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CORRESPONDENCE COURSE OF
THE U.S. ARMY MEDICAL DEPARTMENT CENTER AND SCHOOL

SUBCOURSE MD0857
HEMATOLOGY Il
INTRODUCTION

This subcourse is concerned with the blood tests performed in the hematology
section of the laboratory. The purpose of these tests is to aid the physician in
diagnosis. Thus, these tests are important and often essential to the health and life of
the patient. Thorough study of this subcourse should enable you to better fulfill your
role in health care.

ACKNOWLEDGEMENT

Portions of this subcourse are extracted from TM 8-227-4, Clinical Laboratory
Procedure--Hematology, dated 5 December 1973; from Brown, Barbara, Hematology
Principles and Procedures, 4th ed., Lea and Febiger; and from Operator's Manual for
QBC Il Centrifugal Hematology System, Clay Division of Becton Dickinson Company.
Written consent of the copyright owner has been obtained. Under no circumstances will
this material be sold, commercially used, or copied.

Subcourse Components:

The subcourse instructional material consists of four lessons and an appendix as
follows:

Lesson 1, Differential Leukocytes Count and Other Procedures
Lesson 2, Blood Coagulation.

Lesson 3, Anemia.

Lesson 4, Leukemia

Appendix A, Glossary of terms

Here are some suggestions that may be helpful to you in completing this
subcourse:

--Read and study each lesson carefully.

--Complete the subcourse lesson by lesson. After completing each lesson, work
the exercises at the end of the lesson
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--After completing each set of lesson exercises, compare your answers with those
on the solution sheet that follows the exercises. If you have answered an exercise
incorrectly, check the reference cited after the answer on the solution sheet to
determine why your response was not the correct one.

Credit Awarded:

Upon successful completion of the examination for this subcourse, you will be
awarded 8 credit hours.

To receive credit hours, you must be officially enrolled and complete an
examination furnished by the Nonresident Instruction Section at Fort Sam Houston,
Texas.

You can enroll by going to the web site http://atrrs.army.mil and enrolling under
"Self Development" (School Code 555).
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LESSON 1

TEXT ASSIGNMENT

LESSON OBJECTIVES

SUGGESTION

MDO0857

LESSON ASSIGNMENT

Differential Leukocyte Count and Other Procedures.

Paragraphs 1-1 through 1-12.

After completing this lesson, you should be able to:

1-1.

1-2.

1-4.

Select the statement that best describes the
appropriate materials and procedures used to
specially stain and examine blood smears.

Select the correct principles and steps used in
the calculation of erythrocyte indices and in
performing the various erythrocyte fragility tests.

Select the statement that best describes the
principles used in the demonstration of LE cells.

Select the materials and procedures used in
performing a screening test for G-6-PD
deficiency.

After completing the assignment, complete the
exercises of this lesson. These exercises will help you
to achieve the lesson objectives.
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LESSON 1
DIFFERENTIAL LEUKOCYTE COUNT AND OTHER PROCEDURES
Section |. DIFFERENTIAL LEUKOCYTE COUNT
1-1. INTRODUCTION

a. The critical examination of a blood smear includes the following: quantitative
and qualitative study of platelets, differential count quantitating the three types of
leukocytes (granulocytes, lymphocytes, monocytes), and morphological characteristics
of erythrocytes and leukocytes. Staining the blood smears is a critical part of the
examination. The procedure for staining is described in lesson 3 of Subcourse
MDO0853. To accurately perform the differential count it is necessary for a technician to
recognize all the characteristics of normal blood cells. This includes normal biological
variation. For instance, not every lymphocyte is exactly the same size, nor do all
lymphocytes have exactly the same number of azurophilic granules.

b. Certain morphological and histochemical characteristics are utilized to
differentiate blood cells. A review of the significant features promotes a better
understanding of blood differentials. Cellular characteristics such as relative size,
shape, cytoplasmic granulation, nuclear- cytoplasmic ratio, nuclear configuration,
chromatin or nucleoli are very important. These features are discussed in Subcourse
MDO0853, lesson 4.

c. Experience is the foremost teacher in hematology. It is readily acquired in a
busy hematology section where the opportunity for differential analysis occurs
frequently. Experience can be diversified and interesting if proficiency slides and
material from cases of confirmed diagnoses are maintained as study sets. This study
material should be available to all technicians in the laboratory.

d. All routine blood smears should be kept until the physicians have reviewed
the differential reports. A 1-week period is usually adequate. Occasionally, a review of
a specific problem slide results in findings that were not originally apparent and
reinforces confidence in the laboratory by the medical staff. This practice also adds to
the experience and proficiency of the technician.

