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I. PRINCIPLE

The Gram stain is used to classify bacteria on the basis of the forms, sizes, cellular morphologies, and Gram reactions; it is additionally a critical test for the presumptive diagnosis of infectious agents.  

Bacteria stain either gram positive or gram negative on the basis of differences in their cell wall compositions and architectures.  Gram positive species have a thick peptidoglycan layer and large amounts of teichoic acids; they are generally unaffected by alcohol decolorization  and retain the initial stain, appearing deep violet if their cell walls are undamaged by age, antimicrobial agents, or other factors.  Gram negative species have a single peptidoglygan layer attached to an asymmetric lipopolysaccharide-phospholipid bilayer outer membrane interspersed with protein; the outer membrane is damaged by the alcohol decolorizer, allowing the crystal violet-iodine complex to leak out and be replaced by the counterstain. 

Interpretation of Gram-stained smears involves consideration of staining characteristics and cell size, shape and arrangement.  These characteristics may be influenced by many factors, including culture age, medium, incubation atmosphere, and staining methods, and presence of inhibitory substances.
II. SPECIMEN

III. 1.
Original specimens collected on a swab from male urethra.

IV. NOTE: Specimens from the female genital tract and those from the rectum and throat of any patient should not be evaluated by Gram stain for the presence of gram-negative intracellular diplococci suggesting gonorrhea.  These sites contain multiple organisms of morphology similar to Neisseria gonorrhoeae which can not be distinguished by microscopic means.
2. 
Isolated  colony obtained from  media selective for N. gonorrhoeae (Modified Thayer-Martin).
 
V. LABORATORY SAFETY

A. All laboratory operations involved with performance of this assay are to be performed in compliance with the Blood Borne Pathogen and Chemical Safety requirements of the Bureau of Laboratories.   Personal protective equipment (PPE) to be utilized at all times includes:  latex gloves, disposable laboratory coats, eye protection (safety glasses or face shields).  The use of masks or respirators is not required.  All protective equipment is to be removed and left in the laboratory before leaving for non-laboratory areas (e.g., offices, rest rooms, or break room) or other laboratory rooms.

B. When discarding stained smears, treat slides as sharps, since they may puncture biohazard bags.  If cardboard boxes are used, seal with  tape prior to discarding.

C. All chemicals are irritating to eyes, respiratory system and skin.  In case of contact of any chemical, wash immediately with plenty of water.  In case of contact to eyes, rinse immediately with plenty of water and seek medical advice.  Refer to the MSDS for specific health hazards.

VI. EQUIPMENT AND MATERIALS

A. Slide warmer

B.
Gram Stain Reagents  <NOTE:  Each laboratory must specify the manufacturer and catalog number of the reagents being used.  Insert the appropriate information and then delete the instructions which are in bold.  Send a finalized copy of this procedure to your laboratory director for review and approval>
1. Gram Crystal Violet <insert manufacturer and catalog number>
2. Gram Iodine <insert manufacturer and catalog number>
3. Gram Decolorizer (25/75 acetone/alcohol) <insert manufacturer and catalog number>
4.

Gram Safranin <insert manufacturer and catalog number>

4. C.

Pre-cleaned glass slides ( 25 X 75 mm), frosted ends desirable.

D.
Sterile Unbuffered Saline 
E.
Sterile Pasteur pipettes, wood applicator sticks, inoculating loops or needles.

F.
Disposable biological waste containers for sharps.

G.
Microscope (low power to oil immersion).

H.
Immersion Oil.

I.
Bacticinerator or flame burner


B. 
.  
VII. QUALITY CONTROL 

A. Organisms
1.
Gram negative organism – Escherichia coli, ATCC 25922

2. Gram positive organism – Staphylococcus aureus, ATCC 25923

B. Performance frequency

1. Perform QC test with each new lot of reagent.

2.
Perform QC test each day that the stain is performed.

C.  Check appearance of reagents daily before use.

1. If crystal violet has a precipitate or crystal sediment, filter before use.

2. Keep working stain containers tightly closed; evaporation may alter effectiveness of the reagents.

Note:  Stains can become contaminated.  When contamination is suspected, use a new container of stain.

D. Take corrective action when stained smear preparations show evidence of poor quality, stains are difficult to interpret, or interpretations are inaccurate.  Poor staining characteristics (e.g., faintly staining gram-positive organisms, retention of crystal violet by gram negative organisms, staining only the edges of a smear, or precipitate on the slide) may be due to specimen preparation, reagents, or staining procedure.  The following are some common causes of poor Gram stain results.

1. Use of glass slides that have not been pre-cleaned or degreased.

2. Smear preparations that are too thick.

3. Overheating of smears when heat fixation is used.

4. Excessive rinsing during the staining procedure, especially if smear is not properly fixed.

5. Excessive decolorization.

6. Precipitate in reagents. 

VIII. STEP-WISE PROCEDURES

A. General considerations:

1. Place frosted-ended glass slides in a container of 95% ethanol (change alcohol solution daily).

2. Using forceps, drain excess alcohol and flame slide prior to use.

3. Label the frosted ends with the information to identify the specimen and/or the quality control smear.

B. Colonies from solid media.

1. Place a drop of sterile saline on a glass slide.  Do not use distilled water as it may distort cellular morphology of fragile organisms.

