	
	Relative  # %
	     Absolute #
	Mean
	Ave. %

	Neutrophils
	40-70
	2,000-7,000
	W: 3,700, B: 3,400
	60

	Bands
	0-7
	0-700
	350
	4

	Lymphocytes
	20-49
	1,000-4,900
	2,500
	32

	Monocytes
	2-8
	100-800
	400
	5

	Eosinophils
	0-7
	0-700
	150
	2

	Basophiles
	0-1
	0-100
	30
	1


Hemo Lab I
Reaction to infection

1.  Neutrophilia

2.  Left shift

3.  Neutrophil toxicity

Abnormalities

Hyposegmentation (“Pince-Nez”)

1.  Pelger Huet (hereditary {Auto dom} anomaly); Benign.

2.  Pseudo Pelgar Huet (Acquired)

Hypersegmentation

1.  Hereditary (homozygous or heterozygous)


2.  Acuired (↓Folic acid or ↓Vitamin B-12 = megaloblastic anemia)

Adler-Reilly anomaly (huge toxic granules) from mucopolysaccharides

Chediak Hiyashi Syndrome: Autosomal Recessive, fused 1° and 2° granules = defective lysosomes; albinism.

May Hegglin anomaly: Autosomal Dominant; Dohle bodies (remnant RER), giant platelets, breathing problems.

Drumstick Nuclei: Usually in women with extra X chromosome.

Neutrophil Toxicity: Toxic granulation, Dohle bodies, degranulization/vacuolization.

Anti-coagulants

EDTA: (purple-top tubes): takes Ca+ out of plasma so plasminogen will not form.

Na Citrate (blue top tubes): forms Ca-citrate complexes to stop clotting.
Heparin inhibits thrombin

Double Oxylate (K+ and NH4 oxylate): forms insoluable Ca+ oxylate.

Isotonic Solution: keeps RBCs in tact

Hypotonic: cells will burst

Hypertonic: cells will shrink

How to Identify and Describe Cells

1.  Cell morphology: size, shape, color

2.  Nucleus morphology: chromatin fine/dense, N:C ratio

3.  Cytoplasm morphology: colors, granules

NBT ASSAY

Put one drop of blood on the control cover slip (NBT)

Put one drop on the test cover slip (PMA)

Put cover slips face up on their own labeled slides.

Place in humidified chamber.

Place in CO2 tissue culture incubator for 20 mins

Gently rinse with PBS

Put 20 μl of NBT solution on control slide

Put 20 μl of PMA –MBP on the test slide

Put back in the humidity chamber in the CO2 incubator.

Fix with methanol.

Stain with safranin.

Positive cells have dark blue deposits of formazan throughout cytosplasm.

Negatives are clear to pale blue cytoplasm.

Count 100 cells and record percentage of positives. (Normal = 99-100%)
Indicates presence of oxidase activity (respiratory burst) in cells.

CBC

For a screening procedure

To differentiate diseases with similar clinical picture

Indicative of the body’s response to infections

Monitors the response to therapy

During chemotherapy, monitors for BM depression.

Hemocytometer

Use the Unipette System

Remove pipette cover, puncture top of reservoir.

Fill pipette with capillary action

Place finger over top of overflow chamber.

With the other hand, sqeeze bottle to expel air.

Put the pipette in reservoir and release finger.

Squeeze and release chamber several times to rinse pipette, and invert several times.

After incubation period (couple minutes), convert it to a dropper.

Fill the hemocytometer

(# cells counted) x (Area of the grid used) x (Dilution) x (Depth of chamber)

How to count Platelets: 

Count them in the center square

Dilution factor = 100

Height of slide = 10

Counted Platelets x 100 x 10
         
    1

How to count WBCs

Use Turk’s fluid (lyses RBCs)
Count them on four corners of hematocytometer, take average.  

WBC TOTAL = WBC x 0.25 x 100 x 10 = Relative Number

Dilution factor = 100

Height of slide = 10

Counted WBC x 100 x 10
                   4

ABSOLUTE WBC = WBC Total x Relative (%)




  100

WBC ↓ in recurrent infections

WBC ↑ in severe infections and leukemoid reactions

Relative Number ( Absolute Number

Example:


Total WBC = 10,000


61% Lymphs

What’s the absolute number of lymphs?

61 x 10,000 (Total WBC)  = 6,100 (elevated)


    

100

Example:


Total WBC = 20,000


30% Neut (appears low)


66% Lymph


2% Monos


What’s the absolute number of neuts?



30 x 20,000 = 6,000 (normal)



     100

RBC Count

Use Hayem’s Diluting fluid (isotonic)
Count in the central square; count the four corners and the central one.