1-2. EXAMINATION OF PERIPHERAL BLOOD SMEARS
a. Principle. The stained blood smear permits the study of the appearance and

the identification of the different kinds of leukocytes, and the appearance of erythrocytes
and thrombocytes (blood platelets).
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b. Differential Leukocyte Count.

(1) Inspect the smear under low power magnification. Locate the thin end of
the smear where there is no overlapping of erythrocytes.

(2) Switch to oil immersion. ldentify and count 100 consecutive leukocytes
and record each cell type separately on the differential counter. Begin at the thin end of
the smear and count the white cells observed as the slide is moved in a vertical
direction. When near the edges of the smear, move the slide horizontally for a distance
of about two fields, then proceed vertically back across the smear. See figure 1-1.
Continue this "snake-like" movement until 100 leukocytes have been counted and
classified.

Feathered edge

Thin area Thick area

[Examination area) Origin

Red cells £
separated

Hed cells
touching

Figure 1-1. Examination of and peripheral blood smears.

(3) Ifthe WBC count is between 20,000 and 50,000 per cu mm of blood,
count and classify 300 leukocytes. When the count is greater than 50,000 per cu mm of
blood, count and classify 500 leukocytes.

(4) The number of each type of leukocyte is expressed as a percent of the
total number of white cells counted. Absolute values may be calculated by multiplying
the percent value by the total leukocytic count.

c. Erythrocyte Morphology.

(1) Study the erythrocytes and report any evidence of rouleaux formation or
signs of immaturity.
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(2) Report the erythrocyte morphology with reference to size, shape,
staining characteristics, and inclusions. Report the degree of the specific morphological
characteristic (for example, moderate hypochromia).

(3) If nucleated erythrocytes are found (usually these are metarubricytes),
report the number per 100 leukocytes counted.

d. Qualitative Platelet Evaluation.

(1) Observe the thrombocytes in several oil immersion fields to obtain a
rough estimation of their numbers (normal, increased, or decreased). Normal is an
average of 8 to 10 per oil immersion field.

(2) Note any abnormality in morphology (giant platelets, etc.) If the
thrombocytes appear to be significantly decreased, a thrombocyte count and/or a clot
retraction test may be indicated.

e. Discussion.

(1) All abnormal white cells (for example, immature, hypersegmented, toxic,
atypical lymphocytes, etc.) should be classified or described and reported in percent,
separately. Cells that are ruptured, fragmented, or degenerated are not included in the
differential count, but should be noted separately and reported as the number seen per
100 leukocytes.

(2) Inview of the gradual transition from the metamyelocyte to the banded
neutrophil and then to the segmented neutrophil, exact classification is sometimes
difficult. In such cases, classify the cell according to the more mature form.

(3) Size considerations in differentiating blood cells require a defined linear
standard. The micron (.001 mm) is usually used in reference to microscopic
dimensions. Ocular micrometers are available through Federal medical supply
channels and are easily calibrated, using a hemacytometer that has standardized
dimensions. In routine screening of blood smears, an experienced technician relates
the size of a normocytic erythrocyte (seven to eight microns) to the size of the white cell
to be differentiated, since erythrocytes are usually present throughout the microscopic
field. Finally, it should be understood that personal visual discrimination is an
inaccurate gauge of linear measure. Some reference measure should be employed.

(4) The shape of blood cells often depends upon the smear and staining
technique. Variations that have no clinical significance occur from physical and
chemical distortions that result from technical error. These variations are avoided with
careful technique. Each routine smear should be scanned initially to evaluate the smear
and stain quality before differential analysis.
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(5) Cytoplasmic granulation--neutrophilic, basophilic, or eosinophilic--is an
important morphological observation. Differences in granule color in Wright-stained
preparations are caused by the variable dye affinity of specific granules. The intensity
of colors and the relative blueness or redness of the erythrocytes is used to evaluate the
quality of the stain. The familiar basophilic (blue), eosinophilic (red), and neutrophilic
(pink) granules are quite obvious in routine blood smears. The presence, absence,
type, and quantity of granules are characteristic attributes used to differentiate
leukocytes.

(6) The size ratio of nucleus to cytoplasm (N:C) is a differentiating
characteristic. For instance, a cell with a nuclear mass equal to the cytoplasmic mass
would have an N:C ratio of 1:1. The total cell mass is usually greater in the more
immature cells and decreases as the cell matures. The nuclear mass usually
decreases also as the cell matures. Of course, lymphocytes are the exception to this
generality.

