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Know the basics of the diseases caused by each of the following:
Salmonella
· Severe intestinal disease, can spread systemically
· Low acid resistance
· Can survive in macrophages and phagocytes (sense ingestion, blocks phagosome lysosome fusion)
· Type III secretion system
· Penetrates mucus membrane
· Similar to E. coli
• E. coli
· Integrates DNA into host (lysogeny)
· Strain HS is commensal in humans, strain O157:H7 is pathogenic (fever, diarrhea) and has LEE pathogenicity island which gives it type 3 secretion system and effector proteins
· Effector proteins cause it to stick tightly to cells, causes fluid leakage
· Has actin pedestals
• Shigella
· Causes diarrhea, similar to salmonella
· Highly acid resistant, hides in host cell to avoid complement and phagocytes and antibodies
· Exploits M cells, survives in macrophages
· Escapes from phagosome by lysing it (before lysosome fusion)
· Inactivates 60S ribosomal subunits to block protein synthesis and cause HUS
· Directs transfer from intestinal epithelial cell by host cell actin polymerization
· Cholera
· Caused by gram negative Vibrio cholerae
· Colonizes the small intestine – causes stomach cramps, vomiting, diarrhea which leads to fluid depletion and acidosis and then death
· Disease causing factors
· TCP operon encodes pilus to hold the cell together and help it colonize
· Cholera toxin disrupts ion flow in epithelial cells of intestine
· AB toxin
· A subunit activates AC to generate cAMP
· Causes Cl- ion channel opening, leak water and ions out of cell
• Staph intoxication
· Gram positive bacteria
· Exfoliatin causes scalded skin syndrome (destroy material that binds skin layers together)
· Bacteria grows locally but toxin spreads systematically
· Have superantigens – cause toxic shock
• Tetanus
· Produce toxins in host tissue
· Second most potent neurotoxin
· Bind inhibitory interneurons, prevent the release of inhibitory neurotransmitters for muscle relaxation
· Spastic paralysis (excessive muscle contraction)
• Botulism
· Most potent neurotoxin
· inhibits Ach release from excitatory neurons to muscles 
· flaccid paralysis (no muscle contraction) 
• Legionella 
· Use type 4 secretion system to colonize and kill amoebae 
· Can survive within macrophages 
· Low spread because has trouble leaving lungs 


For the E. coli, Shigella, cholera, tetanus, botulism, Staph intoxication, Legionella, and
Salmonella you should focus on the videos from Unit 10.

For the eukaryotic microbes, you should focus on basics from Unit 4.

Focus on knowing definitions of major terms and on diagnostic techniques.

























UNIT 1 - SCOPE OF THE PROBLEM
This unit had several videos that were not particularly “fact” based and were intended more to
define the problems and “set the stage” for the rest of the class. The only material that will
appear on the final relates to the history of the Germ-theory of disease.

Know the major contributors to the Germ theory of disease and the basic details of what they contributed and how they arrived at their conclusions.
1. Jenner
· developed the use of cowpox as a vaccine against smallpox. 
·  Used puss from milkmaids who were infected with cowpox to vaccinate people
2. Semmelweis
·  Obstetrician working in Vienna. Childbed fever typically killed women who gave birth in hospitals at the time. He noted that two clinics in the hospital had starkly different mortality rates. The one with the doctors killed more patients than the clinic run by midwives. He noticed that doctors performed autopsies on dead patients and then attending deliveries of babies sometimes with blood still on their hand midwives didn’t perform an autopsy. (e said to wash your hands with bleach and water after performing an autopsy and before delivering a baby. The infection rate of childbed fever (puerperal fever) then dropped. Doctors ignored his advice and dismissed him from the hospital. 
 3. Snow
·  Mapped the cases of cholera in London to determine that the infection came from a contaminated water pump on broad street. 
4. Bassi
· First-person to demonstrate that microbes can cause disease. Findings not directly related to humans, he was looking at disease named muscardine in Calcinato that killed silkworms that forced many silk factories to close down. Saw that silkworms had dust on them but this is pores from fungus (fungal infection). He would culture healthy worms and see they would not be infected until placed beside a silkworm with muscardine (disease passed on from worm to worm). He proved that this infection was not spontaneous and that came from somewhere (fungus). Cultured the fungus and then infected healthy worms and then the worms became infected and that’s how he proved that microbes are causing the disease. 
5. Koch
·  Founder of modern bacteriology. Discovered causes of Anthrax, Cholera and Tuberculosis. Developed methods for working with microbes in a lab (using Petri dishes, media to cultivate bacteria). He came up with 4 Koch Postulates: Microbe must be found in all organisms suffering from the disease (not in healthy people), microbe must be isolated from a diseased organism and grown in culture, microbe must cause the disease when introduced into a healthy organism, and microbe must be isolated again from newly diseased animal and identified as being identical to the original microbe. (Thus is microbe meets all these conditions then it is the cause of disease). Microbes that do not meet the criteria can still be involved in spreading the disease (asymptomatic carrier), viruses can’t be grown in pure culture must be living cell only. 
       


6. Pasteur
·  Disproved spontaneous generation of microbes (microbes do not just appear out of nowhere on sterile broth, they come from other microbes). The biggest contributor to the germ theory of disease. Developed techniques for vaccine production. Also showed that fungus is not the only microbe to cause disease in silkworm protozoa can as well. Solved the mechanism of fermentation and the role of oxygen in food production. Solved how food gets spoiled, micro-organisms coming from the outside air. Pasteurization: brief heating of food or milk to kill microbes that cause spoilage. Developed Vaccine for rabies, anthrax. 
7. Lister
·  Pioneered antiseptic surgery. Influenced by Pasteur's work. Surgical equipment and room were kept routinely sterilized before use. Developed carbolic acid (phenol – phenols kill a wide range of bacteria without being toxic to an individual) as an antiseptic for sterilization of wound and equipment. Prevented introduction of bacteria. 
What is vaccination?
- use a less virulent virus to prevent the disease from a more virulent virus
What is variolation?
- To give a small dose of active smallpox to a person to induce a less severe form of the disease to trigger long-lasting immunity.
Unit 1 sample questions:
• The obstetrician who first proposed hand washing as a means of preventing the spread of
childbed fever in maternity wards was ….. semmelweiss
• The scientist who first reproducibly demonstrated that a microbe could cause disease by
isolating the cause of muscardine, a fungal infection of silkworms was….. bassi
• The following scientists made their contributions without even knowing that they were
dealing with microbes ….., …… and…Jenner, Smmelweiss, snow

















UNIT 2 - THE BACTERIA
• Know the definitions of magnification, refraction, resolution and contrast
Magnification
· increase in the apparent size of the object compared to the actual size of the object. 
Refraction 
· When light rays change direction due to a change in the medium through which they travel. 
· Physical phenomenon. 
· (refractive index – a measure of the relative speed of light as it passes through a medium) 
· Light bends only at the boundary of two materials. 
Resolution 
· The ability to see objects (or points) as distinct instead of as a blur that combines them. (Defined as the minimum distance at which two points can be distinguished as individuals.) 
· Get a bigger more distinguished image. 
Contrast 
· Ability to see objects against the background 
· Can manipulate, focus object differently to get object to stand out
· Can stain object
• Know the lenses of a bright-field microscope (ocular, objective, condenser)
· Ocular – lens magnification 10X. 
· Objective – 4 different magnification (4X, 10X, 40X and 100X (oil)) 
· Condenser – Focuses light from the lamp but does not magnify the object. 
• Know how to calculate the total magnification in a light microscope given the power of the different lenses
· Ocular x Objective 
• Know why and when oil is used in a light microscope
· The 100X lens on a bright-field microscope requires that a drop of immersion oil is placed between the slide and the lens. This displaces air between lens and specimen. Prevents light from missing the objective lens (image can be clear). (oil has the same diffraction index as glass) 
• Know the difference between bright and dark field light microscopy
Bright field microscope 
· is the worst when it comes to contrast because many bacteria and cells are translucent clear against a bright, white background. 
· Difficult to distinguish objects with this microscope. 
· Organism has to be dead (for contrast).
· Directs straight up through lens
Dark field microscope 
· is a modification of bright field that dramatically improves contrast. 
· Direct light towards specimen at an angle (bright field is straight up), only the light scattered by specimen enters objective. 
· Cells stand out as bright against the dark background. 
· Dark field requires wet mount prep (slide + drop of liquid + cover). Keeps cells alive
· Useful to look at living organisms. 
• Know the fundamental differences between electron and light microscopy and the advantages and disadvantages of each
· Light Microscope: 
·  Visible light 
· Glass Lenses 
· Eye 
· Disadvantage: Longer wavelength (light wavelength), not as clear 
· Advantage: Cheap, can be moving, specimen can be alive, has colour, don’t need high resolution.
· Electron: 
· Two types: Transmission EM and Scanning EM 
· Electron and fluorescent screens
· Image can be captured on film 
· Drawback: Lenses and specimen must be in a vacuum. (Electrons can’t travel through air), Expensive and large, complicated to operate, sample is dead, stains use toxic/radioactive metals, difficult sample prep, no colour no movement. 
· Advantage: Shorter wavelength, Better Resolutions 
· Focused by electromagnetic lenses. 
• Know the different images obtained from scanning and transmission EM
· TEM: 
· Fine detail of cell structure 
· Dark areas on image correspond to dense proportions of specimen  
· Thin Sectioning – allows you to see internal details but process can distort cells. 
· SEM 
· Observe Surface details 
· Relatively large specimens 
· Yields 3-D effect 
· Image created by electrons that have reflected off from the surface of sample 
• Know the steps of a Gram-stain and the basic reason why some cells stain purple while others do not
· Steps: 
· First the cells are stuck on a glass slide by quickly passing it through flame to fix them then: 
1) crystal violet (primary stain) - cells stain purple (crystal violet will stain most cells) 
2) Iodine (mordant) – Cells remain purple (mordant allows the cells to remain purple) (iodine combines with crystal violet to make crystal violet less soluble) 
3) Alcohol (decolorizer) - Gram positive cells remain purple, gram negative cells become colourless (ethanol washed out excess crystal violet and iodine) 
4) Safranin (counterstain) - Gram positive will remain purple while gram negative cells appear pink. (Safranin - used to stain the gram negative cells that crystal violet did not stain after washed off by ethanol) 
· Color difference: This distinguishes gram positive from gram negative and that is why some stain purple and some do not. 
• Know what the acid-fast stain is used for
· Detect small group of organisms that do not readily take up stain (e.g. mycobacterium). ( they do not readily take up the dye because they have high concentrations of mycolic acid – waxy material on the cell wall) 
· Dye for this Carbol Fuchsin
• Know the difference between differential and simple staining
Differential:
· Distinguish different types of bacteria (e.g. gram stain, or acid fast) 
· Tells one type of cell from another
Simple:
·  Involves one dye to stain cells. Easy ways to increase contrast (otherwise colourless against white background (e.g. light microscope))
• Know what fluorescence microscopy is (vs. simple light microscopy) and what makes immunofluorescence techniques so powerful
Fluorescence: 
· Requires the use of microscopes that have lamps the can excite fluorophores at one wavelength of light and detect at a different wavelength 
· This uses a lamp (different type of light) and it is more powerful, using two wavelengths, more complicated and expensive 
Immunofluorescence Technique 
· Very precise and accurate 
· Techniques used to tag a specific protein with a fluorescent compound, uses antibodies to deliver the tag.
· Tagging a protein unique to a microbe can detect that organism. 
· Linking different antibodies with different fluorophores gives a nice picture
• Know the terms for the shapes and groupings of bacterial cells (cocci, bacilli, etc)
Don't help identify or relate bacteria
Shapes: 
· 2 most common types:
·  Coccus: spherical
· Rod (bacillus): cylindrical 
·  Variety of other shapes: Vibrio (rod shape but with bend), spirillum (spiral shaped), spirochete (corkscrew shaped and thick)
Groupings: 
· Form characteristic groups: 
· Neisseria gonorrhoeae (diplococcus) 
·  Streptococcus (long chains)  
· Sarcina (cubical packets) 
· Staphylococcus (grapelike clusters)




