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MICROBIOLOGY - CLUTCH 1E

CH. 24 - PRINCIPLES OF DISEASE



 CONCEPT: SYMBIOTIC RELATIONSHIPS 

●Different living organisms (ex. humans & microorganisms) can interact to form ____________________ relationships. 

□ Symbiosis: biological interactions/relationships between two ___________________ organisms/species.  

●There are _____ forms of symbiotic relationships:  

1) Mutualism: relationship where BOTH organisms _______________ from the relationship.  

2) Commensalism: relationship where one organism benefits & the other is ______affected (not affected). 

3) Parasitism: relationship where one organism benefits at the expense of the other (the other is _____________). 

 □ All pathogens are categorized as parasites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Organisms that interact and live together on a permanent basis are in a relationship termed: 

a) Mutualism.    c)   Symbiosis. 

b) Parasitism.    d)   Transient microbiota. 

 

 

PRACTICE: A relationship between two organisms in which one partner benefits and the other is harmed is termed: 

a) Commensalism.    c)    Independence. 

b) Parasitism.    d)    Mutualism. 
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CONCEPT: SYMBIOTIC RELATIONSHIPS 

PRACTICE: Which of the following is an example of a commensal relationship? 

a) Fungi residing in plant roots and the fungi providing the plant nutrients.  

b) Bacteria fixing nitrogen in the roots of some plants and the plants providing shelter for the bacteria. 

c) Rancher ants that protect aphids in exchange for sugar-rich honeydew that the aphids create. 

d) Cattle egrets eating insects stirred up by grazing bison in a meadow. 

 

 

 

PRACTICE: Our microbiome is composed of a variety of microorganisms that live within and on our bodies. Research has 

shown our microbiota protects us against infectious pathogens, creates vitamins and minerals we need, and helps us digest 

our food. We act as a safe residence and food source for our microbiota. The relationship humans have with their 

microbiome could be described as?  

a) A commensal relationship.  

b) A resident relationship.  

c) A mutual relationship.  

d) A parasitic relationship.  
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CONCEPT: THE HUMAN MICROBIOME 

●Recall: Microbiome (or Normal Flora): communities of microbes that grow on/in the bodies of all humans.  

 □ These microbes live in symbiotic relationships with humans & can be further classified into _____ groups: 

□ Resident Microbiota: microbes that are almost ____________ on the host for extended periods of time. 

□ Transient Microbiota: microbes that are only __________________ found in the body (ex. pathogens). 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Scientists commonly call humans “superorganisms”. What is this description referring to?  

a) Humans are the most intelligent and influential organisms on the planet.  

b) Each human is an ecosystem for trillions of microorganisms.  

c) Humans are the only organisms that determine the success of other organism species.  

d) Each human is host to a unique species of microorganism.  

 

 

PRACTICE: Which of the following answers does not include an example of transient microbiota?  

a) Microorganisms that inhabit certain body sites for extended periods of time.  

b) Microorganisms that are able to inhabit different body sites during their lifetime.  

c) Microorganisms that only occupy the body for a short period of time.  

d) Microorganisms that are pathogenic and eventually removed by the body’s immune system.  
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CONCEPT: THE HUMAN MICROBIOME 

Microbiome Composition  

●The Human Microbiome Project (started in 2007) studies relationships of normal flora & various human hosts.  

 □ Goal is to understand how changes in a microbiome affect human health & disease.  

●Humans start to develop microbiomes at ___________.  

 □ Breast milk contains many beneficial microbes & carbohydrates important for an _______________ microbiome.  

●In adults, many factors contribute to microbiome changes (microbiomes of obese adults ____________ from lean adults). 

 □ Over time, a person’s microbiome can _________________ as they are exposed to (encounter) new microbes. 

●Researchers have begun to find a correlation between microbiome compositions & ________________.  

 □ For example: Intestinal dysbiosis (an imbalance of the microbiome) can lead to inflammatory bowel disease.  

 

  

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following influences the types and amounts of microorganisms found in and on your body? 

a) Your age.      b)   Your diet.         c)   Your medications.   d)   All of the above.  

 

PRACTICE: Recent research suggests that babies born via cesarean section are more at risk for developing allergies. Why 

might this be?  

a) C-sections babies are not exposed to the mother’s vaginal microbiota.  

b) Early exposure to normal microorganisms of the microbiome will allow a baby’s microbiome to form quicker.   

c) A less developed microbiome causes an individual to be more sensitive and reactive to allergens.  

d) All of the above.  
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CONCEPT: THE HUMAN MICROBIOME 

PRACTICE: Newborn babies acquire the microbes of their microbiota by: 

a) Passing through the birth canal.    d)   Their environment. 

b) Breastfeeding.      e)    All of the above are a source of microbiota. 

c) Contact with their mother's skin. 

 

Microbiome Protects Against Infection 

●Recall: The microbiome is part of innate immunity by creating a competitive/unfavorable environment for pathogens. 

□ Some microbes __________ the attachment sites of pathogenic microbes by colonizing the area. 

□ Other microbes of the microbiome can create ___________ that are only harmful to some pathogenic microbes. 

●Our microbiome can _________________ the adaptive immune system towards pathogens we have not yet encountered. 

 □ Ex. If small numbers of skin microbiota enter our tissues via cuts, our body produces antibodies against them.  

  □ These antibodies may be effective against pathogens with ___________ antigens to our skin microbiota. 
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CONCEPT: THE HUMAN MICROBIOME 

PRACTICE: Which of the following is not a way in which our microbiome helps protect our bodies from pathogens?  

a) Microbes of our microbiome create compounds that helps us digest our food.  

b) Microbes of our microbiome create compounds that are harmful to pathogenic microbes.  

c) Microbes of our microbiome outcompete pathogenic microbes for resources.  

d) Microbes of our microbiome block entrances and binding sites in our bodies.  

 

PRACTICE: Certain antibiotics inhibit the growth of Lactobacillus species of bacteria. Adult women who take these 

antibiotics commonly have vaginal yeast infections following their antibiotic treatments. Which of the following statements 

about the Lactobacillus bacteria and yeast of the vagina is false?  

a) The yeast is a pathogenic microbe in the vagina.  

b) The Lactobacillus bacteria and yeast compete for resources in the healthy microbiome.  

c) The antibiotics have caused an imbalance of the bacterial and yeast populations of the vagina.  

 

Microbiome Promotes Immune Tolerance 

●T & B cells must build immune tolerance to our microbiome to avoid “attacking” them. 

●Recall: Immune tolerance: ability for immune system to distinguish harmless from harmful (prevents autoimmunity). 

 □ TReg cells ______________ activity of other T cells to prevent them from targeting host microbiome & self-cells.  

●Studies have shown that early & sufficient exposure to microbes as an infant/child can _______________ Treg cell activity. 

 □ Hygiene hypothesis: insufficient exposure to microbes increases risk of allergies & an autoimmune disorders. 

 

 

 

 

 

 

 

 

 

 

 

 

_________ tolerance. 

Increased risk of allergies 
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CONCEPT: THE HUMAN MICROBIOME 

PRACTICE: The "hygiene hypothesis" proposes that during childhood: 

a) Lack of exposure to microbes can promote development of allergies. 

b) Hand washing prevents against most dangerous infections. 

c) The immune system develops best in a clean environment. 

 

Microbiome Makes Nutrients & Aids in Host Digestion 

●An important feature of microbiome is its ability to produce essential _________________ for the host. 

 1) Intestinal microbiome produces Vitamins ____ & ____ that can be absorbed by the host. 

2) Intestinal microbiome also produces ____________ that degrade complex carbohydrates for the host. 

3) Fermenting bacteria can produce ______________ sources for epithelial cells.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following is true about how the microbes of our microbiome help maintain our health? 

a) They block pathogen attachment to host cells. 

b) They establish competition for available nutrients and vitamins. 

c) They produce antimicrobial substances that damage pathogenic microbes. 

d) They stimulate the immune system to attack pathogenic microbes. 

e) All of the choices are true. 
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CONCEPT: THE HUMAN MICROBIOME 

PRACTICE: Humans do not possess the enzymes required to break down most dietary fibers found in whole grains, beans, 

and vegetables. However, some fiber can be digested in our guts. How does this happen?  

a) Certain bacteria in our gut microbiome digest the fiber in our food and provide us with nutrients.  

b) Certain yeasts in our gut create vitamins which help break down fiber in our food.  

c) Certain bacteria in our gut induce our intestinal epithelial cells to create enzymes which can break down fiber.  
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CONCEPT: CHARACTERISTICS OF INFECTIOUS DISEASE 

●______________: condition (not of physical injury) where normal structure & function of a host is damaged/impaired. 

 □ Infection: colonization & replication of a pathogen in a host. 

●Infectious Disease: a spreadable disease caused by an infection that results in a patient showing signs & symptoms.  

□ Signs: objective evidence of infection that can be directly observed/__________________ (rash, swelling, fever). 

□ Symptoms: subjective evidence of infection that can _______ be directly observed/measured (pain, nausea). 

●Asymptomatic Disease: disease caused by an infection that results in a patient showing _______ signs or symptoms. 

 

 

 

 

 

 

 

 

 

 

Communicable vs. Noncommunicable Diseases 

●Some diseases can spread from one person to another while others can not. 

 □ Communicable (_________________ or Infectious) Diseases: infectious disease that spreads between hosts. 

  □ Infectious ___________: the specific number of microbes required to establish an infection in a host.  

 □ Noncommunicable Diseases: non-infectious disease that does ________ spread between hosts (ex. cancer).  

  □ Arise from genetic, physiological, lifestyle, and environmental factors. 

 

 

 

 

 

 

 

 

 

Asymptomatic Disease 
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CONCEPT: CHARACTERISTICS OF INFECTIOUS DISEASE 

PRACTICE: Which of the following would be considered a sign of a disease or infection? 

a) Headache.   d)    Fever of 39°C (102°F). 

b) Pain.    e)    Lack of appetite.  

c) Nausea.   f)    All of the following can be signs of disease or infection.  

 

 

PRACTICE: Diseases or infections that can be transmitted from one individual to another are categorized as what types of 

diseases?  

a) Symptomatic.   d)   Noncommunicable. 

b) Clinical.    e)   Latent. 

c) Communicable. 

 

 

PRACTICE: Which of the following illnesses is an example of a noncommunicable disease? 

a) Infection with a respiratory virus like the flu or Covid-19. 

b) Food poisoning due to bacterial toxins found in canned food. 

c) Skin infection and blood infection acquired from a dog bite. 

d) Infection caused by an accidental puncture by a contaminated needle. 

 

 

PRACTICE: Determine if the diseases below are communicable or noncommunicable diseases.  

A. Communicable Disease.   B.   Noncommunicable Disease.  

_____ 1) Lung Cancer.    _____ 3) HIV.    _____ 5) Diabetes.  

_____ 2) Measles.    _____ 4) Stroke.   _____ 6) Covid-19.  

 

 

PRACTICE: Pathogens that are very virulent are more likely to cause disease than pathogens that are less virulent 

(Virulence: the ability of a pathogen to cause and infection/disease). The infectious dose for Virus X is must lower than the 

infectious dose of Virus Y. Which virus is more virulent?  

a) Virus X.    b)   Virus Y.  

 

MICROBIOLOGY - CLUTCH 1E

CH. 24 - PRINCIPLES OF DISEASE

Page 11



CONCEPT: CHARACTERISTICS OF INFECTIOUS DISEASE 

Primary vs. Secondary Infections 

●An infected person may be susceptible to a second infection from damage done to their body by the first infection.  

 □ Primary Infection: _____________ infection caused by a primary pathogen (Ex. HIV). 

□ Primary Pathogens: infect ___________ (not infected) individuals in a primary infection. 

 □ Secondary Infection: _____________ infection caused by opportunistic pathogens. 

  □ Opportunistic Pathogens: do NOT usually cause disease but take advantage & infect compromised host 

 

  

 

  

 

 

 

 

    

 

PRACTICE: Opportunistic pathogens are least likely to infect which of the following groups of people?  

a) Cancer patients.   c)   Organ transplant recipients.    e)   High school students.  

b) Drug addicts.    d)   AIDS patients. 

 

Virulence 

●Virulence: the ____________ of pathogenicity (disease production) of an organism. 

 □ Organisms with high pathogenicity (more virulent) are _________ likely to cause an infection.  

 □ Virulence _____________: traits of an organism that allow it to cause disease (Ex. gene for toxin production).  
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CONCEPT: CHARACTERISTICS OF INFECTIOUS DISEASE 

PRACTICE: Characteristics of a pathogen that promote pathogenicity are called:  

a) Pathogen factors. b)   Colonization factors.  c)   Infectious agents.  d)   Virulence factors. 

 

PRACTICE: Virulent pathogens are: 

a) Less likely to cause disease.   c)    Only able to cause disease in weakened hosts. 

b) More likely to cause disease.   d)    Always cause disease whenever inside a host.  

 

 

PRACTICE: Which of the following pathogen characteristics may be considered virulence factor(s)? 

A) Adhesins (molecules that allow a pathogen to adhere to a host cell). 

B) Capsules (protective coatings on the outside of certain bacteria). 

C) Endotoxins (damaging molecules created by certain bacteria). 

D) Proteases (damaging molecules created by certain bacteria). 

E) All of the choices are correct. 

 

 

PRACTICE: An encapsulated bacterium can be a virulent pathogen because the capsule: 

a) Resists phagocytosis.     c)   Is composed of endotoxins.  

b) Destroys host tissues.     d)   The capsule has no effect on the virulence of a bacterium.  

 

 

PRACTICE: Which of the following is a true statement?  

a) A successful pathogen never kills the host. 

b) Throughout disease evolution, the most virulent diseases have spread the fastest.  

c) A successful pathogen does not kill the host before it is transmitted.  

d) The primary goal of a pathogen is to kill the host.  
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CONCEPT: STAGES OF INFECTIOUS DISEASE PROGRESSSION 

●The progression of an ___________ (short-term) infectious disease involves a series of stages that the host experiences: 

 1) Incubation Period: time between initial introduction/replication of pathogen & when signs/symptoms may arise.  

  □ Can take days, weeks, or even years depending on growth rate, host conditions, & # of infectious agents. 

 2) Prodromal Period: an occasional period of early, vague symptoms such as malaise/discomfort & headaches. 

 3) Period of Illness: period where a person may experience the strongest __________ & symptoms of disease.  

 4) Period of Decline: period where any signs & symptoms start to decline (or go away). 

5) Period of Convalescence: period of ______________ & recouperation where host eliminates pathogen. 

  □ Host immune system may still be weak & is susceptible to developing secondary infections. 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Use the following information to answer the next two practice problems.  

Times and dates of Bob’s symptoms of disease:  

• January 7th: Bob is scratched and bitten by a stray dog.   

• January 9th: The stray dog is found dead. Animal control finds that the dog has Yersinia pestis (bubonic plague).  

• January 10th: Bob has fever, chills, and vomiting.  

• January 11th: Bob is hospitalized with diarrhea & has swollen lymph nodes.  

o Doctors find Bob is infected with Yersinia pestis and give him antibiotics.  

• January 21st: Bob’s vitals return to normal and he is released from the hospital.  

 

PRACTICE: Identify the incubation period for Bob’s case of the bubonic plague:  

a) January 10th-21st.      b)    January 10th-11th.     c)   January 7th-21st.  d)  January 7th-9th.  

 

PRACTICE: Identify the prodromal period for Bob’s case of the bubonic plague:  

a) January 10th-21st.      b)    January 10th-11th.     c)   January 7th-21st.  d)  January 7th-9th.  
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CONCEPT: STAGES OF INFECTIOUS DISEASE PROGRESSSION 

Chronic & Latent Infection Disease Progression 

●Progression of a _____________ (long-term) infectious disease is characterized by a prolonged period of illness. 

●Progression of a _____________ (reoccurring) infectious disease is characterized by periods of latency & resurgence. 

 □ Recall: Latency: a state where an infection is “_____________/inactive/hidden”. 

 □ Resurgence: a period after the latent state where an infectious agent reactivates (or returns) & replicates.  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Most individuals become infected with varicella zoster virus (VZV) during childhood which results in a disease 

commonly known as chicken pox. After the individual recovers from chicken pox the virus remains dormant in their body. 

This virus will commonly re-emerge when the individual reaches an advanced age and cause a disease commonly known 

as shingles. The shingles disease is what stage in the disease progression of the varicella zoster virus? 

a) Period of latency.     c)    Period of decline.  

b) Period of illness.     d)    Period of resurgence.  

 

 

PRACTICE: Individuals infected with human immunodeficiency virus (HIV) begin to show flu-like symptoms 2-4 weeks after 

infection. During this period, HIV is rapidly multiplying in the body. HIV will continue to slowly multiply within infected 

individuals for the remainder of their lives (although this can be lessened with antiretroviral therapy). HIV is an example of 

what type of disease?  

a) Latent infectious disease.  

b) Opportunistic infectious disease.  

c) Chronic infectious disease.  

d) Noncommunicable infectious disease.  
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CONCEPT: KOCH’S POSTULATES 

●Robert Koch was a German physician who designed a set of postulates to identify microbes that cause certain diseases.  

□ Using his postulates, he discovered ____________ (disease in cattle & humans) is caused by Bacillus anthracis.  

□ ___________ Postulates: set of criteria used to determine if a particular microbe causes a particular disease.  

 

 

 

 

 

 

 

 

 

 

 

 

The 4 Koch’s Postulates 

●There are _____ postulates used to link a specific microbe to a specific disease: 

 

 

  

 

 

 

 

 

PRACTICE: Chronic wasting disease (CWD) in deer, elk, and moose is caused by a prion. Which of Koch’s postulates 

would not work in regards to identifying the cause of CWD?  

a) Postulate 1.   b)    Postulate 2.   c)   Postulate 3.    d)   Postulate 4.  

 

PRACTICE: Koch stressed the importance of working with ______ to formulate his postulates of disease. 

a) Anaerobic culture.    c)   Pure culture.    e)   Abstract culture.  

b) Enriched culture.    d)   Mixed culture.  
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CONCEPT: KOCH’S POSTULATES 

PRACTICE: Koch's postulates established: 

a) Evidence against the idea of spontaneous generation of life. 

b) That bacterial cells are the fundamental units of all life. 

c) That specific diseases are caused by specific pathogens. 

d) That virulence factors are the characteristics of pathogens which cause disease. 

 

PRACTICE: Which of the following is not one of Koch’s postulates? 

a) The same pathogen must be present in every single case of the disease.  

b) The pathogen from pure culture must cause the disease when inoculated into a healthy, susceptible test subject.  

c) The pathogen must be isolated and grown in pure culture from diseased test subject.  

d) The disease must be transmitted from a diseased test subject to a susceptible test subject via direct contact.  

 

Limitations to Koch’s Postulates 

●While Koch’s postulates serve an important role in determining the cause of disease, there are limitations to them.  
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CONCEPT: KOCH’S POSTULATES 

PRACTICE: Which of the following would Koch’s postulates not be able to explain?  

a) Diseases caused by viruses.   c)   Diseases that have long latency (dormant) periods after infection.  

b) Diseases with asymptomatic carriers. d)   All of the above.  

 

 

PRACTICE: In two of Koch's postulates (#2 and #3), a pure culture of the pathogen is required. Which of the following 

would not be a possible consequence of using a contaminated culture? 

a) The disease cannot be attributed to a single microbe since the culture is contaminated with other microbes. 

b) The contaminating microbe may also cause disease in the test subject in addition to the microbe of interest.  

c) The contaminating microbe might outcompete the microbe of interest for nutrients, killing to microbe of interest.  

d) Even with a contaminant present, if the microbe of interest is present, it should infect the test animal.  

 

 

PRACTICE: Why would Koch’s postulates not be able to identify that the SARS-CoV-2 virus causes the Covid-19 disease?  

a) Some individuals infected with SARS-CoV-2 do not show symptoms.  

b) The SARS-CoV-2 virus is not present in all cases of Covid-19.  

c) Viruses cannot be cultured on laboratory media.  

d) Some individuals have weaker immune systems and are more susceptible to the SARS-CoV-2 virus.  

e) A and B.  

f) A, C, and D.  

g) C and D.  
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CONCEPT: MOLECULAR KOCH’S POSTULATES 

●In 1988, Stanley Falkow proposed a revised set of Koch’s postulates which are known as molecular Koch’s postulates. 

 □ Molecular Koch’s Postulates: used to identify the ________________ cause of a microbe’s virulence factors.  

  □ Recall: virulence factors: specific ___________ of an organism that allow it to cause disease. 

 □ Explains why some microbial strains can be pathogenic (while others are not) based on their virulence factors.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The 3 Molecular Koch’s Postulates 

●There are _____ Molecular Koch’s Postulates used to identify virulence factors in a pathogenic microbe: 
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CONCEPT: MOLECULAR KOCH’S POSTULATES 

PRACTICE: Which of the following answers is not a reason why Dr. Falkow developed molecular Koch’s postulates?  

a) Koch’s original postulates possessed many limitations.  

b) Genetic technology and microbial studies have vastly improved and grown since Dr. Koch’s research.  

c) Pathogenic microbes cannot be cultured on laboratory medium.  

d) Molecular Koch’s postulates allow a more detailed investigation into how pathogens cause disease.  

 

 

 

PRACTICE: Virulence factors include which of the following answers?  

a) Toxins found in the outer-membrane of certain species of bacteria.  

b) Bacterial capsules that allow the bacterium to evade phagocytosis by immune cells.  

c) Proteins on the surface of a virus that allows the virus to bind to the host cell’s surface.  

d) A and B only.  

e) All of the above.  

 

 

 

PRACTICE: Which of the following answers describes virulence factors of a pathogen?  

a) Traits of a pathogen that allow it to successfully reproduce outside of a host.  

b) Traits of a pathogen that allow it to successfully cause symptoms in its host.  

c) Traits of a pathogen that allow it to successfully colonize within its host.  

d) A and B.  

e) B and C.  

f) All of the above.  
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CONCEPT: BACTERIAL PATHOGENESIS 

●Pathogenesis: the process of disease development (infection) in a host.  

●Bacterial pathogenesis involves _____ important steps: 

  

 

 

 

 

 

 

 

 

 

 

PRACTICE: All of the following are phases of bacterial pathogenesis except which of these answers?  

a) Bacterial pathogens are destroyed by neutrophils and macrophages of the immune system.  

b) Bacterial pathogens are transmitted from an infected host to a healthy susceptible host.  

c) Bacterial pathogens multiply inside of the infected host.  

d) Bacterial pathogens invade the host’s tissues and cells.  

 

1) Exposure to Pathogen 

●The ________ step in bacterial pathogenesis is exposure (or an encounter) with the pathogen. 

 □ Not all exposures result in infection, as the pathogen must enter host tissues via a portal of entry.  

 □ Portal of __________: locations where host tissue cells directly contact the external environment.  

  □ Examples: skin, mucous membranes, & parenteral routes (sites of ______________ protective barriers). 

  □ Most common portal of entry for pathogens is the respiratory tract (Ex. spread of COVID-19). 

 

 

 

 

 

 

MICROBIOLOGY - CLUTCH 1E

CH. 24 - PRINCIPLES OF DISEASE

Page 21



CONCEPT: BACTERIAL PATHOGENESIS 

PRACTICE: During the Covid-19 pandemic, individuals around the world were advised to wear masks covering their nose 

and mouth. Why is this medical advice important for decreasing the spread of the SARS-CoV-2 virus?  

a) Face masks cover the openings to our respiratory system, which is the portal of entry for the SARS-CoV-2 virus.  

b) Face masks cover the openings to our respiratory system, which is the portal of exit for the SARS-CoV-2 virus.  

c) Face masks cover the openings to our digestive system, decreasing the entry of opportunistic pathogens. 

d) A and B.  

e) A and C.  

f) All of the above.   

 

2) Adhesion to Host  

●After pathogen exposure & entry at the portal of entry, the pathogen must properly _______________ to the host.  

 □ Adhesion: ability of a pathogen to ____________ to host cells using adhesion factors (adhesins). 

  □ Adhesins: molecules on the surface of pathogens that bind specific receptors on host cells. 

  □ Adhesins can be found on bacterial pili, fimbriae, & flagella. 

 □ Adhesin-Receptor binding is VERY __________________ & controls the cell type a pathogen will adhere to. 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following is not true about adhesin molecules?  

a) Adhesin molecules are receptors on the host cell’s surface that allows pathogens to enter the cell.  

b) Adhesin molecules are found on pili, fimbriae, and flagella of bacterial pathogens.  

c) Adhesin molecules allow a bacterial pathogen to attach to the surface of the host’s cells.  

d) Adhesin molecules bind to receptors on the surface of the host cell.  
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CONCEPT: BACTERIAL PATHOGENESIS 

3) Invasion into Host Cell or Host Tissues 

●Once a pathogen has adhered to the host, it either finds a way to invade a host cell or enter the host’s tissues. 

 □ Invasion of host cell allows pathogen to reduce competition for nutrients & “hide” to __________ immune system.  

●Invasion into most types of host cells involves one of _____ mechanisms of induced endocytosis: 

 □ Induced Endocytosis: bacterial cell “_________” host cell to endocytose when it typically would not. 

 a) Pathogen contacts epithelial cell & secretes effector proteins causing membrane ______________ of cell’s actin. 

  □ Membrane Ruffling: rearrangement of _________ filaments in host cell resulting in membrane “ruffles”. 

  □ Ruffles (or “wrinkles”) enclose bacterial cells & bring them into the cell (resembling endocytosis). 

 b) Pathogen expresses surface proteins that _________ to receptors on a host cell & pathogen is engulfed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: The process by which infectious agents are ingested by host cells is termed 

a) Exocytosis.  b)   Pinocytosis.   c)   Endocytosis.  d)   Phagosome fusion. 

 

PRACTICE: Which of the following is not a method bacterial pathogens use to invade host cells in pathogenesis?  

a) Pathogens induce the host cell to engulf them.  

b) Pathogens breaks apart outside of the cell, are phagocytosed, then reassembles once within the host cell.  

c) Host cell membrane rearranges after the pathogens bind to the host cell’s surface.  

d) The pathogens express surface proteins that allow them to bind to the host cell and begin endocytosis.  
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CONCEPT: BACTERIAL PATHOGENESIS 

4) Multiplication (Colonization) Inside Host  

●After entering a host cell or tissues, the pathogen multiplies & begins damaging the host, causing an infection.  

●Pathogens can cause _______ types of infections: 

 a) Local Infections: confined to a ___________ area of the body near the portal of entry. 

 b) Focal Infections: localized infection spreads to a ___________________ location (usually via the bloodstream). 

 c) Systematic Infections: infection disseminates or widely-spreads throughout the ___________ body.  

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Multifocal tuberculosis is characterized by:  

a) A patient with a single lobe of the left lung being infected with Mycobacterium tuberculosis bacteria.  

b) A patient with damage in their lungs, vertebrae, & CNS caused by Mycobacterium tuberculosis bacteria.  

c) A patient with Mycobacterium tuberculosis bacteria circulating throughout the blood stream.  

d) None of the above.  

 

PRACTICE: Sickle cell anemia is a blood disorder where affected individuals have “half-moon” shaped red blood cells. 

Sickle cell anemia is an example of a _________ disease.  

a) Systemic.    b)   Local.    c)   Focal.    d)   Contagious. 

 

PRACTICE: Bacterial pathogen Z has proteins on its surface which bind to receptors on the host cell’s surface. After it is 

bound, the host cell engulfs the bacterium. This means that the proteins on the surface of bacterium Z are:  

a) Virulence factors.   c)   Able to induce endocytosis in the host cell.   d)   A, B and C.  

b) Adhesins.    d)   A and B only.  
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CONCEPT: INTRODUCTION TO PATHOGENIC TOXINS   

●Certain pathogens produce biological poisons called ____________ that allow them to invade & damage host tissues.  

 □ Toxigenicity: ability for a pathogen to produce toxins that damage host cells. 

●Toxins can be classified into ______ groups:  

 1) Exotoxins: soluble ______________ that a pathogen releases during infection or following lysis. 

  □ _____ different categories of exotoxins are grouped by their different structures & functions (see image).  

 2) Endotoxin: the lipopolysaccharide (LPS) found on the outer membrane of gram-_________________ bacteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

●NOTE: the host immune system is also capable of unintended damage to host cells when overstimulated during infection. 

 

PRACTICE: Phospholipases are characterized by all of the following except which of these answers?  

a) Possess the ability to damage host cells.  

b) Are released by pathogens into host cells during infection.  

c) Are able to form pores in the cell membranes of host cells.  

d) Are able to hydrolyze cell membranes of host cells.  

 

 

PRACTICE: The term endotoxin is synonymous with:  

a) A-B toxins.      c)   Phospholipase.  

b) Lipopolysaccharide (LPS).    d)   None of the above.  
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CONCEPT: EXOTOXINS CAUSE DAMAGE TO THE HOST  

●Damage by exotoxins is highly specific, and they can be grouped based on the type of tissue they infect: 

 □ Neurotoxins: damage tissues of the _________________ system, potentially causing paralysis. 

 □ Enterotoxins: damage tissues of the ____________________ tract causing diarrhea &/or vomiting. 

 □ Cytotoxins: damages different cell types by interfering with cellular mechanisms or by causing cell __________. 

  □ For example: Cytotoxic T cells produce cytotoxins that kill infected host cells.  

 

 

 

 

 

 

 

 

 

●Recall: Exotoxins can also be categorized based on their different structures & functions: 

   1) A-B toxins     2) membrane-damaging toxins     or    3) superantigens 

 

PRACTICE: The components which make up an exotoxin are: 

a) Proteins.  b)   Carbohydrates.       c)   Lipids.          d)   Lipopolysaccharides.           e)   Nucleic Acids. 

 

PRACTICE: Vibrio cholerae is the bacterium which causes the disease cholera. Vibrio cholerae is a toxigenic bacterium, 

meaning it creates toxins. The toxin created by Vibrio cholerae is and A-B toxin which disrupts the ionic balance of the 

host’s intestinal cell membranes. This results in vomiting, diarrhea, and severe dehydration in infected individuals which 

could lead to death. The toxin created by Vibrio cholerae is an A-B toxin and a _________ toxin.  

a) Neurotoxin.     c)    Cytotoxin.  

b) Endotoxin.     d)    Enterotoxin.  

 

PRACTICE: Even though chemotherapy is used as a treatment for cancers it also causes cellular damage. Chemotherapy 

drugs possess toxins that attempt to target and destroy rapidly dividing cells, such as tumor cells. The toxins found in 

chemotherapy drugs are _________.  

a) Neurotoxins.     c)    Cytotoxins.  

b) Endotoxins.     d)    Enterotoxins.  
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CONCEPT: EXOTOXINS CAUSE DAMAGE TO THE HOST  

1) A-B Toxins 

●A-B toxins are exotoxins that consist of 2 parts:  

□ ____ (Active) subunit: usually an enzyme that is responsible for toxic/damaging activity of the toxin.  

□ ____ (Binding) subunit: dictates the very specific type of cell the toxin binds to.  

  □ B-subunit can be isolated & recombined with medicines to deliver them to specific cell types. 

●A-B toxins infect host cells in a ____-step process: 

   

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Anthrax is a serious illness caused by the Bacillus anthracis bacteria. The Bacillus anthracis bacteria create a 

dangerous toxin composed of three protein parts. Each individual part of the toxin does not cause symptoms of disease. 

However, when the three parts are combined, the toxin causes disease. Scientists know that one part of the toxin allows 

attachment to the host cells while the other two parts cause disease. The anthrax toxin is an example of a ____ toxin.   

a) A-B toxin.     c)   Endotoxin.  

b) LPS toxin.     d)   Adhesin toxin.  

 

 

PRACTICE: Botox is a common, temporary cosmetic treatment. Botox injections use the botulinum toxin created by 

Clostridium botulinum bacteria to block certain nerves and paralyze muscles of the face to reduce the appearance of facial 

wrinkles. The botulinum toxin is an example of which type of toxin?  

a) Neurotoxin.     c)    Cytotoxin.  

b) Endotoxin.     d)    Enterotoxin.  
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CONCEPT: EXOTOXINS CAUSE DAMAGE TO THE HOST  

2) Membrane-Damaging Toxins 

●Membrane-Damaging Toxins: exotoxins that disrupt cytoplasmic ___________________ & cause lysis of host cells. 

●There are ____ types of membrane-damaging toxins: 

 1) Pore-Forming Toxins (PFTs): create _________ in the phospholipid bilayer of the host cell causing cell lysis.  

 2) Phospholipases: enzymes that __________________ phospholipids in the cytoplasmic membrane. 

 

  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Eisenia fetida is a species of earthworm which creates the lysenin toxin. The toxin defends the worm against 

infectious bacteria and fungi. The lysenin toxin forms pores in the membranes of pathogens which leads to apoptosis of the 

pathogens. The lysenin toxin is a _________.  

a) Pore-forming toxin.     c)   Defense mechanism.  

b) Exotoxin.      d)   All of the above.  

 

 

PRACTICE: Toxoid vaccines are vaccines for toxins made by pathogens. Toxoids are weakened versions of a toxin which 

do not cause disease but allows our immune system to recognize toxins in the future. Toxoid vaccines for toxic 

phospholipases C are being researched and tested. What would this vaccine protect patients from? 

a) Hydrolysis of phospholipids of host cell membranes leading to apoptosis.  

b) Pore formation in host cell membranes leading to apoptosis.  

c) Damage to nerve cells and muscle paralysis.  

d) Damage to digestive tract and intestinal epithelial cells.  
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CONCEPT: EXOTOXINS CAUSE DAMAGE TO THE HOST  

3) Superantigens 

●Superantigens: exotoxins that inappropriately stimulate TH cells, leading to the overproduction of ________________. 

□ Binds MHC II on APCs, causing TH cells to recognize & respond to antigens they normally would NOT. 

 □ Leads to excessive proliferation of TH cells & massive _____________ of cytokines called a “cytokine storm”. 

 □ Cytokine storms can be _________-threatening & cause fevers, inflammation, & shock.   

 

 

 

 

 

  

 

 

 

 

PRACTICE: Which is true about superantigens? 

a) They are exotoxins.        c)   They enhance antibody production. e)   A and B.  

b) They bind to MHC II antigens on APCs.      d)   They enhance B cell production.  f)   C and D.  

 

PRACTICE: A superantigen: 

a) Is incredibly efficient at stimulating the production and response of T cells in the host.  

b) Is produced by APCs to increase their ability to bind and present antigens.  

c) Is an exceptionally large antigen molecule.  

d) A protein that activates B cells to release large amounts of antibodies in defense against a pathogen.  

 

PRACTICE: Some individuals infected with the SARS-CoV-2 virus have elevated cytokine levels that can lead to acute lung 

injury, respiratory distress, and even death. The excessive concentrations of cytokines created in response to the SARS-

CoV-2 virus is likely:  

a) Caused by a portion of the virus being a superantigen.   d)   A and B.  

b) A life-threatening cytokine storm.     e)   B and C.  

c) Caused by the virus releasing AB toxins.  
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CONCEPT: ENDOTOXIN CAUSES DAMAGE TO THE HOST  

●Endotoxin: is lipopolysaccharide (________) that is found in the outer membrane of gram-negative cells.  

 □ Recall: LPS contains the molecule Lipid _____. 

□ Lipid A: the __________ component of LPS that can trigger an inflammatory response.   

 □ Lipid A can be released during bacterial cell multiplication or bacterial cell lysis.  

  

 

 

 

 

 

 

 

 

 

 

 

Lipid A Causes Septic Shock 

●If lipid A is released & infects the bloodstream, it can initiate a culmination of systemic responses (septic _________). 

 □ Septic shock can include fever, ____________ (low red blood cell count), weakness, diarrhea, & inflammation.  

 □ Lipid A can also cause a life-threatening “________________ storm” resulting in rapid dilation of blood vessels.  

  □ Septic shock can have physiological effects on the heart, vascular system, and other body organs. 
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CONCEPT: ENDOTOXIN CAUSES DAMAGE TO THE HOST  

PRACTICE: What part of lipopolysaccharide (LPS) is the dangerous portion of the endotoxin during bacterial infections? 

a) O-antigen.    c)   Core Polysaccharide. 

b) Lipid-A.     d)   The entire lipopolysaccharide molecule.  

 

 

PRACTICE: What type of bacteria create endotoxins? 

a) Gram-negative.    c)   Both gram-negative & positive. 

b) Gram-positive.    d)   Endotoxins are only produced by protozoa. 

 

 

PRACTICE: Lipid A is the toxic component of LPS. When pathogenic bacteria release Lipid A into the bloodstream the 

infected individual may experience septic shock. Lipid A represents _______.    

a) A focal infection.   c)    A systemic infection.   e)    A and B.  

b) An exotoxin.    d)    An endotoxin.    f)     C and D.  

 

 

PRACTICE: An endotoxin:  

a) Is an AB toxin.  

b) Is created by gram-positive bacteria.  

c) Is heat stable and will not denature.  

d) Triggers T cells to release cytokines.  
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CONCEPT: EXOTOXINS VS. ENDOTOXINS 

●Now let’s highlight some of the differences between exotoxins & endotoxin.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Endotoxins are _________ and need to be in _________ concentrations to cause disease in a host.  

a) Extremely toxic; small.    c)   Slightly toxic; small.  

b) Extremely toxic; large.    d)   Slightly toxic; large.  

 

PRACTICE: Which of the following is not a major difference between endotoxins and exotoxins?  

a) Exotoxins are more toxic than endotoxins.  

b) Endotoxins are made by viruses while exotoxins are made by bacteria.  

c) Exotoxins are made of proteins while endotoxins are made of lipopolysaccharides.  

d) A small concentration of exotoxins can be lethal while a large concentration of endotoxins is lethal.  

 

PRACTICE: The diphtheria toxin is secreted by Corynebacterium diphtheriae bacteria. This toxin has two components, one 

that binds the host cell and one that causes disease. Which of the following about the diphtheria toxin is false?  

a) An endotoxin.    c)   An A-B toxin.   e)   Highly toxic.  

b) An exotoxin.    d)   A protein toxin.    f)    Lethal in small doses.  

Unless it infects 
the bloodstream. 
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CONCEPT: IMMUNE RESPONSE DAMAGE TO THE HOST 

●An immediate & overwhelming immune response can have “unintended” or “accidental” damaging effects to host tissues. 

 □ The immune response in our body can be compared to a _________________ system in a building. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Inflammatory Response Can Damage the Host 

●An inflammatory response can cause unintended, accidental damage to a host in multiple ways: 

□ Recall: during inflammation, neutrophils & other phagocytic cells are recruited to the site of infection. 

  □ Chemicals, bacterial enzymes & toxins can be released, causing damage to surrounding tissues.  

□ Inflammation in ___________ can cause capillaries to leak fluids that collect & interfere with O2/CO2 exchange. 
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CONCEPT: IMMUNE RESPONSE DAMAGE TO THE HOST  

PRACTICE: Why might pathogenic “remains” released from a phagocytic cell be dangerous to the surrounding cells?  

a) Many pathogens produce toxins which may damage neighbor cells when released.  

b) Many pathogens have destructive enzymes which may damage neighbor cells when released.  

c) If the pathogenic DNA is still intact upon release from the phagocyte it can infect surrounding cells.  

d) Antibodies will bind to the phagocytic cell and trigger apoptosis.  

e) A and B.  

f) A and D.  

g) A, B and C.   

 

Adaptive Immunity Can Damage the Host  

●In addition to innate immune responses, adaptive immune responses may also be “accidentally” damaging to the host. 

 □ ______________-antigen complexes that form during an immune response can collect in the kidneys or joints.  

  □ Damages capillaries in the kidneys called glomeruli resulting in kidney ______________.  

□ Certain types of infections result in production of antibodies that bind to surface proteins of self-cells.   

 □ Recall: Antibodies that bind to __________-cells can cause autoimmune disease. 

 

 

 

 

 

 

 

 

 

PRACTICE: Overall our immune system protects us from foreign invaders and pathogens. Which of the following are ways 

in which our immune system inadvertently damages our body? 

a) Severe allergic reactions to allergens that results in anaphylactic shock.  

b) Phagocytic immune cells engulfing pathogens and releasing the dangerous pathogenic “remains” into the body.  

c) Antibody-antigen complexes settling in the kidneys and the joints resulting in damaging inflammation.  

d) Damaging fevers, inflammation, and shock caused by excessive cytokine production in response to antigens.  

e) All of the above.  
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CONCEPT: INTRODUCTION TO AVOIDING HOST DEFENSE MECHANISMS 

●Pathogens have a wide variety of mechanisms that allow them to avoid defense mechanisms of a host.  

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Many pathogens have evolved mechanisms that allow them to avoid being phagocytosed by immune cells. 

However, some pathogens choose to be phagocytosed. Why would they do this?  

a) Phagocytosis of the pathogen by an immune cell allows the pathogen to easily enter host cells.  

b) Phagocytosis of the pathogen by an immune cell ensures the pathogen cannot be destroyed.  

c) Phagocytosis of the pathogen by an immune cell ensures that the immune cells cannot multiply.  

 

 

PRACTICE: All of the following are methods that pathogens use to avoid phagocytosis by immune cells except which of 

these answers?  

a) The pathogens avoid being bound by C3b proteins that trigger opsonization.  

b) The pathogens possess Fc receptors which bind and change the orientation of antibodies bound to them.  

c) The pathogens create IgA proteases which break down IgA antibodies before they can bind the pathogen.  

d) The pathogens create toxins which damage the phagocytic immune cells stopping phagocytosis.  
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CONCEPT: 1) HIDE WITHIN HOST CELLS 

●Certain pathogens can evade the host defense mechanisms by ______________ inside host cells. 

 □ Protects pathogen from antibodies & phagocytic cells. 

 

 

 

 

 

 

 

 

CONCEPT: INTRODUCTION TO EVADING HOST DEFENSE MECHANISMS 

 

PRACTICE: Certain pathogens, like Staphylococcus aureus, hide within host cells to avoid being phagocytosed by immune 

cells. What other advantageous reasons would a pathogen have for hiding within host cells?  

a) Avoid being bound by antibodies. 

b) Avoid being bound by opsonization proteins like C3b.  

c) Avoid triggering the complement system.  

d) The pathogen can lie dormant until an opportune time to cause disease.  

e) All of the above.  

 

 

PRACTICE: Intracellular pathogenesis refers to:  

a) The metabolic processes that occur inside of pathogenic bacteria.  

b) Pathogens establishing an infection within host cells.  

c) The intracellular defense mechanisms host cells have to prevent infection.  

d) None of the above.  
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CONCEPT: 2) AVOIDING PHAGOCYTOSIS  

●Recall: Phagocytic cells destroy microbes in a series of steps (chemotaxis, recognition, attachment, engulfment, fusion). 

 

Pathogens Avoid an Encounter with Phagocytes 

●Certain pathogens can avoid encountering phagocytic cells using one of ____ mechanisms: 

 1)  Production of the enzyme ________ Peptidase which degrades the complement system protein C5a. 

  □ Recall: C5a is the chemoattractant that recruits phagocytic cells to sites of infection. 

 2) Production of _____________________-Damaging Toxins that kill phagocytes & other cells.  

  □ Form ___________ in membranes of phagocytic cells. 

 

 

 

 

 

 

 

 

 

●Some pathogens can survive phagocytosis by phagocytic cells & induce apoptosis once inside the cell.  

 

PRACTICE: Why do some pathogens destroy the host organism’s C5a proteins?  

a) The phagocytic immune cells are not attracted to the pathogen without C5a.  

b) The phagocytic immune cells cannot bind to the pathogen without C5a.  

c) The membrane of the phagocytic immune cells degrades without C5a.  

 

 

PRACTICE: What benefit do pathogenic bacteria obtain from secreting membrane-damaging toxins?  

a) The toxins will damage any surrounding immune cells.  

b) The toxins will stop the immune cells from phagocytosing the pathogen.  

c) The toxins will stop the immune cells from sending messages to other immune cells.  

d) All of the above.  

e) None of the above.  
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CONCEPT: 2) AVOIDING PHAGOCYTOSIS 

Pathogens Use Capsules & M Proteins to Avoid Opsonization 

●Recall: Opsonization: process that makes microbes easier to bind/engulf during phagocytosis. 

●Some pathogens can prevent opsonization by the production of a ________________. 

 □ Capsules can prevent immune cells & opsonins (like C3b) from adhering to pathogen. 

●Similar to capsules, production of the cell wall protein (_____ Protein) allows a pathogen to avoid opsonization. 

 □ M protein binds a regulatory protein that degrades C3 Convertase, thereby _________________ C3b production. 

 

 

 

 

 

 

 

 

PRACTICE: The C3b complement protein is incredibly important for opsonization of pathogenic material. How do some 

pathogens avoid opsonization by interfering with C3b?  

a) Pathogen has outer layer that C3b cannot bind to.  c)   Pathogen stops the formation of C3b.  

b) Pathogen inhibits the functions of C3 convertase.  d)   All of the above.  

 

Pathogens use Fc Receptors to Prevent Opsonization 

●Recall: When antibodies bind a pathogen, the F___ region points outward & can serve as an opsonin for phagocytes. 

●Fc Receptors: surface proteins that bind the Fc region of antibodies & interfere with their function as ________________.  

□ Pathogens with Fc receptors bind antibodies & orient them so the F____ region is points outward (instead of Fc).  

□ Since the Fab region is NOT an opsonin, pathogens with Fc receptors ___________ opsonization & phagocytosis. 

 

 

 

 

 

 

 

Phagocytosis Phagocytosis 
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CONCEPT: 2) AVOIDING PHAGOCYTOSIS  

PRACTICE: Certain pathogens have Fc receptors on their surface to avoid which immune responses to infection?  

a) Opsonin proteins binding to the pathogen and triggering opsonization.  

b) C5a attracting phagocytic immune cells to the pathogen’s location.   

c) Triggering the classical pathway of the compliment system.  

d) Release of histamines trigger an inflammatory response.  

 

 

PRACTICE: Why would some pathogens inhibit the functions of C3 convertase as a defense mechanism against the host’s 

immune cells?  

a) To inhibit the formation of opsonin proteins that bind the pathogen.  

b) To inhibit the production of antibodies that recognize the pathogen.  

c) To inhibit the activation of T cells that trigger a larger immune response.  

d) To inhibit the differentiation of naive B cells into plasma cells.  

 

 

PRACTICE: Streptococcus pyogenes creates a C5a peptidase enzyme which breaks down the host’s C5a proteins. 

Breaking down the C5a proteins has what result?  

a) Stopping the opsonization of Streptococcus pyogenes.  

b) Killing the phagocytic cells.  

c) Cell lysis of Streptococcus pyogenes.  

d) Inhibition of host’s membrane attack complexes.  

e) Decreased accumulation of phagocytic immune cells.  
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CONCEPT: 3) SURVIVING INSIDE PHAGOCYTIC CELLS  

●Recall: When a pathogen is engulfed by a phagocyte, it enters as a phagosome & generally fuses with a lysosome. 

●Some bacteria can survive inside a phagocytic cell in _____ different ways: 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which of the following answers is not a mechanism pathogen use to survive within a phagocytic host cell?  

a) Withstanding the digestive and hydrolytic enzymes of the phagolysosome.  

b) Secreting digestive enzymes to lyse the phagocytic cells from the inside.  

c) Forming pores in the phagosomal membrane and escaping the phagosome.  

d) Creating proteins which blocks the fusion of the phagosome and lysosome.  

 

 

PRACTICE: Some encapsulated bacterial pathogens are said to be serum-resistant. Serum resistant pathogens avoid the 

effects of the complement system proteins. How are encapsulated bacteria able to be serum-resistant and avoid 

phagocytosis?  

a) The capsule ensures that C3b cannot bind the pathogen and trigger phagocytosis or opsonization.  

b) The capsule ensures that C3 convertase cannot trigger the activation of phagocytic immune cells.  

c) The capsule ensures that the pathogen will be able to escape the phagosome inside the phagocytic cell.  
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CONCEPT: 4) AVOIDING THE COMPLEMENT SYSTEM 

●Recall: complement system activation can result in inflammation, opsonization, or membrane-attack complexes (MAC). 

●Bacteria resistant to complement system are called _________ resistant; serum = blood (complement proteins reside).  

□ Serum resistant bacteria ______________ complement system activation by binding & inhibiting ________.  

□ Recall: C3b is a protein important for activating the complement system.  

□ Regulatory proteins on serum-resistant bacteria bind & inhibit C3b, preventing C3 convertase formation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Which types of pathogenic bacteria are susceptible to MACs and why?  

a) Gram-positive bacteria because MACs easily pass through the thick cell wall to reach the plasma membrane.  

b) Gram-negative bacteria because the MACs attack their outer membrane which is not protected by the cell wall.  

c) Both gram-negative and gram-positive bacteria are susceptible to MACs.  

 

PRACTICE: All of these survival mechanisms are unique to serum resistant bacterial pathogens except which of the 

following?  

a) Producing membrane damaging toxins.   c)   Thick peptidoglycan cells walls.  

b) Bacterial proteins binding to C3b.   d)   Inhibition of C3 convertase. 
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CONCEPT: 5) AVOIDING ANTIBODIES 

●Recall: During adaptive immunity, antibodies are produced to tag pathogens/toxins for destruction by immune cells. 

●There are several mechanisms that bacteria have evolved to avoid being bound by antibodies. 

 

 

 

 

 

 

 

 

 

Bacteria Avoid Antibodies by Producing IgA Proteases  

●Recall: IgA antibodies are primarily found in ___________ membranes & areas where mucus is secreted for protection. 

 □ Mucous membranes are protective barriers that use local antibodies to tag pathogens for destruction.  

●Bacteria produce IgA ______________ to degrade antibodies in mucous membranes & avoid adaptive immune response.  

 

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: All of the following are known mechanisms that pathogens use to avoid the effects of antibodies except which 

of these answers?  

a) Pathogens mimicking host cells.   c)   Synthesis of IgG protease.   e)    Antigenic variation.  

b) Fc receptors.     d)   Remaining intracellular.   
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CONCEPT: 5) AVOIDING ANTIBODIES 

Bacteria Avoid Antibodies by Antigenic Variation 

●In order to avoid antibodies, some bacteria constantly _____________/alter their surface antigens (Antigenic Variation). 

 □ This allows the bacteria to “stay __________” of antibody production during the adaptive immune response.  

 □ Antibodies that bind to one variation of an antigen on a pathogen cannot bind to a new one.  

 

 

 

 

 

 

 

 

 

 

PRACTICE: Each year it is recommended that healthy adults get a flu shot. Why do we need to get a vaccine for the flu 

every year instead of once in our lifetime?  

a) The flu virus evolves new antigens very quickly.   c)    The flu virus has antigenic variation each year.  

b) Each flu vaccine contains different flu antigens.   d)    All of the above.  

 

Bacteria Avoid Immune System by Mimicking Host Molecules 

●Some bacteria produce surface antigens that are structurally _______________ to molecules found on host cells. 

●Recall: because of the central & peripheral tolerance, immune system generally does not attack “________” cells.  

 □ Therefore, bacteria mimicking self-cells are ________ targeted by immune cells.  
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CONCEPT: 5) AVOIDING ANTIBODIES 

PRACTICE: When pathogenic microbes possess surface antigens that mimic host cell proteins, they are able to avoid 

detection by antibodies and most immune cells. What stops the immune system from attacking these pathogens?  

a) The immune cells have central and peripheral tolerance to host proteins and cells.  

b) The immune cells cannot phagocytose the pathogens because they are encapsulated.  

c) The immune cells recognizes that microbes expressing proteins similar to host proteins are not a threat.  

 

 

PRACTICE: The host-pathogen “arms race” is referring to:  

a) How quickly pathogens reproduce inside of a host.  

b) How pathogens attempt to evolve new ways to infect their hosts.  

c) How organisms attempt to evolve new ways to detect and fight infections.  

d) The combination of A and B.  

e) The combination of B and C.  

 

 

 

PRACTICE: IgA is an antibody specifically designed to protect mucous membranes. Why would mucous membranes need 

extra protect against pathogens?  

a) Pathogens can only infect a host through portals of entry that possess mucous.  

b) Our mucous membranes are commonly exposed to substances and pathogens from the outside world.  

c) Mucous membranes have significantly fewer immune cells to control pathogens than other tissues.  

d) Mucous is built to collect foreign substances and pathogens entering the body.  

e) A and B.  

f) B and D.  

g) C and D.  
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CONCEPT: VIRUSES EVADE THE IMMUNE RESPONSE 

●In order to successfully replicate inside of a host, some viruses must evade host defense mechanisms. 

 ●Viruses can evade host defenses in _____ ways:  

 1)   Preventing antiviral effects of Antiviral Proteins (AVPs) 

 2)   Interfering with the antigen presentation by infected cells  

 3)   Avoid being bound by antibodies  

 

 

 

 

 

 

 

1) Viruses Prevent Antiviral Effects of AVPs 

●Recall: interferons are cytokines produced by virally infected cells to alert neighboring cells to produce _________.  

 □ The infected cell identifies viral RNA via Pattern Recognition Receptors (PRRs) inside the cytoplasm.  

□ Some viruses coat their RNA with a protein that “________” (protects) it from the cell’s cytoplasmic PRRs. 

●Recall: AVPs cause a virally infected cell to immediately go into apoptosis, thereby preventing viral __________________.  

 □ Some viruses inhibit expression of certain genes in the host cell, preventing apoptosis so it can replicate. 
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CONCEPT: VIRUSES EVADE THE IMMUNE RESPONSE 

PRACTICE: Host cells that are infected with a virus should undergo apoptosis. However, some viruses can prevent host 

cells from undergoing apoptosis and thus allowing the virus to continue to replicate within the infected cell. All of the 

following are ways viruses prevent host cell apoptosis except which of these answers?  

a) Covering viral RNA with viral proteins so host cell RIG-Like PRRs do not bind to the viral RNA.  

b) Inhibiting the expression of host cell genes which trigger apoptosis during an infection.  

c) Evolving antigenic variation to avoid detection by host antibodies and immune cells.  

d) Preventing the expression of host antiviral proteins which trigger apoptosis.  

 

2) Viruses Interfere with Antigen Presentation in Infected Cells  

●Recall: Infected host cells present intracellular antigens on their surface via MHC I, allowing Tc cells to induce apoptosis. 

 □ Some viruses ________________ the movement of MHC I molecules to the surface of the cell. 

  □ BUT NK cells are programmed to ID host cells that ___________ MHC I & immediately destroy them. 

□ Other viruses can produce “________” MHC I molecules presented on the cell surface to “trick” NK cells.  

  □ Host cells presenting these “fake” MHC molecules are ______ destroyed by NK cells & virus replicates.  

 

 

 

 

 

 

 

 

 

 

PRACTICE: A virus that causes the infected host cell to express and present “fake” MHC I molecules on its surface is 

evading detection from which host immune cells?  

a) TH cells & NK cells.  

b) TC cells & NK cells.  

c) TREG cells & TC cells.  

d) NK cells & macrophages.  
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CONCEPT: VIRUSES EVADE THE IMMUNE RESPONSE 

3) Viruses Avoid the Effects of Antibodies 

●Similar to bacteria, viruses can rapidly change their surface structures due to ________________ during replication. 

 □ These mutations & changes in surface structures allows them to _____________ the adaptive immune response.  

●Some viruses use antibodies to enhance their infection by the process of Antibody-Dependent Enhancement (______). 

 □ Viral particles bound by antibodies are engulfed by macrophages where the viruses can actively replicate.  

 

 

 

 

 

 

 

 

 

 

 

PRACTICE: Some viruses want to be engulfed by phagocytic immune cells. These viruses use some of the same survival 

mechanisms that bacterial pathogens use to survive and replicate within a phagocyte. Those mechanisms include all of the 

following except which of these answers?  

a) Escaping the phagosome after being engulfed by the phagocyte.  

b) Having defenses against the digestive and hydrolytic enzymes of the phagolysosome.  

c) Preventing the phagosome and lysosome from fusing to create the phagolysosome.  

d) Preventing antibodies from binding the virus and triggering the process of phagocytosis.  

 

PRACTICE: Which of the following statements about viruses is false?  

a) They can enter the host cell via endocytosis.  

b) They are known to colonize the surface of the skin.  

c) They have the ability of preventing apoptosis of infected host cells.  

d) They may enter host cells by fusing their viral envelopes with the host cell membrane.  

e) They may suppress the expression of MHC I molecules on host cells.  
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