PART II - TEACHING GUIDE 

MYCOBACTERIUM

INTRODUCTION ( 5 min.)

ATTENTION:

MOTIVATION:

OVERVIEW:

10a. Identify characteristics of Mycobacteria to include their growth requirements, appearance and clinical significance.

  (1)  M. tuberculosis
  (2)  M. bovis
  (3)  M. kansasii
  (4)  M. avium complex
10b. Identify decontamination and concentration procedures for processing Mycobacteria specimens.

BODY (  min.)

PRESENTATION:

10a. Identify characteristics of Mycobacteria to include their growth requirements, appearance and clinical significance.

  (1)  M. tuberculosis
    (a)  Macroscopic appearance

      1  Colonies appear as small, dry, friable colonies that are rough, granular, and buff colored

      2  After several weeks, colonies will enlarge (5-8 mm) with a flat irregular edge and a cauliflower center

      3  Non Photochromatic

    (b)  Microscopic appearance

      1  "Acid Fast" bacilli (resist decolorization with acid alcohol due to high lipid content in  the cell wall
      2  Appears as a red organism on a blue background

      3  Slender straight or slightly curved rods often granular or beaded in appearance

      4  Often seen in palisade formations or in "V" or "L" positions

    (c)  Produces niacin and reduces nitrates to nitrites

    (d)  Clinical significance

      1  Causes the Classic Pulmonary disease known as Tuberculosis (TB)

      2  Mode of infection - aerosol droplets and fomites

      3  90% of TB infections first occur in the lungs

      4  If bacteria enters the blood stream it can travel to and lodge itself in the brain, kidneys, bones, or heart

  (2)  M. bovis
    (a)  Macroscopic appearance

      1  Appears as tiny (less than 1 mm), translucent, smooth, pyramidal colonies

      2  because of these characteristics, growth is termed Dysgonic (poor growth)

      3  MiddleBrook 7H10 colonies are rough and resemble those of M. tuberculosis 

    (b)  Microscopically appears the same as M. tuberculosis
    (c)  Clinical significance

      1  primary agent of bovine tuberculosis

      2  rarely isolated in the United States but still is a significant health hazard in many parts of the world

      3  acquired through ingestion of contaminated milk

      4  occurs more frequently in children

  (3)  M. kansasii
    (a)  Macroscopic appearance

      1  colonies are generally smooth, although there is a tendency to develop roughness

      2  colonies are cream colored when grown in the dark and become bright lemon yellow if exposed to light

    (b)  Microscopic appearance 

      1  acid fast bacilli

      2  shows characteristically long, banded, and beaded cells

    (c)  Clinical significance

      1  responsible for pulmonary disease in humans

      2  often appears in white men older than 45 years old who have emphysema

      3  disease is indistinguishable from that caused by M. tuberculosis, but it follows a more chronic and painless course

  (4)  M. avium complex
    (a)  Macroscopic appearance

      1  colonies are large, smooth, thin, transparent, and yellow

      2  it is a non-photochromogen, which means it does not develop pigment when exposed to light

    (b)  Microscopic appearance - long thin "acid fast bacilli

    (c)  Clinical significance - causes a pulmonary disease indistinguishable from M. tuberculosis and M. kansasii

    (d)  Major pathogen of AIDS patients along with  M. tuberculosis

  (5)  Mycobacterium spp.
    (a)  Growth requirements

      1  requires increased CO2and incubation at 37oC

        (will not grow at 25oC or 42oC)

      2  growth is slow - may require 2 - 8 weeks for proper growth

      3  should be kept for 8 weeks before reporting as negative

      4  requires special media to grow under laboratory conditions

        a  Lowenstein-Jensen

          1  highly enriched media solidified by eggs instead of agar,  agar has a toxic effect on Mycobacteria

