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Animal Husbandry and Health Hazards
Introduction 

Animals in the laboratory are totally reliant on their human caretakers to provide for their every need. Failure to provide for these needs can lead to distress and animal suffering. There are many possible sources of suffering and distress that may be encountered during the life of a laboratory animal, and it is a legal and moral requirement that these are minimised. These include contingent harms such as transport stress, inappropriate housing and husbandry, or poor handling; and direct harms such as those associated with procedures.    

The quality of animal housing and husbandry can have a major impact on their health and welfare. Environments which do not meet the animals' physical, behavioural and/or social needs can result in physiological changes and abnormal behaviour (e.g. stereotypies) which not only compromise welfare but also influence the validity and reproducibility of scientific data obtained from the animals. Single housing, restricted space, grid floors with little bedding material, or use of aversive husbandry methods can be significant sources of contingent harm. 

An environment should be provided that provides for physiological needs and allows animals to perform the widest possible range of normal, species-typical behaviour. This requires consideration of the quantity of space provided, housing with compatible conspecifics, and provision of species specific environmental enrichment. 
A sound knowledge of biology and behaviour helps to ensure that appropriate accommodation and environmental enrichment is provided. Housing and husbandry should also take account of the age, health and reproductive status of the animals, and the impact of scientific procedures.

Suitable housing and care of animals 
The ASPA requires that all licensed establishments ensure that:  

(a) the environment, housing, freedom of movement, food, water and care provided for each protected animal is appropriate for the animal’s health and wellbeing; 

(b)  the conditions under which any such animal is transported are appropriate for the animal’s health and wellbeing; 

(c)  any restrictions on the extent to which each such animal can satisfy its physiological and ethological needs are kept to the absolute minimum; 
(d)  the environmental conditions in which such animals are kept are checked daily; 
(e) the wellbeing and state of health of such animals is monitored by a suitably qualified person in order to prevent pain or avoidable suffering, distress or lasting harm; and 
(f) arrangements are made to ensure that any defect discovered and any avoidable pain, suffering, distress or lasting harm discovered is eliminated as quickly as possible. 
Exemptions from the requirements can be authorised where needed for scientific purposes. exemptions would need to be authorised in the relevant project licence. 
Impact of environment on procedures

Minimizing variability in laboratory animals is important from both scientific and animal welfare perspectives. Increased variability in a population requires larger samples to detect differences and can mean that scientific results cannot be reproduced between labs. Scientists may not be aware of the exact needs of the species they are working with, and therefore cause stress by applying inappropriate manipulations. For example, keeping social animals singly to facilitate procedures, or housing animals at low temperatures to reduce aggression.  

There are many husbandry-related causes of variability. For example: 

Fear and stress can result in physiological changes that may contribute to data variability.
Changes in light intensity or photoperiod can affect circadian rhythms or reproductive cycles. Exposing animals to light during the night can be very disruptive. Many laboratory species are nocturnal and disturbing them during the day when they would normally be asleep can cause problems. Keeping these animals on reversed light cycles can overcome this – provided the researchers can work in the dark. 
Genetic differences between animals are often wildly underestimated and can be responsible for significant differences in responses.
Changing supplier can have profound effects on results due partly to genetics, but also the microbiome. Animals from different sources will harbour different commensal microorganisms and this will influence their responses. 

The exact composition of diet can affect results – batches of diet may vary as grains used will vary in composition and carbohydrate content.

Other factors that can influence how animals respond include disruption from cage changing, noise, and position on the rack or in the room – animals high up on a rack may be more stressed and might be exposed to more light. Animals near the door are subject to more disruption than those tucked in a corner.
Acclimatisation and habituation

Transportation and new housing and husbandry conditions causes stress to animals, leading to physiological, biochemical and immunological changes that may persist for many days. These changes may impact on animal welfare, and have the potential to affect scientific outcomes if the animals are used before these changes have settled. Most animal facilities have recommended acclimatisation periods to allow their general health to be assessed, and for animals to recover from transport stress, before being used in procedures.  These periods range typically from 3 to 14 days. 

