PART II - TEACHING GUIDE

BACTERIAL CLASSIFICATION

INTRODUCTION ( 5 min.)

ATTENTION:

MOTIVATION:

OVERVIEW:

5a.  State the definition and purpose of taxonomy.

5b.  Explain the use of colony morphology in bacterial classification.

5c.  Explain how microscopic morphology and gram stain reactions are used in classifying   bacteria.
  (1)  Review

    (a)  Basic morphology

    (b)  Gram stain reactions

  (2)  Resolution of coccus vs bacillus problem using

    (a)  Broth/Agar Cultures

    (b)  Penicillin Disc Method

  (3)  Resolution of gram variable organisms using young vs old 

        cultures.

5d.  Describe the use of antibody/antigen reactions to identify bacterial pathogens.

  (1)  Define

    (a)  Capsular swelling

    (b)  Coagglutination

    (c)  Precipitin reaction

    (d)  Complement fixation

    (e)  Fluorescent stain

    (f)  Skin test

  (2)  Serological identification of bacteria

  (3)  Antigen/Antibody tests on patient sera

5e.  Explain how the effects of bacteria on the host can aid in bacterial classification.

  (1)  Define

    (a)  Pathogenicity

    (b)  Toxigenicity

    (c)  Invasiveness

  (2)  Pathogenicity Studies

5f.  Describe organism identification using carbohydrate utilization tests.

  (1)  Define

    (a)  Oxidation

    (b)  Fermentation

    (c)  Non-utilization

  (2)  Interpretation of reactions on Basal medium

    (a)  TSI

    (b)  Hugh-Leifson O/F dextrose

5g.  Identify automated equipment procedures for detecting and characterizing bacteria.

BODY (   min.)

PRESENTATION:

5a.  Explain the definition and purpose of taxonomy.

  (1)  Def.: The science that deals with orderly classification of plants and 

animals according to  their presumed natural relationships. The identification, naming, and classification oforganisms.

  (2)  Purpose: 

    (a)  Taxonomists classify all living things into a definite and logical 

place in the universal  order of things.

    (b)  This classification system uses Bergey's Manual Of Determinative 

Microbiology.

    (c)  Many characteristics are used to categorize bacteria into many 

different groups.

    (d)  The final reporting of microorganisms to the physician is done using a system of  binomial nomenclature.

    (e)  The "Genus" is written in upper case, followed by the "species" written in lower case.  Both should be underlined.  Example: Escherichia coli
5b.  Explain the use of colony morphology in bacterial classification.
  (1)  Colony morphology provides many clues to identifying all microorganisms.

  (2)  A macroscopic observation of well isolated colonies is done on all grown microorganisms.  A microscopic observation is then performed by using isolated colonies as well.

    (a)  Size- refers to the diameter of the colony. May be pinpoint, small, medium, or large.

    (b)  Shape- colonies may be circular, filamentous, irregular, rhizoid, or spindled shaped.

    (c)  Elevation- colonies may be considered flat, raised, convex, concave, pulvinate, umbonate, or umbilicate.

    (d)  Margin - The edge of the colony may be entire/round, undulate/wavy, lobate, erose, filamentous, or curled.

    (e)  Texture- smooth/consistency of butter, rough/granular to dry, mucoid/stringy.

    (f)  Color- pigment, bacteria have a wide range of colors.

    (g)  Odor- may suggest a specific organism.

    (h)  Hemolysis- the lysing of red blood cells

      1  beta: complete destruction of RBC’s

      2  alpha: partial hemolysis only around the colony.

      3  gamma: none/ cells are not destroyed.

5c.  Explain how microscopic morphology and gram stain reactions are used in classifying   bacteria.

  (1)  Review

    (a)  Basic morphology- range in size from 0.2-15.0 u.

      1  three basic types; cylindrical, spherical, spiral.

        a  cocci

          1  pairs

          2  chains

          3  clusters

          4  tetrads

        b  bacilli

          1  pairs

          2  chains

          3  palisades

        c  spirochetes

          1  corkscrew shaped

          2  length and number of turns speciates.