          2  Malachite green an anti-bacterial agent is added to inhibit contaminants

        b  Petragnani media

          1  similar to Lowenstein- Jensen in that it is an egg based media

          2  contains more malachite green that Lowenstein-Jensen

        c  MiddleBrook 7H9 broth - enriched broth used for "sterile" specimens, enhances growth prior to inoculation to solid media

        d  MiddleBrook 7H10

          1  solidified with agar but contains albumin to reduce the toxicity of the agar towards the Mycobacteria

          2   transparency of the media helps to obscure colony morphology 

        e  MiddleBrook 7H12 broth media

          1  really a 7H9 broth which has been supplemented with albumin, catalase, casin hydrolysate and 14-C-labeled substance

          2  developed for use with the Bactec 460 automated system

          3  use of this broth can result in a much more rapid detection of Mycobacteria compared to conventional culture ( 10 days as opposed to 17 days)

  (6)  Acid fast stains and procedures

    (a)  Ziehl-Neelsen Method

      1  Flood heat fixed smear with Carbolfuchsin (primary stain)

      2  Heat slide for 3-5 minutes so that it steams and penetrates the cell

      3  Rinse slide with tap water

      4  Decolorize with acid-alcohol until smear runs pink

      5  Rinse with tap water

      6  Flood slide with methylene blue (counter stain) let stand 1 min.

      7  Rinse with tap water and examine under oil immersion

    (b)  Kinyoun modified Method

      1  Flood slide with Carbofuchsin and add 1 drop of  Tergitol 7 let stand 1 min.

      2  Tergitol 7 has the same effect  as heating

      3  Remaining steps are the same as Ziehl-Neelsen

  (7)  Collection of specimens

    (a)  Handle with extreme caution, highly contagious

    (b)  3-5 single early morning sputum specimens taken on 3 consecutive days is preferred

    (c)  Secretion from the lungs may be obtained by spontaneous or induced expectoration

    (d)  Mycobacterium may invade any anatomical site, any body fluid may be cultured

10b. Identify decontamination and concentration procedures for processing Mycobacteria specimens.

  (1)  Decontamination and concentration procedures

    (a)  concentration usually performed with the aid of a digestive mixture

    (b)  3 most acceptable methods

      1  N-Acetyl-L-Cystine (NALC)

        a  most common method used today

        b  consist of 2-4% NaOH solution to kill contaminants

        c  NALC to liquefy mucus

        d  0.1 mls sodium citrate solution to protect NALC from premature oxidation

        e  add equal volumes of digestant to specimen, mix for 30 seconds on vortex to liquefy mucus

        f  let stand 15 min., room temperature

        g  centrifuge at 3000 RPM for 15 min., decant supernate into a splash proof container, containing 5-10% phenol

        h  use sediment for smears and cultures

      2  Zephiran-trisodium-phosphate

        a  mix equal parts of specimen and digestant

        b  instead of vortexing, shake tubes for 30 min. on a mechanical shaker

        c  allow mixtures to stand with out agitation for additional 30 min.

        d  centrifuge 3000 RPM for 30 min.

        e  decant supernate

        f  Resuspend sediment in 20 mls of commercial neutralizing buffer ( commercial  buffer contains components to specifically neutralize the Zephiran

        g  re-centrifuge tubes for 20 min.

        h  decant supernate, retain sediment for smears and cultures

      3  Sodium hydroxide (NaOH)

        a  follow steps described in NALC procedure, substituting less than or equal to 2%  NaOH for NALC

        b  timing must be rigidly controlled, because the longer it is allowed to act, the  greater the killing action on both contaminants and Mycobacteria

        c  excessive contamination, use 3-4% concentration rather than increasing the time of exposure to alkali

CONCLUSION (   min.)

SUMMARY:

10a. Identify characteristics of Mycobacteria to include their growth requirements, appearance and  clinical significance.

  (1)  M. tuberculosis
  (2)  M. bovis
  (3)  M. kansasii
  (4)  M. avium complex
10b. Identify decontamination and concentration procedures for processing Mycobacteria specimens.
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