• Know how molecules get across lipid bilayers (diffusion and passive, active, and facilitated transport)
Facilitated Diffusion 
- Requires a membrane to go down the concentration gradient 
- no energy needed
- Rarely used by prokaryotes 
- Not useful in low-nutrient environment 
Active 
- Movement against a concentration gradient 
- Requires energy (e.g. ATP (ABC transported), proton motive force) 
- Commonly used by bacteria 
Group Translocation
· Proteins exported using recognizing of signal sequence. 
• Know how molecules get across the outer membrane of Gram-negative bacteria
·  Porin Proteins on the outer membrane allows passage of the AAs and simple sugars (Not as specific as transport in inner membrane). 
· Open channels that allow different molecules to access the periplasm (space between outer membrane and cytoplasmic membrane).
·  Inner membrane has specific channels that select molecules to get in. 
• Know the fundamental structure of a Gram-positive and Gram-negative bacterial cell
Gram Positive: 
· Inside out: Cytoplasmic membrane, gel like material, and peptidoglycan (thick ass layer) and teichoic acids (cell wall) 
Gram negative: 
· Inside out: Cytoplasmic membrane, periplasm (in the middle thin peptidoglycan layer) and then the outer membrane 
• Know the basic structure of peptidoglycan (NAG-NAM chains and wall peptides).
· Protects the bacteria and gives it shape (it’s the cell wall) 
· Peptido – contains peptide  
· Glucan – contains sugar, carbs 
· Has alternating series of subunits form glycan chains 
· N-acetylmuramic acid (NAM)- found only in bacteria 
· N-acetylglucosamine (NAG) 
· Wall peptides: contain AAs in D forms. 
· Built by chemical reactions. 
· Link sugars of one cell to another cell to form glycan strands
· Sugars are unique to bacteria so can identify. 
· Tetrapeptide chain (string of four amino acids) links glycan chains. (ends with 2D alanines) - only attached to NAM which is a derivative of NAG that can link to the N terminus of the wall peptide. Unique to bacteria. 
· Transpeptidation: Side chain amino group of an amino acid in one wall peptide (lysine or mDAP) is linked to the C terminus of a neighbouring wall peptide (after D-alanine is removed) 
• You do not need to memorize the amino acids in the wall peptides except that they end with 2 D-alanines.

• Know the very basic structure of LPS (Lipid A, core, O-antigen). You do not need to memorize specifics, just that there are three parts and where they sit relative to one another. Know which part is the most conserved and which is the least conserved between bacterial species.
Inside out: Lipid A, Core Polysaccharide and the O antigen (outermost structure) 
Lipid A: 
· Anchors the LPS to lipid bilayer (has fatty acid tails linked to pair of sugar molecule) (Most conserved) 
Core: 
· Short Stretches of sugar linked to one another, sometimes with unique arrangement 
O antigen: 
· Repeating chain of sugar molecules that sticks out from bacteria and contact the outside world. Differs amongst bacteria (Least Conserved). 
· Use difference to identify strain of bacteria
• How does penicillin work?
· Blocks peptidoglycan synthesis. 
· Prevents cross-linking of adjacent glycan chains (transpeptidation)
· More effective against gram positive than gram negative (outer membrane blocks access of drug)

Unit 2 sample questions:
• Iodine is used as a in a Gram-stain (choices: dye, mordant, wash, counterstain) mordant
• Why does the Gram-stain not work on Mycobacteria? b/c of waxy surface- stain wont stick
• What stain works best for Mycobacteria?acid fast
• You want to see where a certain protein is located within a cell, which microscopy technique
would you use? (choices: dark-field, bright-field, fluorescence, immunofluorescence,
transmission EM, scanning EM)
• What are the advantages and disadvantages of light vs. electron microscopy?light alive, color, cheaper electron brtter reso. 
• How do nutrients cross the outer membrane of Gram-negative bacteria? Poron proteins