(7) The nuclear configurations of leukocytes help distinguish these cells.
Round, oval indented, band, or segmented are terms used to describe variations in
shape. These normal configurations can be distorted by physical and chemical factors.
Some of the leukocytes are so fragile that in thick blood smears their normal
configuration may be distorted by the pressure of erythrocytes forced against them.
These artifacts should be recognized as such in an intelligent evaluation of blood
differentials.

(8) In addition to nuclear shape and size, the internal nuclear morphology
shows differential inclusions. The chromatin appears finely reticulated in some cells, or
as a coarse network, or even clumped, in others. The parachromatin, a lighter staining
material beside the chromatin, is scant or abundant. The appearance of the chromatin
and the quality of parachromatin are utilized to differentiate blood cells. The presence,
absence, and number of nucleoli in the nucleus are the most distinctive characteristics
of immature nuclei in blood cells.

(9) All abnormal blood smears should be examined by another trained
person for confirmation of the results.

f. Normal Differential Values.
(1) Banded neutrophil: 0 to 6 percent.
(2) Segmented neutrophil: 40 to 75 percent.
(3) Eosinophils: 1 to 7 percent.

(4) Basophils: 0 to 2 percent.
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(5) Lymphocytes: 22 to 40 percent.
(6) Monocytes: 1 to 10 percent.
1-3. EXAMINATION OF BLOOD MARROW SMEARS
a. Principle. Nucleated blood cells are counted and classified from a bone
marrow smear stained with a Romanowsky stain containing both Wright and Giemsa
stains.

b. Procedure.

(1) Using oil immersion magnification, count and classify 300 to 500
nucleated cells.

(2) Classify all blood cells according to cell type and various stages of
maturation.

(3) Calculate myeloid-erythroid ratio by dividing the number of nucleated
erythrocytes into the number of granulocytic (myeloid) cells.

(4) A peripheral blood evaluation usually accompanies the bone marrow
reports. This evaluation usually includes an erythrocyte count, leukocyte count,
differential count, hemoglobin, hematocrit, and a reticulocyte count.

c. Discussion.

(1) The differential cell count on a bone marrow smear is carried out by a
hematologist, pathologist, or trained technician.

(2) Since interpretation of findings in bone marrow examinations is very
difficult, it is of utmost importance that the smears and stains are carefully prepared
using scrupulously clean equipment.

(3) The laboratory technician is usually responsible for preparing bone
marrow smears, staining the smears, checking the quality of the stained smear, and
coverslipping the slides.

d. Normal Values.

(1) Leukocytes.

(a) Mpyeloblast: 0 to 1 percent.

(b) Promyelocytes: 2 to 5 percent.
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(c) Neutrophilic myelocytes: 5 to 19 percent.
(d) Neutrophilic metamyelocytes: 13 to 22 percent.
(e) Neutrophilic bands: 17 to 33 percent.
(f)  Neutrophilic segmented cells: 3 to 11 percent.
(g) Eosinophilic cells: 0 to 3 percent.
(h) Basophilic cells: 0 to 1 percent.
(i) Lymphocytes: 5 to 15 percent.
() Monocytes: 0 to 2 percent.
(k) Plasmocytes: 0 to 1 percent.
(2) Erythrocytes.
(a) Rubriblasts: 0 to 1 percent.
(b) Prorubricytes: 1 to 4 percent.
(c) Rubricytes: 3 to 10 percent.
(d) Metarubricytes: 5 to 25 percent.
(3) Megakaryocytes. 0 to 3 percent.
(4) Myeloid-Erythroid Ratio (M:E). 3-4:1.
Section Il. ERYTHROCYTE INDICES AND FRAGILITY TESTS
1-4. ERYTHROCYTE INDICES
a. Principle. By using accurately determined red blood cell counts, hematocrits,
and hemoglobin values, the size and hemoglobin content of the average red cell in a
given blood sample is calculated. The values obtained are the erythrocyte indices
which aid in the classification and study of anemias. They consist of the mean

corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean
corpuscular hemoglobin concentration (MCHC).
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b. Calculation of Erythrocyte Indices.

(1) Mean corpuscular volume (MCV)--The average volume of the individual
red blood cell. Femtoliter (fl) or 107" liter = 1 fl.

Hematocrit (percent) x 10

Red cell count (x 10/L)

Example: Hematocrit 45 percent
Red count 5,000,000 per cu mm

(2) Mean corpuscular hemoglobin (MCH)--The average weight of
hemoglobin of the individual red cell.

