected. The env gene was then removed from the backbone and the envelope from a different virus used. In most cases the virus envelope used is from vesicular stomatitis virus (VSV) or the amphotropic Moloney leukemia virus (MLV).8 These two envelopes alter the wild-type entry pathway from fusion at the plasma membrane to entry through the endocytic pathway. This increases the types of cells that maybe infected by the virus. In this system three plasmid constructs are used to generate a single vector. First plasmid (Envelope Plasmid) contains the VSV env gene, the second (Packaging Plasmid) contains the gag and pol genes of HIV, and the third contains (Transfer Plasmid) the gene of interest under control of a heterologous promoter.2, 4 It should be noted that the third plasmid also contains: cis-acting signals for encapsidation, reverse transcription and integration sites at the end of the flanking long terminal repeats (LTRs), and a small sequence overlap with the gag sequence.8 These three plasmid constructs are co-transfected in 293T cells (HEK cells transformed with E1α and SV40 T-antigen). The media is collected and the viral vectors concentrated using ultracentrifugation. 
The constructs developed through the above method are only able to transfer the vector RNA, or gene of interest. The absence of the viral gene inhibits the vector to one round of infection. There is a possibility during the recombination of the three different constructs that replication-competent retroviruses (RCRs) are generated.4 RCRs present a hazard to the recipient since they are now able to replicate within the cells. This means that whatever gene of interest is being studied will be replicated at will to many cells. The use of VSV envelope helps to reduce the risk of RCRs however, there is still a chance, and the VSV envelope allows the virus to infect most types of cells. 
Second Generation: Later studies found that deletion of the accessory genes vif, vpr, vpu and nef from the packaging plasmid resulted in little change to the transduction efficiency.4 Studies have shown that in wild type HIV the deletion of any of these genes renders the virus incapacitated. In other words the HIV loses its pathogenicity.4 It is believed that these genes are dispensable in the lentivirus because the function of the genes are no longer needed in the altered vector. The first example of this is Vpr. The function of Vpr is to aid in the nuclear import of HIV in macrophages. This function is not needed in many types of cells, including neurons. Also, with the use of VSV envelope the entry pathway of the virus has been altered thus changing the proteins and enzymes needed for importation.4 The function of Nef is also affected by entry through the endocytic pathway. Nef is responsible for optimal fusion of the virus to the cell membrane.4 Infectivity of wild-type HIV is almost completely prevented with the deletion of the nef gene. It is also believed that because of the artificial environment in which the lentiviral vectors are produced, there is a reduced time-constraint on the virus to reproduce. In wild-type HIV in an in vivo situation the virus needs to efficiently uncoat, reverse transcribe, nundergo nuclear import and integrate its genome before there is an immune response by the body. The transfected plasmids can undergo a more “relaxed” state of infection and production, thus eliminating the accessory proteins does not affect the efficiency.4 
The same safety features are present in the second generation, as with the first generation. But there is an even greater reduction in the risk of producing RCRs. As mentioned above, deleting the accessory genes inactivates the wild-type virus and the belief is that the same is true for RCRs. However, there is still a small risk that the virus recombines to form a replicating version of the virus. 

It should be noted that some new additions were also introduced into the second generation vectors. Woodchuck hepatitis posttranscriptional regulatory element (WPRE) was added downstream of the transgene thus increasing the expression levels by several folds.5 The HIV genome contains a central polypurine tract (cPPT) that creates a DNA flap due to the initiation and termination of the second strand synthesis by the reverse transcriptase. This flap appears to aid in the import of the viral genome to the nucleus. 
Third Generation: It was always believed that the accessory proteins Tat and Rev were essential for the replication of lentiviral and HIV vectors. Tat proteins are responsible for regulating HIV gene expression at the transcriptional level, while Rev regulates expression at the posttranscriptional level. It was found that the HIV structural genes were only expressed in the presence of Tat and Rev. 6 In 1998 is was found that by using a constitutively active promoter (like CMV) in place of part of the upstream LTR in the transfer plasmid, the trans-acting function of Tat is dispensable.6 So the third generation vectors contain a different env gene, and lack the accessory genes vpr, nef, vif, vpu and tat. The packaging plasmids were further altered using this system as well. A fourth plasmid was introduced to supply the rev gene. So the plasmids to be co-transfected to produce the lentiviral vector are: Envelope plasmid, Transfer plasmid, Packaging plasmid (lacking all the accessory genes), and Expression plasmid (containing the rev gene).6
Again, all the same safety features mentioned above are incorporated into the third generation. And the risk of RCRs is again greatly reduced by the deletion of the tat gene. 

