Winchester Hospital 

Microbiology Laboratory Procedure

Gram Stain Procedure

Principle: 

The Gram stain is used to classify bacteria on the basis of size, morphology and Gram reaction.  In the clinical microbiology laboratory it is a critical test for the rapid presumptive diagnosis of infectious agents and serves to access the quality of clinical specimen.  Information from direct smears provides a preliminary diagnosis of infectious agents in the specimen and guide initial therapy for the patient.


The gram reaction is based on the composition of the bacterial cell wall.  Bacteria stain either gram-positive or gram negative on the basis of their cell wall composition and architecture.  The Gram stain consists of the following reagents: crystal violet, iodine, acetone-alcohol decolorizer and safranin counterstain.  The cell walls of gram-positive species have a thick peptidoglycan layer and large mounts of teichoic acids.  They are unaffected by alcohol decolorization and retain the initial stain, causing them to appear deep violet.  Gram-negative cell walls have a single peptidoglycan layer attached to an asymmetrical lipopolysaccharide-phospholipid bilayer outer membrane interspersed with protein.  The outer membrane is damaged by alcohol decolorizer, allowing the crystal violet-iodine complex to leak out and be replaced by the counterstain.  Gram-negative cells appear pink.

Specimen:

Smears for Gram stain may be prepared from clinical specimens, broth cultures or colonies growing on solid media.

Materials:

Glass slides (slides for direct smears on clinical specimens are kept in a 95% alcohol bath)


Methanol


Bacti-incinerator


0.85% sterile saline


Plastic transfer pipette


Inoculating needle


Sterile cotton swabs


Wooden applicator sticks


Gram Crystal Violet


Gram Iodine Solution


Gram decolorizer


Gram safranin


Immersion oil

Quality Control:

1. Check the appearance of the reagents daily.  Any deterioration must be noted and the reagents replaced with fresh bottles.  Keep the cap of the decolorizer bottle closed to prevent evaporation.

2. Prepare a smear of E. coli and S. aureus.  Fix and stain according to this procedure.  Read smear for gram reaction and morphology.
1. E. coli: pink (gram-negative) bacilli

2. S. aureus: purple (gram-positive) cocci

3. Record results on the weekly gram stain QC sheet

3. The following are possible causes of poor stain results:

1. Use of slides that are not clean

2. Smear preparations that are too thick

3. Overheating smears when heat fixing is used

4. Excessive rinsing

5. Excessive or too little decolorization

Procedure:

A.  Smear Preparation
1. Clinical Specimens

Note: Personal protective equipment for this procedure is gloves and fluid impermeable lab coat.  All specimens must be handled inside the Biological Safety Cabinet.  Remove slide from alcohol bath just prior to use.  Allow to air dry or place on slide warmer above bacti-incinerator.

a. Specimens received on swabs:

Note: Two swabs must be submitted for adequate smear preparation.  If a single swab is submitted, inoculate plate media before preparing smear.  Inoculate broth medium after making smear.  Add a comment to the culture report using canned text (MSSW).

1) Roll swab gently across slide to avoid destruction of cellular elements and disruption of bacterial arrangements.  Rolling the swab will ensure all sides of the swab make contact with the slide surface.

b. Specimens NOT received on swabs: wound aspirate, exudate, sputum, stool etc.

1) If the specimen is received in a syringe, transfer the entire specimen to a sterile tube.

2) Select bloody or purulent portions of the specimen with a sterile swab.

3) Spread the sample over a large area of the slide to form a thin film.

c. CSF and other body fluids.

1) Specimens that are greater than 1 ml in volume must be centrifuged for 10 minutes at 1000 rpm.

2)   After centrifugation, use a sterile pipette to transfer supernatant to a sterile tube, leaving approximately 0.5 ml of sediment.

Note: Cyto-centrifuge used to prepare CSF smears.  See separate procedure.

d. Urine specimens:

1) Do not centrifuge. Mix well

2) Use a sterile pipette to transfer one drop of urine to a clean slide.  Do not spread the drop over the slide.