    (b)  Cell Structures

      1  Cell Wall

        a  May be present or absent depending on the organism

        b  Encloses protoplasm of cell

        c  Gives rigidity and shape  to the organism

        d  Composed of proteins, lipids and polysaccharides

    (c)  Cytoplasmic Membrane - Just inside cell wall; governs osmotic activity 

    (d)  Cytoplasm - Colloidal material of cell;  exclusive of nucleus or genophore

    (e)  Nucleus - Chromatin material responsible for genetic control of growth and reproduction of cell

      1  Euckaryotic cells are those which contain a nucleus

      2  Procaryotic cells are those which do not contain a discrete nucleus

      3  Genophore - Containing 2 strains DNA;  replaces nucleus in Procaryotic cells

    (f)  Capsule - Mucous or slime coating of polysaccharides surrounding a bacterium or clump of bacteria; usually indicates virulence

    (g)  Flagellum - An elastic protoplasmic strand of protein material providing locomotion for motile organisms; Flagella are arranged several different ways

      1  Monotrichous - 1 polar flagellum

      2  Amphitrichous - 1 to several flagella attached to each pole of cell (bi-polar)

      3  Lophotrichous - 1 polar tuft of several flagella

      4  Peritrichous - Flagella all around  organism;  may be single or tufts

    (h)  Spores  -  The resisting or latent phase of certain bacteria; aerobic sporeformers are the Bacillus genus and anaerobic sporeformers are Clostridia

      1  Spores may or may not swell  the cell

        a  C. tetani  -  tennis rackets; terminal swollen cells

        b  C. perfringens - do not swell the cell


        c  B. anthracis - spores do not swell cell

      2  Spores may be a characteristic identifying feature - C. tetani, C. bifermentans
      3  Spores are resistant to heat, dyes and drying

      4  Spores can usually be killed by several different methods

        a  Autoclaving - at 115-121oC for 15-20 minutes

        b  High level disinfectants

        c  Gas sterilization

  (2)  Classification According to Physiology and Other Factors

    (a)  Biochemical reactions

      1  Used to differentiate identification into species for difficult to identify organisms

      2  Individual biochemical reactions will be covered later

    (b)  Gram Stains

      1  Divides all bacteria into gram positive or gram negative

      2  Gram positive organisms - 

        a  will form and crystal-violet/iodine complex within the cell  

        b  This complex will not wash away with acetone-alcohol

        c  The cell will stain purple

      3  Gram negative organisms - 

        a  have a higher lipid content within their cell wall

        b  The acetone-alcohol washes away this lipid content which increases cell wall  permeability

        c  The violet color within the cell will become washed out with the acetone- alcohol

        d  The counterstain (Safranin) will enter the empty cell

        e  The cell will stain red

    (c)  Gram variable reactions

      1  If suspension on slide is too thick, decolorization may be incomplete

      2  Old cultures may lose cell wall integrity and crystal violet will be washed out  during decolorization

      3  Antibiotic therapy may also affect cell wall integrity

    (d)  Divides according to morphology into coccus and bacillus - sometimes difficult to  decide 

      1  Inoculate into broth culture

        a  Organisms from agar do not always exhibit classic arrangements or shapes

        b  In broth organisms will divide in a characteristic plane and are much more  likely to exhibit definitive morphology

          1  Streps will be rounder than an agar and will form long chains

          2  Staphs will show a definite clustering

    (e)  Penicillin disc method

      1  Streak organism on a BAP

      2  Place 10u penicillin disc on inoculated area

      3  Incubate 18-24 hrs.

      4  Stain crystal violet from area at edge of zone of inhibition

        a  Bacilli will form long string cells

        b  Cocci retain their spherical morphology

  (3)  Reproduction of Bacteria

    (a)  Bacterial Growth Curve

      1  Lag  Phase - Begins with  moment of   inoculation, cell size increases

      2  Exponential Phase or Log Phase - the period of rapid growth and constant  generation

      3  Stationary Phase - Period where reproduction slows down and death rate equals generation

      4  Decline Phase - Death rate exceed generation rate and organisms begin to die at  a constant rate.

  (4)  Important and useful concept to understand 

    (a)  May affect gram stain reactions

      1  "True" reaction for young organisms

      2  Variable reactions if organism is old

    (b)  Principles will be used to set up disc-diffusion method of sensitivity testing.  This will  be  discussed later.

5d.  Describe the use of antibody/antigen reactions to identify bacterial pathogens.
  (1)  Define

    (a)  Capsular swelling- (Quellung Reaction)

      1  Certain encapsulated bacteria are identified by observing capsular swelling in the  presence of specific immune serum

      2  This increase in capsular size is due to a combination of, capsular substances  and type specific antibodies

      3  This antigen-antibody complex builds on the cell's surface, creating a larger  refractive index- this is what appears to cause the swelling effect.

