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INFECTIOUS DISEASES
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BIO. 3.1.01.087 Identify ways in which microorganisms can be beneficial Information from text 3

Pathogens Cause Infectious Disease

What do a cold and athlete’s foot have in common? They are both examples of an
infectious disease. An infectious disease is a disease that is caused by a pathogen
passed from one organism to another, disrupting homeostasis in the organism’s body.
Agents called pathogens are the cause of infectious diseases. Some, but not all, types of
bacteria, viruses, prolozoans, fungi, and parasites are pathogens.

Many types of these organisms present in the world around us do not cause infectious
diseases. Your body benefits from organisms, such as certain types of bacteria and
protozoans, that normally live in your intestinal and reproductive tracts. Other bacteria
live on vour skin, especially in the shafts of vour hair follicles. These organisms keep
pathogens from thriving and multiplving on your body.

On the skin and in the shafts of hair follicles, In the reproductive tract, some bacteria maintain
some bacteria help protect against infection. reproductive health.

In the intestinal tract, some bacteria help in the
digestion of food.
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Past ministry exams

Which scientist established a method for determining whether a microorganism caused a
specific disease?

Koch
Hoake
hi=ndal

Sagan
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= BI0.3.1.01.087 Explain how Koch proved the germ theory correct Inf:’:a_:on fm‘_m rext 3-4

erm lheory and Koch's Experiments

)

t.|-

Before the invention of the microscope, people thought “something”™ passed from a sick
person o a well person to cause an illness. Then, scientists discovered microorganisms
and Louis Pasteur demonstrated that microorganisms from the air are able to grow in
nutrient solutions. With the knowledge gained from these and other discoveries,
doctors and scientists began to develop the germ theoryv. The germ theory states that
some microorganisms are pathogens. However, scienlisls were nol able to clearly
demonstrate this theory until Robert Koch developed his postulates.

Identification of the first disease pathogen

In the late 1800s, Robert Koch, a German physician, was studving anthrax
(AN thraks)—a deadly disease that affects cattle and sheep and can also affect people.

Koch isolated bacteria, like those in Figure 1, from the blood of
cattle that had died from anthrax. After growing the bacteria in
the laboratory, Koch injected the bacteria into healthy cattle.
These animals developed the disease anthrax. He then isolated
bacteria from the blood of newly infected cattle and grew the
bacteria in the laboratory. The characteristics of the two sets ol
cultures were identical, indicating that the same type of bacteria
caused the illness in both sets of cattle. Thus, Koch demonstrated
that the bacteria he originally isolated were the cause of anthrax.

E Get It?

Explain how Koch proved the germ theory comrect.

Color-Enhanced SEM Magn fication unaemlable

Figure 1 These rodiike bactesia cause
ihe disease anthrax
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Past ministry exams

The figure below represents the anthrax bacteria, which Koch isolated from
the cattle . After of the following is not one of the Koch's postulates?
The suspected pathogen must be isolated from the disease host in half the

cases of the disease
The suspected pathogen must be grown in pure culture on artificial media in

the laboratory
The suspected pathogen must cause the same disease when injected in a

healthy new host
The suspected pathogen must be isolated from the new host
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Past ministry exams

The figure below represents the anthrax bacteria, which Kech isclated from the cattle. After growing the bacteria in the

laboratory, he injected the bacteria in a healthy animal. Which of the following is not one of the Koch's postulates?

The suspected pathogen must be grown In pure culture on arlificial media in the laboratory

b.

The suspected pathogen must cause the same disease when injected in a healthy new host
C.

The suspected pathogen must be isolated from the new host
d.
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Information from text

BIO. 3.1.01.087 Discuss the role of reserveirs in disease dispersal Table 1 5
able

Spread of Disease

Although there are a large number of microorganisms, only a few cause disease. Some
might cause mild diseases, such as the common cold. Others cause serious diseases,
such as meningitis, an infection of the coverings of the brain and spinal cord. Table 1
lists some human infectious diseases. For a pathogen to spread, it must have both a
reservoir and a way to spread. A disease reservoir is a source of the pathogen in the
environment. Reservoirs might be animals, people, or inanimate objects, such as soil.

Human reservoirs

Humans are the main reservoir for pathogens that affect humans. Many pathogens
might be passed on Lo other hosts before the person even knows he or she has the
disease. An individual that is symptom-free but capable of passing the pathogen is
called a carrier. Pathogens that cause colds, the flu, and sexually transmitted diseases,

such as HIV, can be passed on without the person knowing he or she is infected.

Animal reservoirs

Other animals also are reservoirs of pathogens that can be passed to humans. Influenza
and rabies are examples of human diseases listed in Table 1 that are caused by patho-
gens passed to humans from other animals. Influenza can infect pigs. Rabies is found in
domestic dogs and many wild animals, such as bats, skunks, and raccoons.

Other reservoirs

Some bacteria normally found in the seil, such as tetanus bacteria, can cause disease in
humans. The tetanus bacteria can cause a serious infection if it contaminates a deep
wound in the bady. Contamination of wounds by bacteria was a major cause of death
during wars belore the development of antibiotics and vaccinations.