UNIT 3 - THE VIRUSES
• What are the contributions of Beijerink, Ivanovsky, Loeffler and Frosch?
Beijerink, Ivanovsky
· Realized something smaller than bacteria caused damage
· Found filtrate able to cause disease
Loeffler, Frosch
· First to identify animal disease caused by a virus. 
· Foot to mouth disease- Deadly to cloven hoofed animals.
• Viruses are defined by what features?
· Cannot multiply unless they invade a specific host cell and use its machinery. 
· obligate intracellular parasites (reproduction completely reliant on intracellular resources) 
· Small 
· Not alive (inert) outside cell 
· Basically genetic information (RNA or DNA) in protective coat
· Nucleocapsid: nucleic acid and capsid. 
• What makes viruses challenging to study in the laboratory setting?
· Cannot be grown in pure culture, need to be cultivated in host cells 
· Require live cells or organisms (hosts)  
· Require electron microscope 
• What are the basic structures of enveloped and non-enveloped animal viruses, and what functions do they serve? (helical, icosahedral, complex, spike proteins)
· All viruses have protein component for attachment aka spikes-attached to specific receptor sites on host cell. 
· Function to protect the viral genome and aid its transfer between host cells. 
Naked
· Has nucleic acid and the protein coat (Capsid) (virus aka virion)
Enveloped
· Nucleocapsid is surrounded by outermost envelope compromised lipid bilayer. Spikes required for attachment and entry into host cells and are located on the envelope. 
· Between the nucleocapsid and the envelope there is the matrix or tegument layer (here resides enzymes and proteins that have immediate roles during infection).
· Arise from plasma and nuclear membranes of host cells. 
· Forms spikes which are involved to attachment to host cell. 
Shapes: result of capsid symmetry and if virus is enveloped. 
Icosahedral: 
· Appears spherical under microscope. 
· 20 flat triangles arranged in a manner similar to a soccer ball.
· Efficient design for structure with identical subunits and using least energy to assemble.
Helical
· Helix arrangement, like a spiral staircase. 
· Some short and rigid, others long and filamentous. 
· Looks like a cylinder under microscope. 
Complex
· More intricate structures. 
· Phage a common example with an icosahedral nucleocapsid (Head), long helical component (tail).  
• What is a virion?
· Nucleocapsid-capsid containing genome (Nucleic acid + the protein coat (capsid)). 
• Know the five steps of viral infection life cycle.
1) Attachment (adsorption)
2) Penetration and uncoating
3) Synthesis of viral proteins and genome replication
4) Assembly
5) release
• entry (membrane fusion or receptor mediated endocytosis)
Attachment
· Viral spikes bind receptors on the plasma membrane of host cell (can be more than one host cell). 
· Specific receptors required (Limits virus range and accounts for resistance)
Penetration (depends on whether the virus is naked or enveloped)
1) Membrane fusion:enveloped
· Membrane fuses, nucleocapsid released into cytoplasm, uncoating (envelope stays with PM)
2) Receptor mediated endocytosis: enveloped or naked
· Enveloped
· endocytosis  (after attachment the envelope that surrounds the virion form an endocytic vesicle)
· Release from vesicle (endocytic vesicle fuses with the endosomal membrane. Virion is released into the cell and the viral envelope remains with endosomal membrane).
· Naked
· Taken up by endocytosis following attachment but once inside the endosome they cant fuse with the host membrane so instead the virus damages the endosome which releases the nucleocapsid into the cytoplasm. 
• uncoating
· Viral nucleic acid released from capsid (capsid is disassembled through virus specific mechanism). 
· Can occur simultaneously with entry into host cell or after entry. 
• the basic strategies of replication and how they relate to the type of nucleic acid the virus
has (DNA or RNA - single stranded or double stranded - positive or negative sense)
· DNA viruses
· Usually replicate in the nucleus and requires host machinery for gene expression and DNA synthesis but encode own DNA polymerase (allows replication in cells that are not dividing
· DS: DS -> SS mRNA (+) -> Protein (in cytoplasm)
· Negative SS DNA: -SS DNA -> DS DNA -> SS mRNA (+) -> Protein
· Positive SS DNA: + SSDNA -> DS DNA -> SS mRNA (+) -> Protein.
· For SS DNA complementary strand DNA must be synthesized first. 
· RNA viruses
· Most replicate in the cytoplasm (and most are SS) 
· Require virally encoded RNA dependent, RNA polymerase (replicase) 
· Positive SS RNA (mRNA) 
· Can be used as mRNA and directly translated into proteins (i.e. Replicase). Replicase uses (+) SS RNA to create (-) SS RNA which is used as a complementary template to create more (+) SS RNA. Newly synthesized (+) SS RNA can be used to synthesize more proteins or can be packaged into nucleocapsids of viruses. 
· Negative SS RNA 
· More complicated, replicase can’t be made in this genome since its (-) SS RNA, to solve this issue viruses carry replicase with them. Then it gets used to make the (+) SSRNA, then the (+) SS RNA is used to make more replicase and are packaged into virion for the next infectious cycle 
· DS RNA 
· Uncommon. Carry their own replicase since the host cell cannot translate DS RNA into proteins. Replicase uses (-) as a template to make more (+)SS RNA. (+)SS RNA then used for protein synthesis which creates more replicase and allows for infectious cycle to continue. 
· Reverse transcribing viruses
· Encode reverse transcriptase which makes DNA from RNA 
· Retroviruses have SS (+)RNA genome 
· Synthesize single (-) DNA strand, complementary strand 
· DS DNA integrated into host chromosome – cannot be eliminated from host cell.
· They can also use the SS (+) RNA (mRNA) to make more proteins. 
Assembly
· Protein capsid must be formed (first a pro-capsid is made then its filled and becomes a capsid) 
· Genome and enzymes packaged within capsids 
· Takes place in nucleus or organelles of cytoplasm – depends on virus 
• Escape and budding
· Release of virion depends on presence/absence of viral envelope 
· Most enveloped viruses released via budding: 
1) Viral proteins that will become the envelope spikes get inserted into host membrane  2) Viral matrix proteins coat inside of the PM 
3) Nucleocapsid extrudes itself from the host cell and becomes coated with matrix proteins as well as the envelope that contains the protein spikes 
4) New viruses are released through budding and may affect healthy cells in the vicinity
· Naked Virus: 
·  Release when host cell dies, often by apoptosis initiated by virus or host 
· Some viruses cause cells to lyse during release 
· Host cell bursts and viral particles spill out in the surrounding area, after release viruses must find new host to survive. do that by spreading through bodily fluids 

• Define latent, acute, chronic infections
· Acute and Persistent infections, 
· Persistent consists of latent and chronic 
· Viruses can be both acute and persistent (e.g. HIV) 
Acute: 
·  Rapid display of symptoms 
· Short Duration 
· e.g. influenza, mumps and poliomyelitis 
· Infectious virions may be present but disease not shown. 
· After the symptoms are shown the immune system attacks the disease and eliminates the virus to the point that it's not detectable by the host. (Virus disappears after the disease ends) 
· Infectious virions rise become disease state then back to infectious virions and then die down. 
Persistent: 
· Continue with or without symptoms for years
Chronic: 
· e.g. Hep B 
· Continuous release of low levels of viral particles. 
· Long can continue for years, virus can remain with the host for duration of lifetime 
· Host may not display symptoms of disease 
· Low-level continuous production of viral particle absent of disease symptoms then hosts can unknowingly transmit the virus. 
· State of virus: after initial infection with or without disease symptoms, infectious virus is released from host with no symptoms 
Latent: 
· e.g. shingles 
· Virus infections remains silent in host cell 
· “Provirus” silent viral genome, can integrate in a region within the host chromosome or can replicate separately but still within the cell much like plasmid 
· Cannot be eliminated and can be activated at later to carry out function. 
· Disease can re-occur despite of an extended symptom 
· State of virus: after initial infection virus is maintained in neurons in non-infectious state. Virus activated to produce new disease symptoms. 
· Early stage similar to acute infection, then have a latency period (virus undetectable no symptoms) and then later on it comes back and presence of virus and symptoms. 
• How do viruses establish a latent infection (where do they hide?)
· Hide in some cell (where they hide depends on the disease/virus e.g. herpes hide in the ganglia) here they have lower expression, enough to keep the virus alive, make it undetectable. 
• What is a cytopathic effect? How does it manifest?
· Establish persistent infection in host cell without using lysis. 
· Multiple nuclei in one cell.
· Multiple host cells fuse due to virus's ability to fuse membranes. 
• What is the relationship between shingles and chickenpox? 
· Both caused by the Varicella Zoster Virus
· Viral DNA reside in latent state. 
· Migrate down sensory nerves. 
· Reactivated form of Chickenpox is shingles. 
• Where does the varicella zoster virus resides in the body?
· Nuclei of some neurons
• How can viruses contribute to cancer?
· Transformation of host cell into a malignant cell
· Viruses can carry genes that promote cell growth. Interferes with host cells. 

Unit 3 Sample questions:
• What steps are required for the replication of a negative sense RNA genome?
• How do latent and chronic infections differ?
• If we showed you a picture of a virus can you identify its basic structure?






























UNIT 4 - EUKARYOTIC MICROBES
• Know the definition of intermediate and definitive hosts
Intermediate 
· asexual expansion of parasite numbers support the transmission of these organisms from one species to he next. 
· Support transmission of these organisms from one species to the next. 
Definitive 
· where the sexual reproduction or the adult form of the parasite can be found
• Know what unique fungal cell pathways make attractive targets for antifungal drugs.
· Fungal cell membranes are composed of ergosterol whereas animal cell membranes are composed of cholesterol so the Ergosterol biosynthesis is a major antifungal drug target. 
· Opportunistic pathogens. 
• Know the very basics of each eukaryotic pathogen listed in the first part of this study guide.
Protozoa
· Single celled eukaryotes in soil and water. 
· No cell wall
· Usually motile and acquire nutrients by ingesting organic compounds. 
· Exist in multiple forms. 
· Extremely diverse. 
· Not a unified group.
· Common in environment: shape interaction with bacterial pathogen. 
· Support environmental persistence of pathogens. 
· Latent infections could influence human behaviour. 
• Cryptosporidium (Protozoa)	
· Can exist as oocysts that are resistant to water treatment 
· Infect intestinal epithelium, cause diarrhea 
• Malaria	 
• Naegleria (Protozoa)
· Live in sediment of freshwater lakes and ponds 
· can also be in domestic water (resistant to chloride) 
· two people died by using Neti pots with contaminated tap water 
· Crosses nasal mucosa and enter brain 
· Symptoms like meningitis (headache, fever, stiff neck, vomiting) 
· Once neurological symptoms (confusion, seizures) appear, death will quickly follow 
· No effective treatment, ~3 people in the US infected a year, 3 survivors in last 50 years  
· Tap water can also cause this. 
· Impossible to eliminate from water. 
· Often found in neti pot users. 


