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1.2 A Fluid Tissue
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Blood: A Fluid Tissue

Blood has been considered the essence of life for
centuries. Since the invention of the microscope, the
cellular elements of the blood have become an
increasingly important part of modern medicine.
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Though we don’t often think of blood as a tissue, it is
a circulating fluid tissue. It is pumped by the heart
and circulates through the body in the vascular system.
Blood is in close contact with almost every cell in the
body, so it is often a reflection of many things going
on in the body. Since blood is easier to access than an
organ in the body, we often look at blood to see what
is happening in other tissues and organs in the body.

Click here to read the learning objectives.





1.3 Hematology
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Hematology

Hematology is the study of the O VO . O Q
cellular elements of the blood and O
the blood forming organs like the

0 800"
bone marrow. It involves both the O O O
study of the number of these O 20
€20 o

cellular elements that are present
and what these cellular elements *’ O

look like. o Q O O ()
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1.4 How Much Blood
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How Much Blood?

In an average adult, blood makes up
about 6-8% of their total body weight.
This works out to be about 5-6 liters of
blood, or the equivalent of three 2 liter
soda pop bottles, which is about one
and a half gallons. The tubes used to
collect blood usually hold one or two
teaspoons of blood, so when a few
tubes are collected from a patient, it is
not a significant blood loss.
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1.5 Blood Cells
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Blood Cells

There are three main types of normal blood cells and

cellular elements in the blood. Red blood cells, also K

called erythrocytes, do not have a nucleus and are

essentially bags filled with hemoglobin. Hemoglobin is j

the protein that gives red blood cells their red color and Red blogd cells

carries oxygen to the tissues and organs of the body. X

They also remove some waste products from the tissues

and carry them to the lungs and kidneys. The second ) W"‘f’ gl “\ -
< lat

type of blood cells are the white blood cells, also

known as leukocytes. These cells are involved in the -
body's defense against invading micro organisms, such W' v

as viruses and bacteria. The third type are the platelets. L [
Platelets are not actually cells, but are pieces of a larger

cell that have broken off. Platelets are involved in the

clotting mechanism and help stop the loss of blood.
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1.6 Blood Coagulation
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Blood Coagulation

Blood that is drawn into an empty
tube begins to coagulate or clot
within a few seconds because when
the blood comes in contact with air
and the glass of the tube, the
coagulation system is activated. The
clot that forms contains the cellular
elements of the blood enmeshed in
clotting proteins. The remaining
liquid portion is called serum.

tory Sciences
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1.7 Anticoagulants
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Blood with Anticoagulants

The blood circulating in the blood vessels, or blood which

has been collected in a tube containing an anticoagulant,

should not contain any clots. An anticoagulantis a |
o
P

chemical that prevents the blood specimen from clotting.
The liquid portion of blood that has not coagulated or
clotted is called plasma. Plasma differs from serum in that
it still contains all of the coagulation proteins. When
blood is circulating through the body, the blood cells are
suspended in the liquid plasma.

Plasma (usually hazy)

7

If a tube of blood is spun in a centrifuge, the cells will P a"""cw‘?mm:rm’mm cells
separate into the layers shown in the image here. The z
Red blood cells

red blood cells are the heaviest, so they go to the bottom
of the tube. The white blood cells and platelets will form
a thin layer above the red blood cells. This layer is called
the buffy coat. The plasma remains above these cellular

layers.





1.8 Blood Comparisons
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Blood Comparisons

Normally, about 55% of the blood volume is
the liquid plasma, and the different types of
cells make up the remaining 45%.
Determining this percentage is one of the tests
a medical laboratory scientist performs in the
clinical laboratory.

You will notice that there are different normal
values for males and females. This is because
males produce androgens, which stimulate red
blood cell production, so they normally have
more red blood cells than females. You can
also see that there are a lot more red blood
cells than white blood cells and platelets in the
body.
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Plasma  Males ~ 52%
Females ~ 56%

Buffy coat ~1%

Red blood cells ~ Males ~47%
Females ~ 43%





1.9 Phlebotomy
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Phlebotomy

Most people will have a blood sample
taken when they go to their doctor for a
routine physical examination. This blood
is usually obtained in one of two ways.
When blood is obtained by
venipuncture, a needle is inserted into a
vein, usually in a person’s arm. Blood can
also be obtained by a method called
capillary puncture. In this method, the
person’s finger is pricked with a tiny
blade called a lancet.