Contaminated water or food is another reservoir of pathogens for human disease. One
of the main purposes of sewage treatment plants is the safe disposal of human feces,
which prevents contamination of the water supply by pathogens. Contaminated water
used in growing or preparing food can transfer pathogens. Food also can become
contaminated through contact with humans or insects such as [lies.
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Information from text
BIO. 3.1.01.087 Discuss the role of reservoirs in disease dispersal ol 5
Table 1

Table 1 Human Infectious Diseases

. Affected Organ How Disease is

Sollind ncture
Tetanus Bacterium Nervous system o oy
_ _ | whound |
Strep throat | Bacterium | Respiratory system Droplets/direct contact
Skelatal and nervous
Lyme disease Bacterium Vector (tick)
systems
Chicken pox Virus | Skin Droplets/direct contact
Rabies Virus | Nervous system Animal bite
Influenza (the flu) Virus Respiratory system Droplets/direct contact
. , Direct contact with
s e
S anana -y g exchange of body fluids
Giardia Protozoan Digestive tract Contaminated water
Malaria Protozoan | Blood and liver Vector (mosguito)
Direct contact or
Athlete's foot Fungus Skin i _
contaminated objects
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,BIO. 3.1.01.087 Identify the pathogens that cause infectious diseases to include bacteria, viruses, fungi Information from text s

protozoa, and parasites Table 1

Table 1 Human Infectious Diseases

% Affected Organ How Disease is

Soi in deey ncture
Tetanus Bactedium Nervous system . S
_ : whoLind |
Strep throat | Bacterium Respiratory system Droplets/direct contact
Skeletal and nervous
Lyme disease Bactesium " Vector (tick)
systems
Chicken pox Virus Skin Droplets/direct contact
Rabies Virus | Nervous system Animal bite
Influenza (the flu) Virus Respiratory system Droplets/direct contact
. , Direct contact with
Hepatitis B Virus Liver exchange of body fluids
Giardia Pratozoan : Digestive tract Contaminated water
Malaria Protozoan Blood and liver | Viector (mosquito)
Direct contact
Athiete's foot Fungus Skin g
contaminated objects
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protozoa and parasites

,Bl0.3.1.01.087 Identify the pathogens that cause infectious diseases to include bacteria, viruses, fungi

Table 1

Table 1 Human Infectious Diseases

% Affected Organ How Disease is

Sodl in deep puncture

Tetanus Bacterium Merwous system
. : woLind
Strep throat | Bacterium Respiratory system Droplets/direct contact
Skeletal and nervous
Lyme disease Bacterium " Vector (tick)
systems
Chicken pox Virus Skin Droplets/direct contact
Rabies Virus | Nervous system Animal bite
Influenza (the flu) Virus Respiratory system Droplets/direct contact
_ , Direct contact with
e anan iy - . exchange of body fluids
Giardia Pratozoan : Digestive tract Contaminated wates
Malaria Protozoan Blood and liver | Viector (mosquito)
Direct contact
Athlete's foot Fungus Skin DA AP}

contaminated objects
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Past ministry exams

Why can infectious disease spread easily between people?

Because symptoms appear immediately

Because people cannot carry pathogens

Because pathogens can be passed before a person knows they are sick
Because all diseases are non-infectious

A disease........cisrsirsnnnnnnnne.1S @ source of the pathogen in the environment.
Interferon

Pandemic

Epidemic

reservoir

Which of the following is an example of an inanimate reservoir?
Animal

bacteria

Soil

insects
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Information from text
BI0.3.1.01.087 Analyze how diseases are transmitted 6-7
'Get it' question

Transmission of pathogens

Pathogens are transmitted to humans in four main ways: direct contact, indirectly
through the air, indirectly through touching contaminated objects, or by organisms
called vectors that carry pathogens. Figure 3 illustrates some of the ways pathogens can
be transmitted to humans.

Direct contact Direct contact with other humans is one of the major modes of
transmission of pathogens. Diseases such as colds, infectious mononuckeosis (mah noh
new klee OH sus) (commonly referred to as mono, or the “kissing disease”), herpes
(HUR peez), and sexually transmitted diseases are caused by pathogens passed
through direct contact, even if the person is a carrier.

Indirect contact Some pathogens can be passed through the air. When a person with an
infectious disease sneezes or coughs, pathogens can be passed along with the tiny mucus
droplets. These droplets then can spread pathogens to another person or to an object.

Many organisms can survive on objects handled by humans. Cleansing of dishes,

utensils, and countertops with detergents, as well as careful hand-washing help prevent
the spread of diseases that are passed in this manner. As a result, there are various food
rules that restaurants must abide by that are based on preventing the spread of disease.

Vectors Certain diseases can be transmitted by vectors. The most common vectors
are arthropods, which include biting insects such as mosquitoes and ticks. Recall from
Table 1 on the previous page that Lyme disease and malaria are diseases that are
passed to humans by vectors. The Zika virus is another exmple of a disease that can be
passed to humans by a vector. The Zika virus, which is currently spreading across
South America and North America, is transmitted to humans b'l. infected mosquitoes.
The mosquitoes become infected when they bite a person who is already infected with
the Zika virus. The West Nile virus, cases of which were reported in 47 states in 2016,
is transmitted from horses and other mammals to humans by mosquitoes. Flies can
transmit pathogens by landing on infected materials, such as feces, and then landing
on materials handled or eaten by humans.

@ Get It?

Describe how diseases are spread to humans.
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Past ministry exams

Which of the following is the most common way infectious diseases spread between
people?

Genetic inheritance

Air droplets {coughing and sneezing)

Muscle movement

Bone growth

Which type of disease transmission is shown?
Direct contact
Object transmission
Air transmission
Vector transmission
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& BI0.3.1.01.087 Explain different ways pathogens can cause diseases including viruses, bacteria and fungi Information from text 7

Symptoms of Disease
When you become ill with a disease such as the flu, why do vou feel aches and pains,
and why do vou cough and sneeze? The pathogen, such as the influenza virus or
bacteria, has invaded some of the cells of your body. The virus multiplies in the cells
and leaves the cells either by exocytosis, or by causing the cell to burst. Thus, the virus
damages tissues and even kills some cells. When pathogenic bacteria invade the body,
harmful chemicals or toxins might be produced. The toxins can be carried throughout

the body via the bloodstream and damage various parts of the body.
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= BIO.3.1.01.087 Recognize that symptoms are caused by the host's immune system response to invasion of

Information from text 7-8
pathogens

Toxins produced by some pathogens can affect specific organ systems. The tetanus
bacteria produce a potent toxin that causes spasms in voluntary muscles. The disease
botulism (BAH chuh lih zum) usually is caused when a person consumes food in which
the botulism bacteria have grown and produced a toxin. This toxin paralyzes nerves.
The toxin from the botulism bacteria can cause disease in humans even when no
bacteria are present.