Self-Inactivation: Most of the third generation systems and some second generations also have this feature. A deletion in the U3 region of the downstream LTR in the transfer plasmid results in the inactivation of promoter activity with could lead to transcriptional activation of any genes downstream of the integration site.7 This works because the reverse transcriptase in the transduced cell transcribes the inactive U3 region into both the LTRs rendering them inactive as well.7 
HIV Provirus
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First Generation Packaging Plasmid
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Second Generation Packaging Plasmid
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Third Generation Packaging Plasmid
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Second Generation Transfer Plasmid
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Third Generation Transfer Plasmid
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Third Generation Expression Plasmid
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Envelope Plasmid (For all generations)
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All diagrams are adapted from #2, 6 and 8. 

SECTION 1: EMERGENCY PHONE NUMBERS
UBC Campus

Fire, Police, Ambulance ……………………………………… 911

Hazardous Materials Response ………………………………. 911

First Aid ……………………………………………………… 822-4444

Student Health Services ……………………………………… 822-7011

Vancouver Hospital Emergency Dept. ………………………. 822-7222

R.C.M.P ……………………………………………………… 604-224-1322

Campus Security ……………………………………………... 822-2222

Vancouver Hospital and Health Sciences Centre

University Site (Koerner, Purdy and Detwiller)

Security ………………………………………………………. 822-7225

Fire ………………………………………………………….... 0000

First Aid …………………………………………………….... 0000

Hazardous Materials Response ………………………………. 0000

Maintenance ………………………………………………….. 822-7523

VGH, Jack Bell, Willow Eye Care Centre
Fire …………………………………………………………… 84

First Aid ……………………………………………………… 84

Hazardous Materials Response ………………………………. 84

B.C. Centre for Disease Control

Fire …………………………………………………………… 911

First Aid ……………………………………………………… 604-735-0183

Hazardous Materials Response ………………………………. 911

Security Services ……………………………………………... 03021

B.C. Children’s and Women’s Hospitals, B.C. Research Institute for Child and Family Health
Fire …………………………………………………………… 8400
First Aid ……………………………………………………… 8400

Hazardous Materials Response ………………………………. 8400

St. Paul’s Hospital

Fire ……………………………………………………………. 5323

First Aid ………………………………………………………. Pager 4050

Hazardous Materials Response ……………………………….. 5399/5042

Common Numbers

UBC Chemical Safety Office ………………………………… 604-822-9280
UBC Health, Safety and Environment ……………………….. 604-822-2029
Poison Control ………………………………………………... 604-682-5050

Vancouver Fire Department (Non-Emergency) ……………… 604-665-6010
SECTION 2: FACILITY REQUIREMENT
2.1  The Room

a. Dedicated room for the lentiviral work. 

b. Limited access to the room.
c. Negative pressure.
d. Area designated for applying and removing isolator suits. 
e. A sink.
f. Washable floors, walls and counters, and if possible ceilings. 
2.2  The Equipment for Production and Use of Lentivirus
a. Biosafety hood – Class II (NSF accredited and certified).
b. Centrifuge and sealed safety centrifuge tubes.

c. Ultra-Centrifuge and sealed safety centrifuge tubes.

d. CO2 incubator. 

e. Balance.

f. Waterbath.

g. Dedicated pipettemen. 

h. Fridge and Freezer

i. Autoclave

j. Microscope
2.3 The Equipment for Use of Lentivirus only

a. Biosafety hood – Class II (NSF accredited and certified).
b. Centrifuge and sealed safety centrifuge tubes.

