Control of Microbial Growth

Sterilization and Disinfection

Chapter 7

Why control growth of microbes?

· MMWR: Morbidity & Mortality Weekly Report

· Produced by the Center for Disease Control and Prevention (CDC)

· Published weekly

· CDC is located in Atlanta

· Collects and publishes the number of deaths/week in the USA

· Grouped by infectious or non-infectious causes

· http://www.cdc.gov/

HISTORY

· Lister - father of antiseptic surgery

· Late 1800’s

· Pasteur’s theory - “diseases of wine”

· Used carbolic acid (phenol) 

· Now considered the standard disinfectant by which all others are measured by 

· Phenol coefficient

· Decreased incidence of post-surgical infections

· Semmelweiss - concept of microbial control

· Late 1800s

· Wash hands between patients

Three ways to control microbial growth

· PHYSICAL & CHEMICAL METHODS

· Disinfectants

· Antiseptics 

· CHEMOTHERAPEUTIC DRUGS

· Antibiotics

· Synthetic drugs

· IMMUNE SYSTEM & VACCINES

· Non-specific mechanisms

· Specific mechanisms

· Prevention 

TERMINOLOGY: Destruction of microbes #1
· DISINFECTION - process in which the vegetative microbial forms are destroyed
· Does not necessarily include endospores or viruses

· A substance that is disinfected is usually not STERILE

· Reduction or inhibition of growth but not total destruction of all living forms

· Disinfectants are usually chemicals used on inanimate objects

· ANTISEPTIC – “against infection”

· Chemical disinfection of living tissues
· Antiseptics are disinfectants that do not destroy the living tissues

TERMINOLOGY: Destruction of microbes #2 
· STERILIZATION - process in which all forms of microbial life are destroyed

· Includes bacterial endospores and viruses

· No degrees of sterility 

· GERMICIDE - chemical agent that kills microbes but not necessarily the endospores
· “CIDE” = KILL  kills GERMS (pathogens)

· Bactericide - kills bacteria (bacteriocidal)

· Sporicide - kills spores

· Virucide - inactivates viruses

· Fungicide - kills fungi 

TERMINOLOGY: Suppression of Microbes #1 
· BACTERIOSTATIC - process of inhibiting the growth of bacteria

· Inhibits growth BUT does not necessarily kills the bacteria

· Refrigeration, certain chemicals, certain antibiotics

· BACTERIOCIDAL – agents that kill microorganisms.

· Occurs via chemical or physical methods

· Autoclaving, certain antibiotics, glutaraldehyde

TERMINOLOGY: Suppression of Microbes #2
· DEGERMING - removal of transient microbes from skin 

· Occurs via a mechanical cleansing or use of an ANTISEPTIC

· Prior to injections, surgery

· SANITIZATION - reduction of pathogens on food service items

· Occurs by mechanical cleansing or chemicals

· Chemicals must be safe and palatable

CONDITIONS TO CONSIDER

· TEMPERATURE

· Chemical reactions usually increase at higher temperatures

· Lower temperatures (refrigeration) decreases rate of microbial growth

· TYPE OF MICROBE

· Each species has it’s own requirements

· Endospores - are the most resistant form

· Fungal spores, some viruses (HBV),  Mycobacteria, Pseudomonas, Staphylococcus  are moderately resistant

· Vegetative cells - least resistant

CONDITIONS TO CONSIDER cont’d

· PHYSIOLOGICAL STATE of the microbe

· Cells that are actively growing (log phase) are more susceptible than dormant cells

· Viruses undergoing replication are more susceptible

· CELL ENVIRONMENT
· Where is the cell and what is surrounding it?