3) Allow to air dry.

e. Dried Material or very small amounts of clinical specimen.

1) Place 0.5 ml sterile saline in a sterile tube and emulsify the specimen in the saline.  Vortex if necessary.

2) Use a sterile pipette to transfer 1 drop to a clean slide.  Use the saline – specimen solution to inoculate appropriate culture media.

3) Use the pipette tip to spread the drop over the slide into a thin film.

f. Tissue and Biopsy specimens.

1) Grind the specimen using a tissue grinder.

2) Use a sterile pipette to transfer a drop of the ground specimen to a clean slide.  Inoculate appropriate culture media.

3) Use the pipette to spread the drop over the slid to the size of a quarter.

2. Broth Cultures
     a.   Blood Culture
1) Limit one smear per slide to avoid cross contamination.

2) Invert or gently shake bottles to mix contents.  Clean the tops of the blood culture bottles with alcohol, allow alcohol to dry.

3) Using a venting needle: tip bottle to transfer 1 to 2 drops to a clean slide.  Using a needle and syringe: aspirate a small volume of broth into the syringe.  Place 1 to 2 drops of broth on a clean slide.

4) Allow to air dry.


b. Thioglycollate and Cooked Meat Broth

1) Use a sterile pipette or sterile swab to transfer 1 to 2 drops for broth to a clean slide.

2) Spread the smear to a thin film and allow to air dry.

3. Colonies from Solid Media

a. Place a drop of saline on a clean slide.  Saline is preferred over water to prevent the distortion of the morphology of organisms.

b. Transfer a small portion of an isolated colony with an inoculating loop or applicator stick to the saline.

c. Mix the colony gently in the saline to prepare a slightly cloudy suspension.  Allow to air dry.

B. Staining Procedure

1.   Allow the smear to dry completely.




Methanol Fixation: Flood slide with methanol, drain excess methanol 




from slide and allow slide to dry completely before staining.  
Note:  Methanol fixation preserves the morphology of host cells as well as bacteria.  

     Methanol must be changed weekly as it absorbs water from the atmosphere.





Heat Fixation: Hold slide against the front of the bacti-incinerator 





until hot to the touch.  Allow slide to cool before staining.
2. Flood slide with crystal violet stain for 10 to 30 seconds.

3. Rinse slide with tap water.  Drain excess water.

4. Flood slide with gram iodine for 20 to 60 seconds.

5. Rinse slide with tap water.  Drain excess water.

6. Rinse slide with decolorizer for 10 seconds, or until decolorizer running off slide is clear.  Adjust decolorization to the thickness of the smear; thin smears will require less decolorization while thicker smears will require longer decolorization.

7. Rinse slide with tap water.  Drain excess water.

8. Flood slide with safranin counterstain for 30 seconds.

9. Rinse with tap water and allow to air dry or gently blot dry with a clean paper towel.

Interpretation of Results


A.   Direct Smears

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

a. Determine if the smear has been properly decolorized.  The background should be clear or gram negative.  Any whit blood cells should appear completely gram negative.

b. Determine if the smear thickness is appropriate, there should not be any overlapping of ells.

c. Observation of background tissue debris and proteinaceous material, which generally stain gram negative, indicates that the specimen was adequately fixed to the slide.  Therefore, absence of bacteria or inflammatory cells on such smears is real and not likely the loss of specimen during staining.

d. If necessary, re-stain the smear or prepare a new smear.