      4  Organisms routinely tested are Haemophilus influenza and Streptococcus  pneumoniae
    (b)  Coagglutination

      1  The Cowan strain of Staphylococcus aureus  is used in the coagglutination test.

      2  The antibody coated Staph is the reagent that mixes with appropriate antigen and forms a lattice on a slide that is visible.

      3  The sensitivity of this test is greater than regular agglutination tests because, it is  capable of detecting small numbers of bacteria in body fluids.

      4  Bacteria routinely tested for include - 

        a  Beta Strep Gp A, B, C, and D

        b  Streptococcus pneumoniae

        c  Salmonella spp.

        d  Neisseria spp.

        e  Haemophilus spp.

        f  Cryptococcus spp.

    (c)  Precipitin Test

      1  Can be performed on agar plates or in tubes

      2  A specific antiserum reacts with the antigen to form a visible complex.

      3  Used less frequently now that latex kits are available.

    (d)  Compliment Fixation

      1  Classic method for demonstrating the presence of an antibody in a patients  serum

      2  A known antigen is mixed with the patients sample and a standardized amount of  compliment is added and allowed to incubate.

      3  The antibody (if present) in the patients serum along with the supplied antigen will  "fix" the compliment

      4  Red blood cell's are added as an indicator

      5  If the compliment has been fixed it will unable to lyse the RBC’s

      6  Positive: The patient does have enough compliment-fixing antibodies and the  RBC’s DO NOT lyse

      7  Negative: The patient does not have enough antibodies to fix the compliment and  the compliment WILL lyse the RBC’s

    (e)  Fluorescent stain

      1  Antigens are fixed to a glass slide  Ex: Spirochetes, Mycoplasma, Viruses

      2  The patients serum is then added to the slide

      3  If the patient contains the antibody it will attach to the antigen that is already on the slide

      4  Anti-human globulin (IgM or IgG) attached to flourescein (a dye that will fluoresce under ultra-violet light) is added to the slide

      5  The dye will attach to the antigen-antibody complex

      6  Positive: Fluorescence will occur (blue-green)

      7  Negative: No fluorescence

      8  Requires a special microscope with an ultra-violet light and filters

    (f)  Skin tests

      1  The most widely known is the PPD (Purified Protein Derivative) test for exposure to Mycobacterium tuberculosis (TB)

      2  0.1 ml of antigen is injected to the volar of the forearm

      3  The injection site is monitored for a 24-48 hour period

      4  The site is checked for size, swelling, and redness

      5  Such developments may indicate previous exposure

    (g)  Serological identification of bacteria

      1  Tests used to detect antigens and antibodies

      2  Often done when culturing is unavailable

      3  Some serological tests are not specific and cross-reactivity with other antigens  may occur

      4  The best method of diagnosing an infection is to isolate the pathogen in a pure culture

    (h)  Antigen/Antibody tests on patients sera

      1  Purpose: To isolate a specific antigen and/or antibody characteristic of a given disease, infection, or condition

      2  A specific antibody can be used to detect an antigen, or a select antigen can  detect an antibody

      3  An indicator is often used to determine the antigen/antibody complex that is formed

      4  Latex beads, Red blood cells, can be used.

5e.  Explain how the effects of bacteria on host can aid in bacterial classification.

  (1)  Define 

    (a)  Pathogen

      1  An organism that produces a disease process 

      2  May be site dependent

      3  Pathogenicity refers to degree of ability to produce disease

      4  Capable of eliciting an antibody response

    (b)  Toxin

      1  Poisonous products of bacterial cells which can damage surrounding tissues

      2  Not an infection

      3  Toxigenicity - disease producing ability of an organism due to action of a soluble  toxin

      4  Capable of producing an antibody (antitoxin) response

    (c)  Invasiveness - characteristics of the organism that aids its spread throughout the host

      1  Polysaccharide capsule

        a  Prevents phagocytosis

        b  Protects somatic Ag from host Ab

      2  Enzymes that destroy connective tissue, fibrin clots, etc. and thus allows rapid  dissemination

  (2)  Pathogenicity studies

5f.  Describe organisms identification using carbohydrate utilization tests.