During the acclimatisation period, the opportunity can be taken to habituate the animal to the handling and restraint that will be used during the procedure. Positive reinforcement can be used to train animals to accept the restraint needed to conduct procedures, and this will have a positive effect on animal welfare and minimise the impact of restraint stress on the scientific output. Almost all animals can be trained using positive reinforcement training. For example, mice can be acclimatised to scruffing using chocolate milk as a reward. 
Code of Practice

The Home Office has issued a Code of Practice for the Care and Accommodation of animals. Section A of this describes the general requirements for all species. Section B describes species specific requirements. 
The physical facilities. 

Facilities must take into account the physiological and ethological needs of the species kept in them. Facilities should prevent access by unauthorised persons and the ingress or escape of animals and must be properly maintained. 
Facilities should be constructed so as to be robust and easily cleanable, with a regular and efficient cleaning schedule. There should be the ability to keep incompatible animals, such as predator and prey, or animals requiring different environmental conditions, separated from each other. 
The Code of Practice requires that facilities have appropriate storage facilities, procedure rooms, facilities for quarantine and isolation of newly arrived animals, and for housing sick or injured animals. 

The environment 
Air circulation, dust levels, and gas concentrations must be kept within limits that are not harmful to the animals housed. Temperature and relative humidity in the holding rooms need to be appropriate for the species and age groups housed. Environmental conditions (temperature, humidity) must be measured and logged daily – this is usually done by the NACWO. 
In most facilities, light cycles are controlled and there is no access to natural light. Controlled light cycles must satisfy the biological requirements of the animals and provide a satisfactory working environment. Changes to light cycles can interfere with the animal’s circadian rhythm and impact on animal welfare and scientific results. Photoperiod and the intensity of light provided must be adapted to the species. For example, albino animals are sensitive to light and need to be kept allow light intensities. 

Noise can cause distress to animals and needs to be controlled, remembering that many animals hear in the ultrasound range. Alarm systems should be of the Silentone type, that sound outside the sensitive hearing range of the animals.
Animal care and health

The health status of animals should be maintained at a standard that safeguards animal welfare and meets scientific requirements. Animals must be checked at least daily by a competent person, and sick or injured animals identified, and appropriate action taken.

Housing and enrichment

Social animals should be housed in stable groups of compatible individuals, and single housing for these kept to a minimum. Care needs to be taken when removing animals or reintroducing them to compatible groups. 
All animals should have space of sufficient complexity to allow expression of a wide range of normal behaviour. This includes offering animals some control and choice over their environment to reduce stress-induced behaviour. Environmental enrichment can provide an increased range of activities available to the animals and increase their coping activities. Environmental enrichment should be adapted to the needs of the species and individual animals. 

Food and water
The diet provided must meet the nutritional and behavioural needs of the animal and be palatable and non-contaminated. All animals should have enough space to access the food without competition. Food should be packaged, transported and stored so as to avoid contamination. Feed hoppers should be regularly cleaned. 
Fresh drinking water should always be available. This can be in bottles, troughs, or automatic systems. Automatic watering systems should be regularly checked and flushed. If solid-bottomed cages are used, care shall be taken to minimise the risk of flooding.

Resting and sleeping areas

Animals should be provided with a solid, comfortable resting area and appropriate bedding material. 

Handling and restraint

Handling and restraint should be conducted in a manner that causes minimal stress to the animal, while preventing injury to the handler. Animals should be approached in a calm, quiet and confident manner. Developing confidence will, invariably, take an inexperienced handler time and practice. Animals should be handled regularly to accustom them to human contact and allow for regular clinical examinations. The earlier in the animal's life this process of socialization and habituation can begin, the greater effect it will have, making future handling and restraint less stressful for the animal and easier for the handler. Habituation and training programmes suitable for the animals, the procedures and length of the project can be implemented to reduce the impact of scientific procedures on animals.

However, handlers should note that the behaviour of animals may change under different circumstances, for example:

· a mother with a litter may act in a protective manner when her young are threatened; 

· a sick animal may resent being handled; or 

· a singly-housed animal may react in a more fearful or aggressive manner compared to those housed in groups. 