RBC TOTAL = RBC x 5 (area) x 200 (dilution) x 10 (depth)

Example

578 x 5 x 200 x 10 = 5.78 million

WRIGHT STAIN (p.24)
Methylene Blue (stains areas of metabolic activity)

Eosin: stains areas with no metabolic activity

Absolute menthanol (fixes cells)

Flood smear with Wright’s stain for 5 mins

Add an equal amount of diluted Giemsa to the slide.

Blow gently to mix both fluids until green sheen appears.

Leave for 10 mins

Rinse and dry.
Ames Hematek Slide Stainer

Has chambers for stain, buffer, and rinse solution

Hematology Lab II

HEMATOCRIT (Hct)

Simplest, most accurate screening test for anemia and PRV

Blood in capillary tube, pack end with clay and centrifuge.  

Read on Microcapillary Hematocrit Reader

Male: 42-52%

Female:  36-46%

↓RBC = Anemia

↑RBC = PRV (Polycythemia Ruba Vera)
CLASSIFICATION OF ACUTE MYELOGENOUS LEUKEMIA

M1-M2: AML (Acute Myeloblastic Leukemia): Mostly blasts and Auer rods

M3: APL (Acute Promyelocytic Leukemia): 

M4: AMMoL (Acute Myelomonocytic Leukemia)

M5: AMoL (Acute Monocytic Leukemia): Mostly monocytes and promonocytes

M7: MegL (Megakaryocytic Leukemia): has megakaryocytes = pre-platelets

RBC INDICES

Mean Corpuscular Volume (size of RBC)
MCV = Hct x 10                       Normocytic = 80-100 fl (femto liters)


RBC count

  Micro/macrocytic = less or more than above

Mean Corpuscular Hemoglobin (weight of Hgb)
MCH = Hgb x 10

  Normal = 27-31 pg (picograms)

RBC count

Mean Corpuscular Hemoglobin Concentration (color of RBC)
MCHC = Hgb x 100

  Normochromic = 32-36%

        Hct %

   Hypochromic = lower than normal

ANEMIAS

Normocytic-Normochromic

Microcytic-Hypochromic

Macrocytic-Normochromic

HEMOGLOBIN (Hgb): For monitoring anemia or leukemia

Add blood to Drabkin’s (cyanmethemoglobin) reagent (ferricyanide + KCN)

Drabkin’s reagent lyses RBCs to release Hgb

Place in spectrophotometer and measure

Hgb + ferricyanide ( oxidizes ( methemoglobin ( add KCN ( cyanmethemoglobin

Male: 14-18 g

Female: 12-16 g

LAP (LEUKOCYTE ALKALINE PHOSPHATASE)

Enables differentiation between types of leukemia

This is an enzyme found only in neutrophils (in their granules)

Mainly found in bands, metas, and especially in SEGS (increases with maturity of cell)

Low = CML, PNH (paroxysmal nocturnal hemaglobinuria), AML (variable), AMoL, IM
High = ALL, PRV, pregnancy, drugs, leukemoid, Hodgkin’s disease
Na α naphthol phosphate (substrate) + Diazonium salt (Fast Blue)

                                              ↓

    Hydrolysis of granules      ↓
LAP (enzyme) ↑pH
              Naphthol + Diazonium salt (Blue Granules)
Use fresh smear

FIX: formalin-methanol (30 seconds)

Rinse

STAIN: Fast Blue (30 mins)

Rinse

COUNTER STAIN: Mayers Hematoxylin

Rinse, dry, examine under 100x oil

Count first 100 cells (segs and bands only)

Rate each cell on the following scale:

0 colorless

1 slight positive, few granules

2 diffusely positive, moderate numbers of granules

3 strongly positive, many granules

4 very strong positive, very dark confluent granules.

Multiply number of colorless cells by 0

Multiply number of 1 cells by 1

Multiply number of 2 cells by 2

Multiply number of 3 cells by 3

Multiply number of 4 cells by 4

Add up totals of above.

Normal score: 14-70 (can be normal to 130)

Low = CML, AML (variable), AMoL, IM, PNH

Upper normal = leukemoid, pregnancy, ALL, PRV, Hodgkin’s disease

HEMATOLOGY LAB 3

SUDAN BLACK is lipid soluble, will stain lipids of granules dark black/brown (+).

It is used to ID MYELOCYTES (+) from LYMPHOCYTES (-).

Therefore, AML and CML will be (+) and ALL and CLL will be (-)

1.  Smear of blood on slide

2.  Fix in GLUTERALDEHYDE

3.  rinse in water

4.  SUDAN BLACK B stain (5 mins)

5.  Rinse with ETHANOL

6. Rinse with water

7.  Counter stain: HEMATOXYLIN (5 mins)

8.  Rinse, air dry

CLL has mostly mature B-Cell lymphocytes.  Their nucleus can have a CRACKED MUG appearance.  The size of the whole cell is just a bit bigger than a RBC.

