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BLOOD SMEAR PREPARATION AND STAINING 
(MIDAS III STAINER)

TC.HM.PR.010.r03
BLOOD SMEAR PREPARATION AND STAINING – MIDAS III STAINER

Principle

Wright's stain is a mixture of methylene blue, methylene azure, and the eosinates of both dissolved in methyl alcohol.  The azures act as bases and stain the basophilic (base-loving) components of a cell a blue color, while the eosins behave as acids and stain the acidophilic (acid-loving) structures of a cell a red color.  Since there is a combination of dyes and 
a varying affinity for each, the various parts of the cell are stained in hues of pink, purple, blue, and red.  After Wright staining at pH 6-7, the structures in blood have characteristic colors, and each cell type is readily identifiable; the color patterns obtained are directly dependent on the pH of the staining reaction.



Specimen Collection and Handling

	Type:
	Whole blood collected in a 4 mL Vacutainer® tube.  
This is the preferred sample.


OR

Capillary blood collected in a Microtainer® tube.

OR

Smears made directly from fingerstick blood at time 
of collection.

	Anticoagulant:
	K2EDTA  (See Note A.)

	Amount:
	Whole blood
- Minimum sample size is 2.0 mL

- Optimum sample size is 4.0 mL
Capillary blood
- Minimum sample size is 300 µL

- Optimum sample size is 500 µL

	Special Handling:
	1) Smears from peripheral blood collected directly from a fingerstick (using no anticoagulant) must be made immediately.

2) Anticoagulated specimens must be well mixed for minimum of 2 minutes before preparing smears.


	Special Handling
(cont.):
	3)
Samples containing lipemia, smudge cells, cold agglutinins, or cryoblobulins may give spurious results.  Smudge cells due to lipemia or CLL can be corrected by mixing blood with 22% albumin before preparing smear (see Albumin Smear Procedure).  Cold agglutinin / cryoglobulin interference can be corrected by warming blood to 37°C before preparing smear.

	Timing:
	Blood smears from EDTA-anticoagulated specimens must be prepared within 2-3 hours after collection 
and stored at room temperature.

	Criteria for Unacceptable Specimens:
	Anticoagulated specimens containing clots or inappropriate volumes are unacceptable and must be redrawn.




Reagents

A. Wright's Stain
Ready to use.  Store at room temp (25(30°C).  Stable until date stamped on container.

B. Phosphate Buffer pH 6.6
1. Stock solutions:

a. Dibasic sodium phosphate (Na2 HPO4).  Dissolve 9.47 g in 1 liter of distilled water.
b. Monobasic potassium phosphate (KH2 PO4).  Dissolve 9.08 g in 1 liter of distilled water.
2. Working buffer:

a. Add 100 mL of Na2HPO4 to 200 mL of KH2PO4.

b. Dilute to 2000 mL with distilled water.  Check pH; should read 6.6.

c. Store in refrigerator (2(8°C).
C. Giemsa Stain
Ready to use.  Store at room temp (25(30°C).  Stable until date stamped on container.

D. Methyl alcohol, Anhydrous.
Ready to use.  Store at room temp (25(30°C).  Stable until date stamped on container.



Quality Control
1. Slides are visually examined for quality of the smear and of the staining.
2. Criteria for a well made, well stained blood smear are as follows:

a. The smear should be a minimum of one inch in length.
b. Smears should be a smooth spread with gradual transition from thick to thin, terminating in a feathered edge.
c. The smear should be free of precipitate, holes, ridges, streaks, grease, dirt and thick cell pile-up at the feathered end.

d. The feathered edge should not be extensive.

e. Stained smears should have an overall pink color when viewed with the naked eye.

f. Cells should be evenly distributed.
g. The white cells should not have excessive vacuolization, and nuclear shape changes should be minimal.

h. Red blood cells should be pink.

i. The nuclei of leukocytes are blue to purple.

j. Eosinophil granules are red-orange and each distinctly discernible, so that individual granules may be counted.

k. Basophils have coarse dark blue to purple granules.

l. The cytoplasmic neutrophil granules are tan in color.

m. Platelets have dark lavender-lilac granules.

n. Lymphocyte cytoplasm is generally robin's egg blue; monocyte cytoplasm generally has a faint bluish tinge.


Procedure

MANUAL PREPARATION OF SMEARS

1. Check anticoagulated specimens with two applicator sticks to be sure no clots 
are present.  If clots (any size, shape or form) are present, the specimen 
is unsatisfactory and must be redrawn.

2. Place a small drop of well-mixed blood on the surface of a clean glass slide near 
the frosted end.  If blood is taken from the finger, care must be taken to avoid touching the slide to the skin.

