Chapter 17

17.  Design and Management of Animal Facilities


Design and Management of Animal Facilities

I.
INTRODUCTION

II.
FACILITIES DESIGN AND EQUIPMENT

· A common requirement is to maintain the animals in a steady state environment free of physical, chemical, and microbiological agents.

· Efficient management relates to facility design.

A.
Basic Concepts and Considerations

1.
Location

· Public health, human comfort, animal husbandry, and environmental control requirements dictate that animal housing be separated from personnel areas.

· Most efficient animal facility in terms of construction and operational cost is a single story, centralized facility w/ direct access to ground level transportation.

2.
Centralized versus Decentralized Units

· Decentralized

· Advantage:

· Affords the greatest convenience to the investigator by placing the animals near the research laboratory.

· Disadvantages:

· Higher construction costs because of the necessity of duplication of space and equipment,

· the necessity for moving animals and care materials thru public corridors and on public elevators,

· and higher animal maintenance costs.

· Centralized

· Advantages:

· Greater flexibility and more efficient utilization of animal housing space,

· convenience of having animals near specialized support facilities,

· and ability to provide specialized animal housing areas, such as barrier, quarantine, and hazardous containment.

3.
Traffic Flow Patterns

· Evolve around cage sanitation facility and flow of cages to and from it and the animal rooms.

· Four basic patterns are usually used (Fig 1, p506)

1) “to and fro”

2) unidirectional

3) clean-dirty w/ two corridors

4) clean-dirty w/ three corridors

· The superior sanitation and infection control offered by the “clean-dirty” corridor systems must be carefully weighed against the higher construction and maintenance costs of the additional corridors.

4.
Cubicles

· Provide maximum flexibility for animal isolation within minimal space

· aka “Illinois Cubicle”, “Horsfall Cubicles”, “animal modules”, and “animal cubicles.”

· Vertically stacking 3 leaf doors are most common type entrance (Fig 2A, p 507).  Another option is two 3 ft wide standard hinged doors that swing 180( into the aisle, folding flat against the adjacent space (Fig 3, p 507).

· Standard air-flow within a room is from ceiling of the aisle thru a linear diffuser under the cubicle doors and out the ceiling of each cubicle.

5.
Mass Air Displacement “Clean” Rooms (MADC)

· 1st used in manufacturing industries requiring a dust-free environment.

· Occasionally called laminar flow rooms

· Air is exchanged 200-600X/ hour
· Accomplished w/o creating significant drafts by supplying room air thru the entire area of a perforated ceiling at a rate of between 30 ft and 90 ft/min (Fig 4A & B, p. 508).

· The horizontal distance from ceiling to floor should not exceed 10 ft.

· For energy conservation, air must be recirculated w/i room.
· The air is first passed thru high efficiency particulate air (HEPA) filters that are defined as capable of filtering out 99.9 % of all particles greater than 0.3(m in diameter.  Creates a dust free sterile environment.
· Classified according to the number of particles greater than 0.3(m/cubic ft of air.  Class 100, class 1000, and class 10,000 commonly used.
· Highly desirable in barrier housing facilities and where animals are fed nonvolatile chemical carcinogens.
B.
Programmatic Areas, Their Function and Interrelationships

1.
Support Areas

· Depending on the size of the animal facility, support functions may require 30-50% of the space w/ the remainder being for animal housing.

a. Administrative Support Area

· Requires the support of a typical business office that processes personnel records, payroll records, health records, income/expense statements, balance sheets, cost accounting, animal records, correspondence, research protocol files, required govt. records, and purchase orders for equipment, supplies and animals.

· Office space

· Library/conference room

· If possible access should not require passing through animal areas.

b.
Laboratories

· Efficient and convenient for offices, library/conference room, and labs to be in close proximity.

c.
Support Areas for Animal Technician Personnel

· Should include a lavatory, shower, locker room, lounge and a laundry.

· To reduce possibility of transmitting infectious agents, clothes should be changed upon entering and leaving the animal facility.  It may be convenient to launder “in house.”

· Lounge facilities should be provided.

d.
Cage Servicing and Sanitation

· The center of activity

· Must be conveniently accessible to all animal rooms.

· Divided into 3 areas

1) “dirty” side where bedding is removed from the soiled cages

2) “clean” side where the sanitized cages may be stored until required

3) cage prep area where cages are assembled and the clean bedding is placed in the cages or cage pans.

· Clean and dirty side should be separated w/ items passing from one side to another through washers.

