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Gram Stain, Automated and Manual Methods

	PURPOSE
	To outline the procedure for staining slides using the Previ™ Color Gram V2.



	PRINCIPLE


	The PREVI® Color Gram is designed to Gram stain specimen smears on microscope slides. 
A Gram stain aids in the presumptive diagnosis of the illness, and it gives preliminary classification of the causative agent. 
The chemical mechanism of Gram differentiation is based on the differential cell wall permeability to the Crystal Violet-Iodine complex. The Gram stain yields a specimen in which the Gram-positive organisms are blue-black and the Gram-negative organisms are pink to red.



	POLICY
	The Previ™ Color Gram V2 has been designed to perform automated Gram staining of human sample microorganism for in vitro diagnostics. 
All stat Gram stains are to be processed within one hour of receipt in the laboratory. The stat Gram stains are expedited using the automated stainer.
Positive Gram Stains from CSF and other sterile body fluids are considered critical values and must be called to a licensed caregiver responsible for care of the patient and documented appropriately in the LIS according to laboratory critical value reporting policy.



	SAFETY
	All specimens, reagents and controls should be handled as though capable of transmitting infectious diseases. Wear appropriate personal protective equipment when running patient samples or performing scheduled maintenance. Refer to Policy and Procedures: Safety Manual for general safety requirements.



REAGENTS NEEDED

	Description
	Vendor
	Reference Number
	Storage

	Reagent A- Acetone Safranin
	

BioMerieux
	29582
	
· Store between 15-30°C in flammable cabinet
· Do not use reagents beyond stated expiration dates.

	Reagent B- Iodine
	
	29586
	

	Reagent C- Crystal Violet
	
	29587
	

	Nozzle Cleaning Solution 5L
	
	29588
	

	Reagent E- Approved Reagent Alcohol (>90% ethanol)
	
LABCHEM
	          LC222004
	

	Reagent E- Alternative (Methanol)
	Richard Allan Medical
	9600-1
	

	70% EtOH
	LABCHEM
	           LC222104
	

	Reagent D- DI Water
	N/A
	N/A
	           NA

	Specimen sources
	The specimens may consist of a variety of clinical materials.
1. For smears of pus, aspirations or similar exudates, spread the sample to a thin film over a large area (1.5 x 3.0 cm) on the slide by using a sterile loop or applicator stick. 
2. For specimens received in a syringe, transfer to a sterile tube and vortex if appropriate.
3. Extremely thick or purulent specimens may be diluted in a drop of sterile saline on the slide for easier preparation.
4. When swabs (Eswab only) are used to prepare the smear, remove 1-2 drops of transport fluid and place onto the microscope slide and allow to air dry.
5. For specimens where only one swab is submitted, inoculate the culture first then use the transport medium to prepare the smear.
6. Prepare smears from swabs containing dried material or small amounts of the specimen by emulsification in a drop of normal sterile saline on the slide.
7. For smears of specimens such as sputum, select any flecks or mucus or blood-tinged particles present, since they are more likely to yield infectious agents.
8. Sterile specimens such as CSF and body fluids (amniotic fluid, aorta, aortic valves, bone, aspirates, brain, bursa, corneas, liver aspirates, etc) should be submitted in sterile leak-proof containers.  Eswabs are also acceptable, but not desired. Prepare a Gram smear using a cytocentrifuge or centrifuge specimens according to local practices. Place 1-2 drops of the sediment onto a microscope slide and allow to air dry.
9. Tissues such as liver, lymph nodes, lung, spleen, should be submitted to the Regional Reference Laboratory in leak-proof containers with minimal sterile saline (enough to keep it moist).  Eswabs may be used as a last resort where the provider pulls the swab off the cap and discards, then places the tissue into the liquid.  All biopsies and tissue sections will be processed at the regional laboratory (grinded up, plated, and processed).
10. Use Eswabs for non-sterile cultures such as abscess, axilla, bile duct, breast, biliary fluid, drainages, milk, nipple discharge, rectal abscess, semen, urethra, wound abscess, etc. Smears for Gram stain are generally processed by the Regional Reference Laboratories (RRL).