Some types of bacteria, some protozoans, and all viruses invade and live inside cells,
causing damage. Because the cells are damaged, they might die, causing symptoms in
the host. Some disease symptoms, such as coughing and sneezing, are triggered by the
immune system, as discussed later in this module. For a closer look at research on the
immune system, examine Figure 4, on the next page.

g Get It?

Describe what happens when a person consumes food that contains botulism
bacteria.
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| —— is a substance that can kill or inhibit the growth of the infectious
microorganisms.
Antibiotic
Vector
Toxin
reservoir
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Information from text
4 BIO. 3.1.01.087 Differentiate between disease patterns to include endemic, epidemic and pandemic ‘Getit question 8
Disease Patterns (TI.BI.EZ_ Repereted cases of notifiable diseases,” ‘\]
by geographic division and area - United States, 2014
As putbreaks of diseases spread, certain patterns
: : Total resident
are cbserved. Agencies such as community pepnintion fin Lyme
health departments, the Centers for Disease Area thousands) dissase
Control and Prevention (CDC), and the World UNITED STATES 18 BSE -
Health Organization (WHO) continually monitor | .o ereciamn 14,681 n752
disease patterns to help control the spread of Connecticit 3,597 2,360
: : : Mars 1330 Lao
diseases. The CD}C, with headquarters in Atlanta, S St 745 %304
Georgia, receives information from doctors and Now Hampshire 1227 724
o . . Rhode lstand 1055 504
medical clyur._.ﬁ and publlﬁhn?!t a v_reekljn report Vasmont £27 s
about the incidence of specific diseases, as G s pap Ry
shown in Figure 5. The WHO similarly watches Now Jersay B.938 3285
. S oranis . Naw York {Upsiate) IS5 2BET
disease incidence throughout the world. Naw York City Py s
. Penrsytvani 12,787 7487
Some diseases, such as the common cold, are — 5
- EMN CENTRAL 45740 1950
known as endemic diseases because small ——— 12 881 —
numbers of incidents are continually found dana 6,557 o
o ; ! ’ ¢ Michi L1 7
within the population. Somelimes, a particular I"RE".'Cm l 15,\5:4 :fg _’,.n’

disease will have a large outbreak in an area _
and afflict many people, causing an epidemic Figure 5 The Centers for Disease Control and Prevention
In 2003 Lll’u.’i'-a ual;- a:epitierrﬂc%ﬂ severe acute  Publish reports an the incidence of certain diseases
respiratory syndrome (SARS). If an epidemic is
widespread throughout a large region, such as a
country, continent, or the entire globe, it is described as pandemic. HIV is an example
of a pandemic. Influenza has led to several pandemics throughout history, including the
Spanish flu in 1918, the Asian flu in 1957, and the Hong Kong flu in 1968. Each of the
these flu pandemics killed millions of people worldwide.

E Get It?

Compare and contrast an epidemic and a pandemic.

Infer how these reparts are helpful in wodersimnding disegse.
falifpe e
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Past ministry exams

Which is a disease that has a large outbreak in an area and afflict many
people?

Epidemic

Endemic

Pandemic

reservoir

When a disease becomes widespread in a particular area, it is called
a\an...co.....

Epidemic

Endemic

Pandemic

Infectious disease
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Bl0.3.1.01.087 Differentiate between bacterial sensitivity and resistance to antibiotics Information from text 10

Treating and Fighting
Diseases

A medical professional may prescribe a drug to
help the body fight a disease. One tvpe of
prescription drug is an antibiotic (an ti bi AH
tihk), which is a substance that can kill or
inhibit the growth of microorganisms. Penicillin
is secreted by the fungus Penicillium, which is
shown in Figure 6. This fungus secretes the
chemical penicillin to kill competing bacteria
that grow on the fungal food source. Penicillin
was isolated, purified, and first used in humans
during World War II. Many other fungal secre-
tions are used as antibiotics, such as ervthromy-
cin, neomycin, and gentamicin. Synthetic
antibiotics also have been developed by pharma-
ceutical companies.

Figure 6 Penicillin, a widely used antibsotic, is secreted by
the mold called Pemiciliiimm, shown growing on these
ofanges

Determane why many strengths and vanefies of peniailin
ond ofher anfibiofics are needed.

Chemical agents also are used in the treatment of protozoan and fungal diseases. Some
antiviral drugs are used to treat herpes infections, influenza in the elderly, and HIV
infections. Most viral diseases are handled by the body’s built-in defenf-e system—the
Immune system.

E Get It?

Explain the history of the use of penicillin as an antibiotic.

Connection | Over the last 60 years, the widespread use of antibiotics has
caused many bacteria to become resistant to particular antibiotics. Natural selection
occurs when organisms with favorable variations survive, reproduce, and pass their
variations to the next generation. Bacteria in a population might have a trait that
enables them to survive when a particular antibiotic is present. These bacteria can
reproduce quickly and pass on the variation. Because reproduction can occur so rapidly
in bacteria, the number of antibiotic-resistant bacteria in a population can increase
quickly, too
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Information from text

B Bl0.3.1.01.087 Analyze the increase in the occurrence of antibiotic-resistant bacteria 10-11
Figure 7

Problems resulting from antibiotic resistance

Antibiotic resistance of bacteria has presented the medical community with problems
when treating certain diseases. For example, penicillin was used effectively for many
vears to treat gonorrhea (gah nuh REE uh), a sexually transmitted disease, but now maost

strains of gonorrhea bacteria are resistant to penicillin. As a result, new drug therapies
are needed to treat gonorrhea. Figure 7, on the next page, shows the increase in gonor-
rhea resistance from 1980—1990.