ALL has B-Cell lymphoblasts, which are a larger cell than a lymphocyte.

MONOSPOT TEST:

Done with a kit, either with latex beads or without.

IM Hab can not be absorbed by GP kidney, but can be absorbed by Beef stroma.

It can agglutinate sheep and horse RBCs.

ESR (p.54)

When anemia is present, there are fewer RBCs, so they can fall downward in a tube faster, causing an increased EST.

Abnormally shaped RBCs won’t aggregate, they form rouleaux stacks.

WESTERGREN TECHNIQUE

Mix venous blood with anticoagulant EDTA.  

Pipette blood into the plastic vial up to the neck.

Place cap on plastic vial and poke a hole in the cap with the Westergren tube, and twist tube down into vial all the way until the blood rises by capillary action up the tube to the 0 line.  Set the whole device exactly upright into a Westergren sedimentation rack.  ESR results are read after one hour by how far down the RBCs have settled.
NORMAL ESR:  0-15mm/hr
STAGES OF MATURATION OF RBCs

Pronormoblast ( Basophilia normoblast ( polychromatophilic normoblast ( orthochromatic normoblast ( Polychromatic Erythrocyte ( Mature Erythrocyte.

(Instead of normoblast, could be promegaloblast, etc)

EASIER TERMINOLOGY FOR THE SAME PROCESS:

Rubriblast ( Prorubricyte ( Rubricyte ( Metarubricyte ( Polychromatic erythrocyte ( mature erythrocyte.

The first two stages are hard to differentiate; don’t have to know.  

The last two stages do not have a nucleus; it has been extruded.

The N: C is 4:1 until it is a Metarubricyte (orthochromatic normoblast), then it’s 1:1

The RBCs sizes start large and blue, and become smaller and pinker.

Nucleoli disappear by the third stage.

Polychromasia is graded +1, +2, etc.

COULTER COUNTER

Counts the number of red cells and white cells.

Based on size of cell and granularity of white cell, can differentiate neuts, lymphs, monos

Laser hits nucleus, light is deflected.

Turn the knob, and the mercury in the tube drops.  Vacuum goes on, pulls mercury and cells across electric gradient.  As a cell passes between the electrical current, there will be a voltage drop for each cell.  Can measure the size of the drop = volume of the cell measured.

Red blood cells get lysed, but not the nucleated RBCs; they show up as WBC.  So if it shows increased WBC, need to look at smear to make sure it’s accurate.

Hgb can be measured from lysed RBCs

MCV can be measured in voltage drop.

Therefore, the Hct can be determined.

MCV = X (10)             can solve for x = Hct
   
RBC

Coincidence: if more than one cell goes through at the same time, will be read as one cell.  How often this occurs is based on a mathematical table.

Need quality control (H, L, N) every few weeks.

HDN Hemolytic Disease of Newborn

This is a disease of the second child, where the RBCs are hemolysed.  The most common cause is Rh incompatibility of an Rh - mother and Rh + baby.

The mother’s immune system has never been exposed to Rh+.  If the baby’s cells get into her system, they are seen as foreign, and the mother makes anti-Rh antibodies.  If they cross the placenta, they will bind to the baby’s red cells, causing hemolytic anemia, ( release of Hgb ( breaks down to bilirubin ( liver converts it to bile ( stored in gall bladder ( released into small intestine to digest fat.

High bilirubin levels ( jaundice ( brain damage (kernicterus) ( maybe stillborn 

Bone Marrow tries to replace RBCs with ortho, poly, baso, and even a few pro’s.

Rhogam is concentrated anti-Rh antiserum, given to Rh – mother 48-72 hours after birth which will attach to the baby’s Rh+ red cells and lyse them before the mother can make antibodies which will attack the next child.  Otherwise, her IgG will readily cross the placenta.

Study Tips

Know the difference between AML and CML

Myelocytic is hard to id

AMoL and APL

Monocytes have opaque grey cytoplasm, with looser chromatin, like a brain.

Atypical lymphocytes have clear, see-through blue cytoplasm.  The nucleus shape might be odd.  Chromatin is more dense.

HEMATOLOGY LAB 4

SICKLE HEMOGLOBIN (Hgb S) DETERMINATION

SCREENING TESTS

1.  Microscopic Slide Test:  Blood drop on slide, add oxidizing reagent, read slide in one 


hour.  As you watch, the cells become sickled.

2.  Tube test: Put blood in tube with reagent.  See through = neg; Cloudy = positive

Sickle Hgb is less soluable (more turbid/cloudy) and therefore precipitates 

because of the hyperphosphate in the buffer.

CONFIRMATORY TEST

Hgb ELECTROPHORESIS (p.85)
This quantitates sickle.

It separates bands of proteins and can detect sickle cell Hgb, and identify Hgb variants.