QUALITY CONTROL (QC)

QC1™ Gram slides are ordered from AlphaTec Intelligent Diagnostics or equivalent for Quality control use. They utilize substrate (bacterial suspensions) at optimal concentrations (CFU/ml) necessary for a Gram- positive bacteria (Staphylococcus aureus) and Gram- negative bacteria (Escherichia coli) as Gram stain reaction control.  

	                       QC Organism
	                          Acceptable Result

	Staphylococcus aureus ATCC 25923
	                      Purple- Gram Positive

	Escherichia coli ATCC 25922
	                       Pink- Gram Negative



Frequency of QC testing: 
1. Performed once per day of use.
2. Each New Lot and/or Shipment of Reagent

Stability and Storage: The slides are stable to the stated expiration date when stored at room temperature (15-30°C). 

Tip: When loading QC slide on the Previ Color carousel, position the frosted end at the middle of the carousel to ensure adequate staining on both wells. See below.



Note: If QC fails, do not report patient results. Check volumes for the individual reagents being dispensed. Perform Preventive Maintenance procedures if volumes are incorrect. Check nozzle patterns for acceptability and it not acceptable, perform PM. Repeat QC. Notify a manager if QC continues to fail.


Smear Preparation Tips 
1. Use clean, grease-free glass slides that are not cracked, chipped, or etched. 
2. All specimens should be prepared as thinly as possible. 
3. For the best results, the center area of the slide should be used for specimen loading. 
4. If using the blood smear method, the entire slide is likely to be covered, but only the center of 
the slide should be examined. Samples at the extreme edges of the slide may be under- or over decolorized, depending on the state of the nozzle spray pattern.
5. Do not overheat slides if heat fixing.






LOADING SLIDES

1. Remove the slide carousel from the bowl and place it on a solid, level surface.

· NEVER try to remove the carousel lid or lock the lid while it is in the instrument. Doing so will create unnecessary pressure on the center of the spindle and damage the bearings.

2. To remove the carousel lid, press the button on the lid handle and lift the lid away from the carousel.

3. Insert the slides into the carousel with the first slide in position 1.     

· The slides must be inserted diametrically opposite one another to balance the carousel with the specimen facing clockwise. The frosted end of slide will be closest to the outer rim of the carousel. See the red circle in the diagram below.
                                   
· Be sure that the slides are loaded in balanced pairs. If an odd number of slides need to be stained, use a blank slide to balance the carousel.


4. If there are empty slots in the carousel, use blocking slides to prevent overspray.    
                                         
                                             
· Blocking slides help prevent overspray of reagents which can cause over- colorization.
· Blocking slides should occupy positions in front of positions 1 and 2 (place blocking slides in positions 11 and 12).

5.         Place the lid by pressing the button and lowering the lid over the indexing posts.

6.         Release the button and press the lid handle until it clicks into place.

                                           



GRAM STAINING PROCEDURE

1. Insert a carousel and close the instrument lid.
2. Select Load Slides.
3. If you wish to stain a partial load you can save reagent by programming the number of slides. This is done by entering the desired number of slides on the numbered keypad on the front panel. Then press START.
  
      NOTE: Do not count the blocking slides as part of the total.

4. If the carousel is full load in the instrument press FULL and START

    
5. The instrument will indicate the progress of the program, and a signal tone will indicate the end of the cycle.

6. Remove the carousel from the bowl and place it on a solid, level surface. Remove the carousel lid by pressing the button and lifting the lid.

7. Carefully remove each stained slide.

8. After carousel is emptied, place lid back on the carousel making sure it is secured and place it back into the instrument.

REPLACING A REAGENT BOTTLE

1.        Unscrew the cap and remove the dip tube from the empty bottle and insert it to the                       appropriate reagent bottle.

Note: IF Reagent Information Tracking and Reagent Level Sense is Enabled: When a reagent bottle gets empty, the corresponding reagent icon on the main screen flashes.

2.          Place each 500 mL bottle in the following order:

· A position: Acetone Safranin
· B position: Iodine
· C position: Crystal Violet
· D position: Distilled Water
· E position: Approved alcohol         

3.         Discard empty bottle in a biohazard container.
                          NOTE: Never allow reagent line to run dry.                                                                      
                         Never allow the waste liquid to go above the maximum safety level.
                         Do not transfer residual reagent from a used bottle to a fresh bottle.