Another treatment problem is with staphylococcal disease—it is acquired in high-density
living conditions, which can result in skin infections, pneumonia (noo MOH nyuh), or
meningitis. These staphvlococci are often strains of bacteria that are resistant to many
current antibiotics and can be difficult to treat.

For example, MSRA, or methicillin-resistant Staphylo- S A Senain T .
coccus aurens, is a type of bacteria that is a common i o )

cause of infections in hospitals and other healthcare 3,
facilities. It is spread by direct contact, usually from ":
the contaminated hands of healthcare providers. 3

Streptococcus prewmonia is another bacterium that has £ 2
become resistant to antibiotics. This bacterium causes § 01
pneumonia, sinus infections, and infections in the
bloodstream. The bacterium that causes tuberculosis, oo o000 et incdence of
a respiratory infection, can be resistant to the initial f;f;;_"]';xﬂ”f-“‘9““'““’ V- -
antibiotics used to treat the infection. In these cases,

different medications are used to treat the infection,

but it takes more lime and can be more expensive.

Scientists are continually researching solutions to

treat antibiotic-resistant bacteria.
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LESSON 2

THE IMMUNE SYSTEM
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BIO.3.1.01.088 Differentiate between specific and nonspecific inmune responses Information from text 12-13-14
Nonspecific Immunity

At the time of birth, the body has a number of defenses in the immune system that fight
off pathogens. These defenses are nonspecific because they are not aimed at a specific
pathogen. They protect the body from any pathogen that the body encounters.

The nonspecific immunity provided by the body helps to prevent disease. Nonspecific
immunity also helps to slow the progression of the disease while the specific immunity
begins to develop its defenses. Specific immunity is the most effective immune
response, but nonspecific immunity is the first line of defense.

Barrners

Like the strong walls of a fort, barriers are used by the body to protect against patho-
gens. These barriers are found in areas of the hx[].' where paihﬂ]_;en:i m’:;ghl enler.

Skin barrier The first major line of defense ST R S S
is the unbroken skin and its secretions.
Skin contains layers of living cells covered
by many lavers of dead skin cells. By
forming a barrier, the layers of dead skin
cells help protect against invasion by
microorganisms. Of the many different
types of bacteria that normally live on the

skin, most have little or no effect on our
health. Many of the bacteria that live SIOpMI0COCCLS EnIermidss
symbioticallv on the skin digest skin oils to

p]’t]dlll:é acids that inhibit many pathugen;a_ F-gureﬂ Ihese bacteria are found on human
:Figure 8 shows bacteria that are nurma]]}' ckin and provide protection from gathogens.
found on the skin and protect the skin from attack.

FOCUS QUESTION
How do nonspecific and specific immunity compare?
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BIO.3.1.01.088 Discuss the bodies nonspecific defenses to include first line of defense (barriers) and second Information from text

13
line of defense (cellular defense, interferons and inflammatory response) 'Get it' question

Chemical barriers Saliva, tears, and nasal secretions contain the enzyme lysozyme.
Lvsozyme breaks down bacterial cell walls, which kills pathogens.

Another chemical defense is mucus, which is secreted by many inner surfaces of the
body. It acts as a protective barrier, blocking bacteria from sticking to the inner epithe-
lial cells. Cilia also line the airway. Their beating motion sends any bacteria caught in
the mucus away from the lungs. When the airway becomes infected, extra mucus is

secreted, which triggers coughing and sneezing to help move the infected mucus out of
the body.

A third chemical defense is the h}'dn.}dﬂu-.rbc acid secreted in your stomach. In addition to
digestion, stomach acid kills many microorganisms found in food that could cause disease.

@ Get It?

Compare and contrast the different types of barmriers of the immune system.
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. BI0.3.1.01.088 Discuss the bodies nonspecific defenses to include first line of defense (barriers) and second Information from text 13

line of defense (cellular defense, interferons and inflammatory response)

Nonspecific responses to invasion

Even if an enemy gets through the walls of a town’s fort,
defense doesn’t end. Similarly, the body has nonspecific
immune responses o pathogens that get beyond its barriers.

Cellular defense If foreign microorganisms enter the body,
the cells of the immune system, shown in Table 2, on the next
page, defend the body. One method of defense is phagocytosis.
White blood cells, especially neutrophils and macrophages, are
phagocvtic. Recall that phagocytosis is the process by which
phagocytic cells surround and internalize the foreign
microorganisms. The phagocytes then release digestive
enzymes and other harmful chemicals from their lvsosomes,
destroying the microorganism.

A series of about 20 proteins that are found in the blood plasma
are called complement proteins. Complement proteins enhance
phagocytosis by helping the phagocytic cells bind better to
pathogens and activating the phagocytes. Some complement

Cytopilasm

Figure 9 For some pathogens, comple-

olesns Can form a pofe in the

proteins can form a complex in the plasma membrane of a :

. - . . -
pathogen. This complex forms a pore, which aids in the destruc- .05 membeane of the invadng cell
tion of the pathogen, as shown in Figure 9.

[——
=

Interferon When a virus enters the body, another cellular defense helps prevent the
virus from spreading. Virus-infected cells secrete a protein called interferon. Interferon
binds to neighboring cells and stimulates these cells to produce antiviral proteins
which can prevent viral replication in these cells.

Inflammatory response Another nonspecific response, the inflammatory response,
is a complex series of events that involves many chemicals and immune cells that help
enhance the overall immune response. When pathogens damage tissue, chemicals are
released by both the invader and cells of the body. These chemicals altract phagocytes
to the area, increase blood flow to the infected area, and make blood vessels more
permeable to allow white blood cells to escape into the infected area.