3. Hold the slide between two fingers and the thumb of the left hand with the frosted end towards the right.  (Reverse for the left-handed individual.)

4. Place the edge of the spreader slide on the first slide to the left of the drop of blood.

5. Pull spreader slide to the edge of the drop.  (See NOTE B.)

6. Allow the drop of blood to bank evenly behind the spreader.

7. Push to the left in a smooth, quick motion.  (See NOTE C.)

8. Label the smear on the frosted edge of the slide with the patient's order number, last name, first initial, and date.

STAINING OF SMEARS
1. Clean staining dishes with methyl alcohol and dry completely before using.
2. Set up the Midas III stainer each morning as follows:
	
	
	PROGRAMS #1 and #2

	Station 1:
	(Step 5)
	Giemsa Stain – 30 mL

Working Buffer – 270 mL

Skim before each use

10 minutes


	Station 2:
	(Step 1)
	Methanol – approximately 300 mL

30 seconds


	Station 3:
	(Step 2)
	Wright's Stain – 300 mL

2 minutes and 30 seconds


	Station 4:
	(Step 3)
	Wright's Stain – 50 mL

Working Buffer – 250 mL

2 minutes and 30 seconds


	Station 5:
	(Step 4)
	(Wash)

Distilled H20

30 seconds, Flow 2000

30 seconds


	
	(Step 6)
	30 seconds


	Station 6:
	(Step 7)
	Dryer (no preparation)

3 minutes



3. If Midas III stainer is directly hooked up to DI water source, turn on the DI water valve below sink adjacent to stainer prior to each staining session.  Valve will be turned off if unable to use DI water system.

4. Place smears in slide carrier with labeled end UP.  (Lay slide carrier on its side.  Slide up the metal retaining plate and after loading slides, slide retaining plate back down to hold the slides in the carrier.)
5. Hang slide carrier on the 2 rods of the tower arm.  Gently and firmly slide the carrier back until the magnetic catch engages.
6. Filter Giemsa and/or Wright stain vessels before staining.
7. Press RUN.

8. Press 1 or 2 for desired program.

9. Press ENTER.  The run will start, the arm will initialize, and the tower will move 
to the first station in the sequence.  As the slide carrier runs in each station, 
the unit will display run information as well as time remaining for run.
10. An audible beep sounds 6X signaling the completion of the program.  Remove the carrier from the tower arm.  

Notes

A. Ethylenediaminetetraacetic acid (EDTA) is the preferred anticoagulant for blood cell counts and morphologic studies for the following reasons:

1. Artifacts form only on prolonged standing.  Acceptable blood smears can be made after two to three hours of collection.

2. Cell counts are valid for 24 hours, if the blood is refrigerated.

B. The angle between the two slides will vary according to the size of the drop and 
the viscosity of the blood.  The larger the drop or the lower the hematocrit of the blood, the greater the angle must be to avoid running off the slide when spreading.  
Blood with a high hematocrit must be spread with a lower angle or the smear will be short and too thick to allow differentiation of cells.  The approximate angle for normal blood is 30 to 40 degrees.

C. The more rapid the motion, the shorter and thicker the smear.  The smear should cover approximately half the slide with a gradual transition from thick to thin.  
No ridges should be present, and the end (called the "feathered edge") should be smooth and even without streaks or ridges.

D. Additional common causes of incorrect stains:

1. Stain too red:
a. Excessive washing

b. Excessively acid stain and/or buffer

c. Staining time too short

2. Stain too blue:
a. Staining time too long; decrease time or concentration of stain

b. Inadequate washing

c. Excessively alkaline stain and/or buffer

d. Blood smear too thick

3. Pale stain:
a. Incorrect mixture of stain and buffer

b. Weak stain solution

4. Stain too intense:
Concentration of stain too strong

5. Precipitate on slide:
a. Insufficient rinse cycle

b. Incompletely dissolved stain
E.
The oxidation of methylene blue is difficult to control which may cause the composition of the stain to vary from batch to batch.  Therefore, staining times must be determined by trial and error for each batch.

F.
The following method can be used on old unstained slides or previously Wright-stained slides that are poorly stained:
1. Stain slides by routine Wright's stain method.

2. Rinse stained slides with two quick dips in acetic water (approximately 50 mL distilled water in Coplin jar plus 1 drop glacial acetic acid).

3. Wash immediately with distilled water and air dry.
G.
To decolorize previously stained slides (BM) remove coverslip and all mounting media 
in xylene (in Histology).  Air dry slides.  Place in 100% methanol for 10 minutes. Restain.

H.
To pause the run press STOP.
1. To resume the same cycle press RUN.

2. To cancel the run:
a. Press STOP
b. Wait for the tower to go to the vertical position
c. Press STOP 3 additional times in succession to reset the system.
d. Press STOP 3x to reset to the home position.


