	
CLS230 Clinical Hematology and Hemostasis I
Week 2 Lab: Blood Cell Morphology

Instructional Objectives

Upon completion of this exercise, appropriate discussion, and related readings, the student will be able to do the following:
· Identify all five types of white blood cells.
· List characteristics of all blood cells morphology.
· Apply cell morphology characteristics to smear to aid in identification.
· Perform reticulocyte stain and count.
· List reticulocyte calculations and when to utilize them.

Point Value: 20 points 

Introduction

Manual differentials consist of observing cell morphology, identifying and counting cells, and scanning for abnormalities such as inclusions. This lab will introduce you to all 3 blood cell lines and the characteristic morphology of these cells. You will begin to learn how to identify each type of white blood cell and how to differentiate it from the others. In order for us to learn how to recognize abnormal and immature cells, we first must master identifying normal, mature cells. 

Reticulocytes are immature, non-nucleated red blood cells containing remnants of ribosomes and ribonucleic acids (RNA). The number of reticulocytes in the peripheral blood reflects the erythropoietic activity in the bone marrow.  The reticulocyte count is one of the essential procedures in diagnostic hematology.

Exercise 1: Blood Cell Morphology

Materials

· Microscope
· Immersion oil, lens cleaner, and paper
· Wright stain
· Microscope slides—full box per student
· Diff safe
· Phlebotomy supplies
· EDTA tubes
· Sharps container
· PPE

Procedure

1. Prepare blood smears using the following guidelines:
a. Place a small drop of blood onto one end of a clean slide.
b. Using another clean slide as the spreader slide, place end in front of the blood drop.
c. Pull spreader slide back into blood drop until the blood is spread across the slide.
d. Push spreader slide forward in a smooth motion while holding onto other slide to keep steady.
e. Examine smear for acceptability.
f. Repeat steps 3a–e until you have two approved smears.
2. Label two acceptable smears and let air dry.
3. Stain slides with Quik Stain II using the following guidelines:
a. Place Quik Stain II in a Coplin jar. Add enough to come up to the top of the vertical ridges.
b. Fill another Coplin jar up to the vertical ridges with distilled water (pH 6-7).
c. Place a properly made and dried peripheral smear slide into the Quiz Stain II solution.
d. Remove after 10 seconds.
e. Immediately dip the slide in the water jar for 20 seconds.
f. Allow slide to air dry at room temperature before examination.
Note: If using a different type of Wright stain, follow package insert instructions.
4. Once slide is dry, place slide on microscope using the following guidelines:
a. Place condenser all the way up (remember UPS – UP for Stained).
b. Focus with 10x objective.
c. Place a drop of immersion oil and rotate to 100x objective.
d. Focus using only fine adjustment on 100x objective.
e. Find area where red cells are just beginning to touch but you can still see individual cells.
5. Scan the smear, identify the following, and record observations below:
a. All five types of white blood cells 
b. Platelets
c. Red blood cells
6. Dispose of microscope slides in sharps container.

Too Acid Stain: RBCs appear too pale or very red; WBCs are barely visible 
· Insufficient staining time
· Prolonged washing
· Acid pH of stain components
· Old stain

	Correction:	1) Lengthen staining time
	2) Check stain and buffer pH
	3) Shorten wash time

Too Alkaline Stain: RBCs appear gray; WBCs are too dark; eosinophil granules are gray, not orange
· Thick blood smear
· Prolonged staining
· Insufficient washing
· Alkaline pH of stain components

	Correction:	1) Check pH
	2) Shorten stain time
	3) Prolong wash time


	Cell
	Morphology Characteristics
	Draw Cell or Insert Picture
	Reference Range
(with units of measure)

	Segmented Neutrophil (PMN)
	
	
	Male:

	
	
	
	Female:

	Lymphocyte
	
	
	Male:

	
	
	
	Female:

	Monocyte
	
	
	Male:

	
	
	
	Female:

	Eosinophil
	
	
	Male:

	
	
	
	Female:

	Basophil
	
	
	Male:

	
	
	
	Female:

	Erythrocyte 
(RBC)
	
	
	Male:

	
	
	
	Female:

	Thrombocyte 
(Platelet)
	
	
	Male:

	
	
	
	Female:




Exercise 2: Reticulocyte Count

Principle:  

Ribosomes and RNA have the property of reacting with certain dyes (i.e., azure B or new methylene blue) to form a blue precipitate consisting of granules or filaments. This reaction will only be seen in supravitally stained, unfixed preparations. The most immature reticulocytes are those with the largest amount of precipitable ribosomal material; in the more mature reticulocytes only a few dots or strands are seen.  Reticulum is not seen in mature RBCs.  

A sample of whole blood is incubated with new methylene blue stain. The residual RNA in the reticulocytes will react with the stain, forming a blue precipitate (reticulum). Push smears are prepared from the mixture and the stained reticulocytes are quantitated.

Sample:  EDTA-anticoagulated whole blood (may be stored at 4-8oC for up to 5 days)

Materials:

· 0.5% (w/v) New Methylene Blue  (supravital stain)
· Microscope slides
· 12 x 75 test tubes
· Applicator sticks or plain capillary tubes
· Pasteur pipettes and bulbs or transfer pipettes
· Timers
· Hand tally 
· Microscope

Procedure:

 1.	Using a Pasteur or transfer pipette, place five drops of well-mixed blood in a test tube labeled with the patient’s name.
 2.	Add five drops of New Methylene Blue stain to the test tube. 
 3.	Gently mix, then allow the tube to sit at room temperature for 10 minutes.
 4.	After incubation, gently mix again.
 5.	Using applicator sticks or a plain capillary tube, remove a sample of the mixture and prepare at least three good smears. Let them air dry.
 6.	Using the oil immersion lens, choose an area of the smear where the RBCs are closely 
	spaced but not touching or overlapping.  Mature RBCs appear greenish in color; reticulocytes are greenish with blue precipitate/reticulum.  
a. Using a battlement pattern, count 500 RBCs on each of two slides (for a total of 1,000 cells), recording the number of reticulocytes seen in the 500 cells.  
	b. A reticulocyte is counted twice—once as an RBC and once as a reticulocyte. The number of reticulocytes seen on the two slides should match within 20%.
 7.	Calculate the number of reticulocytes as follows:
	Add the total number of reticulocytes from the two slides.  This yields the 	 		number of reticulocytes per 1000 RBCs. To convert to %, divide this number by 10.  
	For example, 13 reticulocytes on Slide 1 and 15 reticulocytes on Slide 2 equals 25 
	reticulocytes total, or 2.5%. *See below for acceptability of student lab results.

NOTE: If no reticulocytes are seen in 500 cells, both slides should be scanned. If a reticulocyte is found on scan, report the reticulocyte count as <0.1%. If no reticulocytes are seen on either slide, repeat the procedure. If no reticulocytes are seen on the new slides, report it as no reticulocytes seen on smear.

Criteria for Student Laboratory Results:

Reported Value: Your values should match within:
	1.  0–2.0%		+ 0.5%			5.  8.1–10.0%		+ 2.0%
	2.  2.1–3.0%		+ 0.8%			6.  > 10.0%		+ 20%
	3.  3.1–6.0%		+ 1.0%
	4   6.1–8.0%		+ 1.5%

	Reticulocyte Results

	
	#RBCs
	#Retics
	Reference Range

	Slide 1
	
	
	Male: 

	Slide 2
	
	
	Female:

	Calculated Reticulocyte Count
	
	




Reference Ranges:

			RELATIVE #		ABSOLUTE #
   Adult: 		0.5 - 2.5%  		18-158 x 109/L
   Newborns:	1.8 - 8%  		220-420 x 109/L

Interpretation of Results:

The normal range of values for reticulocytes in the blood depends on the clinical situation. The reticulocyte count is representative of bone marrow condition. As a rule of thumb,
 1.  if the RBC production is increased, the reticulocyte count increases, and
 2.  if the RBC production decreases, the reticulocyte count decreases.