· The dirty side should have sufficient space for soiled cages to stand, bedding to be dumped, and for cages and pans to be rinsed prior to washer.

· The clean side should be able to store 20% of the facility’s cage capacity.

e.
Housekeeping

· Storage room for sanitation equipment and supplies and janitorial closets.

f.
Feed Services

· Includes a feed storage room, and a prep room.

· It is recommended that pelleted feed be refrigerated to about 4(C.

· Refrigerated space must be provided for meat, fresh fruits, and vegetables.

· A room should be provided for preparation of special diets.

g.
Animal Procedure Laboratories

· Unnecessary activity w/i animal rooms should be discouraged.

· Multi-user labs spaced throughout housing areas provide space for conducting animal procedures.  Should be equipped w/ ceiling mounted exam lights, exam table, scales, animal restraint devices and lockable cabinets.

· Precautions must be taken to avoid transfer of diseases between species in these labs.

h.
Receiving and Shipping

· Should be strategically located.  Dedicated exclusively to animal facility.

· Dock should be located and designed to accommodate a variety of truck sizes and should lead to a receiving and shipping area for temp holding of animals and/or equipment.

· Room near receiving for short-term holding of animals and shipping containers is recommended.

i.
Necropsy and Postmortem Storage

· Refrigerated space required for storage of animal carcasses.

j.
Incineration Room

· Provided w/i the facility or off-site

k.
Surgery

· Operating room, areas for dressing rooms, animal prep, prep and supply of sterile materials, and surgeon scrub and gowning.

l.
X-ray, Fluoroscopy, and Whole Body Radiation

2.
Animal Housing Areas

a.
Conventional

· Housing animals that do not require special isolation.

b.
Quarantine

· Twofold purpose

1)
Allows for evaluation of health status,

2)
and allows animals time to recover from shipping and acclimate to their new environment.

· It should be located near the receiving area.

· Random source animals should be quarantined in facilities physically separated from quarantine for rodents and rabbits.

· Length of quarantine depends on species, strain, source, mode of shipment and observations made during quarantine.

c.
Barrier

· Required for the purpose of maintaining animals free of disease.

· T-cell deficient, immunosuppressed, on aging studies, and in breeding colonies require a higher level of controlled microbial environment.

· Purpose is the prevent infectious agents from entering, thereby keeping the animals inside the barrier microbiologically “clean.”

· Personnel shower and don sterile garb upon entering, animals are passed through isolators or transport containers designed to protect from infectious agents, all materials are sterilized prior to entry.  Air pressures are balanced to move air from the cleanest to the dirty areas.

· Critical assessment must assure that animals are “clean” before placement in the barrier.

· A modest barrier can be achieved using shoebox cages w/ filters, laminar flow racks and augmented management procedures such as, water sterilization, bedding, feed and cage sterilization.

d.
Biohazard containment

· Animals known to be exposed to infectious agents.

· Depending on degree of risk, containment can be provided by negative pressure isolators w/ filtered exhaust or reverse flow HEPA filter cage racks or filters tops on shoebox cages.

· Large numbers of animals require a special area.

· In contrast to the barrier area, all cages and materials are sterilized in a “pass through” autoclave out of the area, and people change prior to entry and shower before leaving.

· Effective containment relies on the air pressures and air circulation.  The air pressure should be balanced so the highest pressure is at the least contaminated area to the most contaminated area.

· Careful consideration must be given to the maintenance of mechanical equipment supporting the biohazard containment area.

e.
Chemical and Radioisotope Containment

· Objective is to contain the hazardous agent and to prevent cross-contamination.

· Decontamination of cages can usually be safely accomplished w/ the use of conventional mechanical cage washers.

· Area should be adjacent to the dirty side of cage wash so that it is not necessary to transport contaminated cages through the corridor.

· Also recommend a separate room where contaminated bedding can be removed inside a laminar air flow cabinet.

f.
Nonhuman Primate Housing

· House in low risk containment area isolated from other animals and personnel.

· Maintain negative air pressure relative to the corridor.

g.
Canine Housing

· Should be isolated from other animal and human occupancy areas due to “dirty” microbiological status as compared w/ lab rodents and noise level generated.

h.
Large Animal Housing

· Possible to house in conventional rooms, most efficiently housed in specially planned facilities.

· Suitable location adjacent to canine area. 

i.
Environmental Control Rooms

· Rigidly controlled environments at temperature and humidity extremes that cannot be accomplished in conventional rooms.

· Portable environmental cabinets may be satisfactory.

