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“Bio-safety Level 3 (BSL3) is appropriate for agents with a known potential for aerosol transmission, for agents that cause serious and potentially lethal infections and that are indigenous or exotic in origin.” 1
“All procedures involving the manipulation of infectious materials must be conducted within a BSC (preferably Class II or Class III), or other physical containment device.”1
Any consideration of primary engineering controls in a Level 3 animal facility needs to maximize the safety of the researchers and the protection of the animals as a priority. The above two statements, as taken from the newly released BMBL 5th Edition, may serve here as a framework for this discussion on the use of primary engineering controls in such a facility.

The use of Class II Biological Safety Cabinets (BSCs) is extensive throughout all areas of animal research. Many different types of Class II cabinets and even some Class III cabinets may be used based upon the safety and application required: animal handling, cage changing or dumping, procedures, surgeries, necropsy, etc. Selection of the proper Class and Type of BSC needs to be made by a certified bio-safety professional. Adaptations to the design of the BSC may also be necessary to facilitate the specific research being conducted within the physical limitations of the facility.

Animal Handling/Cage Changing of Rodents: Mobile and Fixed Class II Type A2 BSCs

Used in animal holding rooms for the safe handling of mice and rats, a Type A2 BSC is a 70% recirculation/30% exhaust cabinet. This type of BSC offers the researcher proper bio-hazard protection through a containment air barrier of 100 FPM (feet per minute) minimum across the front access of the cabinet. The animal is likewise protected by uni-directional HEPA filtered air in the work zone and through the containment air barrier.

When handling rodent cages, it is important to offer wider access openings along the front access of the BSC. A minimum height of 12” is required for most mouse cages and up to 13.5” for larger rat cages. This wider access is required to facilitate the movement of cages in and out of the work zone, without the user continually needing to adjust the window (sash) height of the cabinet.

When used for animal handling, Type A2 BSCs are typically exhausted directly back into the animal holding room. These cabinets may be fixed on a base stand or equipped with castors to facilitate movement within the room for cleaning purposes. Automatic hydraulic lift systems allow for height adjustment of the work surface to meet the ergonomic requirements of a wide variety of animal handlers. Proper pre-filtration of animal hair, dander, and bedding materials is important to maintain proper function of the BSC and maximize the life of the cabinet HEPA filters as well.

As an option, mobile Class II Type A2 BSCs may be equipped with a bedding disposal system and/or dirty cage collection system, to maintain Class II Type A2 containment conditions during all aspects of cage handling. A single BSC that incorporates several of these functions at the same time can be a flexible option for very small facilities with limited space and diverse functional requirements.

Animal Procedure/Surgeries/ Necropsy: Exhausted Class II BSCs

In procedure rooms, surgical suites, and for necropsy work where animals have been exposed to Level 3 agents, an exhausted Class II Bio-safety Cabinet is recommended. A thimble (canopy) exhausted Class II Type A2, or a hard ducted Total Exhaust Type B2 BSC will be the choice, depending upon the presence and concentration of potentially toxic chemicals and vapors. Type B2 BSCs offer the highest level of safety and flexibility from a toxic chemical and vapor standpoint; however, in terms of biological protection they offer the same level of protection as a Type A2 BSC. Of critical importance, is the fact that Type B2 BSCs require significantly higher exhaust, both in terms of volume and static air requirements, than any other BSC.

In exhausted Class II Type BSCs, A2 (canopy connected) and B2 (hard connected) are typically designed with an 8” access opening to minimize the exhaust requirements of the cabinet on the building air handling system. Wider access openings of 10” or 12” are possible to accommodate users who may need to reach over the tops of animal cages. A 12” access opening will also facilitate the movement of most mouse cages through the opening as well. However, the impact on the exhaust system will be significant, as illustrated through the values listed in Table 1.

As an alternative to either a Type A2 (30% exhaust) or B2 (100% total exhaust), some facilities have been incorporating a Type B1 (70% exhaust) BSC into the designs of their animal facilities. In short, a Type B1 BSC is a hybrid of both an A2 and a B2 cabinet, in that the front half of the work zone is re-circulated and back half is exhausted totally from the cabinet. A Type B1 BSC (like a Type B2) does require a hard duct connection; however Type B1 BSCs have significantly lower exhaust requirements, which are typically one third of the volume and half of the static requirement of a Type B2 Total Exhaust Cabinet.

Class II BSC: Options and Modifications to be Considered

When a narrower access opening of 8” is needed to meet the requirements (limitations) of the air handling system, a recessed or depressed work surface may offer a solution for users who have difficulty reaching over the tops of animal cages. An electric hydraulic lift system will also improve the ergonomic height adjustment for a variety of users. In this case, the use of a flexible duct connection for the exhaust and flexible hose connections for services such as air and vacuum should be considered to meet the requirements of the research.

When used for surgical procedures, Class II BSCs can be equipped with specialized fittings for medical air or gas, in addition to heated work surfaces to maintain the temperature of the animal under anesthesia. Many other options or modifications can be considered to meet the specific needs of the research. These include such things as pass-thrus in the side wall of the BSC to pass materials from one room or suite to another, microscope windows which can support the oculars of microscopes, and various sinks and faucets to accommodate necropsy procedures all under Class II containment conditions.

Physical Containment: Class III Biological Safety Cabinets in BSL-3 Facilities

Class III Biological Safety Cabinets, sometimes referred to as “glove boxes,” may also be used in BSL-3 animal facilities where total process containment is required through a physical barrier. Class III BSCs are offered in either a turbulent or uni-directional air flow designs. Uni-directional air flow (like that used in a Class II BSC) will minimize any potential cross-contamination in addition to offering physical containment of the research.

Some of the newer BSL-3 facilities are being designed with combination Class II /Class III Bio-safety Cabinets which allow for the passage of materials or animals from one cabinet to the other. This can be especially useful when animals may need to be aerosolized with biological (select) agents. The use of a pass-through in a wall may also be used to pass animals from one level of containment into a higher level of containment as well, i.e. Level 2 into a Level 3 facility.

Conclusions

Any consideration of primary engineering controls in a Level 3 animal facility needs to maximize the safety of the researchers and the protection of the animals as a priority. Many different types of Class II Biological Safety Cabinets and even some Class III cabinets may be used, based upon the safety and application required: animal handling, cage changing or dumping, procedures, surgeries, necropsy, etc. Selection of the proper Class and Type of BSC needs to be made by a certified bio-safety professional. This risk assessment is needed (along with an activity assessment, facility assessment, and facility design criteria assessment) for the research to be accomplished.
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