It is necessary to restrain most animals for even the simplest of procedures. Physical or mechanical restraint can be used for some species. Chemical restraint (anaesthesia or sedation) may be needed if there is significant stress caused to the animal by the handling. Any method of restraint used should provide the least restraint required to allow the procedure to be performed properly. Habituation to handling and positive reinforcement (e.g., the provision of a food reward, or praise in the case of dogs, cats and primates) should be considered; in many cases, this will help to ease the process when it is next performed.

Two factors that have a strong influence on the degree of stress experienced by a restrained animal are the isolation from conspecifics (during restraint), and the degree of immobilization. Visual, auditory and olfactory contact with conspecifics may help to reduce stress levels. For example, sheep should not be out of sight and sound of other sheep when in an isolation pen.

The quality of the restraint will also influence the animal's response. For example, an experienced handler picking up a rat disturbs the animal less than an inexperienced handler who is afraid of being bitten. Animals become accustomed to repeated, gentle, short-term restraint which is not accompanied by stressful or painful procedures. Longer-term restraint is accompanied by evidence of stress unless the animal has undergone a prolonged period of acclimatization to the experimental situation.

Identification
There are several methods available for identifying research animals, which may be temporary or permanent. The most refined method available should be used.
Temporary Identification

Felt tip marker can be applied to the ear or fur and may last for several days. Dyes may be used to colour a patch of fur and will last several weeks. These methods work best in light coloured animals. Alternatively, a patch of fur can be shaved on the back or side of the animal and will last a few weeks.

Permanent Identification

Ear Punching

Ear punching is commonly used for rodents. A special punch is used to punch combinations of one or more small holes or notches in the pinna. The punch should be disinfected between animals. Ear notch skin can sometimes be used for genotyping. 
Ear Tagging

A special applicator is used to place a small metal or plastic tag in the pinna. Ear tags are often used in large animals. In small animals, ear tags can pull the pinna down. 
Microchips
Subcutaneous implantation of a microchip is a reliable and permanent method for identifying an animal. These may be too large for use in very small animals and occasionally migrate away from the implantation site. 
Tattoos
Tattoos can be used in some species to provide permanent identification. These can be applied to the ear pinna or skin of the chest or groin in larger animals. Tattoos can cause some discomfort and may be difficult to read in small animals. Systems are available designed for small animals (e.g. AIMS tattoo system).  

Record keeping

It is a requirement that records are kept of the source, use and disposal of all animals entering a facility. Maintenance of these records is the responsibility of the establishment licence holder but may be delegated to the NACWO.   

Project licence holders must keep records of the procedures performed under the licence, including details of the personal licence holders carrying out the procedure and the actual severity experienced by the animals. 

Personal licence holders must keep records of all the regulated procedures they perform and note whether they were supervised, including any declarations of competence by the project licence holder. These records should include any adverse from the procedures. The records should be retained for at least five years.  
Transport

Transport can be stressful for animals, and this stress should be mitigated as far as possible for all journeys, whether short or long. Journeys should be properly planned, to be as short as possible, with minimal delays on loading or unloading. Environmental conditions during transport should be suitable for the species. Sender and recipient should agree the departure and arrival times. 
Prior to entry to a licensed establishment, the welfare of an animal is governed by applicable national or international laws. In the UK this would be the Welfare of animals (Transport) order2007.

Once an animal enters a licensed establishment, any subsequent transport is additionally regulated under ASPA. Both project licence holders and establishment licence holders have responsibilities relating to transport. Where animals are to be transported between licensed establishments, the establishment licence holder of the sending establishment has responsibility for the whole journey, regardless of whether transport is delegated to other parties. All necessary arrangements must be in place ensure that the conditions under which an animal is transported are appropriate for the animal’s health and well-being. Once the animals have been received at their destination, responsibility for them transfers to the receiving establishment licence holder.

The person in charge of the welfare of the animals has direct physical responsibility for the care of the animals during transport. Anyone in charge of the welfare of animals being transported should be aware of any special needs.