This response aids in the accumulation of white blood cells in the area. Some of the
pain, heat, and redness experienced during an infectious disease are the result of the
inflammatory response.
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BIO.3.1.01.088 Differentiate between specific and nonspecific inmune responses Information from text 12-13-14

Table 2 Cells of the Immune System
Type of Cell Example | Function

LM Magrubcation BOOs

l.a'i—"."-—‘

L™

Phagocytosis: blood cells that
Neutrophils
utropni : F‘-R ingest bacterna
Fhagocytosis: blood cells that
ingest bacteria and remove
Macrophages

dead neutrophils and other
debris

LM‘ Macrubcatan F_‘-I_I_I .

Specific immunity [antibodies
. o and killing of pathogens): blood

cells that produce antibodies
and other chemicals

Lymphocytes
%onOmO
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,BIO. 3.1.01.089 Differentiate between the various types of immune cells, to include WBC (neutrophils Information from text 1
(macrophages, phagocytes, lymphaocytes Table 2

Table 2 Cells of the Immune System
Type of Cell Example | Function

LM Magrubcation BOOs

l.a'i—"."-—‘

L™

Phagocytosis: blood cells that
Neutrophils
utropni : F‘-R ingest bacterna
Fhagocytosis: blood cells that
ingest bacteria and remove
Macrophages

dead neutrophils and other
debris

LM‘ Macrubcatan F_‘-I_I_I .

Specific immunity [antibodies
o and killing of pathogens): blood
cells that produce antibodies

Lymphocytes %
ono O and other chemicals
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Past ministry exams

Which is the first defense your body has against infectious disease’
The helper T cell

An antibody

Your skin

phagocytosis

Complement proteins are found in the plasma. What is their role in the
immune response?

Enhance phagocytosis

Activate phagocytes

Enhance destruction of a pathogen

All of the above
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BI0.3.1.01.089 Identify the function and structures of lymphatic system Infcrm:i:::;:m text 14
Specific Immunity

Pathogens sometimes get past the nonspe-
cific defense mechanisms. In this event, the .
body has a second line of defense that : Tonsils
attacks the pathogens. Specific immunity is
more effective and involves the tissues and
organs found in the lymphatic system.

Entrance of
kymphatic
vessel

Lymphatic system
The lymphatic system, shown in Figure 10,
includes organs and cells that filter lymph

and blood, destroy foreign microorganisms, Spéeen

and absorb fat. Lymph is the waterv part of

the blood (the plasma) that leaks out of

capillaries to bathe all the cells in the body. f Diffused
This clear fluid, containing oxvgen, nulri- :!;':E:'

ents, and white blood cells, circulates among ~ Intestinal
the tissue cells, is collected by lvmphatic h:dih
vessels, and is returned to the circulatory

svstem via the veins near the heart.

Figure 10 The lymphatic system contains the ongans
irvolved in the specific immune response. Appendix

identify rhe iymphatic orgon where T cedis mofuwe.
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BIO. 3.1.01.089 Explain how immune cells communicate and interact with one another during immune Information from text 15
responses

Lymphatic organs

The organs of the lymphatic system contain lymphatic tissue, lvmphocytes, a few other
cell types, and connective tissue. Lymphocyles are a type of white blood cell that is
produced in red bone marrow. The lvmphalic organs include the lymph nodes, tonsils,
spleen, thymus (THI mus) gland, and diffused lvmphatic tissue found in mucous mem-
branes of the intestinal, respiratory, urinary, and genital tracts.

The lvmph nodes filter the lymph and remove foreign materials from the lvmph. The
tonsils form a protective ring of lymphatic tissue between the nasal and oral cavities.
This helps protect against bacteria and other harmful materials in the nose and mouth.

The spleen stores blood and destrovs damaged red blood cells. It also contains lym-
phatic tissue that responds to foreign substances in the blood. The thymus gland, which
is located above the heart, plays a role in activating a special kind of lvmphocyte called
T cells. T cells are produced in the bone marrow, but they mature in the thymus gland.
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Past ministry exams

What is the type of white blood cell that is produced in bone marrow and
includes B and T cells?

Lymphocytes

Antigen

Antibodies

Lymph nodes

B cells, helper T cells and cytotoxic T cells are involved with........ Immunity.
Genetic

Monspecific
Specific
hormonal
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BIO. 3.1.01.089 Sequence the steps of the antibody-mediated response and the cytotoxic T cell response as a
part of the specific inmune system

Information from text 15

B Cell Response

B lvmphocytes, often called B cells, are located in all lymphatic tissues and can be
thought of as antibody factories. Antibedies are proteins produced by B lymphocytes
that specifically react with a foreign antigen. An antigen is a substance foreign to the
body that causes an immune response; it can bind to an antibody or T cell. When a
portion of a pathogen is presented bv a macrophage, B cells produce antibodies. Follow
along in Figure 11 on the next page as vou learn about how B cells are activated to
produce antibodies.

When a macrophage surrounds, internalizes, and digests a pathogen, it takes a piece of
the pathogen, which is called a processed antigen, and displays it on its membrane, as
lustrated in Figure 11. In the lymphatic tissues, such as the lymph nodes, the macro-

phage, with the processed antigen on its surface, binds to a type of lymphocyte called a

helper T cell. This process activates the helper T cell. This lvmphocyte is called a

“helper” because it activates antibody secretion in B cells and another type of T cell,

which will be discussed later, that aids in killing microorganisms:

* The activated helper T cell reproduces, binds processed antigens, and attaches to a B cell.

* The new helper T cells continue the process of binding antigens, attaching to B cells,
and reproducing.