MAINTENANCE PROCEDURES

DAILY MAINTENANCE

Night Shift: 

1. Place the empty carousel back into the instrument and close the lid, then select “CLEAN”.       
 
2. Once the clean cycle is complete, remove the carousel, spray and wipe the instrument bowl,  
            Interior lid of the instrument and the nozzles with 70% alcohol.                                    

3. With a new towel, wipe down the exterior surface of the instrument with 70% alcohol.


4.   Check reagent levels, expiration dates and waste container. If waste is full replace it with empty  
     waste container.

5.   Perform the Hub Pattern Test.

· Select the “Maintenance” icon then the “Pattern test” icon.
                                         
  

· Remove the carousel from the instrument bowl and place on a level surface.

·        Hold a paper towel in front of the nozzle then press the corresponding reagent button (A, B, C, D and E).
                               

                                   
  
             Check the quality of the pattern. See illustration for optimal spray pattern

                                             
                          
     NOTE: If pattern is not acceptable, perform nozzle cleaning found in the Monthly maintenance 
   procedure.  If still not acceptable, perform manual priming of the affected line.

·        Repeat until all nozzles have been tested.

5. Perform Daily QC slide.
        














WEEKLY MAINTENANCE (AM SHIFT): (In addition to Daily Maintenance)
 

1.        Perform a “Volume Test”

· Select the Maintenance button and then the Volume test button.
	

· Place a collection tube in front of the nozzle to be tested and press the
corresponding nozzle button on the screen. Reagent will spray for 20 secs. 

       
                     

· Measure and record the volume of each reagent. Acceptable volumes are as follows:              
                                    A: 10- 12 ml
          			 B, C, Df, Dr & F: 9- 11 ml
· If the volume is unacceptable, attempt to clear the nozzle orifice with the brush found in the maintenance kit. If necessary, remove the nozzle and perform the Cleaning Nozzles procedure. If there is still a problem, replace the nozzle.


2.         Flush the waste tubing with 200-300 mL of 70% ethanol to prevent clogging.
 
3.         Clean dip tubes

·        Remove dip tubes from the bottle and place the ends of the dip tubes in a container of approved alcohol.     
·        Place an empty carousel in the instrument and close the lid.
·        Press the maintenance button then press “60 Sec Prime”. Press “ABCDE”, the
            instrument will pump alcohol through each reagent line for 60 secs and will  remove all the stain and water left in the pumps.  
·        Place cleaned dip tubes in their appropriate reagent bottles.
·        Press “60 Sec Prime”, press “ABCDE”. The instrument will prime the line with    
       reagents.
·        After weekly maintenance, perform the daily maintenance.
                 

MONTHLY MAINTENANCE (AM SHIFT): (In addition to Daily and Weekly Maintenance.)

1.        Disassemble and clean all nozzles.

           Preparing Nozzle cleaning Solution:

a. Add 250 mL of approved reagent alcohol to the 250 mL concentrated nozzle cleaning solution in a 500 mL bottle.
b. Record the expiration date indicated on the bottle label.
c. Concentrated or diluted nozzle cleaning solution must be stored at 15-25° until the expiration date (1 year after reconstitution).

            Disassembling Nozzles:

a. Layout six 50 mL conical tubes on a rack. Each tube should be labeled with the nozzle letter.

                                                   
b. Add 25 mL of diluted nozzle cleaning solution to each tube and cap.

c. Remove the nozzle using the nozzle tool.

                                          
d. Disassemble the nozzle by first removing the white Teflon end.

                                      


e. Remove the compression screw and swirl cone by using the nozzle wrench.
                                               

       Place the nozzle parts in the 50 mL conical tube containing 25 mL of diluted nozzle              cleaning solution. Note that the reagent letter on the conical tube matches the nozzle.

                                                     
f. Gently invert tubes 10 times to ensure all parts come in contact with the diluted nozzle cleaning solution.
g. Repeat for each nozzle and soak the parts for 10 mins.


           Reassembling the Nozzle:

a. Hold the strainer over the end of the 50 mL conical tube and pour out the liquid.
                                       
b. Inspect the nozzle parts. Slide the edge of a piece of paper through the swirl cone grooves and run the nozzle cleaning wire through the nozzle orifice to remove any debris.