Animals should always be transported in suitable containers, that are secure, comfortable and hygienic. Food, water and bedding in a suitable form may be needed. The container should be constructed so that animals cannot damage themselves, and be escape and leak-proof. Containers may also need to protect the animals from microorganisms, and be either disposable or able to be disinfected properly between uses. Containers should also allow appropriate ventilation, and allow visual inspection of the animals without compromising biosecurity. 
Animals should be checked before transport to ensure that they are fit. Sick or injured animals should not normally be transported, except under veterinary supervision or for veterinary treatment, unless it is part of the study and authorised by the project licence. A competent person, normally a veterinarian or NACWO, should confirm that such animals are fit for the intended journey. Pregnant and post-partum animals (and their offspring) need special care. 
Animals that are incompatible should be separated for transport.

Animals should be removed from their transport containers and checked by a competent person without delay. Animals should normally be transferred promptly to clean cages or pens and supplied with food and water.

Human health hazards associated with working with laboratory animals
Laboratory Animal Allergy (LAA)

Laboratory animal allergy is a hypersensitivity, or allergic response, which can develop after exposure to animal allergens. Approximately 1 in 5 people who work with laboratory animals may experience some allergic symptoms. In most people, these include rhinitis (sneezing, runny or stuffy nose) and conjunctivitis (watery or prickly eyes), or a skin rash. Some people develop asthma with continued exposure, and this is reportable under health and safety law (RIDDOR). 

A very, very small percentage of people may have the most serious type of allergic response, known as anaphylaxis, if they are bitten or stung by a laboratory animal. Anaphylactic reactions are emergencies and can prove fatal if not rapidly treated. 

Symptoms LAA are usually seen within 6-24 months of starting work with laboratory animals but can sometimes take years to develop. They often become worse with time. 

Most cases of allergic disease among laboratory animal workers are caused by rats and mice. However, other rodent species, rabbits and cats can also cause a significant allergic response. The main rodent allergens are proteins found in urine. Other allergens in mammals and insects include dander, saliva, droppings and serum.

Prevention: 

· Improve the environment to reduce the allergen burden. Local exhaust ventilation and house animals in containment cages.
· Protective clothing and personal protective equipment (PPE). Properly fitted masks, or respirators. Gloves are essential. 
· Regular health surveillance to pick up any early signs of allergy.
Injuries 
Animal injuries
Laboratory animals may bite or scratch. As well as the physical injury, there may be a risk of wound contamination and possible transmission of a zoonotic disease from some animals. The large size of farm animals and horses means that these can potentially cause serious injuries, resulting in broken limbs or even death. 

      Prevention:

· All animals must be handled carefully and sympathetically.  

· Understand the animal’s behaviour

· Take special precautions with wild caught animals, farm animals and horses

Needle stick injuries
Needle stick injuries are common and should be minimised by correct handling of needles and syringes. Dispose of used needles in a dedicated sharps container. Do not re-sheath needles before disposal. Needle stick injuries should be recorded in an accident book and medical advice sought. 

Zoonotic diseases

Animals may be infected with a number of organisms that are also infectious to man. These can be viral, bacterial, fungal or parasitic. Some of these can cause very serious or even fatal disease in humans. The risks to staff vary considerably. 
Prevention 
·   Wherever possible, use only animals of the highest health status.

·   Monitor the health of animals regularly
· Use personal protective clothing and equipment whenever handling animals.
Dangerous pathogens and Biocontainment

Sometimes, it is necessary to contain organisms within a unit, e.g. if working on a dangerous infectious agent. The Advisory Committee on Dangerous Pathogens (ACDP), advises HSE and others on the risks of working with dangerous pathogens. 

Organisms are classified according to the level of danger they pose to personnel and the environment. Different levels of biosafety have also been defined, which describe the biocontainment precautions required to isolate the different classes of biological agents in an enclosed facility. The levels of containment range from the lowest biosafety level 1 (BSL-1) to the highest at level 4 (BSL-4).

· BSL1 – Hazard low. E.g. some E. coli. Chemical fume hood. 

· BSL2 – Hazard moderate. E.g. Salmonella. Personnel must be trained, access limited, precautions taken with contaminated sharps, and some procedures conducted in biological safety cabinets

· BSL3 – Hazard moderate to high, but treatable. E.g. TB. Personnel must be trained, access limited, all procedures conducted in biological safety cabinets, and the building sealed. This may be known as a ‘warm zone’. 