Hemoglobin (x 10 gm/ dL)

= micromicrograms
Red cell count (x 10 /L)

Example: Hemoglobin 15 gm/dL
Red count 5,000,000 per cu mm

------------ = 30 micromicrograms (normal)

(83) Mean corpuscular hemoglobin concentration (MCHC)--The percent of
hemoglobin in the average red cell.

Hemoglobin (x 10gm/ dL) x 100

= percent
Hematocrit (percent )
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Example: Hemoglobin 15 g per dL
Hematocrit 45 percent

15 x 100
............. = 33 percent (normal)
45

c. Discussion.

(1) Accurate individual determinations of hemoglobin, hematocrit, and
erythrocyte count ensure reliable indices. The following procedures are recommended:

(a) Erythrocyte count--two separate pipets and two to four counting
chambers or electronic cell counting.

(b) Hemoglobin--precise reagent standards and accurate instrument
calibration.

(c) Hematocrit.

(2) Itis useful to compare the calculated indices with a stained peripheral
blood smear.

(3) Wintrobe classified anemias into the following groups on the basis of the
indices (figure 1-2).

Anemia MCV MCH MCHC
Macrocytic 95-160 32-50 32-36
Microcytic 72-79 21-24 24-36
Microcytic hypochromic 50-79 19-29 24-30
Normocytic 80-100 26-32 32-36

Figure 1-2. MCV, MCH, and MCHC indices.

(4) The MCHC cannot exceed the normal value since the erythrocyte
cannot be supersaturated with hemoglobin. The MCHC is the most valid of the indices
since it does not require the erythrocyte count in its deviation. It is a good index of iron
deficiency.

(5) The MCV and MCH are increased at birth and fall to low values during
childhood. The MCHC is fairly constant for all ages.
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d. Normal Values.
(1) Mean corpuscular volume: 80 to 96 fl.
(2) Mean corpuscular hemoglobin: 27 to 32 micromicrograms.
(3) Mean corpuscular hemoglobin concentration: 32 to 36 percent.
1-5. ERYTHROCYTE OSMOTIC FRAGILITY TEST (DACIE)

a. Principle. A specific amount of blood is introduced into a series of tubes
containing different concentrations of buffered salt solutions. The amount of hemolysis
is then determined by examining the supernatant fluid either visually or with a
spectrophotometer.

b. Sources of Error.

(1) The concentration of the NaCl in the solutions is critical. The salt must
be chemically pure and dried before weighing. It is advisable to dry the salt in a 100°C
oven and store it in a desiccator. Store the NaCl solutions in a glass-stoppered, tightly
sealed bottle.

(2) Inaccurate preparation of the dilutions causes inaccurate results.

(3) Maintain the pH of the solution at an interval of 7.35-7.50. A different pH
range causes invalid results.

(4) Rough handling of the blood specimen causes hemolys is which leads to
invalid results.

c. Discussion.

(1) In hypotonic salt solutions, erythrocytes take up water, swell to a
spheroid shape and burst. In congenital spherocytic anemia the red cells with defective
structure more rapidly rupture at salt concentrations closer to isotonicity (0.85 percent).
These cells thus show an increased osmotic fragility. In contrast, the flat or thin but
otherwise normal red cells of hypochromic anemia show a decreased osmotic fragility
and do not hemolyze until lower salt concentrations are reached.

(2) When hemolysis begins beyond the range of the prepared solutions or
when intermediate dilutions are desired, the additional dilutions are readily prepared
using the 1 percent sodium chloride stock solution.

(3) In cases where the results of the fragility test are borderline, the

following procedure is recommended to enhance any latent abnormality in fragility.
Incubate samples of defibrinated blood (control and patient's) at 37°C for 24 hours
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under sterile conditions and controlled pH (7.35 to 7.50). The test is then performed as
described above.

(4) Decreases in pH increase osmotic fragility. The reagents are buffered to
maintain a constant pH of 7.35 to 7.50.

(5) This test may also be run visually, with some sacrifice of accuracy, by
allowing the blood-saline dilutions to stand at 20°C for 45 minutes. The tubes are then
lightly centrifuged (1,000 rpm for 3 minutes) and observed for signs of initial and
complete hemolysis. A slight pink coloration of the supernatant fluid indicates initial
hemolysis and a clear red solution, free of sediment, indicates complete hemolysis. The
salt concentrations in these two tubes are noted and recorded. The control should
always be reported along with results of patient's tubes.

d. Normal Values.