• Toxoplasma (Protozoa)	 
· Cats are definitive hosts, oocytes shed in cat feces 
· Feces eaten by other mammals (intermediate hosts) 
· e.g. rodents, humans, livestock 
· rodents can spread to other cats that eat them 
· mice lose fear of cat urine 
· Toxoplasma modifies behaviour to increase the likelihood of getting eaten by cats!
· Possible link between Toxoplasma infection and high risk human behaviour 
· As much as 1/3 of the world has been infected, most avoid acute complications 
· Resolve themselves on their own. 
· Mice are intermediate host b/c feed disease to cats. 
• Acanthamoeba (Protozoa)	
· Rare infection of the cornea caused by free living amoeba
· Associated with contact lens wear 
· Clean them properly lol 
· Don’t rinse with tap water
· Symptoms: eye pain, eye redness, blurred vision, light sensitivity, excessive tearing, sensation of something in the eye  
Fungi
· Cell wall made of chitin. 
· Cell membranes composed of ergosterol. 
· Has multiple forms. Single celled yeast, multi celled filaments, spores. 
· Cause disease by: allergen, infection growing on human body (mycosis), produces a toxin that causes illness after ingestion. 
· We are similar to fungi so have lots of similar machinery making it difficult to treat disease. 
• Candida (Fungus)
· Normally part of our microbiota, disruptions to health can fuck up balance 
· Invade deeper layers of skin and subcutaneous tissue
· Dependent on fungi’s ability to switch between yeast and filamentous forms
· Candida Auris: recent discovery, multidrug resistant, clusters in hospital settings.  	 
• Histoplasma (Fungus)
· Found in soil contaminated by bird or bat droppings 
· Severe forms resemble TB (grows insides macrophages, forms granulomas) 
· Inhalation of spores. 
· Good indication of AIDS 
• Cryptococcus (Fungus)
· Cryptococcus neoformans: opportunistic, infects immunocompromised people 
· Cryptococcus gattii: infects healthy people (primary pathogen) 
· Sometimes first indication of AIDS 	 


• PneumocysAs (Fungus)
· Most children infected with it at an early age, usually resolved 
· Inhaled as spores, grows in alveoli 
· Immunocompromised can get severe respiratory diseases 
· Good indication of AIDS 
· Not sure if they get pathogen again or if disease reflect reactivation of latent   
Helminths
· Can be ingested, enter from soil through skin, from insect bites.  
· Infect more people than expected
• Ascaris (Helminths)	 
· Feed on nutrients in digestive tract 
· Can cause choking and pulmonary symptoms if they enter respiratory 
· Over 1 billion people thought to have this, grow up to 30-40 cm long 
· Worm eggs from soil eaten, eggs hatch and penetrate intestinal capillaries, gets to lungs which can be coughed up or swallowed, mature larvae to adults in intestine, eggs released in feces 
• Schistosoma (Helminths) 
· Infects through skin, due to bad sanitation 
· From feces and urine, eggs hatch, go into snails, released from snails in water, penetrate skin, lose tails, circulate, mature in liver, migrate to bowel and release eggs in feces 
Unit 4 sample questions:
• What is the intermediate host of Schistosoma?
• What does the cell wall of a protozoa look like?
• On the evolutionary tree are protozoa more like trees or humans? (choices: trees, humans,
they are too diverse to make such a statement)
• Which of the following pathogens are associated with contact lens wear?
• Why are Cryptosporidium so difficult to remove from a public water supply?
• Your pet mouse suddenly seems less afraid of you. What might it be infected with?
• Which of the following are common routes of helminth infections?
• Your friend is visiting an area where Schistosoma is known to be endemic. What activities
do you tell your friend to avoid (choices: sleeping without a mosquito bed net, swimming in
the local ponds, drinking from the local city water supply, petting cats)
• Which of the following are NOT part of the Ascaris life cycle (choices: infecting snails,
entering the lungs via the bloodstream, being shed in faeces, entering the host via ingestion
of food contaminated with dirt)
• Which of these types of infections is frequently associated with AIDS? (fungal/mycoses,
helminths, protozoa)







UNIT 5 - CONTROLLING MICROBIAL GROWTH
• Know the definition of biofilm
· Bacteria and fungi frequently live in organized communities stuck on surfaces called biofilms
· Found everywhere
· Difficult to treat in medical setting
• Know the definition and characteristics of psychrophile, psychrotroph, mesophile, thermophile, hyperthermophile, neutrophile, acidophile, alkalophile, halophile, and halotolerant bacteria (exact numerical ranges not required!)
Psychrophile 
· Only grow in cold regions, Found in Arctic and Antarctic regions 
Psychrotroph 
· Important in food spoilage,
Mesophile 
· Pathogens living between 35 to 40 degrees Celsius. Bacteria are 25-45 degrees Celsius 
Thermophiles 
· Common in hot springs 
· Proteins resist denaturation due to AA sequence of proteins. 
Hyperthermophiles 
· Usually members of Archaea and found in hydrothermal vents, living deep in the ocean 
Acidophil
· Grow optimally at pH below 5.5
· Aka acidic environment preferred
Alkaliphile  
· grow optimally at pH above 8.5, basic environment preferred
Halophile 
· require high salt concentration 
Halotolerant
· withstand up to 10% salt, can survive at high salts
• Know the differences between facultative anaerobes, obligate aerobes, obligate anaerobes, microaerophiles, aerotolerant anaerobes
Facultative anaerobes
· Can get energy via respiration using oxygen and also when necessary, by fermentation
· Option to use oxygen or not. 
Obligate aerobes
· Grow only in the presence of oxygen and strictly use oxygen for their respiration. 
Obligate anaerobes
· Cannot use of tolerate oxygen
Microaerophiles
· Grow in the presence of low concentrations of oxygen
Aerotolerant anaerobes
· Do not use oxygen but can tolerate it. 
· Use anaerobic fermentation for metabolic needs. 
• What is catalase?
· Reactive oxygen species all produce catalase  
· An enzyme that catalyzes the reduction of hydrogen peroxide (convert H202 to 02 and water) 
• What is superoxide dismutase?
· Inactivates superoxide (O2-) by converting it to O2 and H202 (hydrogen peroxide) 
• How does H. pylori survive acid?
· Grows in the stomach and produces urease to split urea into CO2 and ammonia to decrease acidity of surroundings. (can cause stomach ulcer) (NH3 is quite basic) 
•You are expected to know the definition of decontamination, sterilization, disinfection, sanitization, pasteurization, ultra-pasteurization.
Decontamination 
· reduce pathogens to levels considered safe to handle 
Sterilization 
· removal or destruction of all micro-organisms so they can no longer multiply or revive (it is free of microbes including endospores and viruses but does not consider prions)
Disinfection 
· the elimination of most or all pathogens (some viable microbes may remain)
· Disinfectants used on inanimate objects, may be called biocides, germicides, bactericides 
· Antiseptics used on living tissues 
Sanitization 
· substantially reduced microbial population that meets accepted health standard
Pasteurization 
· brief heating to reduce the # of spoilage organisms, destroy pathogens 
Ultra Pasteurization 
·  AKA Ultra-high-temperature (UHT); Above boiling point for just a few seconds 
· Shelf stable boxed juice and milk 
· Milk at 140 degrees Celsius for a few seconds then rapidly cooled 
· Allows room temperature sealed containers without spoilage
• Know the decimal reduction number and what it means
(D value) gauges commercial effectiveness 
Time required to kill 90% of the population under specific conditions 
Time required to Kill 90% i.e 1 minute to kill 100 microbes so have 10 left then. Then  2 minutes kill 90% of 10 microbes so have 1 left
More you start with longer treatment needs to happen



• What is the most stress-resistant form of life on the planet? What other forms of microbes are stress resistant and hard to easily eliminate?
Bacterial Endospores 
· are the most resistant form of life encountered. Only extreme heat or chemical completely destroys 
· DNA wrapped in cell waiting for the right conditions so that it can spread. 
· Can survive radiation. 
Cysts
· Excreted in feces and cause diarrheal disease. 
· Destroyed by boiling. 
Other forms: 
Mycobacterium species 
· waxy cell walls makes resistant to many chemical treatments. Stronger more toxic chemicals used to disinfect. 
Pseudomonas species 
· Resistant to and can grow in some disinfectants. (opportunistic) 
· Common in environment. 
Naked viruses
· Lack lipid envelope and more resistant to disinfectants and detergents but susceptible to chlorine. 
• Know the advantages and disadvantages of
Chlorine
· used to disinfect water
Advantages
· Saved lives by preventing the spread of waterborne illnesses. 
· Inexpensive, readily available
· Used as a disinfectant but not an antiseptic. 
Disadvantages
· React with natural chemicals to form disinfection by-products that can have long term health risks. 
· Some pathogens are resistant to chlorine. 
· Organic compounds neutralize activity. 
Iodine/halogen/chloride 
· oxidize proteins, cellular components 
Advantages: 
· Kills vegetative cells but unreliable on endospores
· Used as disinfectant- on skin b/c not as deadly as chloride
· Effective household bleach 
· Low levels can disinfect drinking water 
Disadvantages: 
· Not an antiseptic because it is caustic to skin and mucous membranes (irritant) 
· Low levels may disinfect drinking water BUT not enough to kill Cryptosporidium oocysts or Giargia cysts. 
· Can react with organic compounds instead of the microbes you try and kill (cause health risks) 