1.10 Phlebotomy Equipment
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Phlebotomy Equipment

This is the equipment that is needed in order to perform a venipuncture:
A tourniquet slows down blood flow in the vein, which makes it easier to observe and feel the vein.
A holder will hold a two-way needle.

The needle has a point on each end. One point will go into
the patient’s arm, and the other will go into the tube that
will hold the blood. The needle has a safety guard to
prevent the phlebotomist from accidentally sticking
themselves with the needle.

Alcohol wipes are used to kill the bacteria present on the patient’s skin.

The blood tubes contain a vacuum that helps draw the correct amount of blood into the tube when the
tube is pushed onto the needle in the holder.

Gauze and a bandage are needed when the venipuncture has been completed.
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1.11 Knowledge Check

 (Drag and Drop, 10 points, 1 attempt permitted)
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ion to Hematology

Introd

Knowledge Check: Drag and drop each cell’s
function within the body (on left) to the
matching cell (on right).
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1.12 Hematology Tests
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on to Hematology Medical

Hematology Tests

Once the blood is drawn, it is usually evaluated in the
hematology laboratory both quantitatively and - :
aualitatively: Quantitative
Quantitative analysis of blood involves determining how
much of something is present. For instance, how many red
blood cells does the patient have in their blood? Some of
the quantitative measurements performed on blood include
number of red blood cells, number of white blood cells, H H
number of platelets, concentration of hemoglobin and Qua“tatlve
average volume of individual red blood cells.

Qualitative analysis of blood involves determining the types

of blood cells present and what they look like. For example,

are the red blood cells of a normal shape, or are they sickle V
shaped? Some of the qualitative analyses on blood include

percentages of the different types of white blood cells,

morphology (size, shape and color) of red blood cells, size of

platelets and presence of parasites.

);
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1.13 Cell Counters
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Cell Counters

To determine how many blood cells a person has, the
blood is usually placed on an instrument in the
clinical laboratory. This instrument will differentiate
the red blood cells, the white blood cells, and
platelets. It will also count the number of each of
these types of cellular components present in a given
volume of blood.

It is the responsibility of the medical laboratory
scientist to make sure the instrument is functioning ‘Automated hematology instrument used for cell counting
correctly and producing accurate results. With

modern instruments, many quantitative results can

be reported in a matter of minutes.





1.14 Hemacytometers
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Hemacytometers

Occasionally, the cells will be counted by hand on
a microscope. When this needs to be done, the
blood is diluted and placed in a chamber that has
lines on it. The chamber is called a
hemacytometer. The number of cells within the
squares in the chamber are then counted. The
area within the chamber is known, so the number
of cells in a particular volume of blood can then
be determined. Counting cells by hand is not as
accurate as using automated instrumentation to
count them, and this is rarely done using blood in
the clinical laboratory. However, cells in other Diluted red blood cells as
body fluids are often counted using this method. viewed on a hemacytometer





1.15 Cell Counts
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Cell Counts

Regardless of whether cells are counted in a hemacytometer or by
an instrument, the results for the number of cells are usually

reported as the number of cells present in a liter of blood. Red Reference Intervals
blood cells are reported as a number times 10'%/L, which is the
number of trillions of cells per liter. White blood cells and platelets Leukocyte Count

are reported as a number times 102, which is the number of billions 4,000 - 11.000/uL or 4.0 - 11.0 x 10"/L.

of cells per liter of blood. Remember, there are fewer white blood

= Ervihroeyte C
cells and platelets than there are red blood cells in the body. throeyte Count

Males 4,600,000 - 6,200,000/uL. or
. 4.6-62x 1071
Once the blood cells have been counted, the patient's results are

compared to normal values obtained from healthy individuals. Females 4,200,000 - 5.400.000/uL or
These normal results are called reference intervals. Reference 42:54X10%L
intervals are a range of values found in 95% of healthy people.
Listed are the reference intervals for adults. Children of various ages
will have their own reference intervals.

