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1. Scope
The autoclave using saturated steam under pressure is the most efficient means of sterilizing instruments, glassware and media solutions in the general TB diagnostic laboratory, and of decontaminating biological material consisting of infectious waste (= mycobacterial cultures and related infectious material). 
The current SOP describes the procedure for use of a pressure cooker autoclave with fully manual operation. It must be adapted for other autoclave types with automatic air and condensate discharge.
2. Definitions and abbreviations
disinfection
A physical or chemical means of killing microorganisms, but not necessarily spores.

decontamination
Any process for removing and/or killing microorganisms. The same term is also used for removing or neutralizing hazardous chemicals and radioactive materials.

sterilization 
A process that kills and/or removes all classes of microorganisms and spores.

inactivation 
A process rendering an organism inert by application of heat, or other means.

Units

°C: degrees Celsius
1 kPa (kilopascal) = 0.01 bar
1 kg/cm2 = 98 kPa

1 psi (pounds per square inch or lb/in2) = 6.8947 kPa
At sea level, atmospheric pressure is 101 kPa or 1.013 bar or 1 atm or 760 mmHg or 1.03 kg/cm2 or 14.7 psi 
At sea level, 121°C is obtained at 115 kPa or 1.06 kg/cm2 or 15 psi. 

Conversion table
	
	Pa
	bar
	atm
	mmHg
	kg/cm2
	psi

	Pa
	1
	10-5
	9.87 x 10-6
	0.0075
	1.02 x 10–5
	1.45 x 10–4

	bar
	105
	1
	0.987
	750
	1.0197
	14.5

	atm
	1.01 x 105
	1.013
	1
	760
	1.03
	14.7

	mmHg
	133.3
	1.33 x 10–3
	1.32 x 10–3
	1
	1.36 x 10–3
	1.93 x 10–2

	kg/cm2
	9.8 x 104
	0.98
	0.97
	735
	1
	14.22

	psi
	6895
	0.069
	0.068
	51.7
	0.07
	1


3. Personnel qualifications 

3.1 Medical fitness

In accordance with national laws and practices, arrangements should be made for  appropriate health surveillance of TB laboratory workers:
· before enrolment in the TB laboratory;
· at regular intervals thereafter;
· after any biohazard incident;
· at the onset of TB symptoms.

Ideally, individual medical records shall be kept for up to 10 years following the end of occupational exposure.
Laboratory workers should be educated about the symptoms of TB and provided with ready access to free medical care if symptoms arise.
Confidential HIV counselling and testing should be offered to laboratory workers. Options for reassignment of HIV-positive or immuno-suppressed individuals away from the high-risk areas of the TB laboratory should be considered.
All cases of disease or death identified in accordance with national laws and/or practice as resulting from occupational exposure to biological agents shall be notified to the competent authority.
3.2 Education and training
Education and training must be given on the following topics:
· potential risks to health (symptoms of TB disease and transmission);

· hygiene requirements;

· wearing and use of protective equipment and clothing;

· handling of potentially infectious materials;

· prevention of incidents and steps to be taken by workers in the case of incidents (biohazard incidents, chemical, electrical and fire hazards);

· good laboratory practice;
· organization of work flow from clean to dirty areas;
· use of chemical and biological indicators;

· waste management;
· use of equipment (operation, identification of malfunctions, maintenance).
The training shall be:

· given before a staff member takes up his/her post;

· strictly supervised;
· adapted to take account of new or changed conditions; and
· repeated periodically, preferably every year.
4. Procedure

4.1 Principle

The autoclave is a sealing chamber that can contain steam at more than 115kPa (1.06 kg/cm2 or 15 psi). At this pressure, steam is most saturated and temperature is 121°C at sea level. 
Two factors are essential for an autoclave to function optimally:
· all of the air in the chamber should be replaced by steam;

· the temperature must be 121 °C.
The pressure in the autoclave – 115 kPa or 1.06 kg/cm2 or 15 psi – is shown by most pressure gauges and control devices as a comparison with atmospheric pressure. At an altitude of 1500 m (5000 ft) above sea level, the pressure would be reduced by 0.21 kg/cm2 (3 psi) and the temperature would be 117.6 °C although the gauge would show 1.06 kg/cm2. In sterilizing at high altitudes, it is best to maintain a temperature of 121 °C without exceeding the pressure limits of the autoclave.

Note: Any air remaining in the chamber will reduce the efficiency of the autoclave. Pans of material to be sterilized or decontaminated must have some water added that will turn to steam as the pans are heated and prevent air pockets from forming in the pans.
4.2 What should be autoclaved? 