2. Transfer a small portion of the colony with a sterile applicator stick, wire needle or loop.

3. Gently mix to emulsify.  The resulting smear should be slightly cloudy and homogeneous (adjust saline drop size, area of smear, and/or inoculum to achieve optimum results).  If swirl lines are evident as the smear dries, the inoculum was too heavy, the drop of saline was too small, and/or the smear was spread over too small an area.

C. Direct specimen smear from swab:
1. Inoculate culture media first, if needed. 
2. Gently roll swab across the surface of the slide.


D. Smear fixation.

1. Dry slides  covered on a slide warmer at 60º C until dry, or air dry for 15-30 minutes
2. Heat fixation.

a. Pass air-dried slides two or three times through a flame, or hold the slide against the front of the microincinerator for 5 to 10 s.  To avoid distortions, do not overheat.

b. Allow slides to cool before staining.

E. Staining procedure (Hucker’s modification).

Note: Do not apply stains, water, or decolorizer directly to specimen area.  Apply drops near the frosted end of the slide, allowing reagent to flow over the remaining surface.

1. Flood the fixed smear with the Gram crystal violet and stain for 1 minute.

2. Remove the crystal violet by gently washing with cold tap water.  Note: Excessive rinsing in the step could cause the crystal violet to be washed from the gram-positive cells.  Apply the flow of water to the underside of the angled slide to ensure a gentle flow across the smeared side.

3. Flood the slide with the mordent (Stabilized Gram Iodine) and retain on the slide for 1 minute.

4. Remove the mordent by gently washing with flowing tap water.

5. Decolorize (Gram Decolorizer) until solvent running from the slide is colorless.  Adjust decolorization time to thickness of smear (10 to 30 sec.).

6. Wash the slide gently in flowing tap water.

7. Flood the slide with the counter stain (Gram Safranin) and stain 30 – 60 sec.  Some organisms may require a longer staining period.

8. Wash the slide with flowing tap water.

9. Drain slide, or blot with blotting paper or paper towel, and allow to air dry.

F.
Examine the slides under oil immersion (1000X)

1.
Evaluate the general nature of the smear under low power.

a. Observe for stain crystals.

i.      If an excess of precipitated stain is observed, decolorize and 

        re-stain the slide.

ii.      Alternately, prepare another Gram-stained smear.

iii.      If precipitate continues, use a fresh bottle of stain.

b. Determine if smear has been properly decolorized.

i.
Depending on the source of the specimen, the background should be generally clear or gram negative.

ii. If slide is overdecolorized, completely decolorize and restain slide.

c. Determine if thickness of smear is appropriate.  For proper interpretation, areas must be no more than one cell thick, with no overlapping of cells.  Prepare a new slide if unreadable.

G.
Preservation of direct smear slides.


Gently blot excess oil from slide and save slide for further evaluation for a minimum of 1 week to allow confirmatory review.

H.
Examination of smears.

1.
Specify Gram stain morphology (e.g., gram-positive cocci in clusters).

2.
Refer to Page 14, Figures 1 and 2 for typical Gram stain morphologies.  

IX. INTERPRETATION OF RESULTS


A. Oil immersion observations.

1. Observe microorganisms for characteristic morphology and presentation.  

2. Gram reaction:

a. Gram positive:  deep violet

b. Gram negative:  pink or red 

c. Gram variable:  both gram-positive and gram-negative cells with the same morphology.  Note: This may result from a smear of uneven thickness, incomplete decolorization, over-decolorization, presence of older cells, damage of cell walls, or gram-variable nature of the particular organism.

d. Gram neutral:  taking up neither the crystal violet nor the safranin stain.  Note: These cells appear colorless against a generally gram-negative background.  

3.
Cellular Morpholgy:

	Shape
	Cocci, coccoid, coccoid bacillary, filaments, commas, pleomorphic, rods, etc.

	Axis
	Straight or curved

	Size
	Overall
	Minute, small, medium, large

	
	Length 
	Short, medium, long, filaments

	
	Breadth 
	Thin, medium, thick

	Sides
	Parallel, ovoid (bulging), concave, irregular

	End
	Rounded, truncate, concave, pointed, feathery

	Arrangement
	Singly,  pairs, chains, tetrads, palisading,groups clusters, packets, Chinese letters, etc.

	Pleomorphic forms
	Variation in size and shape, clubs, citron, filamentous, branched, fusiform, giant swollen forms, shadow forms

	Spores
	Central, terminal, sub-terminal, round, oval, swelling or not swelling the rod

	Staining (Gram's)
	Negative, positive, variable,  evenly, irregularly, unipolar, bipolar, beaded, barred, variation in depth, granules


X. REPORTING RESULTS 

The above cellular characteristics might be observed and must be recorded in as much detail as possible on the appropriate worksheet.

XI. 
A. 




B. 
IX.
LIMITATIONS OF PROCEDURE

C. Use results of Gram stains in conjunction with other clinical and laboratory findings.  
D. Careful adherence to procedure and interpretive criteria is required for accurate results.  Accuracy is highly dependent on the training and skill of the microscopists.

E. Specimens which show the presence of gram-negative intracellular diplococci  but are negative on culture for N. gonorrhoeae may  result from  specimen mislabeling, or problems with media, or atmosphere and temperature of incubation, or delay in plating or incubation.
F. 
XI.
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