It separates Hgb variants according to their net charge.  Sickle is slower than normal.

A hemosylate is prepared, a small quantity is placed on a cellulose acetate membrane or agarose gell between 2 electrodes and buffer (pH 8.6) and electrical current for 25 minutes.  Stain with PARAGON BLUE STAIN.  Compare Hgb varients’ migration with known controls.

HEMOGLOBIN ABNORMALITIES

Hgb A has α globin chain.

Hgb SS has valine instead of glutamic acid in amino acid chain

Hgb SC has lysine instead of glutamic acid in amino acid chain

Homozygous: inherited a gene from both parents

Heterozygous: inherited a gene from one parent.

Two heterozygous parents have a 1:4 chance of having a sick child.

1.  Qualitative: An amino acid is substituted.  Low O2 tension triggers an attack.


a)  Hgb SS = Sickle cell disease (Valine is substituted at aa-6)


b) Hgb AS = Sickle cell trait


c)  Hgb C Disease = Lysine is substituted at aa-6. See gold bar or clam shaped crystals.


d) Hgb SC Disease:  See sickle cells and glove or finger shaped cells
2.  Quantitative: The β chain has a reduced number of amino acids.


a)  Thalassemia Major: Anisocytosis (various sizes) and Poikilocytosis (various 



shapes).  Also see Microcytic-Hypochromic, and Polychromasia, Howell 



Jolly Bodies, Heinz bodies, spherocytes.


b)  Thalassemia Minor (not as few amino acids).  Can’t tell the difference on slide.

HDN: HEMOLYTIC DISEASE OF NEWBORN

1.  HDN due to Rh incompatibility

(Rh neg mother and Rh+ baby)

Anti-D (IgG) can cross placenta

2.  HDN due to ABO incompatibility


(Mom = O, baby = A, B, or AB)


Anti AγB can cross placenta

To stain fetal cells, take one drop of baby’s blood, add one drop New Methylene Blue.

Modified Kleihauer Betke Method of determining Fetal Hgb
Smear of Mom’s blood ( fix with 80% methanol ( rinse ( acid buffer (for elution) ( mom’s RCs elute (drain of color) while fetus RCs stay in tact ( rinse ( counterstain with Hematoxylin ( rinse ( dry.
Mom’s cells are pale = GHOST CELLS

Fetus cells stay dark

RED CELL MORPHOLOGY

RUBRABLAST: Large cell, large nucleus, dark blue cytoplasm
META: light cytoplasm, smaller nucleus.
POLYCHROMASIA RETICULOCYTE:  Large RBC, no nucleus, but bluish, not pink

HOW TO CORRECT WBC COUNT FOR NRBCs

Corrected WBC = WBC Count x 100
                                % NRBCs + 100

RETICULOCYTES

These are young, non-nucleated RBCs that still have cytoplasmic RNA and ribosomes which appear as blue granules, strands, or networks when stained with supravital stains.

Count 1000 cells, divide by 100 to get % reticulocytes.  These are only seen with supravital stain; without the stain, they are called a polychromatic cell

SUPRAVITAL STAINS

1.  Brilliant Cresyl Blue

2.  New Methylene Blue

RBC MORPHOLOGICAL ABNORMALITIES

Seen in Hereditary Spherocytosis, Ovalcytosis, and Stomatocytosis.

HEINZ BODIES

From ppt (denatured) Hgb (seen in Thalessemia and PKD)

Need Supravital stain: greenish golf-ball appearance.

PAPPENHEIMER BODIES (Siderosomes)
From ppt iron

HOWELL JOLLY BODIES

From DNA fragments (seen in B12, sickle cell [post-splenectomy] and Thalassemia)

Sign of possible liver disease.

SPHEROCYTES
Most hemolytic anemias have these.

ELLIPTOCYTES and OVALOCYTES

Seen in Hereditary Ovalcytosis
BASOPHILIC STIPPLING (tiny blue dots)

From ribosomes.  Seen in lead poisoning and Thalassemia.

TARGET CELLS

From Hgb and cholesterol.  Seen in liver disease, Sickle, Thalassemia.

SHCISTOCYTE


An RBC that has been torn in half.  Seen in Sickle, Thalassemia.
OTHER ANEMIAS

Iron Deficiency Anemia (Microcytic-Hypochromic Anemia)

Center is pale (more than 1/3 of cell)

May see a mixture of immature (bigger) cells that are compensating.

Treated iron Deficiency Anemia

Shows normal RBCs mixed in.

Megaloblastic Anemia

Need vitamin B12 and folic acid for DNA maturation.

Cells become macrocytic and oval shaped.

PMNs are hypersegmented.

Can also see cabot rings.

To determine size, must compare with a normal, small lymphocyte.  If bigger = macrocyte.
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