c. CO2 incubator. 

d. Balance.

e. Waterbath.

f. Dedicated pipettemen. 

g. Fridge and Freezer
h. Autoclave

i. Microscope
2.4 The Supplies 
a. Filtered Pipette Tips.

b. Set of Pipettes.
c. Kimwipes.

d. Gloves (all sizes) – longer cuffs recommended.

e. 1.5ml, 15ml, 50ml Tubes; plastic disposable serological pipets; and anything else needed for an individual experiment. 
f. Bleach – Sodium Hypochloride tablets
g. SDS
h. Ethanol
i. Isolator Gowns
j. Gloves (for entering the facility)
SECTION 3: GENERAL EMERGENCY PROCEDURES

3.1 Hazardous Spill Cleanup

3.1.1 A Minor Biological Spill is one that the laboratory staff is capable of handling safely without the assistance of safety and emergency personnel. The decontaminant used is dependant on the biohazard spilt. 

a. Alert people in the area of the spill and evacuate the area.

b. Remove and decontaminate any material that has been splashed on you and remove and decontaminate grossly contaminated clothing. Use shower station if necessary.
c. Secure the affected area and post biohazard warning signs. Wait 30 minutes for aerosols to fall.
d. Assess the situation and don the appropriate PPE and decontaminant for the cleanup operation. (Double gloves, lab coat, goggles)
e. Spill Cleanup Procedure

i. Cover the spill with paper towels or other absorbent material moist or wet with decontaminant to absorb the spill and to prevent further aerosolization.

ii. Pour the appropriate decontaminant around the covered spill and working from the outside inwards push the decontaminant to the middle with the absorbent material. Example: Bleach for LB + E.coli cells. 
iii. Wait at least 15 minutes for the bleach to penetrate through the contained spill.

iv. Remove the absorbent material to a clear plastic bag for disposal*. 

v. Repeat Spill Cleanup Procedure over the original spill area 3x to ensure decontamination and cleanup.

vi. Notify your safety officer and Risk Management Services at 604-822-2029 of the incident.

*Please follow the disposal procedures for your building. Remember if bleach is used these materials cannot be autoclaved as they will cause an explosion.
3.1.2 A Major Biological Spill requires the assistance of safety and emergency personnel.  This involves the release of microorganisms requiring BSL 2+ containment. 

a. Alert people in the area of the spill and evacuate the area.

b. Remove and decontaminate any material that has been splashed on you and remove and decontaminate grossly contaminated clothing. Use shower station if necessary.
c. Secure the affected area and post biohazard warning signs.
d. Call for Hazardous Materials Response: xxxx.
e. Have a person knowledgeable of the incident and the laboratory assist emergency personnel.

f. Notify your safety officer, PI and RMS of the incident.
3.2 Loss of Electrical Power
a. The Biosafety Cabinet (BSC) is connected to Emergency Power.  In the event of a power outage in the lab when lentiviral work is in progress, work will be contained and stopped as soon as possible, the cabinet sash will be closed, and a sign will be posted on the cabinet to keep the sash closed until power is restored. Note: Remove outer gloves and leave in the BSC and then close the sash. Then leave the room following proper exiting procedures, Section 6. 
b. If there is a power failure during a centrifuge run, wait until the centrifuge slows down and stops and then remove samples to the BSC and exit the room as above.
3.3 Medical Emergencies
a. Provide immediate first-aid.  Stop the bleeding of wounds and wash the affected area with disinfectant/soap.

b. Call for first aid: xxxx
c. In the event of an exposure incident, report the incident to First Aid attendants and your safety officer, who will record the details of the exposure incident including the route of exposure, the infectious agent and an estimate of the dosage.  

d. If the exposure is to Lentivirus supply the attendant with a copy of Appendix A – Safety Features of Lentivirus and Health Risks. Be sure to identify the type of Lentivirus used.

e. In the event of a major medical emergency, dial 911 and then your security officer.