                                          

c. Rinse nozzle parts with distilled water then with 70% alcohol.
d. Apply a small amount of silicone lubricant to the compression screw.
e. Reassemble the nozzle using the nozzle wrench.
NOTE: Hold all parts in a vertical position until reassembly is complete. 

                                    

f. Reinstall the assembled nozzle to its original position in the instrument. 

                                                    
g. Repeat steps for each nozzle
h. After Monthly maintenance, perform the weekly and daily maintenance.


2. DISINFECTING THE REAGENT D BOTTLE

a. Fill the reagent D bottle with a fresh 10% bleach solution.
b. Allow the bleach to stand in the bottle for 10 minutes.
c. Rinse the bottle thoroughly with tap water.
d. Rinse the bottle thoroughly with deionized water.  

           * Do the weekly and daily maintenance before running a staining cycle.
 










TROUBLESHOOTING


Manually Priming Reagent Lines

1. Remove the carousel from the bowl.
2. Remove the nozzle connected to the line to be manually primed.
3. Insert the nozzle adapter of the priming tool (included in the maintenance kit) into the
nozzle holder.
4. Turn the nozzle adapter clockwise to install the adapter into the nozzle holder.
Figure 33: Installing the Nozzle Adapter

5. Withdraw the priming tool plunger halfway to create a vacuum. Hold the plunger in
position.
6. Select Maintenance.
7. Select and hold the prime button for that nozzle to start the reagent pump.
8. Run the reagent into the tube until the fluid is free of bubbles, then release the prime
button.


Flushing the B Line

This procedure may be performed when troubleshooting a staining issue. This procedure
requires the maintenance kit.
IMPORTANT: A carousel must be in place during the procedure or the instrument will generate an error and abort the procedure.
1. Remove nozzle B.
2. Select Maintenance.
3. Select B-Line Flush.
4. Load 500 mL of distilled water in the B line position.
5. Insert an empty carousel and close the lid.
6. Select Start.
The instrument will pump approximately 400 mL of distilled water through the B line. A
status bar will indicate progress.
7. When the flush is complete, remove the remaining distilled water.
8. Load at least 200 mL of the diluted nozzle cleaning solution in the B line position.
9. Select Start.
The instrument will pump approximately 100 mL of the diluted nozzle cleaning solution
through the B line and will start a 1-hour countdown timer.
10. Wait for the timer to complete, or allow the instrument to remain idle up to a maximum
of 12 hours.
11. Load 500 mL of distilled water in the B line position.
12. Select Start.
The instrument will pump approximately 400 mL of distilled water through the B line. A
status bar will indicate progress.
13. When the flush is complete, remove the remaining distilled water.
14. Load at least 300 mL of iodine into the B line position.
15. Select Start.
A status bar will indicate progress.
16. Reinstall nozzle B.
17. Select Start.
18. Prime the B line. 


Performing a Slide Pattern Test
The slide pattern test can help determine if poor staining is the result of sample preparation
problems, or if the nozzles need to be cleaned. Users should perform a slide pattern test
when the Performing a Hub Pattern Test procedure has produced a normal result, but staining
is still inadequate.
1. Place a 1 x 3 inch (2.5 x 7.6 cm) piece of paper in positions 1 and 2 of the carousel,
with a blocking slide in front of positions 1 and 2.
2. Select Maintenance.
3. Select Pattern Test.
4. Close lid.
5. Select the corresponding prime button for the reagent line to be tested.
6. Remove the paper slides.
7. Repeat Step 1 through Step 6 for each reagent line.
8. Examine the paper slides for each reagent. The pattern on the slide should be uniform,
without any continuous lines or streaks.
Figure 48: Correct Slide Pattern Test Result

Figure 49: Incorrect Slide Pattern Test Result

9. If your pattern slide test result is incorrect, try to clear the nozzle blockage using the
nozzle brush and perform the Disassembling Nozzles procedure and the Cleaning
Nozzles procedure.

Please refer to the User’s Manual for additional troubleshooting purposes.   

	Results
Reporting
	Results are entered in Cerner under the Microbiology Result Entry (MRE) mode.
Quantitate the number of cells and/or microorganisms observed using the following guidelines.