The following materials are suitable for autoclaving:

· instruments, glassware, media or solutions for sterile use in the general diagnostic TB laboratory;

· mycobacterial cultures for waste disposal;

· all infectious materials and waste from laboratories where culture is performed.

4.3 Equipment and materials
Autoclave 

Each autoclave should be installed according to the specific instructions supplied by its manufacturer. Autoclaves should be located away from the main working area as they are noisy and hot, release steam and may be a source of major hazards.
Note:  On an autoclave used to decontaminate infectious material, the valve for exhaust air should be equipped with a bacterial filter. The autoclavable sterile filter should consist of a filter cartridge with a membrane, pore size 0.2 µm, incorporated in a pressure-resistant housing and easily replaced. The filter is automatically sterilized during each sterilization process.
Appropriate containers for autoclave:

· autoclavable polyethylene bags;
· 
"sharps" containers consisting of specific, commercially available, autoclavable plastic or metal boxes;
· metal containers.
Other items:

· cloth (linen or cotton) or steam-permeable paper or parchment for items that must be wrapped;
· incubator for spore test, calibrated at 55–60 °C; a dry-block incubator is suitable for this purpose;
· chart or paper if autoclave is equipped with a recorder;
· adhesive autoclave indicator tape;
· thermoresistant gloves;
· eye protection such as safety glasses.
4.4 Reagents and solutions 

Heat-resistant Geobacillus stearothermophilus spores (previously Bacillus stearothermophilus)
4.5 Detailed instructions for use
· The manufacturer’s instructions for operation and cleaning of the autoclave must be followed at all times.
WARNING: Improper use of the autoclave can be very dangerous. It can explode if the pressure is too great, if a part is defective, or if the door or cover is opened while under pressure. The caps of containers of liquid must be left loose during autoclaving: if they are tight, containers may explode when the autoclave is opened.

· Fill the bottom of the autoclave with distilled water, up to the autoclave basket support or to the level marked by the manufacturer. If the water reaches the basket, drain off excess water by opening the drainage tap.

· Apply strips of autoclave tape to containers.
· Place the autoclavable containers containing the material to be sterilized or decontaminated. 
· Separate autoclaves should be used for sterilization of solutions or glassware (clean materials) and for decontamination of infectious materials (infected material).
Do not mix material to be sterilized with material to be decontaminated.
· Do not overload. 
· Close the lid and make sure that the rubber gasket is in its groove. Screw down the clamps firmly.

· Open the air outlet valve.

· Turn on the heating.

· When a jet of steam is released from the outlet valve, wait 3 or 4 minutes until the jet of steam is uniform and continuous, indicating that all the air has been driven out of the autoclave, then close the outlet valve.

· Check and re-tighten the lid clamps.

· When the temperature reaches 121 °C, reduce the heat to maintain the temperature. Start timing when the needle on the dial remains at the desired temperature.

· Use the following conditions:

· solid material for sterilization: 121 °C (appropriate pressure 115 kPa), 20 minutes;
· containers of infected material:121 °C (appropriate pressure 115 kPa), 30 minutes.
The time required for sterilization of liquids, reagent solutions or culture media is dependent on the volume.
· Turn off the heat when the required time is up.

· When the temperature falls below 80 °C, open the air outlet valve slowly to equalize pressures inside and outside the autoclave.

· When the hissing sound stops, unscrew the lid clamps and open the lid.
· Leave the material to cool before removing it from the autoclave.

· Check that the autoclave tape has turned colour before removing the material.
4.6 Recording and reporting

Record details of the loading and operation of the autoclave in the autoclave logbook (Annex 1). Incidents, accidents and/or mechanical problems must be recorded and reported to a supervisor immediately.
Most types of non-manual autoclaves have a paper print-out for monitoring temperature and air pressure during the different steps of operating cycles. These records must be stored with the appropriate log-sheet. 

4.7 Quality control
4.7.1 Chemical indicator

A visible chemical indicator, such as an autoclave tape, must be used with each load to be sterilized. Remember that tapes for ovens (dry heat) are not adequate for autoclaves.
Note:  Temperature-sensitive autoclave tape alone is not sufficient to indicate that the sterilization temperature (121 ºC) reached the heart of the load.
4.7.2 Biological indicator

Even if the autoclave has a paper print-out for monitoring effectiveness (temperature and air pressure), a biological indicator must be used periodically (after every 40 hours of use). The results must be documented (Annex 1) and kept for at least 1 year.
Heat-resistant Geobacillus stearothermophilus  spores are used for testing autoclave efficiency. A spore vial is placed in a waste bag located in the centre of a load of maximum allowable size and exposed to 121 °C for at least 15 minutes. A string can be tied around the vial to permit its easy retrieval.
The autoclaved spore vial is incubated along with a non-autoclaved control vial at 56–60 °C.
Negative growth in the autoclaved vial demonstrates proper autoclave efficiency. If the autoclaved vial shows positive growth the procedure is repeated with another test vial. Consistent positive growth indicates a problem that must be corrected before the autoclave can continue to be used.
4.8 Safety precautions

4.8.1 Personal protection


Use thermoresistant gloves to protect the hands from heat.
Wear eye protection such as safety glasses or a visor when removing materials from a hot autoclave (see section 4.3, Equipment and materials).