· Organic matter may offer protection from disinfectants

· The pH of the media may affect effectiveness of a disinfectant

ACTIONS OF MICROBIAL CONTROL AGENTS

· ALTER MEMBRANE PERMEABILITY

· Agents may act on lipids & proteins in the plasma membrane

· Some chemical agents & antibiotics
· DAMAGE TO PROTEINS & NUCLEIC ACIDS

· Denaturation of proteins (enzymes)

· Breakdown of nucleic acids

· Chemicals & physical means 

· INHIBIT CELL WALL SYNTHESIS

· Some antibiotics prevent synthesis of new cell wall

PHYSICAL METHODS TO CONTROL GROWTH

· MOIST HEAT
· DRY HEAT

· FILTRATION

· COLD

· DESICCATION

· OSMOTIC PRESSURE

· RADIATION

1. MOIST HEAT

· Heat is the most common method, denatures the proteins

· Proteins will COAGULATE (denature)

· Some organisms and forms are more resistant

· BOILING 

· AUTOCLAVE

· PASTEURIZATION

A. BOILING

· 100 C at sea level for 10 minutes

· Breaks the H-bonds in the proteins

· Kills most vegetative cells, fungi and some viruses 

· Spores - take longer

· DISINFECTS does not sterilize

B. AUTOCLAVE

· Steam under pressure

· The higher the pressure, the higher the temperature

· Sterilize – at 15 psi steam reaches 121 C 

· 15 minutes will kill most organisms and their spores

· Steam replaces the air 

· TIME & TEMPERATURE determined by SIZE of material, VOLUME of liquids &  trapping of air in pockets

C. PASTEURIZATION

· Use of heat to destroy microbes

· Method developed by Pasteur to destroy microbes in wine

· MILK - old method = 63 C  for 30 minutes

· Usually kills M/O that spoil food

· MILK - today = 72 C for 15 seconds

· HTST: High-temperature short-time pasteurization

· DISINFECTS does not sterilize

· UHT: ULTRA-HIGH-TEMPERATURE

· Used to STERILIZE milk

· Rapid (3 seconds) high temperature (140 C )

· Used for milk stored at room temperature

2. DRY HEAT

· Denatures proteins, dehydrates cells by oxidation reactions

· INCINERATION - direct burning, flaming
· HOT-AIR STERILIZATION - ovens

· 170 C for 2-3 hours

3. FILTRATION

· Passing a liquid or gas through a material with pores small enough to retain bacteria on the material itself

· Often used for heat-sensitive material

· Vaccines, antibodies and antibiotics

· AIR - HEPA = High efficiency particulate air filters

· Pore size = 0.22 m diameter removes bacteria

· Pore size = 0.01 m diameter removes viruses

4. COLD or FREEZING

· Reduction in replication rate of microbes EXCEPT psychrophiles & psychrotrophs

· Refrigeration (0 - 7 C) = BACTERIOSTATIC not bactericidal

· FREEZER (below 0 C) - different organisms survive different lengths of time

· Salmonella can survive for a very long time

· Slow freezing = most harmful due to ice crystals form that destroy cellular material and cell membranes

5. DESICCATION

· DRYING, absence (removal) of water

· WATER is required for most processes

· BACTERIOSTATIC, not necessarily bactericidal

· CAPSULES help to protect against desiccation for awhile

· Resistance of vegetative cells to desiccation varies (hours to months)

· Viruses and endospores are usually more resistant to desiccation

6. OSMOTIC PRESSURE

· Basis for use of high concentrations of salt & sugar

· Preservation method for foods


· Creates a HYPERTONIC environment

· Osmotic pressure is higher on the outside of the microbe

· Water leaves the cell leading to plasmolysis

· Prevents replication

· BACTERIOSTATIC

· Some molds & algae can grow at higher osmotic pressure

7. RADIATION

· IONIZING -& X-rays, high energy electron beams

· Shorter wavelengths (~ 1 nm)  higher energy

· Generate highly reactive radicals --> damage DNA and cellular products

· Produces ions - pulls electrons  off macromolecules

· Used to sterilize heat sensitive materials

· Surgical gloves, pharmaceuticals, dental & medical supplies

· NONIONIZING - UV light, lower energy 

· Longer wavelength (optimal = 260 nm)