Platelet Count
140,000 - 400.000/uL or 140 - 400 x 10°/L.

Again, you will notice that males have higher values for red blood
cells than females. This is because males produce androgens that
stimulate red blood cell production.





1.16 Hematocrit
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Hematocrit

Another quantitative test performed in the hematology laboratory is
a hematocrit. The hematocrit is used to determine the percentage of
the blood that consists of the red blood cells.

To perform this test, a sample of the blood is placed in a small
capillary tube, then placed in clay so that the clay seals one end of
the tube. The tube is then placed in a specialized centrifuge and
spun to bring all of the red blood cells down to one end of the tube.

You may notice in the bottom picture that the plasma in the first
capillary tube is pale yellow while the plasma in the capillary tubes to
the right are darker or more orange in color. This suggests that
bilirubin, a highly colored compound, is present in the plasma, and
the patient may have liver damage, possibly due to infectious
hepatitis. Although plasma from a patient with infectious hepatitis
can have this visible characteristic, most infectious blood borne
diseases do not demonstrate obvious signs. For this reason, all
patient specimens must be handled as though they are potentially
infectious.
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1.17 Reading Hematocrits
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Reading Hematocrits

The capillary tube is then read on a scale that compares the total
volume of blood in the tube with packed red cell volume. The tube is
placed so the top of the clay (A) that was inserted in the tube is at the
zero mark. This way, only the volume of the blood is being measured,
and not the volume of the clay. Next, the tube is moved along the
graph so that the top of the plasma (B) is at the 100% mark on the
angled line. The distance between A and B is the total blood volume
that was placed in the tube, or 100%. Did you notice that the
volumes in the tubes shown in photo D on the last screen were slightly
different? Using scales like the one shown here allow these
differences in blood volumes to be taken into account, so the
hematocrit value will be accurate, even if the total volume in each
tube is different. The hematocrit, or percentage of red blood cells in
the blood, is read on the scale at the top of the packed red cells (C).
For this sample, the hematocrit would be reported as 41%.

Males normally have higher hematocrits than females, because they
have more red blood cells.





1.18 Hemoglobin Concentration
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Hemoglobin Concentration

Another quantitative test that is performed in the
hematology laboratory is the hemoglobin concentration.

The amount of hemoglobin contained in the red blood cells
is important because the more hemoglobin present, the more
oxygen that can reach the cells and tissues.

The amount of hemoglobin present can be measured on a
large instrument in the clinical laboratory or on a smaller
instrument like the one pictured here. For the instrument
shown here, the blood is collected into a clear holder called a
cuvette. To measure the hemoglobin, the red blood cells are
lysed, or broken open, so the hemoglobin is released into the
solution. The hemoglobin is then converted to a chemical
form that can be read by the instrument. The result is then
reported on the display screen.





1.19 Knowledge Check
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In the clinical laboratory, the red blood cell count is reported as

A. thousands of red blood cells per liter of blood
. B. millions of red blood cells per liter of blood

C. billions of red blood cells per liter of blood

D. trillions of red blood cells per liter of blood
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1.20 Qualitative Tests
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Qualitative Tests

To perform qualitative tests, the medical laboratory scientist
must be able to look at the blood cells. Most qualitative tests
in hematology are performed using a light microscope.

The medical laboratory scientist will look at the size and
shape of the red blood cells, platelets, and the kinds of white
blood cells that are present.

There are five types of normal white blood cells that are
observed in blood - neutrophils, lymphocytes, monocytes,
eosinophils and basophils.

These cells are made in the bone marrow or thymus. They
then travel via the peripheral blood to the tissues of the body.
Many of their functions take place in the tissues.





