


Cleaning, Disinfection, Antisepsis and Sterilization
Use of clean, aseptic or sterile technique reduces the number of germs transferred and thus, reduces the risk of infection
· Sterilization: it is a complete elimination of the microbial viability. It is also defined as the destruction of all microorganisms (bacteria, viruses and spores) on an item (instruments, drapes, catheters and needles) that may be in contact with the patients or enter their vascular system
· Disinfection: the process of obliteration of most of the pathogenic microorganisms from the nonliving objects.
· Antisepsis: the method of destroying most of the harmful microorganisms on living objects 
· Cleaning: the process of physical removal of the microorganism, soil, dust and other dirt on living and nonliving surface; this process is usually done by using detergents or soap and water, ultrasound or other methods.
Cleaning
Cleaning is the removal of foreign materials (e.g., soil, and organic material) from objects and is normally accomplished using water with detergents or enzymatic products. Thorough cleaning is required before high-level disinfection and sterilization because inorganic and organic materials that remain on the surfaces of instruments interfere with the effectiveness of these processes. Also, if soiled materials dry or bake onto the instruments, the removal process becomes more difficult and the disinfection or sterilization process less effective or ineffective. Surgical instruments should be presoaked or rinsed to prevent drying of blood and to soften or remove blood from the instruments.
Cleaning is the removal of foreign materials (e.g., soil, and organic material) from objects and is normally accomplished using water with detergents or enzymatic products. Thorough cleaning is required before high-level disinfection and sterilization because inorganic and organic materials that remain on the surfaces of instruments interfere with the effectiveness of these processes. Also, if soiled materials dry or bake onto the instruments, the removal process becomes more difficult and the disinfection or sterilization process less effective or ineffective. Surgical instruments should be presoaked or rinsed to prevent drying of blood and to soften or remove blood from the instruments.
1- Mechanical cleaning machines-automated equipment may increase productivity, improve cleaning effectiveness, and decrease worker exposure
Ultrasonic cleaner, Washer sterilizer, Dishwasher, Washer disinfector
2- Manual
Items must be cleaned using water with detergents or enzymatic cleaners before processing 
Cleaning reduces the bioburden and removes foreign material (organic residue and inorganic salts) that interferes with the sterilization process.
Cleaning and decontamination should be done as soon as possible after the items have been used as soiled materials become dried onto the instruments.
Efficacy of Disinfection/Sterilization (Influencing Factors)
 1- Cleaning of the object        2- Organic and inorganic load present
3- Type and level of microbial contamination        4- Concentration of and exposure time to disinfectant/sterilant
5- Nature of the object       6- Temperature and relative humidity
Disinfection and Sterilization
Object will be disinfected depended on the object’s intended use.
1- CRITICAL - objects which enter normally sterile tissue or the vascular system or through which blood flows should be sterile.( Surgical instruments, Cardiac catheters and Implants)
2- SEMICRITICAL - objects that touch mucous membranes or skin that is not intact require a disinfection process (high-level disinfection [HLD]) that kills all microorganisms except high numbers of bacterial spores.( Endoscopes, Respiratory therapy equipment, Anesthesia equipment, Endocavitary probes and Tonometers(.
3- NONCRITICAL -objects that touch only intact skin require low-level disinfection (or non-germicidal detergent). 
 Processing “Critical” Patient Care Objects  
Classification: 	Critical objects enter normally sterile tissue or vascular system, or through which blood flows.
Object:	Sterility.
Level germicidal action:	Kill all microorganisms, including bacterial spores.
Examples:	Surgical instruments and devices; cardiac catheters; implants; etc.
Method: 	Steam, gas, hydrogen peroxide plasma, ozone or chemical sterilization.
Sterilization of “Critical Objects”
Steam sterilization, Hydrogen peroxide gas plasma, Ethylene oxide, Peracetic acid-chemical sterilization, Ozone, Vaporized hydrogen peroxide, Steam formaldehyde, Glutaraldehyde (> 2.0%)
Processing “Semicritical” Patient Care Objects
Classification:	Semicritical objects come in contact with mucous membranes or skin that is not intact.