3.4 Building Emergencies
a. In the event of a fire in the lab, dial xxxx.  
b. Suspend work in the BSC as soon as possible, lower the sash, and attach a sign to the cabinet to keep the sash closed.  Evacuate the building and proceed to your labs designated meeting area outside of the building.
c. In the event of a fire drill or other building evacuation notice, suspend work in the Biosafety Cabinet as soon as possible, lower the sash, attach a sign to the cabinet to keep the sash closed, and evacuate the building, as above. 

SECTION 4: AGENTS USED, LOCATIONS OF USE, STORAGE

(Note: this section is site specific. Please fill out, when finished send a copy to RMS)
4.1 AGENTS USED
a. Fill in here.
4.2 LOCATION OF EQUIPMENT
a. Fill in here.
4.3 LOCATION OF WORK

a. Fill in here. 
4.4 STORAGE OF VIRAL AGENTS

a. Fill in here.

SECTION 5: ROUTINE PROCEDURES

5.1 BIOSAFETY CABINET PROCEDURES
a. The BSC blowers need to be operated at least 15 minutes before beginning work to allow BSC to “purge”.  This purge will remove any particulates in the cabinet.
b. The work surface, the interior walls (not including the supply filter diffuser), and the interior surface of the window should be wiped with a 70% solution of ethanol.  Similarly, the surfaces of all materials and containers placed into the cabinet should be wiped with 70% ethanol to reduce the introduction of contaminants to the cabinet environment.

c. Place all necessary materials in the BSC before beginning work.  This will serve to minimize the number of arm – movement disruptions across the fragile air barrier of the cabinet.  The rapid movement of a worker’s arms in a sweeping motion into and out of the cabinet will disrupt the air curtain and may compromise the partial barrier containment provided by the BSC.  Moving arms in and out slowly, perpendicular to the face opening of the BSC will reduce this risk.  Other personnel activities in the room (e.g., rapid movement, opening/closing room doors, etc.) may also disrupt the cabinet air barrier.  For this reason, access to the work area is restricted when work is in progress.

d. Before beginning work, the researcher should adjust the stool height so that his/her face is above the front opening (looking through the glass sash). 
e. Spray hands with 70% ethanol before placing them in the cabinet. Manipulation of materials should be delayed for approximately 1 minute after placing the hands/arms inside the BSC.  This allows the cabinet to stabilize and to “air sweep” the hands and arms to remove surface microbial contaminants.  
Note: When the user’s arms rest flatly across the front grille, room air may flow directly into the work area, rather than being drawn through the front grille.  Raising the arms slightly will alleviate this problem.  The front grille must not be blocked with research notes, discarded plastic wrappers, pipetting devices, etc.  All operations should be performed on the work surface at least 4 inches from the inside edge of the front grille.   

f. Equipment that causes turbulence (centrifuge, vortex, etc.) should be placed in the back 1/3 of the work surface.  All other work in the cabinet should stop while the apparatus is running.

g. Separate clean and contaminated items. Minimize movement of contaminated items over clean items (work from clean to dirty).

h. All items used must be decontaminated before leaving the BSC. See Section 4.2 for further information. 

i. When work has been finished and all items decontaminated, remove everything from the cabinet and spray the work surface, the interior walls (not including the supply filter diffuser), and the interior surface of the window with a 70% solution of ethanol.  

j. The BSC blowers need to be operated at least 15 minutes to purge any particulates in the cabinet. After 15 minutes the cabinet may be turned off, if you are the last one to use the cabinet for the day. Otherwise, leave the cabinet running for the next person.

k. Ensure that the sash is closed and the cabinet turned off at the end of the day. 
5.2 DECONTAMINATION OF SUPPLIES AND EQUIPMENT
If your facility or room contains an autoclave then all contaminated waste can be stored in appropriate bags, and autoclaved for sterilization. Once the items have been autoclaved they may be disposed of as per your buildings guidelines. 