· BSL4 – Hazard high. E.g. Ebola. These will have restricted access, sealed rooms, sealed containers, positive pressure personnel suits, strict entry procedures, and decontamination procedures for leaving. This may be called a ‘hot zone’

Human pathogens are classified by the Advisory Committee on Dangerous Pathogens (ACDP) into hazard groups 1-4, animal pathogens are classified by DEFRA, and genetically modified organisms by the Advisory Committee on Genetic Modification (ACGM). 
See http://www.hse.gov.uk/pubns/misc208.pdf for the list of human pathogens (2013). 

Waste disposal

All hazardous waste must be stored and disposed of responsibly. This includes non-hazardous waste such as animal bedding, and hazardous waste such as contaminated sharps. All expired drugs and waste anaesthetic gases must be properly disposed of.  

Appendix: Code of Practice, Section A general.

1. The physical facilities

1.1. Functions and general design

(a) All facilities shall be constructed so as to provide an environment which takes into account the physiological and ethological needs of the species kept in them. Facilities shall also be designed and managed to prevent access by unauthorised persons and the ingress or escape of animals.

(b) Establishments shall have an active maintenance programme to prevent and remedy any defect in buildings or equipment.

1.2. Holding rooms

(a) Establishments shall have a regular and efficient cleaning schedule for the rooms and shall maintain satisfactory hygienic standards.

(b) Walls and floors shall be surfaced with a material resistant to the heavy wear and tear caused by the animals and the cleaning process. The material shall not be detrimental to the health of the animals and shall be such that the animals cannot hurt themselves. Additional protection shall be given to any equipment or fixtures so that they are not damaged by the animals nor do they cause injury to the animals themselves.

(c) Species that are incompatible, for example predator and prey, or animals requiring different environmental conditions, shall not be housed in the same room nor, in the case of predator and prey, within sight, smell or sound of each other.

1.3. General and special purpose procedure rooms

(a) Establishments shall, where appropriate, have available laboratory facilities for the carrying out of simple diagnostic tests, post-mortem examinations, and/or the collection of samples that are to be subjected to more extensive laboratory investigations elsewhere. General and special purpose procedure rooms shall be available for situations where it is undesirable to carry out the procedures or observations in the holding rooms.

(b) Facilities shall be provided to enable newly-acquired animals to be isolated until their health status can be determined and the potential health risk to established animals assessed and minimised.

(c) There shall be accommodation for the separate housing of sick or injured animals.

1.4. Service rooms

(a) Store-rooms shall be designed, used and maintained to safeguard the quality of food and bedding. These rooms shall be vermin and insect-proof, as far as possible. Other materials, which may be contaminated or present a hazard to animals or staff, shall be stored separately.

(b) The cleaning and washing areas shall be large enough to accommodate the installations necessary to decon­taminate and clean used equipment. The cleaning process shall be arranged so as to separate the flow of clean and dirty equipment to prevent the contamination of newly-cleaned equipment.

(c) Establishments shall provide for the hygienic storage and safe disposal of carcasses and animal waste.

(d) Where surgical procedures under aseptic conditions are required there shall be provision for one or more than one suitably equipped room, and facilities provided for postoperative recovery.

2. The environment and control thereof

2.1. Ventilation and temperature

(a) Insulation, heating and ventilation of the holding room shall ensure that the air circulation, dust levels, and gas concentrations are kept within limits that are not harmful to the animals housed.

(b) Temperature and relative humidity in the holding rooms shall be adapted to the species and age groups housed. The temperature shall be measured and logged on a daily basis.

(c) Animals shall not be restricted to outdoor areas under climatic conditions which may cause them distress.

2.2. Lighting

(a) Where natural light does not provide an appropriate light/dark cycle, controlled lighting shall be provided to satisfy the biological requirements of the animals and to provide a satisfactory working environment.

(b) Illumination shall satisfy the needs for the performance of husbandry procedures and inspection of the animals.

(c) Regular photoperiods and intensity of light adapted to the species shall be provided.

(d) When keeping albino animals, the lighting shall be adjusted to take into account their sensitivity to light.

2.3. Noise

(a) Noise levels including ultrasound, shall not adversely affect animal welfare.