* Once an activated helper T cell binds to a B cell holding an antigen, the B cell begins
to manufacture antibodies that specificallv bind to the antigen.

* The antibodies can enhance the immune response by binding to microorganisms,
making them more susceptible to phagocytosis and, by initiating the inflammatory
response, helping promote the nonspecific response.
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BIO. 3.1.01.089 Sequence the steps of the antibody-mediated response and the cytotoxic T cell response as a Information from text 15
part of the specific immune system
B cells make many combinations of antibodies by antigen- Antigen-
using DINA that codes for the production of binding binding
various heavy and light protein chains that make site site

up antibodies, as shown in Figure 12. Any heavy
chain can combine with any light chain_ If a B
cell can make 16,000 different kinds of heavy
chains and 1200 kinds of light chains, it can

m:\ke lﬁ.l_ﬂﬁ,ﬁﬂﬂ different types of antibodies Light Light
(1200 x 16,000). e i
I Cell Response

Once helper T cells are activated by the presenta- Heavy chai Heavy chain

tion of an antigen by macrophages, helper T cells
can also bind to and activate a group of lvmpho-
cytes called cvtotoxic T cells. Activated cytotoxic
T cells destroy pathogens and release chemicals
called cytokines. Cytokines stimulate the cells of the immune system to divide and
recruil immune cells to an area of infection. Cytotoxic T cells bind to pathogens, release
a chemical attack, and destroy the pathogens. Multiple target cells can be destroyed by
a single cytotoxic T cell. Figure 11, on the previous page, summarizes the activation of
cvtotoxic T cells.

E Get It?

Summarize the role that lymphocytes play in immunity.

Figure 12 Antibodies are made wp of two types of protein
chains—heavy and Eght chains
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Past ministry exams

What kind of immune response is demonstrated in the diagram?

Zenetic
Maonspecific
Specific

hormonal

To which does the activated helper T cell present its antigen?
A pathozen
Bone marrow
A B cell

The thymus gland

Prod o wed ant gen

Mac rophage T el

S is a cell that activates B cells and cytotoxic T cells.
Helper T cell
Memory cell

Lymphocyte
interferon
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| 29

BIO. 3.1.01.088 Compare and contrast passive and active immunity Information from text | 17-18 |

Passive and Active Immunity

The body’s first response to an invasion by a pathogen is called the primary response.
For example, if the viral pathogen that causes chicken pox enters the body, nonspecific
and specific immune responses eventually defeat the foreign virus and the body is
cleared of the pathogen.

One result of the specific immune response is the production of memory B and T cells.
Memory cells are long-living cells that are exposed to the antigen during the primary
immune response. These cells are ready to respond rapidly if the body encounters the
same pathogen later. Memory cells protect the body by reducing the likelihood of
developing the disease if exposed again to the same pathogen.

Passive immunity

Sometimes temporary protection against an infectious disease is needed. This tvpe of
temporary protection occurs when antibodies are made by other people or animals and
are transferred or injected inlo the body. For example, passive immunity ocours
between a mother and her child. Antibodies produced by the mother are passed
through the placenta to the developing fetus and through breast milk to the infant
child. These antibodies can protect the child until the infant’s immune system matures.

Antibodies developed in humans and animals that are already immune to a specific
infectious disease are used to treat some infectious diseases in others. These antibodies
are injected into people who have been exposed to that particular infectious disease.
Passive immune therapy is available for people who have been exposed to hepatitis

A and B, tetanus, and rabies. Antibodies also are available to inactivate snake and
SCOrpion venoms.
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= BIO. 3.1.01.088 Compare and contrast passive and active immunity Information from text 18

Active immunity

Active immunity occurs after the immune system is exposed to disease antigens and
memory cells are produced. Active immunity can result from having an infectious
disease or immunization. Immunization, also called vaccination, is the deliberate
exposure of the body to an antigen so that a primary response and immune memory
cells will develop. Table 3 lists some of the common immunizations offered in the
United States. Immunizations contain Killed or weakened pathogens, which are incapa-
ble of causing the disease.

Most immunizations include more than one stimulus to the immune system, given after
the first immunization. These booster shots increase the immune response, providing
further protection from the d.iﬁeahH.auﬁing nrganiﬁem.

@ Get It?

Describe the difference between passive immunity and active immunity.
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world applications

-BI0.3.1.01.089 Explain why immunizations (vaccinations) are effective in preventing diseases with current real

Table 3 18

Why are immunizations effective in preventing
disease? The characteristics of the secondary
immune response, which is the response to a
second exposure to an antigen, enable immuni-
zations to be effective in preventing disease.
Study the graph in Figure 13. Note that the
secondary response to the antigen has a number
of different characteristics. First, the response is
more rapid than the primary response, as shown
by the greater steepness in the portion of the
curves plotted in red. Second, the overall
response, both B and T cell response, is greater
during the second exposure. Lastly, the overall
memory lasts longer after the second exposure.

E Get It?

Analyze how immunizations help prevent
disease.

Primary and Secondary Responses

Farst Second
exposure to exposure to Amtbockes
Antigen X Antigen X 5 oo

B cels

Serum antibody level

Figure 13 This graph shows the difference bebween the
primary and sedondary immune responses to exposiure 1o
dif antigen.

