MICROSCOPY
What is a microscope?
The microscope is an instrument used to see very minute micro-organisms. R. Koch was the first Man to use the compound microscope we are using now, and that was in the year 1876.

Types of microscopes:

1- Light Microscope; most commonly used.

2- Phase Contrast Microscope; used to see wet preparation of bacteria. It is more convenient than the light microscope to demonstrate motility.

3- Dark-ground Microscope; used to see minute organisms like spirochaetes.

4- Fluorescence Microscope; the organism is conjugated with a fluorescent dye to make it visible. It is usually used in fluorescent antibody technique.

5- Electron Microscope; uses the power of electrons to see very small particles like viruses.
Structure of the microscope:

The ordinary light microscope is composed of the following parts:

· The Eye-piece: This is also called the ocular lens. It is composed of 2 lenses: the upper one is called the eye-lens and it is the magnifier because it magnifies the object 10 times. The lower component is called the field lens.

· The objectives: These are the actual elements of magnification. In microbiology 3 objectives are adequate:

1- A 16 mm. (⅔ in.) objective, with a numerical aperture (NA) of 0.28; it is the low power dry objective (l0X) 
2- A 4 mm. (1/6 in.) objective, with a NA of 0.65; it is the high power dry objective. (40X) 
3- A 2 mm. (1/12 in.) objective, with a NA of 1.28; it is the oil-immersion objective (100X)
· The condenser: It is one lens situated at the sub-stage; and its     

          function is to focus light on the object. It has got a diaphragm   

          to control light.

· Foot.

· Controls for mechanical stage to shift the object from place to  

           place.

· Limb.

· Fine adjustment.

· Coarse adjustment.

· Body.

· Eye-piece.

· Stage.

· Light source.

Examination of Unstained Bacteria
This is direct examination of bacterial wet preparations to study

motility and shape of micro-organisms.

Visibility of unstained bacteria:

The following precautions should be made to make the organism visible under the microscope:

1- Make good contrast by adjusting the iris of the condensor diaphragm. Do not lower the condensor to avoid producing a less distinct image.

2- Minimize glare as follows:


     a) Put the microscope in a shaded place, away from the window;    

              or make an eye-shade to your eyes.


     b) Avoid using much light by lowering light intensity of the   

               bulb.


     c) Close the iris diaphragm slightly specially when using low   

              power objectives.

3- Use light source of the correct intensity.

Motility examination:

Example of motile bacteria are: Vibrio, Campylobacter, Salmonella, E.coli, etc. Motility should be differentiated from Brownian movement which is due to knocking of fluid molecules against the organism. True bacterial motility is the ability of the organism to move itself from place to place. Motility tests are best done on young fluid cultures. The motility is affected by the following factors:

a) Temperature.                      

b) Oxygen tension.

Techniques to perform bacterial motility are:

1- Hanging Drop Method: A drop of the organism suspension is hanged from a cover glass into a cavity of well slide; or supported by a ring of plasticine on a normal slide. Vibrations of the fluid make a big difficulty to examine the preparation.

2- Vaseline Method:


a) Place a drop of the bacterial suspension in the center of a slide    

         and cover with a cover glass, avoiding trapping of air bubbles.


b) Using the corner of another heated slide, put a drop of molten   

          vaseline on each corner 
of the cover-glass.


c) Re-heat the end of the same slide and join the vaseline drops   

         you put to seal the 
cover-glass on the slide it is covering.


d) Examine for motile bacteria using the 10X and then the 40X   

         objectives. Maximum contrast is obtained by closing the   

         diaphragm iris.

3- MIU-Motility: This is used to study the motility of enterobacteria. It is done by culturing the organism in a semi-solid medium called Motility Indole Urea (MIU) medium. The motile organism grows throughout the medium, while the non-motile organism grows only at the site of the inoculum.

4- Direct wet Preparation: Broth culture may be placed on a slide, a cover glass is dropped over it, and direct examination is made.

5- Craigie Tube Method: The organism is inoculated inside the central tube that is open on both ends. The motile organisms are 
     detected on the outside tube after an over-night incubation
True motility should be distinguished from:

· Brownian movement; due to molecular bombardment.

· Convection current movement; which is the flowing of  bacteria due to currents set up by uneven heating.

So the best way is to observe carefully two bacteria lying close together and sharply in focus at the same time. If these move in different directions, they exhibit true motility.

Dark-field Microscopy
This is used to examine Treponema & Leptospira in wet preparations. Such motile organisms are seen brightly illuminated against a black background, like dust particles in a shaft of light across a dark room. This is achieved by preventing light from passing directly into the objective, but allowing enough light to enter the outer edge of the condensor to illuminate the wet preparation.

This is obtained by using a special condenser that has a central, blacked-out area. If this condenser is unavailable, dark-field examination may be obtained as follows:

1- Use objectives 10X and 40X of an ordinary light microscope.

2- Insert a disc or stop of the correct size in the filter holder below the condenser.

Use of stops to obtain dark-field:

1- Stops are made of metal or thick card through which light cannot pass.

2- Two stops are made: one for use with the 10X objective, and the other for use with the 40X.

3- The correct size of stop to use with each objective is that which just cuts out all the light entering the objective.

How to make dark - field stops:

This is explained on page 27, Vol. 2, Monica Cheesbrough, 1984.  
Making and Fixing Smears
Smears must be labelled clearly, spread evenly, and fixed properly.

Labelling of slides:
Slides should be labelled with date, patient name and patient number. Use frosted ends of slides for labelling. A lead pencil is preferred (over biro and grease pencil) for labelling, because it will not be washed off during staining. Slides may be re-used, except those with positive AFB smear. Discoloured and scratched slides must be discarded.

