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10.110.1 The Body’s Lines of Defence
To appreciate the importance of the immune system, consider the story of David, the “boy
in the plastic bubble” (Figure 1). David Vetter was born in Texas on September 21, 1971.
He was the second son born to Carol Ann and David Vetter, Jr. The first son, also named
David, was born in 1970, but died at six months of severe combined immunodeficiency
(SCID) because his body was unable to produce the cells necessary to protect him from dis-
ease. The Vetters were told that a gene on the X chromosome caused SCID and that all
boys born to a mother with the mutation would have a 50/50 chance of having SCID.
However, the Vetters decided to try again. When their second son was born, he was placed
in a plastic bubble 10 seconds after birth.

David had to live in a virtually germ-free environment and, therefore, remained in a
plastic bubble for 12 years. People who came in contact with him had to take many pre-
cautions so that they would not infect him. Doctors hoped that they could cure SCID
with a bone marrow transplant—they believed that this would help David grow a new
immune system. On October 21, 1983, one month after his 12th birthday, David received
a bone marrow transplant from his sister, Katherine. She had a functioning immune
system, but the doctors did not know that her marrow contained the Epstein–Barr virus,
the virus that causes mononucleosis. Because David had no immune system, the virus grew
out of control into a type of cancer called Burkitt’s lymphoma. Knowing he was dying,
David removed himself from his bubble for the last few weeks of his life. He died on
February 22, 1984.

People are born with SCID even today, but the case of David Vetter is by far the most
famous. Doctors learned many things from David’s case. For instance, they now know
that viruses can cause cancer. SCID is now treated within the first three months after
birth with a bone marrow transplant that has been screened for pathogens. Infants who
receive this transplant have a greater than 95% chance of developing an immune system
that allows them to have a fairly normal life. Untreated children rarely live to age 2.

The human body must constantly defend itself against the many unwelcome intruders
it encounters in the air, in food, and in water. It must also deal with abnormal body cells
that sometimes turn into cancer. Three lines of defence have evolved to help resist infec-
tion and possible death from fatal illnesses. The first two lines of defence are consid-
ered nonspecific immune responses, meaning that they do not distinguish one microbe
from another. The third line of defence—the immune system—is a specific immune
response that reacts in specialized ways to various invaders. The specific immune response
will be discussed in section 10.2.

The First Line of Defence
The body’s first line of defence against foreign invaders is largely physical. Like a medieval
city that used walls and moats to defend against attack from outsiders, the skin and
mucous membranes defend against viral and bacterial invaders. Intact skin provides a
protective barrier that cannot normally be penetrated by bacteria or viruses. The skin
also has chemical defences in the form of acidic secretions, which keep it at a pH range
of 3 to 5, acidic enough to inhibit the growth of microbes. Lysozyme, an antimicrobial
enzyme secreted in human tears, saliva, mucous secretions, and perspiration, destroys
the cell walls of bacteria, killing them.

In the respiratory passage, invading microbes and foreign debris become trapped in
a layer of mucus or filtered by tiny hairlike structures called cilia (Figure 2). The cilia move

Figure 1
David, the “boy in the plastic
bubble,” had severe combined
immunodeficiency. 

pathogens disease-causing
organisms

The Skin Is the Largest Organ
The skin is the largest organ of the
body, accounting for as much as
15% of the body’s total mass. An area
no larger than a dime will contain
approximately 10 hairs, 15 oil glands,
3 blood vessels, 100 sweat glands,
and 200 neurons.
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in waves, sweeping particles toward the entrance where coughing can expel them.
Corrosive acids in the stomach and protein-digesting enzymes destroy most of the
invading microbes carried into the body with food.

The Second Line of Defence
A second line of defence can be mobilized if the invader takes up residence within the
body. Leukocytes, or white blood cells, are large opaque blood cells that may engulf
invading microbes or produce antibodies. White blood cells have a nucleus, making
them easily distinguishable from red blood cells. In fact, the shape and size of the nucleus,
along with the granules in the cytoplasm, can be used to identify different classes of
leukocytes. One class of leukocytes, called granulocytes, contains cytoplasmic granules.
Granulocytes are produced in the bone marrow. Agranulocytes are white blood cells that
do not have a granular cytoplasm. Agranulocytes are also produced in the bone marrow
but are modified in the lymph nodes.

The body’s nonspecific defence mechanisms rely mainly on the process of phagocy-
tosis, the ingestion of invading microbes by certain types of white blood cells. When a
foreign particle penetrates the skin through an injury, special leukocytes, known as
monocytes, migrate from the blood into the tissues, where they develop into macrophages
(meaning “big eaters”). The macrophages extend long protrusions, called pseudopods, that
attach to the surface of the invading microbe; the microbe is then engulfed and destroyed
by enzymes within the macrophage.

In another phagocytic response, white blood cells called neutrophils are attracted to
chemical signals given off by cells that have been damaged by microbes. In a process
called chemotaxis, the neutrophils squeeze out of capillaries and migrate toward the
infected tissue. The neutrophils then engulf the microbe and release lysosomal enzymes
that digest both the microbe and the leukocyte. The remaining fragments of protein,
dead white blood cells, and the digested invader are called pus. Tissue damage due to
physical injury also initiates a localized inflammatory response—a nonspecific immune
response resulting in swelling, redness, heat, and pain (Figure 3). Pus and accompanying
inflammation are sure signs that the second line of defence has been at work.