5.2.1 Small Disposable Plasticware

a. Place a beaker with 10% bleach (for one time use) or a bottle + cap with 10% bleach (for multiple uses) in the BSC. Be sure to spray the outside with 70% ethanol. 

b. All tips and other small items must be treated in this beaker or bottle before being disposed of. 
c. All items must be treated for at least 30 minutes. 

d. The items may then be disposed of as per your buildings waste disposal procedures.* 

e. If you are using a re-usable bottle to bleach the items, be sure to cap the bottle and spray the outside with 70% ethanol. The bottle may then be stored outside of the cabinet, but within the virus lab for up to one week. 

* Remember if bleach is used these materials cannot be autoclaved for 48 hours as they will cause an explosion.

5.2.2 Serological Pipettes

a. Place a pipette bucket or washer next to the BSC and fill with 10% bleach.

b. Treat the ends of the serological pipette with 10% bleach for 10 minutes using the beaker mentioned in 4.2.1.
c. Then remove the pipettes and place in the pipette bucket next to the cabinet. Be sure to remove the gauze from the pipette and place it in the beaker. 

d. The pipettes must be treated for at least 30 minutes. 

e. Disposable pipettes must be disposed of in a cardboard box lined with a biohazard bag and marked.* 

f. Glass pipettes must be placed in an autoclavable bag. The bag must then be autoclaved before the pipettes maybe used again. 

* Please follow the disposal procedures for your building. Remember if bleach is used these materials cannot be autoclaved for 48 hours as they will cause an explosion. 

5.2.3 Culture Plates

a. Fill each well with 10% bleach.

b. The plates must be treated for at least 30 minutes. 

c. The liquid is then removed and the plates can be disposed of following the disposal procedure for your building.*
* Remember if bleach is used these materials cannot be autoclaved for 48 hours as they will cause an explosion. 
5.2.4 Liquid Waste

a. For a 1L vacuum flask, place 100ml of pure bleach. 

b. Then attach the flask to the vacuum line within the BSC. Note that it is strongly recommended that a HEPA filter be installed on the vacuum system. 

c. Liquid waste is then aspirated into a flask using the vacuum line in the BSC.  

d. When work has been finished bleach is aspirated thru the vacuum line to decontaminate it.  
e. The liquid waste must be treated with bleach for at least 30 minutes.  
f. When the flask is full or it is the end of the day, the mixture is carefully poured down the sink.  Additional bleach is poured down the drain, and the sink is rinsed with copious amounts of water.

g. Then refill the flask with 100ml of bleach and return to the BSC. 
5.2.5 Centrifuges
g. Before the rotor is introduced to the BSC, all viral work should be finished and the BSC decontaminated. The only items left in the BSC should be the samples in their capped centrifugation tubes. 
g. Spray the rotor with 70% ethanol. 

g. Place the rotor in the BSC and add the sample tubes to the rotor. 

g. Then replace the lid and seal the rotor before removing from the BSC. 

g. Spray the rotor with 70% ethanol. 
g. Remove the rotor and place in the centrifuge and spin as needed. 

g. When the spin is complete, remove the rotor and spray with 70% ethanol. Now the rotor can be placed in the BSC. 

g. Once in the BSC remove the lid and then remove the tubes. 

g. Again spray the rotor inside and outside with 70% ethanol.

g. If there is a spill or crack in one of the tubes. Wipe the inside of the rotor with 10% bleach. Be sure to mop up any access liquid and treat as described in Section 7.

g. Then wipe the inside with sterile water to prevent rusting. 

g. Then spray the inside with 70% ethanol. 

g. The rotor may now be removed from the BSC and stored.
g. The centrifuge must be decontaminated. Wipe the area with 10% bleach. Then wipe with sterile water. Follow this by spraying the area with 70% ethanol to ensure complete decontamination.
5.2.6 Microscopes 
g. Within Virus Room

g. Place lid on the plate containing the cells + virus. 

g. Carefully wipe the outside of the plate with 70% ethanol.

g. Remove the plate from the BSC and place on the microscope.

g. Use the microscope as needed. 

g. When work is finished, gently wipe the plate with 70% ethanol, and return to the BSC. 