C.
Facility Design Specifications

1.
Heating, Ventilation, and Air Conditioning (HVAC)

· Objective is to deliver clean, temperature- and humidity-controlled air to the animal rooms in sufficient quantities in such a way as to maintain a constant environment relatively free of noxious chemicals and infectious agents.

a.
Air quality

· Determined by its source and degree of filtration.

· Animal facility air handling units should be separate from human occupancy areas.  Ideally, dedicated heating and cooling sources should be provided w/ emergency back-up.

· Air supplied to animal rooms should be 100% fresh to avoid cross contamination by infectious agents and volatile chemicals, primarily ammonia.  The number of fresh air changes should be 10-15/hr.  Effectiveness depends on rate of ammonia production, air flow patterns, and rate of exchange.

b.
Air Flow Patterns

· Objective is to evenly distribute w/o drafts or “dead” air pockets.

· Relative air pressures must be carefully balanced.  It should allow air flow from clean to dirty and necropsy and cage wash should be negative to the corridor and surgery positive to the corridor. 

c.
Temperature and Humidity

· Depends on needs; it is advisable to provide individual room control, each population generates a different amount of heat.  It is essential that animal room temps be controlled to w/i 1(C for any temp in a range of 18(-29(C.

· Relative humidity between 30-70% is satisfactory.  Special attention should be paid to rooms where flush racks are used.

d.
Energy conservation

· One way is to reduce necessary air exchange volumes; most effectively accomplished w/ ventilated racks.

· Disadvantages are reduced flexibility, problems of balancing the ventilation system, inconvenience in working w/ the racks, difficulty in adequately sanitizing the racks, and high cost of racks and room hookups.

· Cubicles may reduce ventilation requirements.

· Other types of energy recovery systems include: heat pipes, lithium chloride entropy wheels, run around coils and direct heat transfer loops. 

· Recirculation of air is another method of conserving energy, but air must be cleansed.

· HEPA filters must be used to remove particulates, and the gaseous contaminants, primarily ammonia, are removed by passing air across alumina pellets impregnated w/ potassium permanganate.  Ammonia, being water soluble, also can be scrubbed out of air by saturating it w/ water and then removing the water.

· Requires intensive maintenance.

2.
Power and Lighting

· Emergency power should be available to keep essential services in power failure.
· Power outlets should be waterproof; 
· Lighting is crucial; should be uniform.  Florescent is the most efficient.  Can alter physiological responses; recommended intensity is: 75-125 fc measured at 1.8m (6 ft) above the floor.
· Some light levels can cause retinal degeneration in some rodent species; light-dark cycle affects estrous cycles.  Windows are undesirable.
3.
Interior surfaces

· Must be durable, and sanitizable.

· Ideal floor is monolithic, chemical and stain resistant, slip resistant even when wet, yet relatively smooth and easy to sanitize, does not require sealers or waxes to maintain an acceptable appearance, and must be capable of supporting equipment w/o becoming gouged, cracked, or pitted.

· Wall should have curbs or guard rails or be sturdy enough to withstand frequent contact w/ movable equipment.  Should be smooth and capable of withstanding scrubbing, cleaning and disinfecting agents and impact from high-pressure water.  All penetrations through the walls must be sealed as should the ceiling to wall and wall to floor junctions.

· Ideally, the monolithic flooring material should form a coved 15 cm wall base.

· Ceilings should be resistant to cleaning and disinfecting agents and capable of withstanding high impact w/ high-pressure water.

· Cement plaster is most desirable in high moisture areas, such as cage sanitation rooms and animal rooms that receive daily cleaning with water.

· Dropped ceilings w/ “laid in” tile is not satisfactory.

· Exposed pipes and fixtures are undesirable.

· Ceiling heights (for energy conservation) should not be greater than 9 ft.

4.
Doors

· Should open into rooms unless a recessed vestibule is provided.

· Should measure 42 in wide and 84 in high and should seal tight enough to prevent entrance of vermin.

· Metal are preferred.  Should have armor plates (kick plates) and edge guards.  Hardware should be recessed and have self closing device; a small view panel is desirable.

· Wide [183 cm (6 ft)] automatic doors are recommended for areas of high equipment flow.  Door frames should be metal and have hospital stops.

5.
Plumbing and Drainage

· Not essential in rodent or rabbit rooms, can be mopped.

· Drains should have caps and seals to prevent back flow of sewerage gases.  Not less than 4 in. in diameter.  In heavy use areas, such as cage sanitation room and dog kennels, rim flush drains at least 6 in. in dia recommended.