Section 10.1

Figure 2
Special cells in the lining of the
trachea produce a mucus that traps
microbes before they reach the
lungs. The cilia move mucus and
trapped microbes upward where
they can be expelled.

leukocytes white blood cells
that may engulf invading microbes
or produce antibodies

phagocytosis process by which
a white blood cell engulfs and
chemically destroys a microbe

macrophages phagocytic white
blood cells found in lymph nodes or
in the blood of the bone marrow,
spleen, and liver

inflammatory response localized
nonspecific response triggered
when tissue cells are injured by
bacteria or physical injury, charac-
terized by swelling, heat, redness,
and pain.
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(a) At the first sign of injury, chemical
signals are released by the foreign
invader. Other chemicals—histamines
and prostaglandins—are released by
the cells of the body. 

(b) Chemical signals cause the capillaries
to dilate, which results in increased
blood flow, and the permeability of
the capillaries increases. Injured cells
also release chemicals that attract
phagocytic cells and specialized white
blood cells. 

(c) Phagocytes engulf and digest the
invaders and cellular debris, which
promotes healing of the tissues.

Figure 3
Damage to tissue cells by bacteria or physical injury initiates a localized inflammatory response.
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How the body’s defences respond to a localized injury, such as a cut or a puncture, has
already been discussed. However, the body can respond with a system-wide defence to more
severe damage or infection. Injured cells emit chemicals that stimulate the production
of phagocytic white blood cells and increase their release into the bloodstream. Figure 4
summarizes the development of phagocytic white blood cells, red blood cells, and lym-
phocytes from the bone marrow. Bone marrow, the source of all blood cells, is found
chiefly in the inner, spongy part of the upper leg bone, upper arm bone, breastbone, and
shoulder blades. The role of lymphocytes will be discussed in section 10.2.

TRYTHIS activity Observing Phagocytosis

Protist models can be used to observe phagocytosis, as shown
in Figure 5.

Materials: prepared slide of amoeba, light microscope, medicine
dropper, slide, cover slip, live amoeba culture, live yeast culture

• Obtain a prepared slide of amoeba that shows phagocytosis,
and use a light microscope to look at it under high-power mag-
nification. Draw what you see. Label the extension of false feet
as “pseudopods” and indicate the food vacuole (if present).

• Using a medicine dropper, make a wet mount from a live
amoeba culture. Observe the movement of the amoeba.

• Remove the cover slip from the slide and use a medicine
dropper to add a drop from a live yeast culture. Replace the
cover slip and observe for phagocytosis.
(a) Describe the movement of the amoeba.
(b) Describe the process of phagocytosis.

Figure 5
The macrophage has
long, sticky extensions
of cytoplasm that draw
bacteria toward the
macrophage. Once the
bacteria come in contact
with the macrophage,
they are engulfed and
destroyed.

Figure 4
Blood cells are formed in the
bone marrow and released into
the bloodstream. Two classes of
white blood cells are shown in this
illustration. Granulocytes include
eosinophils, basophils, and neu-
trophils. Agranulocytes include
monocytes and lymphocytes. 
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Section 10.1

Diagnosing Disease by
Examining Blood Cells (p. 492)
In this activity, you will look at
prepared slides of blood to identify
different types of white blood cells.
How are changes in white blood cell
counts used as clues to diagnose
disease?

ACTIVITY 10.1.1

• Skin and mucous membranes provide physical barriers that prevent most infec-
tious organisms from entering the body.

• Leukocytes (white blood cells), produced in the bone marrow, fight infection in a
variety of ways.

• Phagocytosis of invading microbes is one of the main methods used by certain
leukocytes to combat infection.

• Tissue damage due to physical injury initiates the inflammatory response, which
is a nonspecific immune response resulting in swelling, redness, heat, and pain.

The Body’s Lines of DefenceSUMMARY

A fever is another example of the body’s system-wide response to infection. When
infectious organisms spread throughout your body, such as when you have a cold or
flu, neutrophils and macrophages digest the invaders and release chemicals into your
bloodstream. When these chemicals reach your hypothalamus, they reset the body’s
thermostat to a higher temperature—about 40°C. The conditions in your system during
a fever make it difficult for harmful bacteria to survive; thus, the fever helps to prevent
the proliferation of the infectious organisms. Reducing your fever by taking aspirin may
actually prolong the infection. However, if your body temperature rises above 40°C, it
can be unsafe. For example, a fever of 41°C may cause convulsions, especially in young
children; human cells cannot survive above 43°C.

Section 10.1 Questions
Understanding Concepts

1. Using immunodeficiency diseases as an example, explain
why an immune system is important.

2. How do lysozymes protect the body against invading
microbes?

3. Outline protective mechanisms provided by the respiratory
tract and digestive tract.

4. How do monocytes protect against microbes?

5. Explain why the presence of swelling and pus at the site of
an injury are signs that the immune system is functioning.

Applying Inquiry Skills

6. The data in Table 1 were collected from three patients.
(a) Lead poisoning is characterized by a destruction of

bone marrow. Which patient would you suspect has
lead poisoning? Give your reasons.

(b) Predict which patient has a viral infection. Explain your
answer.

(c) Leukemia is a cancer characterized by a proliferation
of white blood cells. Which patient would you suspect
has leukemia? Give reasons for your response.

7. A patient displaying a high fever may be asked by the
physician to have blood tests done. One of these tests
would likely be a white blood cell count. Explain what an
abnormal result might indicate.

Making Connections

8. Compare your childhood with that of David Vetter. How
would your childhood have been different if you had an
immunodeficiency disease?

Table 1

Data Normal Patient X Patient Y Patient Z
values

red blood 5 � 106/µL 2 � 106/µL 2.5 � 106/µL 5.1 � 106/µL
cell count

white blood 7000/µL 3000/µL 10 000/µL 15 000/µL
cell count

body 37°C 37°C 36.5°C 39°C
temperature