· Damages DNA ---> thymine dimers

· Germicidal lamps in hospitals & laboratories ---> kill airborn microbes

CHEMICAL METHODS TO CONTROL GROWTH

· Used on living and nonliving surfaces

· Many different chemicals, each with a different mode of action

· May be bactericidal OR bacteriostatic, depending upon conditions

· Effectiveness may be evaluated using the filter paper method

· Agar plate with microbes spread uniformly

· Paper discs containing chemical of interest placed on agar plate

· Incubate and observe ZONE OF GROWTH INHIBITION

CONSIDERATIONS for 
EFFECTIVE DISINFECTION

· Microorganism(s) involved

· Degree of contamination

· Length of exposure to disinfectant

· Strength of disinfectant

· Mechanism of action of the chemical

· How will the disinfectant come in contact with the microbe

· Nature of the material being disinfected

· Presence of organic material

· Temperature and pH of the chemical solution

CHEMICALS USED

· PHENOLS

· CHLORHEXIDINE

· HALOGENS

· ALCOHOLS

· HEAVY METALS

· SURFACE ACTIVE AGENTS (Surfactants)

· QUATERNARY AMMONIUM COMPOUNDS

· ORGANIC ACIDS

· ALDEHYDES

· GASEOUS CHEMOSTERILIZERS

· OXIDIZING AGENTS

1. PHENOLS (Carbolic acid) 
· First disinfectant used

· MECHANISM: Denatures proteins and damages plasma membranes

· Active for extended periods of time

· Bactericidal or bacteriostatic

· Phenol derivatives ( decreased irritating effect

· EXAMPLES

· LYSOL - O-phenylphenol (a creosol)

· Used to disinfect feces, sputum and pus

· Phisohex - hexachlorophene

· Effective versus Gram +ve organisms

2. CHLORHEXIDINE 
· Complex, chlorine containing organic compound

· Not a phenol

· Disinfectant used in soaps and surgical scrubs

· Not harmful to skin

· MECHANISM: Causes damage to plasma membranes

· Effective against vegetative cells & some viruses

· Bactericidal but not sporicidal

· Effect on Gram positive bacteria

· Staphylococci 

· Streptococci

3. HALOGENS

· Good antiseptics & disinfectants 

· Effective against most bacteria, some spores, some fungi & some viruses

· Can be used alone or in organic and inorganic compounds

· Two most commonly used

· IODINE (I2)

· CHLORINE (Cl2)

3A. IODINE
· One of the oldest & most effective

· Primarily used for skin wounds

· Bactericidal and can be sporicidal

· MECHANISM: Oxidizes tyrosine residues in proteins ----> iodinated tyrosine

· Inactivation of the protein containing the tyrosine(s)

· TWO FORMS:

· TINCTURE = alcoholic solution of iodine

· IODOPHOR = iodine + organic molecule
· Povidone-iodines = surface-active iodophors

· Tend to be less irritating to skin

· Betadine, Isodine, Wescodyne

3B. CHLORINE

· Widely used disinfectant

· MECHANISM: Cl2 +  H20 ---> HOCl

· HOCl = hypochlorous acid = oxidizing agent

· Prevents many of the cellular enzymes from functioning

· FORMS

· Used as a gas (Cl2) ---> Swimming pools

· Hypochlorites (OCl-) ---> NaOCl = bleach

· Chloramines (NH2Cl) ---> Chlorine + ammonia compounds for food and dairy product industry

· Disinfectants, antiseptics & sanitizing

4. ALCOHOLS

· Kill bacteria and fungi

· Not effective against non-enveloped viruses and endospores

· Not good antiseptics for wounds

· Often used in combination with other disinfectants

· Tincture of iodine

· MECHANISM: Denatures proteins, disrupt membranes, dissolve lipids

· Ethanol - 70 - 95% solutions are most effective

· Isopropanol = rubbing alcohol

5. HEAVY METALS

· Bactericidal, used as an antiseptic 

· Effective at very low concentrations

· MECHANISM: Denature proteins, act on -SH groups of proteins

· SILVER - silver nitrate (1%)

