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	GRAM STAIN 


PRINCIPLE
Bacteria are classified in part by their Gram reactions. Gram stains are also used to assess the quality of clinical specimens and for the rapid presumptive diagnosis of infectious agents. Differences in cell wall composition and architecture are the basis for the Gram reaction. Gram-positive species are unaffected by alcohol decolorization due to a thick peptidoglycan layer and large amounts of teichoic acid in their cell walls. Gram-positive organisms retain the initial stain and appear deep violet unless the cell wall is damaged by age, antibiotics or other factors. The outer membrane of Gram-negative species is a single peptidoglycan layer attached to an asymmetric lipopolysaccharide-phospholipid bilayer outer membrane interspersed with protein. This outer membrane is easily damaged by the alcohol decolorizer, allowing the crystal violet-iodine complex to leak out and be replaced by the counterstain.

REAGENTS

· BBL Gram Crystal Violet  

· BBL Gram Iodine Diluent

· BBL Gram Decolorizer
· BBL Gram Safranin 

PROCEDURE

1. Preparation of smears:
a. For microorganisms in liquid suspension:

i. Spread a loopful of culture on a clean glass slide.

ii. Let smear air dry.

iii. Heat-fix by:

1. Passing the slide over an incinerator

2. Leaving on heat block for at least 10 minutes or methanol fix for 1 minute with 95% methanol. 

3. Avoid excess heating to alleviate mosaic/artifact patterns.

iv. Allow fixed slide to cool to room temperature before staining.

b. For microorganisms from colonies on solid media:

i. Place a small loopful of saline on a clean glass slide.

ii. Touch a sterile inoculating loop to a colony, emulsify it into the droplet.

iii. Let the smear dry at room temperature.

iv. Heat-fix by:

1. Passing the slide over an incinerator.

2. Leaving on heat block for at least 10 minutes or methanol fix for 1 minute with 95% methanol. 

3. Avoid excess heating to alleviate mosaic/artifact patterns.

v. Allow to cool to room temperature before staining.

c. For microorganisms in clinical specimens:

i. Roll a swab (not the swab chosen for inoculating the plates) over a clean slide to obtain a thin film.

ii. Prepare smears of fluids by centrifuging and using the sediment. Apply 1 or 2 drops of sediment to a dime size area of the slide.

iii. Air dry.

iv. Heat-fix by:

1. Passing the slide over an incinerator.

2. Leaving on heat block for at least 10 minutes or methanol fix for 1 minute with 95% methanol. 

3. Avoid excess heating to alleviate mosaic/artifact patterns.

v. Allow to cool to room temperature before staining.

d. Label the gram stain slide with a pencil.  Write the patients first name, last  

      name, accession number and specimen source on the slide.  Do not use   

       pen.  The decolorizer will wash off anything written in pen. Do not use  

       paper labels from cerner.  The decolorizer will wash off information on the  

       paper label.

2. Staining Procedure

a. Flood the fixed smear with crystal violet for 10-30 seconds.

b. Rinse lightly with tap water.

c. Flood the slide with iodine for twice as long as the crystal violet was in contact with the slide surface.

d. Rinse lightly with tap water.

e. Flood the slide with decolorizer for 10 seconds and rinse it off immediately with tap water. Repeat this step until the purple dye no longer runs off the slide with the decolorizer. Thicker smears require more prolonged decolorizing. Rinse lightly with tap water.

f. Flood the slide with safranin and allow to remain on the surface of the slide for 30 seconds.

g. Rinse lightly with tap water. Blot dry or allow to air dry.

INTERPRETATION
Interpretation of Gram-stained smears involves consideration of cell size, shape, arrangement, and staining characteristics. These characteristics may be influenced by culture age, incubation atmosphere, medium, presence of inhibitory substances and staining method. Additional factors to consider when interpreting smears from clinical specimens include the presence of particular host cell types and phagocytosis. Microorganisms can be seen on smear only if present in the specimen at a concentration of 10,000 to 100,000 organisms per ml.