Object:	Free of all microorganisms except high numbers of bacterial spores.
Level germicidal action:	Kills all microorganisms except high numbers of bacterial spores.
Examples:	Respiratory therapy and anesthesia equipment, GI endoscopes, endocavitary probes, etc.
Method:	High-level disinfection (Glutaraldehyde  > 2.0%, Hydrogen peroxide     7.5%)
Processing “Noncritical” Patient Care Objects	
Classification: Noncritical objects will not come in contact with mucous membranes or skin that is not intact.
Object:	Can be expected to be contaminated with some microorganisms.
Level germicidal action:	Kill vegetative bacteria, fungi and lipid viruses.
Examples:	Bedpans; crutches; bed rails; bedside tables; walls, floors and furniture.
Method:	Low-level disinfection (or detergent for housekeeping surfaces) Ethyl or isopropyl alcohol	70-90% , Chlorine 100ppm (1:500 dilution).
“Ideal” Sterilization Method
Highly efficacious, Rapidly active, Strong penetrability, Materials compatibility, Non-toxic, Organic material resistance, Adaptability, Monitoring capability and Cost-effective
Methods in Sterilization
Generally, the methods of sterilization are two: chemical and physical. 
1- The Physical methods that are highly used for medical and surgical instrument sterilization are 
a. Heat  
     1 – Steam   2- Dry Heat    3 - Flaming    4- Incineration    5- Tyndallization
Dry Heat
The standard setting for a hot air oven is at least two hours at 160 °C. A rapid method heats air to 190 °C for 6 minutes for unwrapped objects and 12 minutes for wrapped objects.   
Flaming
Flaming is done to loops and straight-wires in microbiology labs. Leaving the loop in the flame of a Bunsen burner or alcohol lamp until it glows red ensures that any infectious agent gets inactivated. 
Incineration
Incineration is a waste treatment process that involves the combustion of organic substances contained in waste materials. This method also burns any organism to ash.  
Tyndallization
The process involves boiling for a period (typically 20 minutes) at atmospheric pressure, cooling, incubating for a day, then repeating the process a total of three to four times. The incubation periods are to allow heat-resistant spores surviving the previous boiling period to germinate to form the heat-sensitive vegetative (growing) stage, which can be killed by the next boiling step. The procedure only works for media that can support bacterial growth. 
b. Filtration 
Fluids that would be damaged by heat, irradiation or chemical sterilization, such as drug products, can be sterilized by microfiltration using membrane filters.
A microfilter with pore size 0.2 µm will usually effectively remove microorganisms.[41] In the processing of biologics, viruses must be removed or inactivated, requiring the use of nanofilters with a smaller pore size (20 -50 nm) are used.
c. Radiation 
1- Non-ionizing radiation sterilization  
Ultraviolet light irradiation (UV, from a germicidal lamp) is useful for sterilization of surfaces and some transparent objects. This short-wave ultraviolet light disrupts DNA base pairing causing thymine-thymine dimers leading to death of bacteria on exposed surfaces.
UV irradiation is routinely used to sterilize the interiors of biological safety cabinets between uses, but is ineffective in shaded areas, including areas under dirt .
2- Ionizing radiation sterilization 
(Cobalt-60(60Co) or caesium-137 (137Cs).
Steam sterilization
Synonyms: autoclave, pressure steam sterilizer, steam pressure sterilizer, vacuum steam sterilizer, vacuum sterilizer and dressing sterilizer. 
It is the process of sterilization using steam, temperature and pressure. The process is done in special machine that has self-closing door. The steam quickly destroys all the microorganisms by 2. 