· Floors should be pitched a minimum of 0.64 cm/m (0.25 in/yd) and in dog kennels, a min of 0.64 cm/0.3m (0.25 in/ft) is highly desirable.

· A sink in each room is needed for hand washing.

· If automatic watering systems are used, cold water supply, pressure reduction stations and water supply manifolds must be provided near the ceiling of the animal rooms.

6.
Vermin control

· Chemicals are unacceptable.

· Most effective is to seal vermin out, eliminate hiding places and facilitate cleaning.

7.
Noise Control

· Creates stress.  Sound producing areas must be identified and efforts made to contain the noise by isolation, sound proofed walls, double doors, or located adjacent to mechanical spaces. 

8.
Communications

· Two-way capacity in every room is desirable; in barrier and containment rooms it is essential.  Hard-copy communication reduces errors and provides documentation. 

9.
Security

· Type and effectiveness varies according to layout of the facility.

· Ideally all doors should automatically lock and personnel have access through ID systems.

10.
Corridors

· Should be at least 2.1m (7 ft) or preferably 2.44m (8 ft) wide.  (6-8 ft in Guide)

· Walls protected w/ bumpers, curbs or guardrails w/ steel corners.

11.
Elevators

· Service elevators dedicated for the animal facility only.

· One for soiled cages and racks of cages

· Two provides for emergencies.

D.
Equipment

1.
Sanitation Equipment

· Mechanical cage washers are considered essential to adequately sanitize cages w/o use of disinfectants.  Done by exposure of the cages to temperatures in excess of 82.2(C (180(F) for a period of time adequate to destroy vegetative pathogenic organisms.

· Two types of cage washers are used

1) Batch type; cages are placed in a chamber and subjected to a series of high volume, high pressure spray cycles.  A final freshwater rinse is needed to decrease the amount of detergent residue.

2) “Tunnel” type washer is useful for shoebox cages, cage pans, water bottles, etc.

· Items are transported on a conveyor belt through various sections for prerinse, detergent wash, rinse, final freshwater rinse and, possibly drying.
· All water except the prerinse and the final fresh water rinse is usually recycled. (Detergent wash and rinse are recycled)
· Ultrasonic type washers are useful for cleaning cages, especially mineral deposits.  Some facilities use an acid soak.

· Other types of sanitation equipment include trash can cleaners, high pressure sprayers, steam generators, vacuum cleaners.

· An autoclave is essential for instruments, bedding, feed, and supplies for immunocompromised animals.

2.
Cage Systems

· The most common type are the fixed pens, runs or kennels.

· Disadvantage of fixed systems is they are difficult to sanitize.

· Majority are portable.  Cages are suspended from or resting on racks equipped w/ casters.

· 2 basic types of cages

1) One has 4 solid sides and a solid bottom: the shoebox cage.  Housed directly on the bedding (contact bedding).  Suspended from a shelf or covered w/ individual tops.

2) The other has perforated bottoms or walk floors, usu wire or metal slats, to allow feces to fall into a collecting pan or tray.  Pan is flushed regularly w/ water or filled w/ a noncontact type bedding material to absorb urine and fecal moisture.

· Most common type of material used to construct cage racks is type 304 stainless steel.  Cages are usually stainless steel or plastic; polycarbonate, polypropylene or polystyrene.  The advantage is they allow observation of the animal.

· The contact bedding generates dust, filters are used to reduce the spread of airborne disease.  Filter tops alter the microenvironment w/ in the cage, allowing humidity, temp and gases to increase.  Hepatic microsomal enzyme activity decreases in rodents housed in cages w/ filter tops.  Build up of ammonia occurs and it can be a respiratory irritant.  These should be changed more frequently.

· When mice were housed in cages w/ filtered microisolator tops, an increase in their growth rate was observed.  LAS 47(3): 327-329

· Automatic flush racks where the urine and feces is automatically washed away on a timed schedule.  Most common type is the “cascade” type.  The room must have appropriately located floor drains and the floor must be level.  HVAC system must be adequate to maintain room humidity at an acceptable level.

· Germfree portable isolators can be used to control the microbial environment of animals.  These are sealed glove box plastic cages maintained under positive pressure.

E.
Facility and Equipment Life Cycles

· Periodic replacement, routine maintenance.

III.
MANAGEMENT

A. Personnel

· Veterinary Specialties; ACLAM certified vets since 1957.