(1) 0.30% saline: 97 to 100 percent hemolysis.

(2) 0.35% saline: 90 to 99 percent hemolysis.

(3) 0.40% saline: 50 to 90 percent hemolysis.

(4) 0.45% saline: 0 to 45 percent hemolysis.

(5) 0.50% saline: 0 to 5 percent hemolysis.

(6) 0.55% saline: 0 percent hemolysis.

1-6. HAM TEST FOR ERYTHOCYTE FRAGILITY

a. Principle. This test is positive in paroxysmal nocturnal hemoglobinuria
(PNH). Erythrocytes in this form of anemia lyse easily in slight variations in the pH
(acid). In this test, the erythrocytes are subjected to pH values ranging from 6.5 to 7.0
at 37°C.

b. Discussion.

(1) With a positive test the tubes containing acidified sera and patient's cells
should show considerable hemolysis.

(2) Normally no tubes should show hemolysis.

(8) Occasionally, tubes with unacidified sera and patient's cells may show
moderate hemolysis.

(4) A false positive test is sometimes seen in congenital spherocytic anemia.
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(5) If congenital spherocytic anemia is suspected, the test should be
repeated, using acidified serum previously inactivated at 56°C for 30 minutes.

(6) Since erythrocytes of PNH require complement for hemolysis, the
modified test (item 5 above) will be negative in PNH and will remain positive in
spherocytosis.

c. Interpretation. Hemolysis in the acidified tube is indicative of paroxysmal
nocturnal hemoglobinuria.

Section lll. DEMONSTRATION OF L.E. CELLS
1-7. GENERAL INFORMATION

a. Persons having lupus erythematosus, one of the "collagen" diseases, have an
abnormal plasma protein that causes swelling and breakdown of certain blood cell
nuclei in vitro. This degenerated nuclear material attracts phagocytic cells, particularly
segmented neutrophils, which engulf this nuclear mass. The resulting phagocyte and
inclusion material is termed an "L.E." cell.

b. Two methods of demonstrating the L.E. cell and antinuclear antibodies are
the rotary bead method and fluorescent antibody method. The rotary bead method is
positive in 75-80 erythematosus. The fluorescent antibody method is positive in 95-100
patients with lupus erythematosus. The rotary bead method is presented in the next
paragraph. The fluorescent antibody method requires equipment that limits its use to
larger laboratories.

1-8. ROTARY BEAD METHOD

a. Principle. Leukocytes are broken down in vitro allowing the abnormal
plasma protein to react on the altered nuclear material. Incubation enhances the
nuclear deterioration and phagocytosis. Slides are prepared and examined for the
peculiar "L.E." cell.

b. Discussion.

(1) Lupus erythematosus is a chronic, sometimes fatal, disease of unknown
etiology. The peculiar skin eruption across the nose and cheeks (butterfly rash) and
arthritis can be accompanied by various visceral manifestations. Often the rash is not
present, and diagnosis depends on demonstration of the L.E. cell. Frequently the
earliest symptoms appear after intense exposure to sunlight. Leukopenia,
thrombocytopenia, and an elevated sedimentation rate are some of the clinical signs of
the disease.
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(2) Free masses of lysed nuclear material, with or without
polymorphonuclear leukocytes clustered about them (rosette formation), are suggestive
of the L.E. phenomenon. Observing "rosettes" should encourage the technician to
repeat examinations and further search for the true "L.E." cells. A positive report should
not be made without the identification of this cell. The inclusion body with the leukocyte
is homogeneous and has no chromatin pattern. This feature distinguishes the true
"L.E." cell from the "tart" cell (nucleophagocytosis). This latter cell contains an engulfed,
damaged nucleus, usually that of a lymphocyte, which still contains a recognizable
chromatin pattern and a distinct nuclear membrane.

c. Interpretation.

(1) These cells are seen as large polymorphonuclear (segmented)
leukocytes which contain large ingested nuclear fragments in their cytoplasm.

(2) The inclusion body is a purplish-staining, smoky, homogeneous mass of
material that is so large that it usually pushes the nucleus to one side of the cell.

Section IV. SPECIAL STAINS
1-9. PEROXIDASE STAIN (KAPLOW)

a. Principle. The members of the granulocytic series contain an enzyme,
peroxidase, which liberates the oxygen from hydrogen peroxide. This enzyme is more
prominent in mature forms. A benzidine derivative is used as an indicator of peroxidase
activity. The indicator is oxidized and precipitates in the form of brown to blue granules.
This stain is used to help differentiate leukemias.