g. Wipe the microscope with 70% ethanol. Be sure to be gentle around the lens. 

g. Outside of Virus Room

g. Spray the inside and outside of a small Tupperware container with 70% ethanol before placing it in the BSC. 

g. Place lid on the plate containing the cells + virus.

g. Carefully wipe the outside of the plate with 70% ethanol. 

g. Place the plate within the Tupperware container and seal the lid. 

g. Spray the container with 70% ethanol. 

g. The container may now be removed from the BSC and the room as described in Section 6.2.3 . Use the microscope as needed.

g. When the work is finished, place the plate inside the Tupperware container and seal the lid. 

g. Immediately spray down the microscope with 70% ethanol. Again be sure to be gentle around the lens. If there is a spill follow the procedures laid out in Section 7. 

g. All supplies used to clean the microscope must be placed in a biohazard waste container. 

g. Return Tupperware container to Virus Room. Spray outside with 70% ethanol.
g. Place Tupperware container in the BSC and remove the plate. If work is finished with the plate it may be returned directly to the incubator.

Note: When using a microtome the same care will need to be taken as when using a microscope. When the contaminated slices have been finished, it is important that all the slices be placed within the Tupperware with any other contaminated items. The instrument may then be cleaned using the 70% ethanol. 
5.2.7 Biohazardous Waste
This section is site specific. This is an example from the Brain Research Centre but please alter to follow the waste procedures for the given space. 

a. When the bag is ¾ full tie off the top.

b. Place in a second biohazard bag. 

c. Spray the outside of the bag with 70% ethanol. 

d. Sit to the side and allow the outside of the bag dry. 

e. Replace the biohazard bag in the bin. 

f. Remove outer gloves and place in the new biohazard bag and remove the biohazard waste to the large yellow bin outside of the room.

g. This bin will be picked up by housekeeping and incenerated. 

h. If the facility is responsible for their autoclaving then clean as above and then proceed to autoclave the bags. When finished the items are completely decontaminated and may be discarded. 

SECTION 6: PERSONAL PROTECTIVE EQUIPMENT 

AND PROCEDURES
6.1 Personal Protective Equipment Requirements

a. Lab Gown (must reach well beyond the knee)
b. Lab Coat

c. Gloves (recommended longer cuff – 12inch)
d. Full covering shoes

e. Full length pants

f. Long hair tied back

g. Safety Goggles (even if you wear glasses) – only needed when working with lentivirus outside of the BSC. 
6.2 Personal Protective Equipment Procedures
6.2.1 Entering the Virus Room

a. Tie back hair and loose clothing.

b. No outdoor clothing maybe worn – long pants and t-shirt recommended. Remove all sweaters and jackets. Put on lab coat. 

c. Thoroughly wash hands.

d. All open wounds, cuts, scratches and grazes must be covered prior to entry into room XXXX.
e. Put on examination gloves. If there is a full ante-room available put on the reusable lab gown there. If there is no ante-room, enter the room XXXX and immediately put on the lab gown. (the lab gown should be labeled and hung next to the door for ready access). 

f. Once the lab gown is on place a second pair of gloves on. These should fit over top of the gown cuff.
NOTE: Anything brought into room XXXX cannot leave the room unless it is decontaminated with 70% ethanol. This means all papers and protocols brought into the room cannot leave the room unless ethanol treated first. This can be done by writing data using pencil then soaking the paper in ethanol. 
6.2.2 Exiting the Virus Room
a. When finished work, ensure that all waste is disposed of as per Section 5. 

b. Spray gloves with 70% ethanol. Then remove the top pair of gloves and place in the biohazard bag.

c. Before exiting room XXXX remove the lab gown and hang on the provided hangers. If gown was contaminated during the procedures then discard into the biohazard waste container. 

d. Exit the room.

e. If work is completed remove gloves in the biohazard waste. 