1.21 Staining Blood Slides
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Staining Blood Slides

To distinguish the features of the different types of blood cells, a drop of the blood is
placed on a glass slide (A) and spread so the cells are just one layer thick (B). The blood
smear is then stained (C) so the individual cells are easier to identify.

C





1.22 Neutrophils
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The Neutrophil

The neutrophil is the most common white blood cell
observed in normal blood. About 50-72% of normal
white cells are neutrophils.

Neutrophils are distinguished by a segmented nucleus.
The background of the cell is a pink and purple color,
due to specific granules in the cytoplasm. The cell is at
least twice the size of a red blood cell.

Neutrophils are an important part of the body’s
immune system and the defense against infection.
Neutrophils move to the site of infection to engulf and
destroy invading microorganisms.
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1.23 Lymphocytes
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The Lymphocyte

The next most common white blood cell in the
peripheral blood is the lymphocyte. About 28-42%
of the normal white blood cells are lymphocytes.

Lymphocytes are distinguished by a smooth nucleus
and clear cytoplasm. Once they become activated
by an antigen, they can take on many forms.

Lymphocytes are important in immune response.
They recognize and react with antigens, produce
antibodies and provide long-lasting immunity.
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1.24 Monocytes
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The Monocyte

Monocytes are the third most prevalent white
blood cell in the peripheral blood. About 5-9% of
the cells are monocytes.

Monocytes are large cells with blue-gray
cytoplasm. They are the largest mature cell in the
peripheral blood. The nucleus is often folded or
horseshoe-shaped.

Monocytes are important in the removal of other
cells after their death and in fighting infections.





1.25 Eosinophils
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The Eosinophil

Eosinophils are about 1-5% of the white blood
cells in the peripheral blood. They often have
bi-lobed nuclei (one nucleus divided into two
main parts) and are distinguished by large red-
orange granules in their cytoplasm. These red-
orange granules contain enzymes such as
peroxidase.

Eosinophils are important in the immune
defense mechanism against invading parasites.
Eosinophils attach to the parasite and release
the granules' enzymes. These enzymes, some
of which are neurotoxins, act to destroy the
parasite.





1.26 Basophils
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The Basophil

Basophils are the rarest cells in the peripheral
blood. Just 0-2% of the white blood cells are
basophils. They are distinguished by dark,
irregular blue-purple granules in the cytoplasm.

Basophils are mediators of inflammatory
responses and play a role in allergic reactions.





1.27 Red Blood Cells
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Red Blood Cells

The morphology or shape of red blood cells must also be observed. The shape of a red cell can be a
large clue as to the disease a patient may have. Target cells are common when the hemoglobin
molecule is abnormal. Echinocytes are red blood cells that appear to have spikes sticking out of them.
These may indicate the patient has kidney disease. Sickle cells can be seen in patients that have sickle
cell anemia. Sickle cell disease occurs when the patient has an abnormal hemoglobin called
hemoglobin S. Notice that there are also target cells present with the sickle cells. Tear drop red blood
cells are found in some cancers.
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1.28 Complete Blood Count
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The Complete Blood Count (CBC)

o
A frequent combination of tests ordered in hematology is the -
complete blood count or CBC. The CBC includes:

+ White blood cell count - a measurement of the body's ability to
fight infection

+ Red blood cell count - a measurement of the blood's oxygen
carrying capacity

+ Hemoglobin concentration - a measurement of the blood's
oxygen carrying capacity

+ Hematocrit - percentage of red blood cells in blood volume

« Platelet count - a measurement of the body's ability to prevent
or stop bleeding

+ Morphologic evaluation and WBC differential - used to evaluate
a number of pathologic conditionals.

RBC Pt

The image shown on the right is an example of how the results
are provided by the automated hematology instruments.





1.29 Knowledge Check
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A red blood cell that is long and thin with two pointed ends
is called a:

A.target cell
B. echinocyte

C. sickle cell

D. tear drop cell

ck Answer





1.30 Case Studies
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Case Studies

In this section, we will look at
three different patients and
the hematology laboratory's
role in the diagnosis and
treatment of their diseases.
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1.31 Case Study #1
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Case Study #1 - Iron Deficiency

This is a 20 month old male. He was fed only
milk through the first year of life. His
mother thought solids were too messy and
took too much time to feed. He had been
hospitalized one other time at 8 months
when he was given iron and vitamin
supplements. This time he was admitted
because he was pale and tired. His
hemoglobin was 4.6 g/dL, which was
abnormally low. Normal hemoglobin values
are 12-16 g/dL.