Gram-positive = Purple


Gram-negative = Pink to Red

SMEARS FROM CLINICAL SPECIMEN

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

a. Proper decolorization – the background should be clear or pink. If present, WBC’s should stain Gram-negative.

b. Smear thickness – one cell with no overlapping of cells for proper interpretation.

2. Examine under low power for evidence of inflammation.

a. Note and report the relative numbers of WBC’s and RBC’s as “rare”, “few”, “moderate”, or “many”. Neutropenic patients may have few PMN’s, but they may have necrotic debris and protein in the background.

Rare

<1 /oil immersion field

Few

1-5 / oil immersion field

Moderate
5-10 / oil immersion field

Many

>10 / oil immersion field

b. Note and report the relative numbers of epithelial cells, bacteria consistent with usual flora, food debris, etc., which may indicate an improperly collected specimen.

c. Note location and arrangements of microorganisms, indication of infection with certain microorganisms (parasite forms, branching hyphae, etc.) may be best detected under lower power.

3. Examine under oil immersion.

a. Report “No organisms seen” if no organisms are detected.

b. If organisms are observed, report relative numbers, morphology and Gram-stain reaction.

Rare 

<1 / field

Few

1-5 / field

Moderate
5-10 / field

Many

>10 / field

4. Sputum Gram staining protocol:

NOTE: Report WBC’s and epithelial cells using the Q score (see “Lower Respiratory Tract Cultures” Procedure).

Report bacteria using the following protocol on high oil immersion:
Rare 

<1 / field

Few

1-5 / field

Moderate
5-10 / field

Many

>10 / field

SMEARS FROM ISOLATED COLONIES

1.  Check Gram-stain QC.

2.  Note Gram-reaction and morphology on culture worksheet.

3.  Perform appropriate identification tests.

4. Report culture results to physician as indicated.
QUALITY CONTROL

1. Check appearance of reagents daily.

a. If crystal violet has precipitate or crystal sediment, warm the bottle in a 37°C water bath, close dispenser spout, shake until dissolved.

b. Evaporation may alter effectiveness of reagents. Working solutions should be changed regularly if not depleted with normal use.

2. Gram-stain review.

a. Gram stains read by evening / night shift personnel are reviewed by dayshift microbiologist for accuracy. Reports are corrected as needed and additional training is done.

b. Gram stain results are compared with final culture results. “Morphologies” noted in the Gram stain report should be recovered in the culture. Similarly, recovery of organisms not observed on the Gram stain should prompt a review of both the smear and the culture.

NOTE: Not all organisms discerned on a smear can be cultivated.

c. Reference slides (unknowns) are available for training at least annually.  Employee records documenting morphology assessment are kept in the Laboratory Directors office.
d. Control slides are run weekly and with each new batch/lot/shipment.
e. Personnel who perform Gram stains less frequently must run a gram-positive and gram negative control each day of testing.
LIMITATIONS

1. The working Gram-Iodine solution deteriorates rapidly, especially when exposed to light and/or heat. Working solutions should remain stable for up to 3 months, but should be discarded when color loss becomes significant or when adequate results are not longer obtained. Working solution of Gram-Iodine is stored in the dark.

2. When stained smear preparations are difficult to interpret, troubleshooting is necessary. Poor staining characteristics (e.g., faintly staining Gram-positive organisms, retention of crystal violet by Gram-negative organisms, staining only of the edge of a smear, etc.) may be due to specimen preparation, reagents or staining procedure. The following are some common causes of poor Gram stain results:

a. Dirty glass slides

b. Thick smear preparation

c. Overheating during heat-fixation

d. Excessive rinsing

3. Gram stains provide preliminary ID only and should be used in conjunction with other clinical and laboratory findings.
4. Accurate results are dependent on the training and skill of personnel. Procedures and interpretive criteria must be adhered to.

5. When no organisms are observed in purulent clinical specimens by the Gram stain method, additional staining procedures are recommended.

6. Gram-stain positive, culture negative specimens may be the result of the presence of antibiotics, failure of organisms to grow under usual culture conditions, or contamination of reagents.
7. Inadequately collected specimens may result in false Gram stain results.
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