References
· Microtainer and Vacutainer are registered trademarks of Becton, Dickinson and Company
· Henry JB:  Clinical Diagnosis and Management by Laboratory Method – 18th Edition.  Philadelphia: WB Saunders Co; 1991, pp. 555, 583-585.

· Midas III Stainer Operators Manual; EMD Chemicals; February 2012.

· Spanjers E:  Method for Wright's staining "old" slide preparations of blood, bone marrow and imprints.  J Med Tech. 1987; 4:139.

· Procopio N:  WBH Royal Oak, Hematology Procedure Manual; 1999.

· Shafer J: Quality Assurance for Differential White Cell Counts Performed Manually, Differential Leukocyte Counting. CAP, Aspen 1997; pp. 197-203.
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ATTACHMENT A

Midas III Stainer – Maintenance
DAILY:

1. Empty staining vessels and clean with methanol.  Dry thoroughly. Refer to Att. D for proper disposal of stain and methanol.
2. Refill staining dishes with required stains. (See procedure staining smears.)
3. If the system is connected to a DI water system proceed to step 7.

4. If system is utilizing a water bath, proceed with the steps below to empty/refill the water bath.  
a. Disconnect Tube Section to the Midas from the Tube section to the pump.

b. Attach the braided tube to the Tube section to pump with open end placed 
in sink.

c. At stainer, press SVC key and use arrow keys to get to “9 Valve Test”.

d. Press Enter, press down arrow for 2000 Flow, press Enter.
e. Water in bath will drain into sink.  Tip water bath to get all water toward 
the pump so it will drain.  Once bath is empty, press Stop.

5. Remove filter, rinse under DI water, and replace in water bath.

6. Fill plastic container to 4000 mL line with deionized water and pour into water bath.
7. Prime the pump:
a. With braided tube still connected to Tube section to the pump, hold braided tubing above the level of the pump with draining end over water bath.
b. Press SVC key and use arrow keys to get to “9 Valve test”.

c. Press Enter, press down arrow for 2000 Flow, press Enter.

d. Pump will start running, when you see that the Tube section to the pump is filled with water, press STOP.

e. Remove braided tubing and reconnect Tube section to pump to the Tube section to the Midas.

8. Run a test slide to check the stain.

WEEKLY:

1. Run Program 3 on stainer to allow DI water to circulate for 5 minutes.

a. Press Prog, 3, Run.

2. Clean the outer surfaces of the stainer (and water bath if in use) with a dilution of mild detergent.

MONTHLY: (Performed on the 1st Monday of the month)

Clean the pump housing (only necessary if water bath is in use)
3. Drain water bath. (Follow Daily procedure steps 3a-e above.)

4. Fill the water bath with a 7% solution of bleach and deionized water. (280 mL of bleach and 3720 mL of distilled water).
5. Run Program 3 on stainer to allow dilute bleach solution to circulate for 5 minutes.
6. Press Prog, 3, Run.
7. Drain bleach solution from water bath. (Follow daily procedure steps 3a-e above.)
8. Rinse the water bath cavity with copious amounts of water to remove bleach residue.

9. Fill water bath with deionized water only.
10. Run program 3 using water only.  This will rinse any residual bleach from the system. 
Drain water bath, run program 3 a third time with water only and drain water bath.

11. Fill water bath with 4000 mL deionized water.  The system is now ready for use.
12. Run a test slide to check the stain.
Reference
Midas III Stainer Operator’s Manual.  EMD Chemicals, February 2012.
ATTACHMENT B

Midas III Stainer – Programming, Reviewing, Editing
Stain Programming
1. Press PROG key.
2. Select a program number (1(10); press ENTER.

3. If program number has a stored protocol under that number, it will display.

4. Press CLEAR for new program.

5. Enter the Station Number corresponding to the vessel location desired.  Stations 1(6 
are available.  Press that number on the keypad.  Press ENTER.
· In the far-left Home Position the tower arm is at Station 6 (the drying station).  Station 5 is the stationary rinse vessel.  Stations 1(4 are labeled.

6. Enter the required time for the selected Station, 00:01(99:59 (min:sec).  Press ENTER.
7. Using the arrow keys (↓↑) select agitation or no agitation.

8. If Station 5 is selected, the Midas will ask for the flow rate selection after programming the Agitation Mode.  Select 2000 for maximum flow rate.  Press ENTER.

The first station is now programmed.  The display is cleared for the next station.

9. Repeat Steps 5 through 8 for each step in the staining sequence.

10. After all stations have been programmed, press ENTER and the unit is displaying 
a blank step.  Press STOP to save the program.
Reviewing a Program
1. Press REVIEW.
2. Press the number of the program to be reviewed.  The program number is displayed.