NOTE: Follow manufacture's instructions for all special stains.

b. Interpretation. Peroxidase positive cells are identified by yellow-green to
blue and brown-green granules. Cells of the granulocyte series from the promyelocyte
through the segmented neutrophil are peroxidase positive. The degree of peroxidase
activity increases as the granulocytes mature. Monocytes may show a weak reaction.
All other cells are negative.

c. Discussion.
(1) The oxidizing enzyme in the granules of the granulocytic leukocytes
deteriorates rapidly in vitro. It is, therefore, necessary to use fresh blood in making the

preparation.

(2) Smears should be prepared within one hour of obtaining the specimen
and stained within three hours after they are prepared.
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(3) The monocyte is thought to be slightly peroxidase positive through the
phagocytization of peroxidase positive granules of ruptured cells.

(4) Myeloblasts can show weak peroxidase activity using this method.

(5) Addition of 4.9 mg of sodium cyanide to the stain inhibits peroxidase
activity in all granulocytes except eosinophils.

(6) If greater nuclear detail is required, counter stain with laqueous cresyl
violet acetate for one minute or in freshly prepared Giemsa stain for 10 minutes.

(7) Giemsa stain is prepared as follows: Mix 3.8 g Giemsa stain powder
and 200 ml glycerin. Incubate at 60°C for two hours. Add 312 ml absolute methanol;
dilute the staining solution 1:10 with 5 sodium carbonate before use.

1-10. LEUKOCYTE ALKALINE PHOSPHATASE

a. Principle. Blood smears are fixed and stained for alkaline phosphatase
activity.

b. Scoring.

(1) Count two slides (100 cells per slide) on each patient, rating the
segmented neutrophils according to how much black staining of the granules is
observed. If no staining is noted, the rating is O; if slight black staining is noted, the
rating is 1+, if a medium amount of black staining is noted, the rating is 2+, if a heavy
amount of dark black staining is observed, the rating is 3+, and if there is heavy black
staining covering all the cytoplasm, the rating is 4+.

(2) After 100 cells per slide are rated, figure the score-giving cells counted
as 0--no score; cells rated as 1+ get a score of 1 each; cells rated as 2+ get a score of 2
each, etc.

(3) Report the total number of cells, giving their ratings and score. Report
the total score for each individual slide. Average the two total scores and report the
average. Also, always report the normal score range.

c. Discussion.

(1) Patients with infections, polycythemia, and myeloproliferative disorders
demonstrate increased alkaline phosphatase activity.

(2) In patients with acute or chronic granulocytic leukemia, alkaline
phosphatase activity is decreased.
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d. Normal Values. Scores of 13 to 130 have been obtained in healthy adults.
However, the attending physician should interpret whether values are normal or
abnormal.

1-11. HEINZ-BODY STAIN

a. Principle. Blood is mixed with methyl violet solution and a smear is
prepared. Heinz-bodies stained with methyl violet are purple, round or oval granules,
one-two microns in diameter within the erythrocytes.

b. Interpretation. Iron granules present in erythrocytes stain blue.

c. Discussion.

(1) Heinz-bodies are invisible in Wright-stained preparation.

(2) They can be observed in reticulocyte preparations and by the use of
phase microscopy.

(3) Heinz-bodies are thought to be denatured hemoglobin. They are usually
demonstrated in hemolytic anemias caused by toxic agents, including vegetable and
animal poisons.

1-12. SIDEROCYTE STAIN

a. Principle. Siderocytes are erythrocytes containing iron granules. The
granules are blue when stained with Prussian blue.

b. Interpretation. Iron granules present in erythrocytes stain blue.
c. Discussion.

(1) Siderocytes occur in several anemias, lead poisoning, and after
splenectomy.

(2) On Wright-stained preparation, the granules are bluish-purple and are
called Pappenheimer bodies.

Continue with Exercises
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EXERCISES, LESSON 1
INSTRUCTIONS: Answer the following exercises by marking the lettered response that
best answers the exercise, by completing the incomplete statement, or by writing the
answer in the space provided at the end of the exercise.

After you have completed all of the exercises, turn to "Solutions to Exercises" at

the end of the lesson and check your answers. For each exercise answered incorrectly,
reread the material referenced with the solution.

1. A critical examination of a stained blood smear includes the differential count that
quantitates the three types of:
a. Thrombocytes.
b. Granulocytes.
c. Lympocytes.

d. Leukocytes.

2. Which area of the blood smear is used for the differential leukocyte count?
a. Thin end.
b. Thick end.
c. Inner portion.
d. Peripheral area.