f. If continuing work by moving samples to a microscope or storage outside of the room then gloves and glasses must remain on. It is recommended to use a cart to move samples from one location to another. Remember to remove one glove for opening and closing doors.
6.2.3 Working with Lentivirus outside of Room XXXX
a. If it is known that the lentivirus will be transported outside of the virus room then a Lab Coat must be worn under the lab gown. 
b. Remove the lab gown as mentioned in 6.2.2. Keep the gloves, glasses and lab coat on. 

c. Place samples (which are within a sealed Tupperware as per 5.2.6 b.) on a cart and walk carefully to the piece of equipment needed. Note that one glove should be removed for opening and closing doors.

d. Carry a second pair of gloves and put them on before removing the samples from the Tupperware container.

e. When working with lentivirus in room(s) XXXX the room must be isolated from general use. Place a sign on the door and keep the door closed. 

f. When finished working with the virus clean the equipment as per section 5.2.6 b. Be sure to spray the outer pair of gloves with the 70% ethanol and then removing them to the biohazard waste. 
g. Return the lentiviral samples to the virus room. Note that sections 6.2.1 and 6.2.2 will again need to be followed. 

SECTION 7: SPILL PROCEDURES
7.1 BSC and Other Sensitive Equipment

a. Immediately leave the area and allow any aerosols to settle for 30min.

b. Carefully lay paper towels on top of the spill to collect the excess, and then add 70% ethanol and 0.1% SDS to the towels. 
c. Generously spray the area down with 70% ethanol and 0.1% SDS.
d. Let spill + cleaner sit for 15 min untouched. Periodically adding more, as ethanol evaporates quickly.
e. Place the paper towels in the biohazard bag within the BSC.

f. Generously spray the area down with 70% ethanol and 0.1% SDS again and allow it to sit for 15min. 
g. Mop up remaining liquid with paper towels and dispose in the biohazard bag within the BSC. 

h. When finished tie off the biohazard bag and place in the biohazard waste.
7.2 Incubators

a. Immediately leave the area and allow any aerosols to settle for 30min.

b. Carefully lay paper towels on top of the spill to collect the excess, and then add 70% ethanol and 0.1% SDS to the towels.
c. Gently move any dishes to a rack where the spill did not contaminate.

d. Remover the rack from the incubator and transfer to the BSC. 

e. Wipe off any remaining media with paper towel soaked with 70% ethanol and 0.1% SDS.
f. Generously spray the rack down with 70% ethanol and 0.1% SDS and let sit for 15 min in the BSC.
g. After the 15 min wipe the excess liquid from the rack and the incubator. 

h. Place the paper towels in the biohazard bag within the BSC.
i. Repeat steps b-h.
j. When finished tie off the biohazard bag and place in the biohazard waste.
7.3 General Locations – Small Spill (less than 5ml)
a. Mark off the area of the spill to prevent the spread by others. Immediately leave the area and allow any aerosols to settle for 30min.
b. Carefully lay paper towels on top of the spill to collect the excess, and then add 10% bleach to the towels.
c. Let it sit for 15min.

d. After the 15min wipe the rest of the bleach and place all the paper towels in a biohazard bag. (If autoclaving, hold this bag for 48 hours to ensure oxidization has occurred). 

e. Repeat steps b-d. 
7.4 General Locations – Large Spill (more than 5ml)

a. Mark off the area of the spill to prevent the spread by others. Immediately leave the area and allow any aerosols to settle for 30min.
b. Carefully place absorbent material around the outside of the spill.
c. Inside the ring add pure bleach to the spill volume to make 10% bleach mixture. This means that if 100ml were spilt then add 10ml of bleach.

d. Mix and allow the mixture to sit for 15min. 
e. After 15min add absorbent to the spill. Be sure to work from the outside in. 

f. Remove all the absorbent material and place in the biohazardous waste container. (If autoclaving, hold this bag for 48 hours to ensure oxidization has occurred).
SECTION 8: ANIMAL FACILITIES AND PROCEDURES

Please note that you must check with your animal facility to determine if Lentiviral procedures are allowed. 