Triclosan
Advantages: 
· Non-toxic to humans 
· Phenolic compound, used in soaps, lotion and toothpaste 
· Inhibits bacterial synthesis of fatty acids used to make membranes 
· Kill most vegetative bacteria and mycobacterium 
· Blocks synthesis of lipids. 
Disadvantages: 
· People think it has a toxic side effect 
· May promote antibiotic resistance; evolution in bacteria 
· Irritates skin, and has an unpleasant odour 
· Does not kill all viruses 
ethylene oxide gas
Advantages: 
· Useful gaseous sterilant microbes including endospores and viruses by reacting with proteins 
· Can reach small cracks since it is a gas 
· Sterilizing heat or moisture sensitive items 
· Sterilize disposable laboratory items (e.g. petri dishes) 
Disadvantages: 
· Mutagenic and potentially carcinogenic 
· Penetrates fabrics, equipment, implantable devices 
· Used in special chamber and takes a while to use. 
Quats
Advantages: 
· Non-toxic used to disinfect food preparation surfaces 
· Charged hydrophilic and uncharged hydrophobic regions (reduce surface tension of liquids, facilitating the removal of dirt, organic matter and organisms) 
· Positive charges help stick to negative charge on bacteria. 
· Destroys vegetative bacteria and enveloped viruses 
Disadvantages: 
· Cationic detergents (usually detergents are anionic) 
· Not effective on endospores, mycobacteria, naked viruses 
· Pseudomonas are resistant to it 
chlorhexidine/biguanides
Advantages: 
· Effective and commonly used antiseptic 
· Stays on skin, mucous membranes (applied as skin cream and mouthwash)- does not evaporate
· Relatively low toxicity 
· Destroys vegetative bacteria, fungi, some enveloped viruses 
Disadvantages: 
· Side effects of rare but allergic reactions 
Ethanol
Advantages: 
· Kills most vegetative bacteria and fungi 
· Commonly used as an antiseptic, disinfectant, sterilant 
· Relatively non toxic and does not leave residue 
Disadvantages: 
· Not reliable against endospores and some naked viruses 
· Denatures essential proteins and damages lipid membranes 
· Pure alcohol is less effective (evaporates too quickly) 
Ozone
Advantages:  
· Powerful oxidizing agent 
· Alternative to chlorine to disinfect drinking water and wastewater (no trace of chemicals left behind) (decomposes quickly) 
Disadvantages: 
· Unstable form of oxygen, needs to be generated at point of delivery 
hydrogen peroxide
Advantages: 
· Does not damage most material (rubber, plastics, steel, glass) 
· Hot solutions used in food industry 
· Vaporized can be used as sterilant 
Disadvantages: 
· Effectiveness depends on surface 
· Aerobic cells have catalase 
• What is an autoclave?
Sterilization Using pressurized Steam 
· An oven with pressure steam can elevate temperature (used in labs) 
· Heat and moisture tolerant items are sterilized using an autoclave 
· Endospores are killed, pressure does not play a role in killing 
· Lids are loose in autoclave and closed tight once it exits. 
• What is the difference between dry and moist heat? Which is more effective?
Heat destroys microbes by irreversibly denaturing proteins
Moist Heat:
· More effective
· Steam must displace air in the containers of autoclaved items
· Flash sterilization
· Successful autoclave shows inactive bacteria. 
· Canned items are heated in autoclaves called retort. 
· Denatures proteins, is fast, reliable, safe and inexpensive. 


Dry Heat:
·  Less effective than moist heat and requires longer times and higher temperatures
· Hot air ovens oxidize cell components and denature proteins. 
·  Method called incineration which burns cells to ashes.
• What is the difference between ionizing and non-ionizing radiation?
Ionizing Radiation 
· X rays and Gamma Rays 
· Enough energy to remove electrons from atoms 
· Damage DNA, proteins, lipids 
· Generates reactive oxygen species to damager other cellular components 
· Strong penetrating powers used to sterilize meat products. 
· Works from longer distances 
Non-ionizing radiation: 
· UV, Infrared, Microwave, Radio waves 
· Destroys microbes directly by damaging their DNA 
· Cause DNA cross-linking 
· Used to destroy microbes in air water and on surfaces 
· Poor penetrating power 
· Most effective at close range 
· Cause weird taste in food. 
• How does UV light limit microbial growth?
· UV damages the DNA of microbes thus limiting their growth 
· Used to destroy microbes in air, water and on surfaces
· Effective when at close range against exposed microbes
• What is “Pascalization”?
· Called High pressure 
· Used in some types of commercial foods 
· Killing of microbial pathogens that cause spoilage 
· Not using pasteurization because high temps can cause problems 
· pasculization is using a high pressure to denature proteins and alter cell wall permeability 
· Maintain colour, favour mostly associated with fresh food. 
• What is quorum sensing?
· Phenomenon where bacterial cells talk to one another by producing and secreting small chemical molecules called autoinducers. 
· Bacteria turn on different set of genes
· Allows bacteria to synchronize behaviour when autoinducer threshold is reached
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Characteristic 
Denatures proteins. Relatively fast, reliable, safe, 
and inexpensive. 
Soiling for 5 minutes destroys most microorganisms 
and viruses a notable exception is endospores. 
Significantly decreases the numbers of heat-sensitive 
microorganisms, including spoilage microbes and 
pathogens (except sporeformers). 
Typical treatment is 121 "01S psi for 15 minutes or longer, 
a process that destroys endospores. 
Burns cell components to ashes. 
Destroys cell components and denatures proteins. Less 
efficient than moist heat, requiring longer times and 
higher temperatures. 
Filter retains microbes while letting the suspending fluid 
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Various pore Sizes are 0.2 pm is commonly used 
to remove bacteria. 
HEPA filters are used to remove microbes that have 
a diameter of 0.3 um or greater. 
Type of cell damage depends on the wavelength Of 
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Destroys DNA and possibly Cytoplasmic 
membranes, Produces reactive molecules that damage 
other cell components. Items can be sterilized even 
after packaging. 
DNA. penetrates 
Treatments of 130.000 psi are thought to denature proteins 
and alter the permeability of the cell. Products retain color 
and fl 
Widely used. 
Soiling for at least 5 minutes can be used to treat 
drinking water. 
Milk is pasteurized by heating it to 72'C for IS seconds. 
Juices are also routinely pasteurized. 
Widely used to sterilize microbiological media, 
laboratory glassware, surgical instruments, and Other 
items that steam can penetrate, The canning process 
renders foods commercially sterile, 
Flaming of wire inoculating loops. Also used to destroy 
medical wastes and contaminated animal Carcasses. 
Laboratory glassware is sterilized by heating at 160'C 
to 170'C for 2 to 3 hours. Powders, oils, and other dry 
materials are also sterilized in ovens. 
used for beer and Wine, and to sterilize Some heat- 
sensitive medications, 
used in biological safety cabinets, specialized hospital 
rooms, and airplanes Also used in some vacuum cleaners 
and home air purification units. 
used to sterilize heat-sensitive materials including 
medical equipment, disposable surgical supplies, and 
drugs such as penicillin. Also used to destroy microbes in 
spices, herbs. and approved types of produce and meats. 
used to destroy microbes in the air and drinking water, 
and to disinfect surfaces. 
used to extend the shelf life of certain commercial food 
products such as guacamole. 
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Unit 5 sample questions:
• Given a list of chemicals:
o Which of the following disinfectants are not sterilants? (we would give a list)
o Which germicidal compound is best used in toothpaste?
• Given a decimal reduction number for a certain procedure please calculate the number of
microbes surviving after X number of minutes.
• Why is non-ionizing radiation not used to sterilize or decontaminate meat?
• What is the function of catalase?

















UNIT 6 - MICROBIAL CLASSIFICATION AND IDENTIFICATION
•What is the “three domain system”? What are the three domains? What are features characteristic to each of the three domains of life?
Three Domain System: Current classification system for all organisms Carl Woese discovered it. 
· Compared ribosomal RNA nucleotide sequences. 
· Based on evolutionary relatedness. 
Three domains: Bacteria, Archaea and Eukarya.
Bacteria:  
· Has a peptidoglycan cell wall 
· Cytoplasmic Membrane lipids: Fatty acids linked to glycerol by ester linkage  
· Ribosomes: 70S 
· No introns  
· No membrane bound nucleus 
Archaea: 
· No peptidoglycan cell wall 
· Cytoplasmic Membrane Lipids: Hydrocarbons linked to glycerol by ether linkage 
· Ribosomes: 70S 
· Sometimes has introns 
· No membrane bound nucleus 
Eucarya: 
· No peptidoglycan cell wall 
· Cytoplasmic Membrane: Fatty acids linked to glycerol by ester linkage 
· Ribosomes: 80S 
· Has Introns 
· Has a membrane bound nucleus 
•What is the difference between a strain and a species?
Species: 
· Basic unit of taxonomy 
· Group of closely related isolates or strains (permits identification) 
Strain: 
· Levels of categorization underneath species. 
· Strains typically identify specific isolates of a given species 
· Can be variation between different strains of the same species. 
· Strain names are very arbitrary – usually given by an inventory system or the first person to work with that isolate 
•What are the key features of a clinical microbiology lab?
· Pre analytical
· Specimen collection, transportation and sorting/labelling
· Errors can occur so must have rigorous control methods