3. The objective lens is used to perform the differential leukocyte
count.

a. 10X (low power).
b. 40X (high power).

c. 100X (oil immersion).
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4. When nucleated erythrocytes are located on a blood smear, they are reported by
the counted.

a. Number per 100 leukocytes.
b. Number per 100 erythrocytes.
c. Percentage of all leukocytes.
d. Percentage of all erythrocytes.

5. What is the normal average number of thrombocytes counted per oil immersion
field when performing a qualitative platelet evaluation of a blood smear?

a. 0-2.
b. 4-6.
c. 6-8
d. 8-10.

6. Which test is indicated when the amount of thrombocytes appear to be decreasing
significantly on an oil immersion field blood smear?

a. Rosettes.
b. Alkali denaturation.
c. Clot retraction.
d. pH acid.
7.  Which white blood cells are counted as part of the 100 in a differential leukocyte
count and reported in a separate category in percent?
a. Immature leukocyte.
b. Ruptured leukocyte.
c. Fragmented leukocyte.

d. Degenerated leukocyte.
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8. A cell with a nuclear mass twice as great as the cytoplasmic mass would have an

N:C ratio of:
a. 1:2.
b. 2:3.
c. 1:1.
d. 2:1.

9. What has the second highest value in the normal differential count?

a. Monocytes.
b. Eosinophils.
c. Lymphocytes.
d. Segmented neutrophils.
e. Neutrophilic band cells.

10. The myeloid-erythroid (M:E) ratio of the bone marrow is the ratio of the
granulocytic white blood cells to the:
a. Red blood cells.
b. Mature red blood cells.
c. Nucleated red blood cells.

d. Bone marrow cells other than granulocytes.

11. The bone marrow study should be accompanied by a:
a. Hematocrit.
b. Red blood cell count.
c. Peripheral blood evaluation.

d. Total white blood cell count.
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12. What is the normal M:E (myeloid-erythroid) ratio of the bone marrow?

a. 1:1.

b. 2:1to 3:1.
c. 3:1to4:.
d. 41to7:1.

13. The hematocrit and the RBC count are needed to calculate the:

a. MCV.
b. MCH.
c. MCHC.

14. When calculating the MCV in femtoliters, what is the divisor after multiplying the
hemotocrit and 107?

a. RBC count (millions).

b. Hematocrit (percent).

c. WBC count (thousands).

d. Hemoglobin concentration (g/dl).

15. What is the MCV if the hematocrit is 44 percent, the RBC count is 5.2 million per
cu mm, and the hemoglobin concentration is 14 g/dI?

a. 1.21l.
b. 8.5f1l.
c. 121l
d. 85fl.
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16. What is the MCV if the hematocrit is 36 percent. the RBC is 4.6 million per cu mm,
and the hemoglobin concentration is 11 g/dI?

a. 1.2f1lL.
b. 78fl.

c. 1181l
d. 783fl.

17. The RBC count and the hemoglobin concentration are needed to calculate the:

a. MCV.
b. MCH.
c. MCHC.
18. To calculate the MCH in micromicrograms, the is multiplied by to 10.

a. RBC count (millions).
b. WBC count (thousands).
c. Hematocrit (percent).
d. Hemoglobin concentration (g/dl).
19. If the hematocrit is 44 percent, the RBC is 5.2 million per cu mm, and the
hemoglobin concentration is 14 g/dl, what is the MCH?
a. 12 micromicrograms.
b. 27 micromicrograms.
c. 37 micromicrograms.

d. 85 micromicrograms.
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20.

21.

22.

If the hematocrit is 36 percent, the RBC is 4.6 million per cu mm, and the
hemoglobin concentration is 11 g/dl, what is the MCH?

a. 24 micromicrograms.
b. 31 micromicrograms.
c. 33 micromicrograms.
d. 1/2 micromicrogram.
To calculate the MCHC, is multiplied by 100, then divided

by the Hemocrit. The result equals the percent of hemoglobin in the average
RBC.

a. RBC count (millions).

b. WBC count (thousands).

c. Hematocrit (percent).

d. Hemoglobin concentration (g/dl).

If the hematocrit is 44 percent, the RBC is 5.2 million per cu mm, and the
hemoglobin concentration is 14 g/dl, what is the MCHC?

a. 12 percent.

b. 27 percent.

c. 32 percent.

d. 37 percent.
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23.

24.

25.

26.