Analyze the differences befween the prmary and second-

OV UM FESDONISES.
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-BI0.3.1.01.089 Explain why immunizations (vaccinations) are effective in preventing diseases with current real

Table 3 18
world applications =

Table 32 Common Immunization

| immunization | Disease | Contents ____

D inactivated toxin,
Diphtheria (D), tetanus (T). Ay =

DPFT rtussis @) (whoo cough T: inactivated toxin,
L1 W
P e P: inactivated bacteria
Paolio Poliomyelitis Inactivated virus
MMR Measles, mumps, rubella All three inactivated viruses
Varicella Chicken pox Inactivated virus
HIB Haemophius influenzae (flu) Portions of bacteria cell wall
type b covering
HBV Hepatitis B Subunit of wirus
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Past ministry exams

The deliberate exposure of the body to an antigen to build future immunity is called
Phagocytosis
Cellular defense

Passive immunity

immunization
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= BIO. 3.1.01.089 Analyze how HIV can cause immune system failure Information from text 19-20

Immune System Failure

’ Other cells
Defects in the immune system can result in an ?T:E: {mot stained)
increased likelihood of developing infectious diseases
as well as certain tvpes of cancers. Some diseases can
affect the immune system’s effectiveness. One such
disease called acquired immunodeficiency syndrome
(AIDS) results from an infection by human immuno-
deficiency virus (HIV). AIDS is a serious health
problem worldwide.

In 2015, approximately 18,303 AIDS cases were
diagnosed in the U.S. In 2014, 6,721 people died of
AIDS in the US. In 2015, an estimated 36 million
people globally were living with HIV infection.

Recall the important role that helper T cells play Figure 14 Helper T cells have receptors an the
in specific immunity. T cells are also called CD4 surface that are used to identify them in the
cells because these cells have a receptor on the |aboratory.

outside of their plasma membrane. This CD4+
receptor is used by medical professionals to identify these cells, as illustrated in
Figure 14.

HIV is an RNA virus that infects helper T cells. The helper T cells become HIV facto-
ries, producing new viruses that are released and infect other helper T cells. Over
time, the number of helper T cells in an infected person decreases, making the person
less able to fight disease. HIV infection usually has an early phase during the first six
to twelve weeks while viruses are replicating in helper T cells.
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BIO. 3.1.01.089 Analyze how HIV can cause immune system failure Infermation from text 19-20

The patient suffers symptoms such as night sweats and fever, but these symptoms are
reduced after about eight to len weeks. Then, the patient exhibits few symptoms for a period
of time as long as ten yvears but is capable of passing the infection through sexual intercourse
or blood products.

HIV is a secondary immunodeficiency disease, which means that the immune system of a
previously healthy person fails. Without antiviral drug therapy, the patient usually dies from
a secondary infection from another pathogen after about ten vears of being infected with
HIV. Current antiviral drug therapy is aimed at controlling the replication of HIV in the
body. Resistant strains, expensive drugs, and side effects are all issues that patients face.
Researchers and health care providers are working to meet these needs and continue the
search for a cure.

LE: Get It?

Summarize how the immune system protects and attempts to maintain a healthy
balance in the body.
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LESSON 3

NONINFECTIOUS DISORDERS
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BI0.3.1.01.087 Differentiate between the five categories of noninfectious diseases, in terms of cause and
examples

Information from text

21

Laenetic D 1ISOraers

Not all diseases or body disorders are caused by pathogens. Some diseases, such as albi-
nism, sickle cell anemia, Huntington's disease, and hemophilia, are caused by the inheri-
tance of genes that do not function properly in the body. There are also disorders, such as
Down syndrome and Turner syndrome, that result from abnormal chromosome numbers.
Many diseases are complex and have both an environmental and a genetic cause.
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1 BI0.3.1.01.087 Summarize factors that can cause coronary artery disease 21
i 5

Coronary artery disease (CAD) is an example of a condition
with environmental and genetic origins. This cardiovascular
disease can result in blockage of arteries, shown in Figure 15,
that deliver oxygenated blood to the heart muscle. There is a
genetic component that increases a person’s risk of developing
CAD. Environmental factors such as diet and inactivity contrib-
ute to the development of this complex disease. Families with a
history of CAD have a two to seven times greater risk of having
CAD than families without a history of CAD. The exacl genetic
factors, however, are not known.

@ Get It?

Summarize the factors that cause coronary artery disease.

Figure 15 When blood cannot flow
throwgh a coronary artery, such as the
dseacsed -EHIE'I!." chown hefe, a eart

allack or sudden death Can resuit.
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o BI0O.3.1.01.087 Differentiate between the five categories of noninfectious diseases, in terms of cause and Information from text 2122
examples

DI eqgeners "| e Dl el =

Nt ] e
-

Diseases that are the result of the body wearing out or of the
natural aging process are referred to as degenerative (dih JEH
nuh ruh tihv) diseases.

However, a degenerative condition, such as degenerative arthritis, could occur sooner
than would be expected if the person is genetically predisposed o the disease or if the
person’s joints have experienced an increased amount of wear and tear. Degenerative
arthritis is common; most people have it by age 70. It is found in almost all vertebrate
animals. Arteriosclerosis (ar tir ee oh skluh ROH sus), which is a hardening of the
arteries, is another example of a degenerative disease. Because degenerative diseases
also have a genetic component, some individuals might be more likely to develop such a
disease because of their genelic makeup.
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BIO. 3.1.01.087 Differentiate between the five categories of noninfectious diseases, in terms of cause and
examples

Information from text 22

Metabolic Diseases

Metabolic disease results from an error in a biochemical pathway. Some metabolic
diseases result in the inability to digest specific amino acids or to regulate body
processes. The condition known as phenylketonuria (PKU) is an inherited disorder that
creales the inability to break down part of a protein called phenylalanine. When the
pancreas does not make the proper amount of insulin and glucose does not enter body
cells normally, the condition is known as Type 2 diabetes. This results in high glucose
levels in the bloodstream, which causes damage to many organs including the kidneys
and the retinas of the eves. Metabolic diseases can have a genetic component but also
can involve environmental factors such as diet.
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28 BIO. 3.1.01.087 Infer why cancer is life threatening Information from text 22

Ccancer

Cancer is characterized by abnormal cell growth. Normally,
certain regulatory molecules in the bodv control the beginning
and end of the cell cycle. If this control is lost, abnormal cell
growth results that could lead to various types of tumors, as
shown in Figure 16. The abnormal cells can interfere with
normal body functions and can travel throughout the body.
Cancer can develop in any body tissue or organ, including the
blood cells. Cancer in the blood cells is called leukemia. Both
genetic and environmental factors have been shown to cause
candcer.

zl:31% 4 @ Connection | Cancer is a disease that has affected

humans since ancient times. Egyptian mummies show evidence
of bone cancer, and ancient Greek scientists described different
kinds of cancer. Medieval manuscripts have reported details
about cancer.