· Analytical
· Diagnostic testing
· Time consuming. 
· Post Analytical
· Laboratory reporting
• What methods can be used to classify species and strains and how do they work? Know:
16S rRNA/rDNA sequencing (Species)
· 16s is small subunit of ribosome, moderately sized (1500 nucleotides) 
· Used to identify an organism’s taxonomic group and calculate relatedness between groups. 
· In all bacteria, multi-copy, highly conserved 
· Can amplify any type of bacteria using universal primers
· Good for identifying completely unknown genus (sometimes species), find their position on tree of life 
· does’t always resolve on species or strain level because closely related prokaryotes have very similar 16S rDNA 
Advantages: 
· Good target for bacterial identification when sample is unknown 
· Useful method when all other methods fail 
· Bacteria does not need to be alive 
· Good at distinguishing different species
· Universal, multi-copy, conserved function, but still have variable regions that are species specific. 
Disadvantages: 
· Cannot use with multiple species 
· Can't determine phenotypic susceptibility testing to determine if an organism is resistant to antibiotics. 
· Can’t determine causation of infection 
· Susceptible to false negative 
· Sample must be sterile 
· Not good at identifying different strains
MLST: Multi-locus sequence typing (DIstinguishing Strains)
· A good way of distinguishing strains 
· Compare sequences of a set of highly conserved genes (8-10 genes) (housekeeping genes) 
· Perform PCR to amplify 500bp regions from a set of different genes and sequence each of them 
· Align sequences to a database of known species isolates 
· Not every species has an MSLT database (only important pathogens) 
· Highly similar sequences = closely related microbes
RFLP: Restriction Fragment Length Polymorphism (Distinguishing Strains)
· Different RFLPs indicate different strains 
· Work on food pathogens 
· Differences in DNA structure distinguish phenotypically identical strains. 
DNA hybridization (Species Relatedness)
· Have a radioactively labeled genomic DNA of one microbe 
· Apply over tiny solid beads in test tube; beads are chemically linked to the DNA of a different microbe – not radioactively labeled 
· Mix and cool to re-anneal 
· No hybridization = organisms unrelated 
· Partial hybridization: organisms related 
· Complete hybridization = organisms identical 
Biochemical tests (Strains and Species)
· Provide more certainty of identification 
· Catalase test (bacteria that grow in the presence of oxygen are catalase positive) 
· Tests rely on colour changes (pH indicators) (sugar ferments pH down, urease production pH up) 
· API Test: drop some sample that contains microbes on 20 mini test tubes on a strip and after 18hrs of incubation get different colours and identify them 
· Basic strategy relies on dichotomous key 
MALDI/TOF (Genus and Species)
· Analyses biomolecules such as proteins from whole cell preparations 
· Generates a spectrum and compares to a known database 
· Given an identification to genus and species level 
· Doesn’t require step of culturiation
Advantages
· Rapid 
· Cheap 
· High sensitivity and specificity  
· Not hard to use  
· Large database  
· Identify pathogen with beta lactam resistance 
Disadvantages: 
· Isolated colony 
·  Identification is limited to database used in situations other than diagnostic emerging pathogens. 
·  Can’t differentiate between closely related organisms 
· Requires a cultured sample. 
Real-time PCR
· Most common NAAT (Nucleic acid amplification test- increases number of copies of specific DNA sequences in a sample for detection.)
· Uses fluorescent dyes and reporters that allows for real-time monitoring of amplification.
· Amplification curve depicts the rate at which DNA is amplified at in each cycle.
· Higher concentration of nucleic acid the sooner the curve is produced. 
· Non-specific fluorescent dyes interact with any DNA
· Sequence specific DNA probes- bind to complementary DNA sequence of a known target. 
· Probe binds and fluorescence signal is produced.
Advantages
· Rapid, cheap
· Doesn’t require culturing methods.
· Identifies multiple pathogens
Disadvantages
· Requires prior sequence knowledge. 
WGS (Illumina MiSeq + sequencing pipelines)
· Used for microbial identification, strain typing, outbreak investigation and antimicrobial resistance surveillance
· Sequencing of millions of fragments simultaneously. 
· Each platform needs: 
· library preparation (prepare nucleic acid target into compatible form.)
· PCR- amplification of same template produced
· Sequencing- generates sequence of DNA fragments. 
· Data Analysis- computer programs connect reads into contags. 
· 2nd generation sequencing: Illumina MiSeq. 
· Uses sequencing by synthesis: primers add fluorescently tagged nucleotides to DNA strands attached to flow cell. DNA folds over to create a bridge and amplifies to 2 DNA strands. 
· Creates cluster: 4 nucleotides with fluorescent tags emit a different wavelength which is captured by a camera and identifies the DNA sequence. 
Advantages
· Fast
· Reliable
· Identify new and emerging pathogens
Disadvantages
· Requires a strong laboratory infrastructure. 
· Costly 
Genome sequence comparisons(Strains)
· Sequencing the whole genome of different organisms and then compare to each other and see if they are related or not. 
· Nucleic acid amplification tests (NAATs) 
· Increase number of copies of specific DNA sequences (e.g. PCR) 
· Nucleotide probes that are complementary to the sequence of interest (usually with a tag) but each probe only detects single possible species/strain 
· Can also sequence entire genome 
• What are the two categories of diagnostic tests? (presumptive and confirmatory)
Presumptive:
· Cannot 100% prove that what you have found is what you are looking for, but can rule out some possibilities. 
Confirmatory: 
· Gives you confirmed results 
You are expected to be able to read and interpret data from 16S, DNA hybridization, API and RFLP assays.
API Test
· Rely on color change from pH. 
· Place a drop of liquid into a test tube. 
· Strip read based on color. 

16S
· Compare sequence against sequence databases. 

Unit 6 Sample questions:
• How does an RFLP gel tell you how many unique strains are represented amongst a number of isolates?
• How does an API test distinguish between samples?
Why is 16S not a great way to distinguish strains from one another? Why is it not so good at, for example, telling E. coli O157:H7 strains from other E. coli strains?
What methods could you use to distinguish strains of bacteria?
What methods can be used to determine whether an isolate is resistant to antibiotics?






































UNIT 7 - ANTIMICROBIALS AND RESISTANCE
• Know the targets of
o ampicillin/penicillin
· Targets the bacterial cell wall 
· Disrupts the peptidoglycan synthesis 
· All have B-lactam ring 
· When bacteria is making the cell wall it will accidentally take the B-lactam ring instead of the Dalanine 
· Ampicillin: broad spectrum penicillin that acts against Gram chains due to modified side chain. 
o carbapenem
· Also a B-lactam antibiotic 
· Most resistant to inactivation by beta lactamase. 
· New discovery of carbapenamase is causing chaos. 
· For those allergic to penicillin 
o cephalosporin
· B-lactam drug derived from antibiotic from fungus or from a slightly different antibiotic made by the bacteria streptomyces. 
· Resistant to certain B-lactamases
o vancomycin
· Blocks peptidoglycan synthesis 
· Binds to wall peptides to prevent them from being put into the cell wall 
· Only effective in gram-positive, administered by injection.  
o fluoroquinolones
· Inhibits topoisomerase (important in DNA replication) 
o tetracycline
· Reversibly Binds to 30S - blocks tRNA attachment and prevents continuation of translation 
· Bacteriostatic
· Effective against gram + and Gram -. 
o aminoglycosides
· Irreversibly Binds to the 30S ribosomal subunit – blocks initiation translation and causes a misreading of mRNA
· Ineffective against anaerobes, enterococci and streptococci- enter cell using active process. 
o macrolides
· Reversibly binds 50S subunit and prevent continuation translation
· Often drug choice for  those allergic to penicillin. 
o clavulanic acid
· inactivate B-lactamase 
· Includes inhibitor to protect penicillin. 
o sulfonamides
· Folate inhibitor (inhibits first enzyme in folate metabolism pathway) 
· Similar to PABA the substrate of the enzyme involved in folic acid biosynthesis. 
o polymyxin B
· Damages bacterial membranes of gram negative bacteria
· Binds to membranes of gram -
· damages cell envelope
• What is a “cidal” drug? What is a “static” drug?
Cidal
· Kill microbes by disrupting the cell wall integrity 
· Can be inhibitory depending on state of microbe. 
Static
· Inhibit microbial growth, don’t kill it directly
· Prevent microbe from protecting itself 
• What species of microbes produce antibiotics?
· Bacteria:Streptomyces spp. And micromonospora spp.
· Fungi: Penicillium spp. And Cephalosporium spp.
• What is a beta-lactamase?
· Enzyme that breaks beta-lactam ring (provides resistance to things like penicillin; produced by bacteria).
· Chemically hydrolysis beta-lactam ring. 
· Inactivates antibiotic. 
· Penicillin inactivates members of penicillin family. 
· Extended-spectrum B-lactamases inactivate a wide variety.  
• Assays for resistance - correctly interpret a disc diffusion assay and MIC assay
Disc Diffusion Assay 
· Test that is used to determine the susceptibility of a bacterial strain to a drug 
· Have an agar plate with the strain of bacteria evenly coated on it and then place discs in various areas on the plate and after looking for rings around the disc, which will indicate susceptibility. 
· Depending on the size of there ring they can be susceptible, intermediate or resistant 
· Size of inhibition zone is Affected by the concentration of microbe, the amount of drug in the disc, molecular weight, stability and solubility. 
MIC Assay 
· Minimum inhibitory concentration 
· Lowest concentration of drug that prevents growth in vitro 
· Serial dilutions of a drug in suitable growth medium, bacteria added, incubated and examine turbidity. Clear = bacteria gone, cloudy = bacteria there. 
· The more concentration needed to create a cloudy tube means a more resistant antibacterial. 
• Know MIC vs MBC
MIC 
· lowest concentration that prevents growth 
MBC 
· lowest concentration that kills 99.9% of cells in vitro determined from plate count of MIC 