1.32 Iron Deficiency
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Case Study #1 - Iron Deficiency

Normally, the center of the red blood cell is pale, and this pale area is approximately one
third of the overall cell. Look at the red blood cells seen in this patient's blood (labeled
Case #1). Note the very pale cells, some of which show only a small ring of hemoglobin
along the outer edge of the cell. This is due to the lack of hemoglobin, which gives the cells

their pink color. Case #1
(Iron Deficiency Anemia)

Normal Case #1





1.33 Diagnosis #1
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Case Study #1 - Iron Deficiency Anemia

If you do not have iron, you cannot make
hemoglobin and cannot carry enough oxygen to
the tissues. This can lead to congestive heart
failure as the heart tries even harder to pump
more oxygen to the tissues. It can also lead to
growth retardation.

It was determined this patient was not getting
enough iron in his diet. He was given iron and
vitamins again and kept in the hospital until his
hemoglobin was 10.5 g/dL. His hemoglobin
never fully corrected into the reference range,
probably because he was deprived of nutrients
at a critical time in his life.





1.34 Case Study #2
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Case Study #2 -
Chronic Myelogenous Leukemia (CML)

The patient in the second case study is a
22 year old female high school teacher.
She had gone to her local medical doctor
for a routine physical, and had not
noticed any symptoms of illness.
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1.35 Chronic Leukemia
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Case Study #2 - Chronic Myelogenous Leukemia (CML)

When the medical laboratory scientist looked at the slide of this patient's blood, there were many
abnormal cells present. Normally, there are many more red blood cells in the field of view than white
blood cells. However, in this patient, the white blood cells occupied almost as much space as the red blood

cells. Her white blood cell count was 326 x 10%/L, which is at least 30 times the normal cell count (reference
intervals 4-11 x 10%/L). The majority of these cells were immature cells not usually seen in the blood. There

were also many basophils present, which are normally the rarest white blood cell seen. These are
characteristics of chronic myelogenous leukemia. In leukemia, one cell line proliferates over and over to

make many cells in that line. Inthr -~~~ ~* “é’a—sé“#z‘ hroni “+~~+is proliferating is the cell line that
produceshasophils: Myelogenous Leukemia
(CML)

Case #2
52
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1.36 Diagnosis #2
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Case Study #2 -
Chronic Myelogenous Leukemia (CML)

The patient was treated with chemotherapy, and
her white blood cell count returned to normal.
She was able to teach for two more years before
her leukemia returned. This time she did not
respond to treatment and she died.
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1.37 Case Study #3

[image: image37.jpg]Introduction to Hematology Medical Laboratory Sciences

4. Case Studies | Sections | About

Case Study #3 -
Acute Lymphocytic Leukemia (ALL)

The patient in the third case study is a 4 year
old female. She began complaining of
headaches and bone pain. Her mother also
noticed she was easily fatigued. When she
developed a fever, her mother decided to
bring her in for a doctor's visit.
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1.38 Acute Leukemia
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Case Study #3 - Acute Lymphocytic Leukemia (ALL)

Her physical exam showed swollen lymph nodes and an increased white blood cell count.
Her peripheral blood showed very young lymphocytes, which is typical of acute lymphocytic
leukemia. Acute lymphocytic leukemia is the most common leukemia seen in childhood.

‘ Normal vs ALL

' Normal





1.39 Diagnosis

[image: image39.jpg]Introduction to Hematology Medical Laboratory Sciences

4. Case Studies | Sections | About

Case Study #3 - Acute Lymphocytic Leukemia (ALL)

She was started on chemotherapy. She
went into remission in 14 days and her
counts all became normal. She is followed
as an outpatient and is still doing well.
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