Coagulation and cellular protein denaturation. The thermophilic aerobes and anaerobes spores usually resistible to moist heat greater than viruses are 
Types of steam sterilization: 
1. Gravity displacement sterilizer: In these types the steam introduced under pressure into the top of the sterilizing chamber compressing the air to the bottom then the air removed from the chamber by the thermostatic value 
2. Prevacuum steam sterilizer: Air is evacuated from the chamber by vacuum pump before steam is admitted to the chamber. This system eliminates the time that is required for sterilization 
3. Steam pulsing systems: Decrease the need for the development of high prevacuum the time require for evacuate the air is depending on the strength of each pulse. Although the total cycle times for autoclaving are less in prevacuum system, they are significantly faster than gravity displacement systems 
4. Flash sterilizer: Flash originally defined as sterilization of an unwrapped object at 132oC for 3 min at 27-28 lbs pressure in gravity.Flash used for items that must be used immediately(cannot be packaged, sterilized and stored before use)
Principles of heat sterilization 
The mechanism by which heat destroys microorganisms is not completely understood.  
Denaturation or destruction of cellular proteins appears to be the principal means by which heat destroys microorganisms. In specific, the death of bacteria caused by coagulation of protein in moist heat while it is caused by oxidation process in dry one. 
The steam sterilization procedure: 
1. Cleaning surgical supplies before sterilization  2. Preparation of surgical packs and loading of autoclave    3. Autoclave operation    4. Sterile pack storage 
2- Chemical sterilization: it is the process of using gaseous or liquid chemicals for sterilizing materials that may be damaged if wet or dry heat would be used.
1- Ethylene oxide   2-  Nitrogen dioxide   3- Ozone    4-  Glutaraldehyde and formaldehyde
    5-  Hydrogen peroxide    6-  Peracetic acid
Ethylene oxide:
1. It is simple cyclic ether 
2. Colorless gas that liquefies at 10.5C degree. And freezes at -111.3 C degree 
3. Ethylene oxide kills almost all organisms by alkylation 
4. It is work effective at room temperature because the ethylene vaporizes at 10.5C degree 
5. Moisture is necessary for the entrance of the gas into the cell 
6. The effect of gas depends on its concentration (450-1500mg/L), temperature, exposure time and humidity 
7. Double concentration reduce to have time needed 
8. It is operate at 21C degree to 60C degree 
9. Its activity is more than double with each 10C degree increase in temperature 
10. Increase the temperature to 55C degree reduce the time of exposure to 4 hours or less 
11. Optimum humidity 40% 
12. Wearing gloves and avoid prolong breathing of vapors 
13. Effects on the skin and the smell 
14. Do not used this method on the objects that have been sterilized previously by radiation 
Hydrogen peroxide gas plasma:
1. It is the synergism between hydrogen peroxide and low – temperature gas plasma 
2. Results in rapid inactivation of microorganisms and removal of harmful residues 
3. Can sterilized most items 
4. It is accomplished in approximately one hour 
5. No toxic residues are reported with this method 
6. Inactivate a broad spectrum of microorganisms including mycobacteria, resistant bacterial spores, fungi and virus. 
7. It is very safe as the hydrogen peroxide is found within a cassette so leakage are very rare to occur. 
  formaldehyde ,  β-propiolactone 
Cold sterilization
It refers to soaking instruments in disinfectant solution. A disinfectant is an agent that destroys pathogenic organisms on inanimate (nonliving) objects; disinfectants in general destroy all bacteria with the exception of tubercle bacillus, spores and viruses many not be destroyed by this method, for this reason, cold sterilization is considered for no critical instruments. The latter are defined as the instruments that potentially may be introduced beneath the surface of the body. The only veterinary instruments that prepared by cold sterilization is the dental supplies
The cold sterilization materials are: 
1. Alcohols: ethyl alcohol and isopropyl alcohol which kills bacteria by the coagulation of protein. Ethanol generally used as 70%, isopropyl alcohol is effective in concentration of up to 99%. 
Note: because alcohols evaporate more rapidly than water, alcohol solutions decrease in concentration if allowed to stand in open containers. At the lower concentrations, they become bacteriostatic rather than bactericidal. Because of their poor activity against viruses and spores, alcohols are generally not used as cold sterilants. 