• Why use combination therapy? What are the benefits?
· Can be synergistic- one drug enhances the other. 
· Unlikely that cells develop resistance to all drugs simultaneously. 
• The basic mechanisms of resistance (basic themes - keep drug away from target, mutate target, destroy drug, hibernate)
Destroying drug
· I.e Beta-lactamase. 
· Other drugs can be modified with phosphate, acetyl groups, methyl groups to stop them 
· Enzymes that chemically modify drugs, interfere with function. 
Change the target so it doesn’t bind the drug
· Mutation of current drug target
· Acquire a new version of the enzyme/target from another source. 
· Don't have a target to begin with.
· Minor structural changes can prevent binding to bacterial target. 
Keep the drug and target away from each other. 
· Lower uptake
· Increase efflux- increase production of pumps. 
Hibernate
· Stop growing/grow slowly
• Know the sources of resistance genes and what habits we have that are making them spread
Spontaneous Mutations: 
· Occur during replication and happens at a low rate 
· Often is a single BP change in gene encoding a ribosomal protein yields resistance to streptomycin. 
Gene Transfer 
· Genes encoding resistance can spread to different strains, species and genera. 
· Usually happens through conjugative transfer of R plasmids which carry resistant genes
· Resistance can originate in the wild. 
Why are we making them spread? 
· We continue to use antibiotics for non bacterial infections
· More use of antibiotics leads to more resistance. 
• What is a “therapeutic index”?
· Concentration of a drug that is required to kill the pathogens but not harm the host 
· High TI less toxic to host. Low TI more toxic to host (monitor patients blood) 
• Expect you will know the mechanisms of resistance to beta-lactam drugs including carbapenem resistance, penicillin resistance, and methicillin resistance.
Carbapenem Resistance: 
· AmpC enzyme (hydrolyzes carbapenem) + porin loss 
· Cephalosporinase + porin loss 
· Production of carbapenemase (hydrolyze whole classes)
Penicillin Resistance: 
· Penicillinase completely inactivates the drug 
Methicillin Resistance: 
· PBP (penicillin binding protein) have low binding affinity to B-lactam 
• Know basic facts about two carbapenemase enzymes (NDM and KPC). Do not memorize the names of beta-lactamases like IMP, GIM, etc. that were listed by Dr. Patel in his presentation. Only a basic knowledge of NDM-1 and KPC are necessary for this course. Know the basic narrative about how the drug- resistant outbreak was tracked.
NDM 
· Class B, metallo B lactamase 
· Zinc containing enzyme that can destroy almost all carbenicillin 
· Found in strains resistant to fluoroquinolones and aminoglycosides 
· Gene for NDM is frequently encoded on a conjugative plasmid that can transfer easily to new bacteria - Originated on the Indian subcontinent and spread 
· Major risk factor is visiting hospital in another country
· First case when spread reported in CAN (patient spread it) 
· Found multiple patients in a hospital unit had it. 
· 2 rectal swabs collected (analyzed with PCR) and 2 environmental samples. 
· Outbreak is declared after 2 negative results in all patients in the same unit. 
KPC 
· Class A, serine based enzyme, 
· Originated in USA 
· Patient spread it 

Unit 7 sample questions:
• Which of the following are ways that microbes can resist antimicrobial drugs?
• Given the growth of bacteria in these different tubes, what is the MIC?
· Can you tell from this type of assay whether the drug is static or cidal?
• How do you determine resistance in a disc diffusion assay to an antimicrobial?

















UNIT 8 - EPIDEMIOLOGY AND DISEASE TRANSMISSION
You are expected to know the definition of:
• communicable vs. non-communicable and why Legionella and tetanus are infectious diseases considered to be “non-communicable”
Communicable: Contagious Disease 
· Transmitted from one host to another 
· Transmission determined by interactions between environment, pathogen and host
Non-communicable: 
· Do not spread from host to host 
· Microorganisms arise from an individual's normal microbiota or environment. 
· Legionella and tetanus does not spread from host to host therefore it is non-communicable but they are infectious. 
· Legioninare’s disease has an “infection cycle” that needs to be broken- explains gray area
• prevalence
· Total number of cases at any time or for specific period in a given pop
· Reflects overall impact of disease on society. 
· Used for chronic diseases
• incidence
· Number of new cases per time per population
· Measure of risk of an individual to contract the disease. 
• case-fatality rate
· % of population that dies from specific disease
· With AIDs rate has decreased but prevalence has increased b/c more people survive.
• morbidity
· Reflects the burden of disease in population at risk
· Contagious diseases have high morbidity rate. 
• mortality rate
· Overall death rate in population
• common/single-source 
· Single source of pathogen which causes a rapid rise in cases (i.e Food poisoning). 
• propagated types of epidemics or outbreaks
· Slow rise in cases suggests contagious disease spreading in population (first case is called index case or patient zero)- lasts longer than single source
• epidemic
· Unusually large number of cases – usually over a large region 
• pandemic
· Global outbreak (i.e HIV). 
• endemic
· Constantly present in population (all year round: i.e common cold) 
• outbreak
· Higher than expected cluster of disease cases over a specific time in a population 
• reservoir
· Natural habitat in which pathogen lives 
· Identification is important in disease control. 
· Can prevent contact with disease
• vector
· Living organisms that can carry pathogens 
· Can carry internally or externally can be mechanical or biological. 
• contact tracing
· Tracking down those who have been exposed to the disease so epidemiologists can determine source of disease. 
•prospective study
· Looks ahead from prospective studies
· Predicts tendency to develop disease
· Cohort groups with known exposure to risk factor are selected and followed over time. 
•cross-sectional study
· Surveys rands of people at a single point in time for presence/absence of disease. 
· May suggest associations between risk factors and disease but doesn’t establish disease cause
•retrospective study 
· Actions and events following outbreak are compared. 
· Case-control study attempts to identify causative chain of events leading to disease. 
•vertical transmission 
· Pregnant woman to fetus/ mother to infant during childbirth, breast feeding due to biological link of pregnancy and childbirth.
• horizontal transmission
· Person to person, via air, physical contact, ingestion of food or water 
• mechanisms of spread including  
Fomites
· Indirect transmission; by contact with inanimate objects. Inanimate object is the foamite. 
droplet transmission
· Respiratory droplets generally fall to the ground within a meter from release (contact transmission) 
droplet nuclei
· Microbes attached to dried material that assist in the transmission of respiratory diseases
• natural host
· Asymptomatic infection, little disease
• transmission host
· Mild to severe infection, intermediate host

• terminal host
· Severe infection, rapid immune response
Know the three main factors that contribute to the emergence of a disease and be able to classify examples of each
Microbial agent
· Genetic adaptation and change and polymicrobial diseases
· Development of antimicrobial resistance. 
· Infection with one virus increases susceptibility to other infections. 
Human host
· Humans susceptible to infection
· Complacency in health setting. 
· Deliberate release of infectious agents. 
Human environment
· New technologies in new routes and pathologies of disease. 
· Acanthamoeba infections are associated in the wear of contact lenses. 
· Increasing temperatures can increase the geographic range of vectors that may carry disease. 

Unit 8 sample questions:
• In a country with a population X, Y number of people come down with a disease. Can you
determine the case-fatality rate from this information? The attack rate? The mortality rate?
The incidence rate? The prevalence? What information do you need for these calculations?
• Is a disease with a very long incubation period more likely or less likely to have high
prevalence in a population?
• If we gave you a graph of infections over time could you tell if it was a classic common source
or propagated outbreak?



