If the hematocrit is 36percelt, the RBC is 4.6 million per cu mm, and the
hemoglobin concentration is 11 g/dl, what is the MCHC?

a. 24 percent.
b. 31 percent.
c. 33 percent.

d. 42 percent.

A mean corpuscular volume below 80 fl indicates that the erythrocytes are:
a. Macrocytic.

b. Normocytic.

c. Microcytic.

d. Megaloblastic.

The maximum value for the is included in its normal range.
a. MCV.

b. MCH.

c. MCHC.

The normal range for the mean corpuscular volume of an erythrocyte is
approximately:

a. 62to82fl.
b. 70 to 80 fl.
c. 80to97fl
d. 90 to 100 fl.
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27. The osmotic fragility of erythrocytes is increased in:
a. Thalassemia major.
b. Sickle cell anemia.
c. Iron deficiency (hypochromic) anemia.
d. Congenital spherocytic (hemolytic) anemia.
28. When the osmotic fragility test is performed visually, the salt concentrations are
recorded for the two tubes that show:
a. 0 percent and 50 percent hemolysis.
b. 0 percent and 100 percent hemolysis.
c. Least and greatest hemolysis.

d. Initial hemolysis and first complete hemolysis.

29. What is the normal percentage of hemolysis in 0.55 percent saline?
a. 0 percent.
b. 40 percent.
c. 65 percent.

d. 100 percent.

30. The Ham test is positive in:
a. Polycythemia.
b. Paroxysmal nocturnal hemoglobinuria.
c. Chronic lymphocytic leukemia.

d. All hemoglobinopathies.
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31.

32.

33.

34.

Erythrocytes in paroxysmal nocturnal hemoglobinuria lyse easily in serum which is
slightly:

a. Basic.

b. Acidic.

c. Hypotonic.
d. Hypertonic.

A false-positive Ham test may occur in:

a. Sickle cell anemia.

b. Congenital spherocytic anemia.

c. Severe iron deficiency anemia.

d. Paroxysmal nocturnal hemoglobinuria.

When demonstrating "L.D." cells, which of the following has degenerative nuclear
material that attracts phagocytic cells, particular segmented neutrophis?

a. Jaundice.

b. Leukemia.

c. Lupus erythematossus.

d. Pernicious amenia.

Which method is used to determine L.E. cell and antinuclear antibodies with a
75 to 80 percent accuracy rate?

a. Rotary bead.

b. Fluorescent antibody.

c. aandb.

d. None of the above.
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35. Lupus erythematosus is:

A chronic, sometimes fatal, disease of unknown etiology.

A regular skin eruption across the nose and mouth (butterfly rash), with
arthritis that can be accompanied by various visceral manifestations.

A rash, which is sometimes not present. Diagnosis depends on demonstration
of the L.E. cell.

Sometimes not diagnosed early because the early symptoms do not appear
after intense exposure to sunlight.

36. Which statement is correct for the erythrocyte osmotic fragility test?

a.

In hypertonic salt solutions, erythrocytes take up water, swell to a spheroid
shape and burst.

In congenital spherocytic anemia, the WBCs with defective structure, will more
rapidly rupture at salt concentrations closer to isotonicity (0.85 percent).

The RBCs cells thus show an increased osmotic fragility. In contrast, the flat
or thin but otherwise normal red cells of hypochromic anemia show a
decreased osmotic fragility and do not hemolyze until lower salt concentrations
are reached.

When hemolysis begins within the normal range of the prepared solutions or
when intermediate dilutions are desired, the additional dilutions are readily
prepared using the 1 percent sodium chloride stock solution.

37. Which statement is correct for the erythrocyte osmotic fragility test?

a.
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When the results of the fragility test are normal, one procedure is immediately
followed to enhance any latent abnormality in fragility.

Incubate samples of defibrinated blood (control and patient's) at 37°C for 24
hours under sterile conditions and controlled pH (7.35 to 7.50).

The test does not need to be performed.

Increases in pH decrease osmotic fragility. The reagents are buffered to
maintain a constant pH of 7.35 to 7.50.

1-25



38. Which statement is correct for the erythrocyte osmotic fragility test?

a.

This test may also be run visually, with some sacrifice of accuracy, by allowing
the blood-saline dilutions to stand at 20°C for 45 minutes.

The tubes are then vigorously centrifuged (1,000 rpom for 3 minutes) and
observed for signs of initial and complete hemolysis.

A rich dark pink coloration of the supernatant fluid indicates initial hemolysis
and a cloudy red solution indicates complete hemolysis.

Salt free concentrations in these two tubes are noted and recorded.

The control does not have 