2. Sputum Smears.
a. Examine under low power for the number of squamous epithelial cells and polymorphonuclear cells. Enumerate as follows:


<10 cells per 10x field


10-25 cells per 10 x field


>25 cells per 10x field

b. Examine several areas of the smear under oil immersion for microorganisms, look for areas  

      with a moderate to large amount of cellular material.  If organisms are 

observed note the relative numbers and morphology.  Enumerate as 

follows:

 
Rare: <1 per oil immersion field


Few: 1-5 per oil immersion field


Moderate: 5-10 per oil immersion field


Many: >10 per oil immersion field
c.  If a mixture of organisms resembling mixed respiratory flora are seen,  

       organisms may be reported as mixed respiratory flora.  If a 
       predominating form is seen, it should be noted separately.  Be as 
       descriptive as possible when reporting organism morphology.

d. The presence of mucous strand may also be noted.

e. If > 25 squamous epithelial cells per 10x field are seen, this is an indication of a poor quality specimen and the culture must not be processed further.  Notify the ordering location i.e. floor or doctor’s office that a poor quality specimen was received.  Cancel the sputum culture in the Laboratory Information System (LIS) using the canned text comment: MCS.  Document the name of the person notified along with the date and time.
f. If no cells and/or microorganisms are observed, this must be noted as well.

3. Body Fluid Smears including CSF and Urine:

a. Examine several areas of the smear under oil immersion for cells, look for areas with cellular material.  If cells are observed note the type; i.e. polymorphonuclear, mononuclear, unidentifiable, and red blood cells and the relative number of each type.  Enumerate as follows:


Rare: <1 per oil field


Few: 1-5 per oil immersion filed


Moderate: 5-10 per immersion field



Many: >10 per oil immersion field
b. Examine several areas of the smear under oil immersion for microorganisms, look for areas with a moderate to large amount of cellular material.  If organisms are observed note the relative numbers and morphology.  Enumerate as above.  Quantitate and list each morphological type separately, being as descriptive as possible when reporting organism morphology.  See Appendix A for a list of morphology descriptors.

c. If no cells and/or microorganisms are observed, this must be noted as well.
d. Be wary of interpretations made from observing very few organisms, especially in the absence of cells or if the organisms are unevenly distributed on the side.  In theses cases a fresh smear should be prepared and stained.


4.   Wound and Tissue Smears:
a. Examine several areas of the smear under oil immersion for cells, look for areas with a moderate to large amount of cellular material.  If cells are observed note the type: i.e. polymorphonuclear, mononuclear, 

unidentifiable, epithelial and red blood cells, note the relative number 

of each type.  
Enumerate as follows:

Rare: < 1 per oil immersion field

Few: 1-5 per oil immersion field


Moderate: 5-10 per oil immersion field


Many: >10 per oil immersion field

b. Examine several areas of the smear under oil immersion for microorganisms, look for areas with a moderate to large amount of cellular material.  If organisms are observed note the relative numbers and morphology.  Enumerate as above.

c. Quantitate and list each morphological type separately, being as descriptive as possible when reporting organism morphology.  See Appendix A for a list of morphology descriptors.

d. If no cells and/or microorganisms are observed, this must be noted as well.

5.   Review of Stained Smears:
a. All direct smears and Blood culture smears are held for 7 days to allow for a confirmatory review, especially if culture results are inconclusive or do not match smear observations.
b. Review smears and restain if necessary.  Immersion oil can be removed with xylene or Americlear, Flood slide with acetone-alcohol decolorizer until the slide appears colorless before restaining. 

                   c.  WH laboratory technologists will read the gram stain and preliminary  verify, with comment “ to be reviewed”. Send gram stain slide to Microbiology for review and final verification.
B. Broth Culture Smears including Blood Cultures

1.   Examine several areas of the smear under oil immersion for microorganisms.


2.   If organisms are observed note cellular morphology, do not quantitate. Be as 


descriptive as possible when reporting organism morphology.  See Appendix A 


for a list of morphology descriptors.

C. Smears of Colonies:

1.   Specify probable genus or organism group based on gram stain morphology, 


colonial morphology, 
atmospheric requirements and results of any rapid bio 


chemical tests.