(b) Establishments shall have alarm systems that sound outside the sensitive hearing range of the animals, where this does not conflict with their audibility to human beings.

(c) Holding rooms shall where appropriate be provided with noise insulation and absorption materials.

2.4. Alarm systems

(a) Establishments relying on electrical or mechanical equipment for environmental control and protection, shall have a stand-by system to maintain essential services and emergency lighting systems as well as to ensure that alarm systems themselves do not fail to operate.

(b) Heating and ventilation systems shall be equipped with monitoring devices and alarms.

(c) Clear instructions on emergency procedures shall be prominently displayed.

3. Care of animals

3.1. Health

(a) Establishments shall have a strategy in place to ensure that a health status of the animals is maintained that safeguards animal welfare and meets scientific requirements. This strategy shall include regular health moni­toring, a microbiological surveillance programme and plans for dealing with health breakdowns and shall define health parameters and procedures for the introduction of new animals.

(b) Animals shall be checked at least daily by a competent person. These checks shall ensure that all sick or injured animals are identified and appropriate action is taken.

3.2. Animals taken from the wild

(a) Transport containers and means of transport adapted to the species concerned shall be available at capture sites, in case animals need to be moved for examination or treatment.

(b) Special consideration shall be given and appropriate measures taken for the acclimatisation, quarantine, housing, husbandry, care of animals taken from the wild and, as appropriate, provisions for setting them free at the end of procedures.

3.3. Housing and enrichment

(a) Housing. Animals, except those which are naturally solitary, shall be socially housed in stable groups of compatible individuals. In cases where single housing is allowed in accordance with article 33(3) the duration shall be limited to the minimum period necessary and visual, auditory, olfactory and/or tactile contact shall be main­tained. The introduction or re-introduction of animals to established groups shall be carefully monitored to avoid problems of incompatibility and disrupted social relationships.

(b) Enrichment. All animals shall be provided with space of sufficient complexity to allow expression of a wide range of normal behaviour. They shall be given a degree of control and choice over their environment to reduce stress-induced behaviour. Establishments shall have appropriate enrichment techniques in place, to extend the range of activities available to the animals and increase their coping activities including physical exercise, foraging, manipulative and cognitive activities, as appropriate to the species. Environmental enrichment in animal enclosures shall be adapted to the species and individual needs of the animals concerned. The enrichment strategies in establishments shall be regularly reviewed and updated.

(c) Animal enclosures. Animal enclosures shall not be made out of materials detrimental to the health of the animals. Their design and construction shall be such that no injury to the animals is caused. Unless they are disposable, they shall be made from materials that will withstand cleaning and decontamination techniques. The design of animal enclosure floors shall be adapted to the species and age of the animals and be designed to facilitate the removal of excreta.

3.4. Feeding

(a) The form, content and presentation of the diet shall meet the nutritional and behavioural needs of the animal.

(b) The animals’ diet shall be palatable and non-contaminated. In the selection of raw materials, production, preparation and presentation of feed, establishments shall take measures to minimise chemical, physical and microbiological contamination.

(c) Packing, transport and storage shall be such as to avoid contamination, deterioration or destruction. All feed hoppers, troughs or other utensils used for feeding shall be regularly cleaned and, if necessary, sterilised.

(d) Each animal shall be able to access the food, with sufficient feeding space provided to limit competition.

3.5. Watering

(a) Uncontaminated drinking water shall always be available to all animals.

(b) When automatic watering systems are used, they shall be regularly checked, serviced and flushed to avoid accidents. If solid-bottomed cages are used, care shall be taken to minimise the risk of flooding.

(c) Provision shall be made to adapt the water supply for aquaria and tanks to the needs and tolerance limits of the individual fish, amphibian and reptile species.

3.6. Resting and sleeping areas

(a) Bedding materials or sleeping structures adapted to the species shall always be provided, including nesting materials or structures for breeding animals.

(b) Within the animal enclosure, as appropriate to the species, a solid, comfortable resting area for all animals shall be provided. All sleeping areas shall be kept clean and dry.

3.7. Handling

Establishments shall set up habituation and training programmes suitable for the animals, the procedures and length of the project.