· Animal Techs; primary responsibility to animal’s environment.  First to detect problems, must be keen observers of animal behavior and disease symptoms.

· OJT training- AALAS for materials, slides, books, etc. ALAT, LAT, LATg measures technical skills.

B.
Feed, Water, and Bedding

· Nutritional requirements have been published by the NRC.

· Types of animal Diets

· Closed type formula, most common, guarantees certain level of nutritional ingredients according to nutritional requirement of intended species.  Basic ingredients may vary.
· Open formula, contains a prescribed quantity of each ingredient.  Nutritional value may vary.
· Certified formula, higher cost, analyzed for nutritional ingredients.
· Semipurified, casein as a source of protein, sugar or starch for CHO, and vegetable oil for fat and cellulose as crude fiber.
· Chemically defined, chemically pure components.
· Quality relates to age and storage; 90 days, refrigerated to preserve nutritional quality and vermin control.

· Water Quality

· Normally municipal water supply is adequate

· Various methods of water purification include reverse osmosis, deionization, and ultrafiltration.

· Bacterial growth in water bottles controlled by hyperchlorination or acidification. Automatic watering systems may be controlled by recirculating through UV sterilization units or filters or by flushing w/ fresh water.

· Bedding must be carefully selected and controlled.  Purpose is to absorb moisture, provide comfort insulation and nesting material.

· Two types: contact and non-contact.

· Noncontact is used under cages w/ perforated floors.  Generally, more absorbent

· If contact bedding is too hygroscopic, such as diatomaceous earth (frequently used as kitty litter) it may dehydrate newborn animals, esp. those born w/o hair.

· In addition to being able to absorb moisture w/o crumbling, bedding must be nonedible, nonabrasive, relatively dust-free, and free of pathogens, pesticides, other toxic chemicals, droppings from feral animals, and insects and their excreta.  Also free of natural volatile chemicals that may affect various enzyme systems in the animal.

· Most commonly used types of bedding are: sawdust, pelleted peanut hulls, pelleted alfalfa, shredded paper, paper chips.

· Aromatic soft woods are not used since they release volatile hydrocarbons capable of stimulating hepatic microsomal enzymes that may influence research data.  Have been shown to increase respiratory infection rates, may decrease reproductive productivity, and potentially act as carcinogens.

· If wood bedding used, hardwoods such as birch, beech, or maple are preferable.  Also aspen.

C.
Sanitation

· Floors should be wet mopped and sanitized daily w/ a disinfectant solution.  Disinfectants, especially phenolics, should not be used on surfaces w/ which animals have direct contact.

· Sweeping should be minimized.

· Vacuums, unless a central turbine type or equipped w/ HEPA filtered exhaust, should not be used in animal rooms.

· Each room should have its own sanitizing equipment.

· Frequency of cage changing varies w/ species, density of animals w/i the cage, and the type of cage system being used.

· Mechanical cage washers in addition to their convenience and labor-saving features sanitize the cages w/o the use of disinfectants by washing at temps > 82.2(C (180(F) for an appropriate period of time necessary to destroy vegetative pathogenic organisms.

· Detergents are usually required to physically clean the cages, but appropriately equipped cage washers provide for adequate rinsing.

· Automatic watering manifolds and sipper valves attached to the rack are sanitized by the rack washer.  Manifolds should be empty.  Or may be flushed w/ a hyperchlorinated solution.

· Rack sanitation, w/ or w/o manifold flush, did not reliably eliminate microbial flora from the lixits or manifold drainage water.  Steam sterilization is necessary for eliminating bacteria from automatic watering systems.  CT 37(2): 50-51

· Waste materials should be disposed of in a safe and sanitary manner.

· Soiled bedding represents the largest volume of waste material.  To reduce the potential for aerosol spread of infectious organisms, bedding should not be dumped from the cages or cage pans w/i the animal room.

· Infectious hazardous waste must be sterilized by appropriate means before disposal.

· Radioisotopes w/ short half-lives (< 65 d) may be stored until the radioactivity reaches a safe level for conventional disposal.

· When not permitted or practical, radioactive waste must be sealed in appropriate containers and buried in designated sites.

· With an appropriate NRC license, wastes contaminated w/ certain isotopes, i.e., 14C and 3H, may be incinerated in order to reduce the volume of waste material.  Radioactive ashes are then collected and appropriately disposed.

D.
Environmental Quality Control

· Monitoring the research animals’ environment is a management tool essential to the successful control of the environment.

IV.
CONCLUSION

� No longer in the Guide


� Floors should be sloped
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