· Eyes of newborns ---> prevent opthalmia neonatum

· COPPER  - copper sulfate (1 ppm) = algicide

· Swimming pools and ponds

· ZINC  - zinc chloride ---> mouthwashes
· MERCURY  - two forms

· Mercuric chloride = bacteriostatic, but toxic

· Mercury + organic compounds (Mercurochrome)

6. SURFACE-ACTIVE AGENTS

· SURFACTANTS - decrease surface tension of liquids

· Salts of fatty acids, found in soaps & detergents

· MECHANISM: Emulsify lipids, disrupt cell membranes

· Soaps are important for mechanical removal of bacteria

· Anionic detergents have a negative charge which reacts with plasma membrane ---> disruption of  membrane

7. “QUATS”
QUATERNARY AMMONIUM COMPOUNDS
· Most widely used cationic detergents

· MECHANISM: contains a positive charge which disrupts membranes - cell becomes “leaky”

· Fairly stable, inexpensive, non-toxic to humans

· Organic material interferes with activity

· Effective against fungi, amoeba and some enveloped viruses but not sporicidal
· Bactericidal vs Gram positive bacteria 

· Less effective vs Gram negative bacteria
· P. aeruginosa can grow in some quats
· Used in hospitals, restrooms and kennels
· EXAMPLES: Zephiran, Roccal, Cepacol

8. ORGANIC ACIDS

· Used as a preservative to inhibit growth of mold 

· MECHANISM: Inhibit enzymatic & metabolic activity

· Body can metabolize  safe to humans

· Sorbic acid - found in acidic foods (cheese)

· Benzoic acid - found in acidic food (soft drinks)

· Parabens - found in liquid cosmetics, shampoos

· Calcium propionate - found in breads

9. ALDEHYDES

· Organic compounds that contain -HC=O 

· MECHANISM: Cross-link functional groups of amino acids in a protein

· Inactivates the proteins

· Very effective antimicrobials

· Two most commonly used: 

· FORMALDEHYDE 

· GLUTARALDEHYDE

9A. FORMALDEHYDE  

· Skin & eye irritant

· Previously used as a gas - good disinfectant

· FORMALIN - a 37% aqueous solution of the gas

· Preserve tissues, embalming

· Decontamination of laboratory & hospital equipment and respiratory therapy equipment

9B. GLUTARALDEHYDE

· ONLY CHEMICAL STERILIZING AGENT

· Bactericidal, tuberculocidal & virucidal in 10 minutes

· Can be sporicidal upon long exposure

· Used to sterilize hospital instruments & respiratory therapy equipment

· Preserve tissue, embalming, electron microscopy samples

10. GASEOUS CHEMOSTERILIZERS

· Used for plastics and other heat sensitive material

· ETHYLENE OXIDE

· MECHANISM: denatures proteins
· Sterilizes WITHOUT heat

· Used with CO2 (GAS STERILIZER) 2  or in autoclaves 

· Kills spores upon extended exposure (4 - 18 hours)

· Highly penetrating but suspected carcinogen

11. OXIDIZING AGENTS

· MECHANISM: oxidize cellular macromolecules 

· OZONE - (O3) 

· Used instead of chlorine in water to disinfect and neutralize tastes & odors

· HYDROGEN PEROXIDE  - H2O2
· Skin antiseptic but breaks down rapidly to  H2O + O2
· Irrigate deep wounds - releases O2 --> kills anaerobic bacteria

· BENZOYL PEROXIDE

· Treatment of wounds and acne

CONTROL OF GROWTH SUMMARY

· Both chemical and mechanical methods are NON-SPECIFIC

· Will effect any protein, lipid or membrane

· CHEMOTHERAPY (ANTIBIOTICS) are more organism-specific