If a person has anemia, his or her reticulocyte percentage should be higher than normal if the bone marrow's ability to produce new blood cells remains intact. Thus, calculating the reticulocyte count is an important step in understanding whether the reticulocyte count is appropriate or inappropriate to the situation. This is often a more important question than whether the percentage is in the normal range. For instance, if someone is anemic but only has a reticulocyte percentage of 1%, this means that the bone marrow is likely not producing new blood cells at a rate that will correct the anemia. The number of reticulocytes is a good indicator of bone marrow activity because it represents recent production. This means that the reticulocyte count and the reticulocyte production index that can be calculated from it can be used to determine whether a production problem is contributing to the anemia, and can also be used to monitor the progress of treatment for anemia.

When there is an increased production of red blood cells to overcome chronic or severe loss of mature red blood cells, such as in a hemolytic anemia, people often have a markedly high number and percentage of reticulocytes. A very high number of reticulocytes in the blood can be described as reticulocytosis.

Abnormally low numbers of reticulocytes can be attributed to chemotherapy, aplastic anemia, pernicious anemia, bone marrow malignancies, problems of erythropoietin production, various vitamin or mineral deficiencies (B9, B12, iron), disease states (anemia of chronic disease), and other causes of anemia due to poor RBC production.

Disease States With Increased Reticulocyte Counts
 1.  Hemolytic anemias
 2.  After acute hemorrhage
 3.  Pernicious anemia or iron deficiency anemia after treatment

Disease States With Decreased Reticulocyte Counts
 1.  Aplastic anemia
 2.  Iron deficiency anemia before treatment
 3.  Pernicious anemia before treatment

Sources of Error:
 1.  Patients with severe anemia or polycythemia (increased number of RBCs) require 
	adjustment of the blood: stain ratio.
 2.  Failure to adequately mix following incubation may cause error. Reticulocytes have a lower 
	density than mature RBCs and will settle at the top of the mixture.
 3.  Other erythrocyte inclusions (Heinz bodies, Howell-Jolly bodies, Pappenheimer bodies) will 
	stain with supravital stains and must be distinguished from reticulocytes. Heinz bodies are 
	round-to-oval shaped and are located at the periphery of the cell. Howell-Jolly bodies
	are small, round bodies that usually occur singly. Pappenheimer bodies can be confirmed 
      with an iron stain such as Prussian blue.


Critical Thinking Questions (5 points)

1. Define anisocytosis. Which results indicates if it is present?
2. Define poikilocytosis. 
3. List three different poikilocytes and diseases associated with each one.








Lab Report and Grading:

Following the completion of the lab, type up a report to include the following items:
· Title page
· Discussion of lab
· Cell morphology characteristics
· Critical Thinking questions and answers
· Reference page

	Lab Report Assessment Criteria

	Organization, Spelling, and Grammar
Your lab report must have clear organization and formatting. Remember to use spell-check and to proofread your lab report before submitting it. 

	Document Content
This is an overall grade for the content of the lab report. The majority of your points will be based on the performance of the lab and the accuracy of your content.

	Critical Thinking Questions
Five points are allotted for correct answers.

	APA Style
Font, line spacing, title page, and reference page must all adhere to APA style. Information should be paraphrased or summarized when possible, but in-text citations are not needed in a review if only one source is used. If quoting, use in-text citations that show the location of the quoted material.  



References:  
Camco Quik Stain II package insert
McKenzie, S. (2015). Clinical laboratory hematology, 3rd edition. Upper Saddle River, NJ: Prentice Hall.
[bookmark: _GoBack]Rodak, B. & Carr, J. (2013). Clinical hematology atlas, 4th Edition. Philadelphia, PA: Saunders.
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