- % '-|. '_' i
ek S _
Figure %6 Cancer is due 0 an abnormal
ncrease in cell division in the body,
resulting in 2 Tuenor such as this skin tumod
Infer wiy this growdh & 50

Me-thramieming.
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An example of a disease caused by both genetic and environmental factors is
Inflammatory disease

Metabolic disease

Degenerative disease

Coronary artery disease

A v disease results from a body part wearing out over time.
Inflammatory disease

Metabolic disease

Degenerative disease

Canmcer

Which type of noninfectious disease is defined as a problem in a biochemical pathway
in the body?

Inflammatory disease

Metabolic disease

Degenerative disease

CamCer
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| B |EIO.3.1 .01.087 Differentiate between inflammatory response and inflammatory disease Information from text | 22 |

Inflammatory Diseases

Inflammatory diseases, such as allergies and autoimmunity, are
diseases in which the body produces an inflammatory responss

to a common substance. Kecall from Lesson 2 that infectious diseases also resull in an
inflammatory response. However, the inflammatory response in an infectious disease
enhances the overall immune response. This inflammatory response is a result of the
immune system removing bacteria or other microorganisms from the body. In inflam-
matory disease, the inflammatory response is not helpful to the body.
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12 BI0.3.1.01.087 Explain the process of anaphylactic shock I"f‘::a::':‘:::::e“ 23
Allergies

Certain individuals might have an abnormal reaction to environmental antigens.

A response to environmental antigens is called an allergy. These antigens are called
allergens and include things such as plant pollens, dust, dust mites, and various foods,
as shown in Table 4. An individual becomes sensitized to the allergen and has a localized
inflammatory response with swollen itchy eyes, stuffy nose, sneezing, and sometimes a
skin rash. These symptoms are the result of a chemical called histamine, released by
certain white blood cells. Antihistamine medications can help alleviate these symptoms.

E Get It?

Explain how allergies are related to the immune system.

Severe allergic reactions to particular allergens can result in anaphylactic (an uh fuh LAK
tik) shock, which causes a massive release of histamine. In anaphviactic shock, the smooth
muscles in the bronchioles contract, which restricts air flow into and out of the lungs.

Common allergens that cause severe allergic reactions are bee stings, penicillin,
peanuts, and latex, which is used to make balloons and surgical gloves. People

who are extremely sensitive to these allergens require prompt medical treatment if
exposed to these agents, because anaphylactic reactions are life-threatening. Allergies
and anaphylactic reactions are known to have an inherited component.
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Information from text

2 BI0.3.1.01.087 Explain the process of anaphylactic shock 23
'Get it' question

Table 4 Common Allergens

Example Description

wd SEM, magrificataon W 44

Durst mites are found in matiresses, pillows, and

Dust mite
carpets. Mites and mite feces are allergens.
Difterent parts of the country have very different
llen seasons. People can react to one of mone
Plant pollen it P

pollens, and a person’s polien allergy season
might be from early spring to late fall

Dander is skin flakes. Cat and dog allergies are
the most common, but people also are allergic
to pets such as birds, hamsters, rabbits, mice,
and gerbils.

Animal dander

Allergic reaction to peanuls can result in anaphy-

Peanut lactic shock. Peanut allergy is responsible for
more fatalities than any other type of allergy.
Latex comes from the milky sap of the rubber
Latex tree, found in Africa and Southeast Asia. The

exaci cause of latex allergy is unknown.
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Past ministry exams

into anaphylactic shock. What will be the result?
Breathing problems

Atherosclerosis

Epileptic seizures

arthritis

After a person who has an allergy to animal dander handles a cat, his or her body produces
the chemical ...............

Histamine
acetylcholine
Insulin

Allergies
Why is an allergy considered an inflammatory disease?

Allergens decrease inflammation
Histamines produce inflammatory allergens
Histamine causes an inflammatory response

Allergens cause rapid cell division
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Information from text
BIO. 3.1.01.087 Explain autoimmune disorders, to include rheumatoid arthritis, rheumatic fever and lupus Figure 17 24

Autoimmunity

During the development of the immune system, the
immune svstem learns not to attack proteins produced
by the body. However, some people develop autoimmu-
nity (aw toh ih MYOON ih tee) and do form antibodies
to their own proteins, which injures their cells. Figure 17
shows the hands of a person with rheumatoid arthritis—a
form of arthritis in which antibodies attack the joints.
Degenerative arthritis, the form of arthritis that you read
about earlier in the section on degenerative diseases, is
not caused by autoimmunity.

Rheumatic fever and lupus (LEW pus) are other
examples of autoimmune disorders. Rheumatic fever is
an inflammation in which antibodies attack the valves of
the heart. This can lead to damage to the heart valves
and cause the valves to leak or not close properly as
blood moves through the heart. Lupus is a disorder in
which autoantibodies are formed and attack healthy

tissue. As a result, many organs are vulnerable to attack
by the body’s own immune system.
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Past ministry exams

In autoimmunity, which attacks the body's own proteins?
Antigen

Allergens

Antihistamines

antibodies

Which autoimmune disease can be indicated by large knobs on joints and deformities
of joints?

Rheumatoid arthritis
Tetanus

Sickle-cell disease

allergy
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