4.8.2 Maintenance
Preventive maintenance procedures for the autoclave must be carried out as detailed below.
Any problem or malfunction detected must be reported to the laboratory manager, who will contact the maintenance contractor to correct the problem/malfunction as soon as possible.
Users are not permitted to make any repairs: repair and service of the autoclave must be done by a qualified service professional.

In case of any problem or malfunction, an “Out of Service” notice must be displayed on the autoclave indicating that it is not to be used until the problem has been diagnosed and corrected.
All potentially infectious materials from laboratories performing cultures must be autoclaved before disposal.

Refer to the manufacturer's manual for safe handling of the autoclave.

Daily preventive maintenance

Check that the lid/door gasket is clean and not protruding.
Check for leaks (e.g. bubbles) while the autoclave is running.

Clean the autoclave and work area after every episode of use.

Disinfect the work area as needed according to the SOP "use of disinfectants".

Weekly preventive maintenance
Remove and clean the drain strainer if necessary.
Check that the pressure release safety valve is functioning properly. Keep away from the release valve exhaust during this check to prevent a burn injury.
Register action and date in the logbook (Annex 2).

Monthly preventive maintenance
Inspect autoclave gaskets, lid/doors, and internal walls for residue built-up or wear.

Notify the laboratory manager if any deterioration is observed.
Register action in the logbook (Annex 2).
Annual preventive maintenance

All autoclaves must be inspected and certified annually by a qualified service technician. At the minimum, pressure gauges and thermometers should be tested.
The service technician must issue an inspection certificate indicating compliance with safety and proper operation. The most recent inspection certificate must be displayed close to the autoclave.

Three-yearly preventive maintenance
Pressure testing and inspection must be done at three-year intervals on all pressure vessels. Test certificates must be kept on record.

5. Related documents
Manufacturer’s manual, specific to each autoclave.
Basics of quality assurance for intermediate and peripheral laboratories, 2nd ed. Cairo, WHO Regional Office for the Eastern Mediterranean, 2002.

Laboratory biosafety manual, 3rd ed. Geneva, World Health Organization, 2004.
Maintenance and repair of laboratory, diagnostic imaging and hospital equipment. Geneva, World Health Organization, 1994.
Maintenance manual for laboratory equipment, 2nd ed. Geneva, World Health Organization, 2008 (available at www.who.int/entity/diagnostics_laboratory/documents/guidance/guidance2/en/)
Manual of basic techniques for a health laboratory, 2nd ed. Geneva, World Health Organization, 2003.

Smithwick RW. Laboratory manual for acid-fast microscopy. Atlanta, GA, Center for Disease Control,1976.


Annex 1. Autoclave logbook
Date:

Time :


Operator's name :

Type of load :       media
 □
glassware  □
waste products    □
Presence of biohazardous material:    YES  □
NO  □
Load size (specify):

Autoclaving conditions :  121 °C  (115 kPa)          Time at 121 °C:
    min

Check of autoclave tape: 
 white  □
 black  □
BIOLOGICAL INDICATOR
(test the biological indicator after every 40 hours of autoclave use, 
to be scheduled according to the autoclave logbook records,

e.g. every 1, 2 or 3 months)
Operator's name:

Autoclave cycle:                   Date:

Time :


Autoclaving conditions :      121 °C  (115 kPa)      Time at 121 °C:
      min

Growth of spores in the autoclaved vial: 
 Yes  □
 No □
Annex 2. Autoclave maintenance logbook
	ITEM IDENTIFICATION

	Equipment:

AUTOCLAVE
	Brand name:

	Purchase date:
	Model/type:

	Location within laboratory:
	Serial no.

	Warranty expiry date:

	Manufacturer:
	Tel:

	Address:.

	Contact person:

	Technical service representative:
	Tel:


	



PERIODICITY: 
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	Maintenance operation
	Operator

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	FAILURE EVENTS

	Date
	Event 
	Corrective action taken
	Operator

	
	
	
	

	
	
	
	

	
	
	
	