	
For cells: WBCs, RBCs and Epithelial Cells (low power, 10X):

	Quantitation
	Observations

	Rare
	<1 per low power field

	Few
	2-9 per low power field

	Moderate
	10-25 per low power field

	Many
	>25 per low power field



For bacteria and yeast (oil immersion, 100X):

	Quantitation
	Observations

	Rare
	≤ 1 per oil immersion field

	Few
	2-5 per oil immersion field

	Moderate
	6-10 per oil immersion field

	Many
	>10 per oil immersion field



Determine the Gram Reaction:
Gram negative bacteria: Stain pink to red 
Gram positive bacteria:  Stain dark purple

Determine the morphology of the bacteria:
Cocci: Spherical-shaped bacteria
Bacilli: Rod-shaped bacteria.  
Yeast:  Always Gram Positive, Larger than bacteria

Determine the arrangement of the bacteria:
Cocci can occur singly, in pairs or chains, or in clusters.
Bacilli can occur singly, in chains, or other variations (Chinese letter arrangement, etc.)
Note: Reference charts and books are available for review and comparison.
If you have any doubt of the correct identification, you may consult your 
co-worker, supervisor, or pathologist for assistance.


	Reference Range
	
No Organisms seen




	EXAMPLE
IMAGES
	                          

Gram Positive Cocci in             Gram Positive Bacilli        Gram Negative Bacilli
Clusters

              

Gram Positive Cocci in           Gram Negative Intracellular      Yeast
Pairs and Chains                      Diplococci


                 

Gram Positive Bacilli          Yeast with Pseudohyphae      Gram Positive Diplococci
With Spores                                                                         in Sputum



Gram Negative Bacilli and
Gram Positive Cocci





       
	MANUAL HAND STAINING PROCEDURE
	Follow the steps below if the Previ Color Gram Stainer is Non-operational.

Use the Elitech(Wescor) Gram Stain Reagents for this procedure.

	Step
	Action

	1.
	Prepare specimen, apply to microscope slide according to laboratory procedures, allow to air dry.

	2.
	Fix specimen by heating gently over a flame, placing on a hot plate, or dipping the slide in methanol (or ethanol if preferred).

	3.
	Place slide flat on staining rack, flood with crystal violet. Allow crystal violet to stand for 30 to 45 seconds.

	4.
	Briefly (five seconds or less) rinse under gently running tap water.

	5.
	Vigorously flood slide with iodine to provide mild turbulence to the slide surface. Allow iodine to stand for 45 to 60 seconds.

	6.
	Briefly (five seconds or less) rinse under gently running tap water.

	7.
	Flood the slide with decolorizer, taking care to apply turbulence to all areas of the specimen*.
Allow decolorizer to stand for 20 seconds for very thin smears. Thick smears must be decolorized by eye. Gently rock the slide to mix the decolorizer until thick areas cease to extrude blue color.

	8.
	To terminate decolorization, rinse quickly in gently running tap water and immediately blot dry. Allowing the slide to stand with a wetted surface may weaken the counter staining of the gram
negative organisms. The dry slide is now ready for viewing. If the slide appears underdecolorized after the rinse step, decolorization and rinse may be repeated prior to drying.

	9.
	Examine slide using microscope. Dispose stain collected in tray to the hazardous waste collection container.



* The Wescor system differs from conventional stains in that the decolorization is somewhat more difficult to observe and the gram negatives may stain light if the decolorizer is not applied with sufficient force (drop-wise four to five inches above slide) to mix the stationary liquid layer at the smear surface.

* The times referred to above are only suggestions. Time modifications for desired staining may be necessary.











REFERENCES:

· Previ ™ Color Gram V2, User’s Manual by BioMerieux S.A Version B printed 03/2009
· Previ® Color Gram V2, The Basics by BioMerieux, Inc., 2014
· AlphaTec™ QC1™ Gram Quality Control Slides Insert, CC18-146, May 1, 2018
· Elitech Product Bulletin Suggested Hand Staining Procedures For
Wescor Aerospray Gram Reagents (SS-041 series) DOC-00697C.doc
· Clinical Microbiology Procedures Handbook, Volume 1 p. 1.5.11
· Bailey’s Diagnostic Microbiology, 5th ed. p. 477
· Google Search Gram Stain Web Images
· Bray’s Clinical Laboratory Methods, 7th ed. p. 539 
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