2. Aldehydes: formaldehyde is available as formalin, a 37% solution of formaldehyde and water. Although it is killed all bacteria, viruses, and spores, it is extremely irritant to skin and mucous membranes and has limited application as a cold sterilization agent. Glutaraldehyde in dilute concentrations is less toxic than formaldehyde and has a similar broad spectrum of activity. It is occasionally used to cold sterilize items that cannot be exposed to steam such as anesthetic accessories and is the liquid disinfectant of choice for lensed instruments. 
3. Chlorhexidine: this antiseptic agent available in detergent, tincture and aqueous formulations. Now they are used as an agent for preparation of the surgical patients and surgical hand scrubs due to its nonirritating ability to the skin. Affect directly on both gram positive and negative bacteria. It has also the possesses residual activity and its effectiveness increases after repeated use. 
4. Iodine: inorganic iodine is effective bactericidal agents but stain fabrics and tissue. It has good viricidal but poor sporicidal activity. More than 3.5% will become toxic to tissue and do not provide additional disinfectant activity. Iodophors are iodine that are complex with organic molecules. This product has less tendency than inorganic iodine to stain fabric and tissue and less irritant to skin. Long using of iodophors may produce corrosion of instruments.
Sterilization indicators
Simply placing an item in a sterilizer and initiating the process does not ensure sterility. Sterilization indicators allow monitoring of the effectiveness of sterilization. Indicators undergo either a chemical or biologic change in response to some combination of time and temperature.
 The indicators are placed in the center of each pack and on the outside of the item to be sterilized.  Chemical indicators, which are available for steam, gas, and plasma sterilization, generally are paper strips or tape impregnated with a material that changes color when a certain temperature is reached conditions such as extreme heat, pressure, or humidity, but does not reflect the duration of exposure, which is critical to the sterilization process. Therefore it is important to remember that chemical indicators do not indicate sterility. Use of a biologic indicator is the surest way to determine sterility. 
Conclusions Sterilization
All sterilization processes effective in killing spores- 
- Cleaning removes salts and proteins and must precede sterilization
[bookmark: _GoBack]- Failure to clean or ensure exposure of microorganisms to sterilants (e.g. connectors) could affect effectiveness of sterilization process
Recommendations Methods of Sterilization
Steam is preferred for critical items not damaged by heat- 
Follow the operating parameters recommended by the manufacturer (times, temperatures, gas conc)- 
Use low temperature sterilization technologies for reprocessing critical items damaged by heat- 
Aerate surgical and medical items that have been sterilized in the ETO sterilizer- 
- Peracetic acid immersion system can be used to sterilize heat-sensitive items that can be immersed
- Use immediately critical items that have been sterilized by peracetic acid immersion process (no long term storage)
- Dry heat sterilization (e.g., 340F for 60 minutes) can be used to sterilize items (e.g., powders, oils) that can sustain high temperatures
Sterilization Monitoring
Sterilization monitored routinely by combination of physical, chemical, and biological parameters
1- Physical - cycle time, temperature, pressure
2- Chemical - heat or chemical sensitive inks that change color when germicidal-related parameters present (Class 1-6)
3-Biological - Bacillus spores that directly measure sterilization
Biological Monitors
Steam - Geobacillus stearothermophilus
Dry heat - B. atrophaeus (formerly B. subtilis)
ETO - B. atrophaeus 
New low temperature sterilization technologies
Plasma sterilization (Sterrad) - G. stearothermophilus
Peracetic acid - G. stearothermophilus
Ozone - G. stearothermophilus
Packaging Sterilization Wraps 
An effective sterilization wrap would:
- Allow penetration of the sterilant
Provide an effective barrier to microbial penetration- 
- Maintain the sterility of the processed item after sterilization
- Puncture resistant and flexible
- Drapeable and easy to use
Multiple layers are still common practice due to the rigors of handling
Recommendations Storage of Sterile Items
- Sterile storage area should be well-ventilated area that provides protection against dust, moisture, and temperature and humidity extremes.
- Sterile items should be stored so that packaging is not compromised
- Sterilized items should be labeled with a load number that indicates the sterilizer used, the cycle or load number, the date of sterilization, and the expiration date (if applicable)
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