Making of Smears: 
Area of spread on a slide should be 15-20 mm in diameter. Smears are usually made from:

1- Purulent specimen or culture: use a sterile wire loop to spread such a specimen. Allow the flame-sterilized loop to cool down before use. Emulsify colonies from plates in distilled water before spreading.

2- Non-purulent fluid: Centrifuge the specimen mix the sediment, and make your smear.

3- Sputum: Use a clean wood stick to transfer the purulent and caseous part of it on a slide. Discard the stick after soaking in a phenol or a hypochlorite disinfectant. 
4- Swabs: roll the swab on the slide. This will prevent damage of pus cells. 
5- Faeces: use a clean wood stick, select area with pus and mucous and transfer them on a slide. Stick is decontaminated before discard.

6- Skin: skin is scraped as made for M. leprae (ear lobe), and a smear is spreaded.

Drying of smears:
After making and spreading the smear, leave to dry in air in a place away from dust and flies. If staining is postponed, store the slides after fixation in a slide container. When delivered to the laboratory, slides must be covered and transported in an envelope or a box.

Fixation of smears:

Fixation is made to preserve the organism, & prevent washing away of smears during staining. It is made by heat, alcohol, or other chemicals.

Heat Fixation:

If excessive heat is used, the organism will be damaged. Heat will damage the pus cells, hence not suitable for fixing N. gonorrhoeae urethral smears. Heat fixation is recommended for M. tuberculosis and M. leprae smears. The following technique is recommended for heat fixation:
      a. Dry smear by air completely.

      b. With the smear uppermost, pass the slide three times through   

          the flame of a Bunsen burner.

      c. Allow the slide to cool before staining.

Control: After passing the slide through the flame, put it on the back of your hand; if you did not feel hotness your fixation is satisfactory.

Alcohol Fixation: 
This will not damage cells or bacteria. It is recommended to fix
gonococcal smears. 70% alcohol concentration is bactericidal. Alcohol fixation is done as follows:
    a. Allow smear to air-dry completely.

b. For gonococcal smears add 1-2 drops of absolute methanol or   

    ethanol.

c. For M. tuberculosis and other organisms, add 1-2 drops of 70%   

    methanol or ethanol. 
d. Leave alcohol on slide for 2 minutes or until it dries on the   

    smear.
Other chemical fixatives: 
These are used to kill dangerous micro-organisms e.g.: potassium permanganate is used to fix and kill B. anthracis. Formaldehyde gas may be used to fix mycobacteria. Fixation by formaldehyde gas is not recommended because it is toxic, smear stains poorly, and its vapour is unpleasant.

Examination of Stained Smears

Advantages of stained smears are:
· Study the morphology, size, and arrangement of micro- organisms.

· Detection of cells e.g.: pus cells.

· Gram stain differentiation of bacteria
Stains:

Stains are salts. They may be basic, acidic or neutral:

1- Basic Stains: the base is coloured, and acidic part is colourless. Examples of basic stains are crystal violet, basic fuchsin and methylene blue. Usually the nucleic acids inside the bacteria  stain basic.


2- Acidic stains: the acidic part is coloured, and the base part is colourless. Eosin is an example of acidic stains.

3- Neutral stains: here both the acidic and base parts are coloured. They are prepared by mixing basic and acidic stains. Giemsa is an example of neutral stains.


N.B.: The colour of the stain is thus due to the colour of the radical    

               not the pH.

Stains are also classified as: 
1. Synthetic: Most stains are synthesized from aniline that is derived from nitrobenzene . 
2. Natural: Example is haematoxylin dye.

Mordants:

Mordants are used in indirect staining. Mordant is the chemical added before, during, or after the application of this staining.

Basic mordants react with acidic stains, and acidic mordants react with basic stains.

Examples of mordants:
· The phenol part added to carbol fuchsin in ZN staining.

· The iodine part added after crystal violet in Gram's stain.

Direct staining:

Done by simple staining without addition of a mordant, e.g.: methylene blue staining.
Accentuator:

This is a chemical added to a stain to speed its reaction, or increase its intensity. Unlike the mordant ,the accentuator will not combine with the stain. An example of accentuator is potassium hydroxide used in Loeffler methylene blue.

Regressive staining:
This is used in decolourization (differentiation) of stains. It is needed when all constituents of the preparation are stained. Washing and removal of excess stain is called decolourization. The decolourizer for basic stains is an acid and that for acidic stains is an alkaline solution. Example of decolourizer is the acid used in ZN stain, and alcohol + acetone in Gram's stain.

Progressive staining: 
It is a staining technique in which several stains are applied in sequence without the use of a decolourizer. 
Technique for staining smears:

1- Each smear should be stained separately. Immersing more than one smear in a stain container will lead to contamination of smear.

2- Slides are put on a staining rack over a sink.

3- All stains solutions and water for washing must be applied from dropper bottles fitted with caps.

4- All stains, chemicals, and solutions must be labelled. 
    A biohazard symbol must be shown if the material is toxic,   

    flammable or corrosive.
5- After staining, smear should be left-to air-dry. If there is a   

     hurry, the smear may be dried over a flame of a Bunsen burner   

     gently & quickly. Dryness by blotting paper is not recommended   

     because:


     a. Blotting removes part of the smear.


     b. Organism will be transferred from one smear to the other if   

              more than one smear is blotted with the same paper.

Examination of stained smears:

· Scan smear with 40X objective to locate the most suitable area for examination. 
· Put a drop of oil on the selected area and examine with the 100X objective.

Quality control: Regularly, stain bacteria of known reactions to the stain to check your staining results.

Reference laboratories are expected to provide such control positive smears.