3. Press ENTER.  The first step in the program sequence is displayed, including 
the Program Number, Station Number DIP if agitation is selected and “---“ if agitation 
is detected, Station time in minutes/seconds, flow rate in mL/min if Station 5 is selected and temperature in degrees C if Station 6 is selected.

4. Continue to press ENTER to look at all steps in programming sequence.  Once all steps in the current sequence are displayed, the Midas III stainer will display
END OF PROGRAM

5

5 is the Program Number being reviewed
5. If ENTER is pressed again, the stainer will start displaying the program again starting from the first step.

6. Press STOP key any time to exit the Review Mode.

7. Press PROG key anytime when the information about a step is displayed and you want to change the selection for that step (e.g. Station Number, time, agitation, or flow rate) to enter the Program EDIT Mode.

Changing an Existing Program
To change a Station Number or time of a programmed step:
1. Press REVIEW.

2. Press the number of the program where change is desired.

3. Press ENTER to view the first step of the program.  Continue to press ENTER until 
the step where the change desired is located.

4. Press PROG.  The stainer will display the Station Number for the selected step.  Change the Station Number by pressing the desired Station Number and ENTER.  
If you do not want to change the Station Number just press ENTER.

5. Enter new time by pressing 0000 and then the new time using the number keys followed by ENTER.

6. Change agitation if desired by pressing arrow keys followed by ENTER.  If no change is needed, just press ENTER.

7. If Station 5 is being edited, change flow rate if desired by pressing arrow keys followed by ENTER.  If no change is needed, just press ENTER.

8. At this point, the stainer will display the next step for modification.  If no other changes are needed, press STOP key to save the program and enter the STAND BY Mode, or push ENTER to view the remainder of the program, or press REVIEW to continue with the Review Mode.  If changes to any other step(s) are desired or if additional step(s) are desired, continue the EDIT process.
References
Midas III Stainer Operator’s Manual.  EMD Chemicals, February 2012.
ATTACHMENT C

The DIFF-SAFE Blood Dispenser
Principle
The DIFF-SAFE dispenser is a safe means to puncture a closed collection tube and 
to obtain a drop of blood without the need to remove the stopper.  The device produces 
a uniform drop of blood suitable for making a smear.  It is compatible with both Vacutainer® and Hemagard brand tubes.

The dispenser is comprised of a base of plastic material and a blunt-ended stainless steel needle.  The device is not sterilized.

Procedure
1. Hold tube in upright position.

2. Insert DIFF-SAFE dispenser through the stopper.

3. Mix the blood.  Turn the tube upside down and press moderately against a microscope slide.

4. The instant the drop appears, discontinue pressure.  If the drop fails to appear, check specimen for clots.

5. Remove the DIFF-SAFE dispenser from the tube and discard into sharps container.
Notes
1. Do not use DIFF-SAFE dispenser with tubes which have been previously opened 
and reclosed.  These tubes tend to have internal pressure which could eject specimen, particularly if they have been filled to the top.

2. Do not use this device for any purpose other than the intended.

3. Use as a single use device.  Do not use with multiple specimens or try to clean 
and reuse.
References
DIFF-SAFE Blood Dispenser Package Insert. Alpha Scientific Corporation, P.O. Box 617, Wayne, PA 19087-0617, March 1993.
ATTACHMENT D
Proper Methanol/Stain Disposal

Methanol used for daily cleaning of the stainer buckets for the Midas III stainer, used Wright/Geimsa stain, and the methanol used for the cleaning of the used Sysmex SP50 stain baths must be collected and placed in labeled empty plastic methanol jugs with red tape or one-gallon safety cans.  It is not to be disposed of in the sewer system via the sink drains.  The used/waste jugs or safety cans when full are transported to the volatile storeroom where three 55-gallon drums are maintained for waste xylene/methanol substitutes.  The liquid waste is poured into drum marked ‘Use this Drum’ using funnel and personal protective equipment.  Document the amount of waste that was disposed on the worksheet hanging on the shelf.  When drum is full, place “Full” sign on it and move ‘Use this Drum” sign to the empty drum.  Notify Environmental Services and lab supervisor when two drums are full.

Note:  When cleaning/rinsing the stain buckets for the Midas III stainer, place a dishpan bucket into the sink to collect the methanol.  Using a funnel, pour this collected methanol into the one-gallon jugs marked ‘used methanol’.  Once the methanol in these jugs is no longer clear enough to use to rinse the SP50 stain baths, these jugs should be taken to 
the volatile storeroom and emptied into the 55-gallon drums.  The drums are emptied and maintained by an outside company that will dispose of them off-site.
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