2.   Use these observations to determine what additional testing must be performed.

3.   Results must be entered in the internal portion of the patient culture report in the 

LIS.
Reporting of Results:
A.   Direct Smears:
1. Direct gram stain results are reported in the Laboratory Information System (LIS) separately from the culture results.  Cells are listed first then microorganisms, with cells and organisms observed in the larges quantity listed first.

a. Access the MIC menu, Option 5: Enter Edit Results.

b. Enter the accession or B number at the cursor and press Enter.

c. Press the shift and right arrow keys to open the gram stain window.

d. Enter each observation on a separate line of the screen.

e. Review results for completeness and proper format before filing.  Press F12 to file gram stain results as Final Verified (FV).

2. Morphology of microorganisms observed must be described in as much detail as possible.

3. Codes should be used rather than free-text when entering results.  Press F9 for the list of codes.

4. Positive body fluids and STAT requests must be called to the ordering location or physician.  Documentation of the notification must be entered into the gram stain report.

5. If no cells of any kind are seen, report as “no cells seen” (NOC).  If no microorganisms are seen, report as “No organisms seen” (NOS).

B.   Broth Culture Smears including Blood Cultures:

1. Smears of Thioglycollate or Chopped Meat broth cultures are recorded in the internal portion of the report.  If the primary plate media is no growth, but the broth is positive, a preliminary report should be entered based on the broth gram stain result.  For example: Rare (broth only) Gram positive cocci in clusters, further report to follow.
2. Smears of positive blood culture media are entered in the first screen of the blood culture report.  See Blood culture procedure.

Procedural Notes:
1. Carbol-fuchsin may be used as a counterstain for detecting faintly staining gram negative organisms.

2. When discarding stained smears, place in biohazard sharps container.

3. Reporting the absence of bacteria and host cells is equally as important as the presence of bacteria and host cells.

Limitations of the Procedure:

1. Gram stain results must be used in conjunction with other clinical and laboratory information.

2. Accuracy of this procedure is dependent on:

a. Training and skill of technologists

b. Adherence to the procedure and interpretive criteria.

3. Gram stain positive culture negative specimens may be the result of contamination of reagents and other supplies, presence of antibiotics, or failure of organisms to grow under usual culture conditions.

4. False gram stain results may be related to inadequately collected specimens.
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Appendix A: Organism Morphology Descriptors and Probable Organism Identification
Gram Positive
Probable Organism Group
Gram positive cocci in pairs
Streptococcus or Enterococcus 




Species
Gram positive diplococci
S. pneumoniae
Gram positive cocci in chains
Streptococcus or Enterococcus 
Gram positive cocci in clusters or Tetrads

Staphylococcus species, 





Micrococcus, Aerococcus
Gram positive coccobacilli

Listeria species, diptheroids, 





Ersipelothrix, Nocardia, some 





Streptococcus
Pleomorphic gram positive bacilli

Diptheroids or Coynebacterium 





species, Propionibacterium
Large gram positive bacilli
Bacillus or Clostridium species

Branching, filamentous gram positive bacilli
Actinomyces, Nocardia, 




propionibacterium or Acid Fast 




species

Medium- Long Gram positive bacilli in chains
Lactobacillus species

Gram Negative
Probable Organism Group
Gram negative rods
Enterobacteriaceae

Thin gram negative rods
Pseudomonas

Long gram negative rods

Pseudomonas, Non-Enteric 





species, Lactobacillus 
Small thin gram negative rods
Eikenella, hemophilus

Thin gram negative rods, tapered
Fusobacterium

Small gram negative rods

Hemophilus, Bacteroides, 





Pasturella

Medium gram negative coccobacilli
Moraxella, Acinetobacter, 




Kingella

Small faintly staining or gram variable rods
Gardnerella, Bacteroides

Gram negative diplococci
Neisseria, M. cattharalis, 




Acinetobacter

Gram negative cocci
Neisseria, Veillonella

Other


Probable Organism Group
Budding yeast
Candida species

Pseudohyphae
Candida species

Branching gram variable rods
Acid fast organisms, Nocardia, 





Streptomyces, Actinomyces 
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