If they are, or you have found a facility which will allow Lentivirus experiments then the procedures will have to be developed in conjunction with that facility. Every facility will have slightly different protocols that they will want followed. It is important to ensure not only the safety of yourselves, when working with Lentivirus, but also the other animal caretakers. 

It is also important to note that you will need to have Biosafety Certificate for the rooms that you are working in, as well as Active Animal Protocols.

SECTION 9: TRAINING REQUIREMENTS

9.1 Safety Courses

a. Biological Safety 

b. Chemical Safety

c. Transportation of Dangerous Goods (for shipping and receiving)

d. Any other applicable course for the research you are performing. 

9.2 In House Training
9.2.1  Lentiviral Knowledge
a. Modes of transmission to humans

b. Biohazard information

c. Safety precautions

d. Methods of disinfection and decontamination
9.2.2 Personal Protective Equipment

a. Equipment available, their location, proper use and maintenance instructions
b. Operating principles of hoods and biosafety cabinets
c. Use and maintenance of pipetting aids
d. Use and maintenance of centrifuges
9.2.3 Universal Precautions Training

a. Assume everything in the lab is infectious
b. Handling and disposing of sharps
c. Pre- and post-work cleanup procedures
9.2.4 Emergency Response Training
a. Procedure for spills and leaks

b. Decontamination techniques

c. Fire response

d. Power failure procedure

9.2.5 Waste Disposal Procedure
a. Decontamination/disinfection methods

b. Analysis of decontamination/disinfection efficacy

c. Hazard communication requirements

d. Storage and disposal procedure
Personnel must demonstrate proficiency in the practices and operations of the lab facility.

Appendix A: Medical Sheet

(Bring this with you to the doctor is you fear contamination)

It is very important to know which generation of lentivirus you are working with. This will help the doctor to determine you risk factor.

The term “Lentivirus” actually means a slow acting virus that is characterized by a long interval between infection and the onset of symptoms. This means that there are many retroviruses that fall under this category, including HIV-1 and SIV. The scientific community, however, has come to use the term “Lentivirus” for a viral vector adapted from HIV-1. This vector was developed as a means to integrate a gene of interest into the genome of a cell. HIV-1 was used as the model because it is able to infect both dividing a non-dividing cells.

There have been various “generations” of the lentivirus, each increasing the safety of the virus. The first generation has few differences to HIV-1 (some of the viral genes have been removed and the envelope gene has been replaced with the VSV-G envelop gene). These constructs are only able to transfer the vector RNA, or gene of interest. The absence of the viral gene inhibits the vector to one round of infection. There is a possibility during the recombination of the three different constructs that replication-competent retroviruses (RCRs) are generated. RCRs present a hazard to the recipient since they are now able to replicate within the cells. This means that whatever gene of interest is being studied will be replicated at will to many cells. The use of VSV envelope helps to reduce the risk of RCRs however, there is still a chance, and the VSV envelope allows the virus to infect most types of cells. 

The second generation of lentivirus found that deletion of the accessory genes vif, vpr, vpu and nef from the packaging plasmid resulted in little change to the transduction efficiency but a significance in the possibilities of RCRs. The same safety features are present in the second generation, as with the first generation. As mentioned, deleting the accessory genes inactivates the wild-type virus and the belief is that the same is true for RCRs. However, there is still a small risk that the virus recombines to form a replicating version of the virus especially if the individual is infected with another virus.

The most recent generation of lentivirus is the third. The third generation vectors contain a different env gene, and lack the accessory genes vpr, nef, vif, vpu and tat. The packaging plasmids were further altered using this system as well. A fourth plasmid was introduced to supply the rev gene. The elimination of the tat accessory gene greatly reduces the risk of RCRs thus making the third generation the safest to work with.
Most of the third generation systems and some second generations also have self inactivation features. A deletion in the U3 region of the downstream LTR in the transfer plasmid results in the inactivation of promoter activity with could lead to transcriptional activation of any genes downstream of the integration site.7 This works because the reverse transcriptase in the transduced cell transcribes the inactive U3 region into both the LTRs rendering them inactive as well.
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