  (1)  Biochemicals

    (a)  An excellent method of identifying and classifying bacteria

    (b)  When an isolate is capable of utilizing a substrate such as a carbohydrate, that isolate is able to employ that substrate for its own purposes

    (c)  Bacteria either oxidize or ferment carbohydrates

  (2)  Oxidation

    (a)  Occurs in the presence of oxygen and involves the removal of electrons from the substrate by an enzyme produced by the organism

    (b)  The net charge of the carbohydrate is then increased

    (c)  The electrons are then transferred to oxygen which serves as the terminal electron acceptor

    (d)  The net charge of oxygen is thus reduced

  (3)  Fermentation

    (a)   Occurs with out the presence of oxygen

    (b)  Enzymes produced by the organism remove electrons from the substrate and transfer them to a terminal electron acceptor, usually an organic substrate

    (c)  Fermentation is characterized by the production of ethyl alcohol and lactic acid

  (4)  Non-utilization

    (a)  Non-utilization of a substrate indicates the organism inability to employ that substrate  for energy purposes

    (b)  To know which bacteria will utilize a specific substrate will help us identify it

  (5)  Interpretation of reactions on Basal medium

    (a)  TSI

      1  3 primary uses

        a  Determines the ability of an organism to produce gas from the fermentation of  sugars

        b  Determines if large amounts of hydrogen sulfide gas is produced by forming a  black iron-containing precipitate

        c  Determines the ability to ferment 3 sugars, glucose, lactose and/or sucrose

      2  Interpretation

        a  The tube consists of two areas, the slant and the butt

        b  Slant contains dextrose and the butt contains lactose and sucrose

        c  When a carbohydrate is fermented the media will change color from red to  yellow

        d  Yellow is an acid reaction

        e  If no carbohydrate is fermented the media will remain red

        f  This is an alkaline reaction

      3  Reactions

        a  Acid/Acid reaction - yellow slant/yellow butt all sugars were fermented

        b  Alkaline slant/Acid butt reaction - red slant/yellow butt no fermentation in the slant dextrose fermented in the butt

        c  Alkaline slant/Alkaline butt -  red slant/red butt no carbohydrates fermented

        d  Gas production - bubbles or cracks in the media caused by glucose  fermentation

        e  Hydrogen sulfide -  a bi-product of glucose fermentation visualized by formation of black precipitate

        f  Inoculation - stabbing the butt and streaking the slant

  (b)  Hugh-Leifson O/F dextrose


      1  Used to detect the ability of an organism to utilize a specific carbohydrate

      2  Separates the nonfermentors from the family Enterobacteriaceae

      3  Organisms which have the ability to minimally utilize carbohydrates would  produce only small amounts of acid and preferentially utilize peptones if available

      4  Alkaline end products were then produced

      5  For each test two tubes are inoculated

      6  One tube is then overlaid with sterile mineral oil

      7  Organisms able to only oxidize the sugar will produce acid in the tube exposed to  atmospheric oxygen (tube without the oil overlay)

      8  Organisms that are able to ferment the sugar will produce acid in both tubes

5g.  Identify automated equipment procedures for detecting and characterizing bacteria.

  (1)  Automated procedures

    (a)  Are expensive over conventional methods

    (b)  Are rapid and less time consuming

    (c)  Can be fully automated

    (d)  Examples: API, Microscan, Vitek, Bactec

CONCLUSION  ( 5 min.)

SUMMARY:

5a.  State the definition and purpose of taxonomy.

5b.  Explain the use of colony morphology in bacterial classification.

5c.  Explain how microscopic morphology and gram stain reactions are used in classifying  bacteria.

  (1)  Review

    (a)  Basic morphology

    (b)  Gram stain reactions

  (2)  Resolution of coccus vs bacillus problem using

    (a)  Broth/Agar Cultures

    (b)  Penicillin Disc Method

  (3)  Resolution of gram variable organisms using young vs old cultures.

5d.  Describe the use of antibody/antigen reactions to identify bacterial pathogens.

  (1)  Define

    (a)  Capsular swelling

    (b)  Coagglutination

    (c)  Precipitin reaction

    (d)  Complement fixation

    (e)  Fluorescent stain

    (f)  Skin test

  (2)  Serological identification of bacteria

  (3)  Antigen/Antibody tests on patient sera

5e.  Explain how the effects of bacteria on the host can aid in bacterial classification.

  (1)  Define

    (a)  Pathogenicity

    (b)  Toxigenicity

    (c)  Invasiveness

  (2)  Pathogenicity Studies

5f.  Describe organism identification using carbohydrate utilization tests.

  (1)  Define

    (a)  Oxidation

    (b)  Fermentation

    (c)  Non-utilization

  (2)  Interpretation of reactions on Basal medium

    (a)  TSI

    (b)  Hugh-Leifson O/F dextrose

5g.  Identify automated equipment procedures for detecting and characterizing bacteria.

REMOTIVATION:

ASSIGNMENT:

CLOSURE:

