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Human Illness
& the Immune System
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Communicable Diseases
• Pathogens are agents that cause disease by spreading from person to person
or animal to person directly or indirectly = Contagious
– Direct Spread: hand-holding, shaking hands, kissing, sneezing,
coughing, animal bite, etc
– Indirectly: on door knobs, sink handles, toilet/chair seats, and other
surfaces
• A vector is any agent (person, animal or microorganism) that carries and
transmits an infectious pathogen into another living organism

10 deadliest diseases (2:08) - https://www.youtube.com/watch?v=ou7LQOooD_0

Historic Overview (5:00) - https://www.youtube.com/watch?v=oUMCKai3xp4
Bill Nye: Germs (23:02) - https://www.youtube.com/watch?v=HS9L6zRO084

Bacteria (Prokaryotes)
• Bacteria are single-celled prokaryotes that make us sick by:
– Directly killing our body cells (in order to get nutrients from them)
– Multiplying rapidly and crowding out our body cells or disrupting their function
– Releasing toxins into our body that make us sick (for example, botulism toxin is a
neurotoxin produced by the bacterium Clostridium botulinum that causes severe
paralysis and death)
• Bacteria are about 10 times smaller than your own body cells and come in several basic
shapes. There are about 100 times more bacterial cells in and on your body than your own
cells that make you up!
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Bacteria (Prokaryotes)
• Antibiotics are chemical agents (drugs) that kill bacteria or prevent them from dividing.
• People have used antimicrobial plants to fight infection for thousands of years; but it
wasn’t until the late 1800’s that scientists started to identify specific compounds that
could kill bacteria. In 1928 Alexander Fleming discovered that compounds in molds could
kill bacteria. One of these was later isolated in 1942 and named penicillin. This powerful
antibiotic is widely credited with dramatically increasing human life expectancy by
radically decreasing deaths caused by bacterial infections.
• In addition to fungi, antibiotics are also derived from bacteria who produce chemicals to
kill other bacteria; and newer antibiotics are synthetic (man-made).
Syrian, 1350 BC.

Ancient Nubians and Egyptians drank beer that contained
the antibiotic tetracyclin from fermented grain

Alexander Fleming

Bacteria (Prokaryotes)
• Not all bacteria are pathogenic. Many bacteria are helpful to our bodies and have
developed a mutual symbiotic relationship with us. These bacteria help by:
– Aiding in digestion of food
– Producing vitamins and other nutrients we need
– Protecting us from harmful bacteria (usually by killing harmful bacteria or taking up
space in our body so that the harmful bacteria cannot colonize it)
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Normal Bacteria that colonize the
human body.
Imbalances in these
bacteria can lead to
illness due to vitamin
deficiencies and
infection by harmful
bacteria.

Bacteria (Prokaryotes)
• Not all bacteria are pathogenic. Many bacteria are helpful to our bodies and have
developed a mutual symbiotic relationship with us. These bacteria help by:
– Aiding in digestion of food
– Producing vitamins and other nutrients we need
– Protecting us from harmful bacteria (usually by killing harmful bacteria or taking up
space in our body so that the harmful bacteria cannot colonize it)

• Many bacteria are decomposers, they play a key role in helping to break down
(decompose) dead organisms, recycling their nutrients back into the environment.
• Nitrogen-fixing bacteria are essential to all life on earth. These bacteria remove
nitrogen from the air and turn it into ammonia, which plants can then take in and
use to make amino acids and other compounds that require nitrogen.
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Bacteria (Prokaryotes)
• Not all bacteria are pathogenic. Many bacteria are helpful to our bodies and have
developed a mutual symbiotic relationship with us. These bacteria help by:
– Aiding in digestion of food
– Producing vitamins and other nutrients we need
– Protecting us from harmful bacteria (usually by killing harmful bacteria or taking up
space in our body so that the harmful bacteria cannot colonize it)

• Many bacteria are decomposers, they play a key role in helping to break down
(decompose) dead organisms, recycling their nutrients back into the environment.
• Nitrogen-fixing bacteria are essential to all life on earth. These bacteria remove
nitrogen from the air and turn it into ammonia, which plants can then take in and
use to make amino acids and other compounds that require nitrogen.
• Humans have learned to use bacteria for many useful applications, for example:
– Break down petroleum to help clean up oil spills
– Make foods like cheese, wine, vinegar, soy sauce, pickles, and yogurt when bacteria
break down sugar in foods via fermentation

– Isolate useful chemicals from them like ethanol and certain antibiotics
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MOUTH MICROBES
The human mouth hosts a panoply of microbes, some taking up residence on the mouth
lining (blue) within days after birth. Harmful species form biofilms, like the plaque that
encourages tooth decay, or colonize the crevices between teeth and gums, causing
periodontal disease. Oral probiotics designed to boost the population of species that
outcompete pathogenic ones could help prevent or reverse dental disease.
http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg

INTESTINAL BACTERIA
The human gut teems with bacteria, many of their species still unknown. They help us digest
food and absorb nutrients, and they play a part in protecting our intestinal walls. Gut bacteria
may also help regulate weight and ward off autoimmune diseases.
http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg
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HELICOBACTER
Helicobacter pylori (yellow), a common bacterium that lives in the stomach lining, increases
the risk of stomach cancer (brown cells) and peptic ulcers. But over time H. pylori can reduce
stomach acid and acid reflux, which may help fend off esophageal cancer. The microbe also
appears to help protect us from allergies and asthma. Some scientists suspect that the
dramatic increase in those conditions in the industrialized world could be related to the
decreasing frequency of H. pylori in our stomachs, which is partly due to high doses of
antibiotics in childhood.
http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg

STAPHYLOCOCCUS AUREUS
The bug lives harmlessly in the noses of about a third of us. But it can turn rogue,
causing skin infections—or worse. Heavy use of antibiotics since the middle of the
last century has prompted the evolution of deadly superbug strains .
http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg
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CYANOBACTERIA
Tiny green cyanobacteria played an outsize role in Earth’s history by creating the
planet’s oxygen-rich atmosphere through photosynthesis. Ancestral forms also
evolved into chloroplasts, the cell parts that carry out photosynthesis in plants.
http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg

Acne
Clogged pores caused by excess oil and accumulation of
dirt create a breeding ground for bacteria. The body’s
immune system responds to the bacterial infection, in turn,
causing inflammation, redness, tenderness, and pus.
https://www.youtube.com/watch?v=Uej9Pxe1q98
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Viruses
• Viruses are NOT cells. For this reason, antibiotics have NO effect on them.
• In their simplest form viruses are composed of DNA or RNA surrounded by a
protein coat (called a capsid)
• Viruses that infect bacterial cells are called bacteriophages

Viruses
• Viruses infect cells and take them over in order to produce more copies of
themselves. Viruses cause illness by destroying cells that they infect as part of
their life cycle.

1. Virus binds to receptor on surface of cell
2. Virus is absorbed into cell or injects its genetic material (DNA or RNA) into cell
3. Viral genetic material disables cell’s DNA and takes over cell machinery, using
it to produce all of the parts to make copies of itself
4. The parts are assembled into hundreds or thousands of viral progeny
5. Viral proteins called proteases digest the cell membrane causing the cell to
burst and release all of the viral progeny to go infect other cells
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BACTERIOPHAGE
These bacteria-infecting viruses, phages for short, are
the most abundant life-form on the planet, their number
far exceeding that of stars in the universe. Trillions
inhabit each of us.

PHAGES IN ACTION
Bacteriophages escape from a dying streptococcus bacterium,
ready to find another victim. Their ability to infect and kill specific
strains may lead to new treatments for antibiotic-resistant bacteria.

http://ngm.nationalgeographic.com/2013/01/125-microbes/oeggerli-photography#/05-intestinal-bacteria-670.jpg

Viruses
• Viruses can only bind to and infect cells for which they possess receptors on
their capsid that recognize and bind to receptors on the target cell. For this
reason, viruses cannot infect all cells which they come in contact with.
– For some types of viruses, the receptor-receptor interaction allows the virus to
get close enough to inject its genetic material into the target cell

– For other types of viruses, the receptors enable the whole virus to enter the cell
via receptor-mediated endocytosis (once inside, the virus sheds its capsid)

viral
receptors
cell receptors
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Viruses
• Retroviruses are viruses that have RNA instead of DNA. These viruses insert
their RNA into cells and then cause the cells to make a protein that converts their
RNA into DNA in a process called reverse transcription.
• HIV is an example of a retrovirus.

HIV (5:13) - https://www.youtube.com/watch?v=l-2ilZA-_aw

– HIV targets cells that have a CD4 receptor on their surface, which are primarily cells
in the immune system. Because they attack and destroy cells of the immune system,
they cause their host to become immunocompromised. A person is said to have
AIDS when their immune system has become severely weakened.

Viruses
• Lytic infections occur when viruses are actively replicating and causing cell
dealth
• Lysogenic infections occur when nucleic acids integrate themselves into the
DNA of the host cell and the viral DNA is copied with the host DNA when the
cell divides. These viruses lay dormant into the host cell until they become
active and start a lytic infection.
Often viruses become active when the
immune system is weak for some reason. For
example, this is the reason that cold sores
break out during a cold; herpes virus, which
infects skin inside the mouth and around the
lips, becomes active when the immune system
is distracted dealing with another infection.
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Viruses
• Chicken pox is caused by the varicella zoster virus, a type of herpes.
• As the immune system fights off the virus, it transitions into a lysogenic
infection and can stay hidden in the cells for many decades. Eventually it may
reemerge, usually when the person’s immune system becomes sufficiently
weakened, causing a disease known as shingles.
• In shingles, the reemerging virus migrates to the nerve cells near the skin and
causes damage to them that stimulates an immune response, which in turn
causes inflammation, itching, and pain. Long-term infection can cause
scarring and permanent nerve damage.
shingles
varicella
zoster
virus

Chicken pox

Viruses
• There are no cures for viruses. But in the past 20 years scientists have made
great breakthroughs in slowing them down. Antiviral treatments include
chemicals that:
– Block viruses from binding to receptors on the cell’s surface

– Block viruses from making copies of themselves in the cell
– Block viruses from integrating their DNA into the cell’s DNA
– Block viruses from making proteases to lyse open the cell
– Block retroviruses from doing reverse transcription to turn their RNA
into DNA
• Vaccines help train our immune system to recognize and destroy particular
viruses before they are able to cause a serious infection. So even though we
cannot cure viruses, the development of vaccines has prevented many people
from dying of viruses that used to be wide-spread and life threatening.
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Viruses
• Polio is a virus that enters the body through the mouth and spreads to the
nervous system. It causes paralysis in 1% of patients infected.
• Polio reached a peak in the United States in 1952, with more than 21,000
paralytic cases. (from CDC website)
• The first vaccine for polio became available in 1955 and by 1980 polio had
been completely eradicated from the United States.
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Fungi
• Fungi are eukaryotic cells that live in colonies. Because they are more similar to
human cells than bacteria (prokaryotes) they are harder to treat.
• Many fungi reproduce by producing spores (their form of gametes). If the spores of
a harmful fungi land on you or are inhaled by you, they can germinate and begin to
grow and divide forming an active infection. Fungi make you sick by killing and
feeding on your cells.
• People with weakened immune systems are more likely to develop fungal infections.

Fungal
Spores
Athletes
Foot
Thrush
Ring
Worm

(caused by
a type of
yeast)

Parasites
• A parasite is an organism that lives on or in a host organism and gets its food
from or at the expense of its host. There are three main classes of parasites
that can cause disease in humans:
1. Protozoa - diverse group of unicellular eukaryotic organisms
2. Helminths - large, multicellular organisms
3. Ectoparasites - organisms such as ticks, fleas, lice, and mites that
attach to or burrow into the skin
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Parasites
• A parasite is an organism that lives on or in a host organism and gets its food
from or at the expense of its host. There are three main classes of parasites
that can cause disease in humans:
1. Protozoa - diverse group of unicellular eukaryotic organisms
• Malaria is the parasite that causes the most deaths globally
(causes illness due to destruction of blood cells)
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Parasites
• A parasite is an organism that lives on or in a host organism and gets its food
from or at the expense of its host. There are three main classes of parasites
that can cause disease in humans:
1. Protozoa - diverse group of unicellular eukaryotic organisms
• Malaria is the parasite that causes the most deaths globally
(causes illness due to destruction of blood cells)
• People with malaria often experience fever, chills, and flu-like illness. Left
untreated, they may develop severe complications and die. In 2010 an
estimated 219 million cases of malaria occurred worldwide and 660,000
people died, most (91%) in the African Region.
• Some people are naturally resistant to malaria
– Those with sickle cell disease (which has led to high incidence of this
disease in people of African decent)
– People who are homozygous recessive for
the sickle cell trait are likely to die of the
disease but those who are carriers can
survive fine and are resistant to malaria

Parasites
• A parasite is an organism that lives on or in a host organism and gets its food
from or at the expense of its host. There are three main classes of parasites
that can cause disease in humans:
2. Helminths - large, multicellular organisms
• Flat worms (platyhelminths)
- these include the flukes and tapeworms
• Thorny-headed worms (acanthocephalins)
• Roundworms (nematodes)
- these include leaches and Trichinella spiralis
tapeworms

trichinosis

Eating undercooked meat from infected animals is
the main cause of tapeworm infection in humans.
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Parasites
• A parasite is an organism that lives on or in a host organism and gets its food
from or at the expense of its host. There are three main classes of parasites
that can cause disease in humans:
3. Ectoparasites - organisms such as ticks, fleas, lice, and mites that
attach to or burrow into the skin
lice
tick

flea
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Prions
• Prion diseases or transmissible spongiform encephalopathies (TSEs) are a
family of rare progressive neurodegenerative disorders that affect both
humans and animals.
• Caused by misfolded proteins (prions) that are pathological, meaning they
can induce other proteins to misfold.
• The abnormal folding of the prion proteins leads to brain damage and the
characteristic signs and symptoms of the disease.
• Prion diseases are usually rapidly progressive and always fatal.

Prions
• People have contracted prion disease from eating tainted meat from cows
(variant Creutzfeldt-Jakob disease) or human cannibalism (kuru)
• One in a million people each year develop a sporadic form of the condition, for
which there is no known cause
• Approximately 5-15% of all cases are inherited

• A few cases have been transmitted accidentally via medical procedures
(contaminated tools, bone grafts)
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Immune System
• Immunity is the process of fighting and/or preventing infection
• Consists of nonspecific defenses and specific defenses
• Nonspecific defenses include:
– First line defenses: barriers and secretions (skin is most important)
– Inflammatory response: localized response to wounds
– Fever: increased body temperature intended to kill pathogens

Inflammatory response

https://www.youtube.com/watch?v=426PDam1ey4
https://www.youtube.com/watch?v=uNG-jZxvhcg

Immune System
• Specific defenses respond to specific antigens (substances that are
recognized by the immune system and trigger a specific response)
– Humoral Immunity: provides defense against specific pathogens
found outside of cells, like viruses, bacteria, and parasites found
in the blood and extracellular fluid
– Cell-mediated Immunity: provides defense against abnormal
cells (like cancerous or precancerous cells and cells that have
been infected by a virus)

(11:32) https://www.youtube.com/watch?v=Non4MkYQpYA
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Immune System
• Humoral Immunity
– Body produces many thousands of different
B cells, each one has receptors specific to a
different antigen
– When a B cell engages an antigen, it
stimulates it to divide into plasma cells
and memory B cells
– Plasma cells release antibodies,
which are proteins that specifically
bind to the antigen detected – each
antibody has two antigen binding
sites which cause pathogens to
clump together (agglutination)
• prevents viruses from
entering cells
• Makes it easier for
phagocytes to find and
destroy them

Immune System
• Humoral Immunity
– When the wrong blood is given to a
patient during a blood transfusion, it is
agglutination caused by the humoral
response that causes the body to reject
the donor blood. The red blood cells of
the donor blood form clumps that block
the blood vessels and often lead to
death of the patient.
Can you determine
the blood type?
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Immune System
• Humoral Immunity
– Memory B cells are clones of the original B
cell and are maintained in order to remember
the pathogen and quickly respond the next
time it tries to invade the body (this is the
purpose of vaccinations)
– Vaccinations are made of dead or weakened
pathogens. Since they contain all of the
antigens of the“normal” pathogen,
they trigger an immune response
and the body searches for the right
B cell and then creates memory
B cells. This is helpful because it
takes time to find the right B cell
so immunizations help the body be
Prepared. The next time it encounters that pathogen, it can quickly start making the
right antibodies to destroy the pathogen before it has time to reproduce and establish
a full-blown infection.

Immune System
• Cell-Mediated Immunity
– Macrophages are white blood cells that engulf pathogens. When they do so, they
digest them and isolate any antigens on them. Then they move these antigens to
their cell membrane where they are used to activate T cells (make them recognize
and seek out those specific antigens)
– Activated T cells become helper T cells which activate killer T cells and B cells
– Killer T cells look at the body’s own cells for signs of the antigens and kill those
cells that display them.
– Some cells become memory T cells

https://www.youtube.com/watch?v=Bf2t8n1ibwQ
https://www.youtube.com/watch?v=RO6qmpApyDM
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(Hematopoietic Stem Cell)

Monocyte
(becomes phagocytes)

Immune System

Our Immune System (4:52) - https://www.youtube.com/watch?v=MI-BLaj5nFk
Mr. Anderson Explains the Immune System - https://www.youtube.com/watch?v=z3M0vU3Dv8E
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Disorders of the Immune System
• HIV is a viral infection that destroys the T cells of the immune system
(52:00) - https://www.youtube.com/watch?v=xCZVYvKUQ2o

• Allergies occur when the body overreacts to an antigen that is not actually
pathogenic (antigens on pollen, dust, foods) – triggers release of histamines
which can cause the body to go into anaphylactic shock if great enough
• Asthma is an autoimmune disease caused by inflammation of bronchioles (air
passages to the lungs)
• Autoimmune diseases occur when the body’s immune system attacks and
destroys its own cells
– Type 1 Diabetes – immune system destroys beta cells of pancreas
– Hashimotos thyroiditis - immune system destroys thyroid gland
– Lupus erythematosus – systemic inflammation caused by the immune
system reacting to self-antigens found in the blood (sun exposure can
trigger an episode)
– psoriasis – immune system attacks the skin
– Multiple sclerosis – immune system attacks part of the nerve cells
(1:53) - https://www.youtube.com/watch?v=qgySDmRRzxY
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