UNIT 9 - IMMUNOLOGY
• Know the difference between first-line defenses, innate immune responses, and adaptive immune responses
First Line Defenses
· Innate defense, always one- protect from microbes in the environment
· Include barriers like skin, antimicrobial substances. 
Innate Immune responses
· Rapid response after first line barriers are breached. 
· Include phagocytic cells, antimicrobial proteins in blood, recognition of specific microbial molecules. 
· Dictated by cells that can carry receptors. 
Adaptive Immune responses
· Takes several days to develop, involves learning about the microbe to generate antibodies and T cells. 
· Generates an immunological memory against a specific microbe so that if the host encounters it again it can have a faster response. 
· Serves as basis for vaccine response
• Know the various ways in which first-line defenses protect our bodies from microbial invasion
Body Borders: 
· Serve as a first line defense against invading microbes 
· “Borders” thought to be inside the body but they are in contact with external environment 
· E.g. Digestive tract starts at mouth and ends at anus 
Physical Barriers: 
Skin: 
· Difficult for microbes to penetrate 
· All exposed surfaces covered with epithelial cells 
· Tightly packed 
· Epidermis: many layers of epithelial cells 
· Outermost cells are dead, filled with keratin 
· Repels water, maintains dry environment 
· Continually slough off along with any attached microbes 
· Often shed carrying microbes away from them
· Dermis: tightly woven fibrous connective tissue
· Cells surrounded by collagen and other elastic proteins 
Mucous Membranes: 
· Line digestive, respiratory, genitourinary tracts 
· Constantly bathed in secretions – was microbes away 
· Peristalsis of intestines, mucociliary escalator of respiratory tract move microbes to area for elimination. 
· Frequent sites of infection. 
Antimicrobials: 
· Antimicrobial substances protect the skin and mucous membranes 
· Salt from perspiration on skin (salt intolerant organisms most susceptible) 
·  Lysozyme degrades peptidoglycan (Tears, saliva, mucus) 
·  Peroxidase enzymes break down hydrogen peroxide to make highly reactive O2 species (catalase – negative organisms most susceptible)- go on to damage microbial DNA
·  Defensins form pores in microbial membranes (small peptides produced by neutrophils and epithelial cells)
·  Acidic stomach, vagina and tears make life inhospitable for most microbes (vagina lining secretes glycan to support microbial species helping maintain pH around 4) 
· Bile produced by the gallbladder and injected onto stomach contents as they pass into the small intestine is a potent antimicrobial compound (bile = hydrophobic, secondary bile fights off invaders too) 
Nutritional Immunity: works to maintain nutrients in forms that are not easily accessible.  
· Transferrin (iron needed for all life) 
· Transports iron from stores in the liver to cells that require it for growth 
· Quickly binds free iron to make it unavailable to most microbes 
· Lactoferrin (produced by neutrophils, bind iron more tightly than transferrin) 
· Released at sites of infection to further deplete iron  
· Haptoglobin 
· Bind free hemoglobin released from lysed red blood cells 
· Albumen and calprotectin 
· Bind free zinc to make it unavailable to microbes
Microbial Helpers: we are colonized by microbes that can benefit us. 
· Commensal microbiota represent a population of microorganisms that grow on body surfaces of healthy individuals C 
·  Not part of immune system but provide protection 
· Important for development of immune system in distinguishing harmless microbes from pathogens (septic shock from appendix bursting) 
· Commensal microbes give protection by: 
· Competitive exclusion of pathogens
·  covered binding sites or consuming all the nutrients 
· Producing toxic compounds
· E.coli may synthesize colicins in intestinal tract 
· Lactobacillus in vagina produce low pH 
· Disruption of normal microbiota can predispose person to infections 
· Can occur with antibiotic use: 
· Diarrhea and colitis caused by increase clostridium difficile growth and toxin production in intestine
• Know the three pathways by which the complement cascade can be activated, where these pathways converge, and the three major outcomes of complement activation
Complement function requires the formation of C3 convertase which splits C3. 
Classical Pathway: 
· Activated by antibodies bound to microbe 
Alternative Pathway: 
· Triggered when C3b binds to foreign cell surfaces (C3 unstable, so some C3b always present) 
Lectin Pathway: 
· Mannose-binding lectins bind to mannose microbial cells, interacts with complement system components 
Activation produces three major outcomes: 
· Opsonization: 
· C3b binds to bacterial cells and foreign particles allow phagocytes to engulf more easily 
· Inflammatory Response: 
· C5a (strong chemoattractant) attracts phagocytes to area 
· C5 convertase cleaves C5 into C5a and C5b
· C3a and C5a increase permeability of blood vessels 
· Lysis of Foreign cells 
· Membrane attack complexes (MACs) formed by proteins C5b and other molecules assembling in cell membranes of Gram negatives. 
· Opens a hole into cell membranes
o You do not need to know details such as which proteins form the MAC
o Know the functions of C3 and C5
· Proteins C3 and C5 (complement the function of antibodies) 
· C3 splits into C3a and C3b 
· Increase permeability of blood vessels. 
· Usually inactive in the bloodstream and tissue and have to be activated 
• Know the characteristics and function of neutrophils
· Neutrophils engulf and destroy bacteria and other material 
· Important during innate response have potent antimicrobial activity 
· First immune cell to respond in response to infection. 
· Primary component of pus 
· Type of granulocyte - contains granule which are membrane bound sacs that hold antimicrobial compounds 
· Act as a rapid response team; move into area and eliminate invaders. 
· Critical in early inflammation but have a short life span. 
· Kill microbes by phagocytosis, release of enzymatic contents, and neutrophil extracellular traps. 
• Know the types of mononuclear cells that exist and their associated characteristics and functions   
Mononuclear Phagocytes
· Function as sentient cells
· Comprise mononuclear phagocyte system. 
· Includes monocytes and cell types that develop from them after leaving the bloodstream. 
· Differentiate into macrophages and dendritic cells. 
· Engulf material in tissues. 
· Are always present in tissues.
· Not as potent as killers as neutrophils but live longer. 
· Continue to develop antimicrobial arsenal. 
· Bring material to cells of adaptive immune system. 
· Communicate with adaptive system cells to help generate T cells and antibodies. 
• Know the phagocyte response
Chemotaxis
· recruitment of  phagocytes to an area b/c they are attracted to chemoattractants. 
· Process of cell travelling towards an attractant is chemotaxis. 
Recognition and attachment 
· Attachment through direct binding to ligands (i.e binding sugars on microbial surface). 
· indirect : phagocyte binding to C3B  fragment of antibodies
Engulfment
· Phagocyte engulfs microbes by completely wrapping its membrane around the microbe and then pinching off the bacteria containing membrane invagination from the cell surface. 
Phagosome maturation and phagolysosome formation
· Forms membrane bound bacteria containing compartment known as a phagosome. 
Destruction and digestion
· Digestive enzymes enter the phagosome and dump product into phagosome creates a phagolysosome.
· Phagolysosome is digestive compartment that degrades the engulfed microbes. 
Exocytosis
· Degraded microbe causes the phagolysosome to fuse with the cell membrane and cause exocytosis
• Know what cytokines are
· Allow cells that are distant from each other are able to communicate
· Often expressed  by damaged or infected cells to guide immune response. 
· Chemokines: chemotaxis (movement) of immune cells
· Proinflammatory cytokines: activate immune cells and some non-immune cells. 
· Regulatory cytokines: dampen infection or stimulate cell division or differentiation. 
• Know what PRRs and PAMPs are
PRR (Pattern Recognitions Receptors) 
· Allow the body to see signs of microbial invasion 
· Detect pathogen associated molecular patterns (PAMPS) (aka MAMPS) 
· Sometimes they recognize DAMPs (danger-associated or damage associated) which indicate hose cell damage 
PAMP 
· pathogen associated molecular pattern 
· PAMP common on all microbes not just pathogens 
· Cell wall components, flagellin subunits and viral RNA molecules- signals of microbe infection
•  Know the different classes of PRRs that exist, and the kinds of molecular patterns these classes can recognize
Toll-Like Receptors (TLRs): 
· 10 different TLRs identified, recognize distinct PAMPs 
· Binding of TLR to specific PAMP initiates signalling cascade. 
· Results in immune-related genes and programmed cell death in some infected cells. 
· Response depends on TLRs engaged and abundance of PAMPs. 
Nod-like receptor (NLRs): 
· Detect bacterial components indicating cell has been breached (detect cell damage) (DAMPS)
· Can recognize both PAMPs and DAMPs. 
· Defects may be linked with inflammatory disease. 
RIG-like receptors (RLRs)
· Cytoplasmic receptor that detects viral RNA indicating infection. 
· Elicit a more restrictive antiviral response
· Distinguish viral from cellular RNA by:
· Recognizing 3 phosphate at the 5' end (cytoplasmic RNA hides phosphates)
· Often double stranded (cellular RNA is single stranded). 
• Know what an “inflammatory response” is; know what causes inflammation, which processes are involved, and the consequences of inflammation
· Activated when pathogens are detected in the body 
· PAMPs and DAMPs trigger the recruitment of leukocytes in order to eliminate pathogens
· Initiates release of pro-inflammatory cytokines. 
· If blood vessels are damaged it leads to coagulation and increased permeability. 
· Cascade of events: 
· Increase permeability of blood vessels by dilating them
· greater blood flow into tissues 
· Slower flow rate to capillaries 
· Leakage of fluids (Causes swelling and pain) 
· Fluid has substances that counteract invading microbes. 
· Migration of leukocytes from the bloodstream to tissues 
· Endothelial cells grab phagocytes slow them down 
· Phagocytes squeeze between cell of vessel (diapedesis) 
· Immune cells arrive at infection 
· Clotting factors arrive there as well 	
· Dead neutrophils, tissue debris accumulate as pus. 
· Large amount of pus= abscess. 
· Can result in Chronic inflammation
· Leads to ongoing recruitment and activation of leukocytes. 
· Macrophage, giant cells accumulate and granulomas form to wall off the infected tissue. 
· Can also affect sensitive tissues. 
· Can happen with particulate debris is too difficult to remove. 
Consequences: 
· Swelling 
· Pain 
· Redness 
· Pus formation 
· Blood vessel damage 


• Understand the importance of fever as a host defense mechanism; know what causes fever and how fever helps clear infections
· Temperature regulation center in brain raises during infection in response to signs of systemic infection. 
· Higher temperatures result from production of proinflammatory cytokines produced by macrophages following the detection of microbial products by TLRs. 
· Cytokines and fever inducing substances are known as pyrogens. 
· Endogenous pyrogens are produced by host and exogenous pyrogens are produced by microbes. 
· Helps clear infections b/c it effects the optimal growth rate of microbes. 
· Temperature rise also increases rates of enzymes. 
• Know how adaptive immunity differs from innate immunity
Innate Immunity: 
· Innate defenses that recognize and destroy pathogens that have breached first line of defense 
Adaptive Immunity
· Adaptive immunity has memory 
· Once pathogen infects you and you become immune to it you will have immunity against it forever.
• Understand the key differences between humoral immunity and cell-mediated immunity
Humoral Immunity: 
· Production of antibodies to works to eliminate extracellular threats (Adaptive immune response) 
· Better for microbes living outside of cells. 
· Use B cells that bind an antigen and become activated which proliferates and differentiates. 
Cell mediated Immunity: 
· Also called cellular immunity, deals with targets that reside within a host cell. (Adaptive immune response)
· Better for targeting microbes that infect inside the cells. 
• Know the characteristics and function of B cells and T cells
T Cell
· Mediate cellular immunity (defensive cells) 
· Major types: Helper, Cytotoxic and regulatory 
· Has unique TCR that only recognizes a single type of antigen. 
· Helper: 
· Works with B cells and activates them so that they can recognize pathogens
· Produces cytokines that direct the function of other classic immune cells and non-immune cells. 
· Coordinates response against pathogens
· Helps eliminate antigens. 
· Recognizes antigen present by own body 
· Cytotoxic: 
· Active killers that destroy pathogens infected cells 
· Helps eliminate antigens
· Recognizes antigen present by own body 
· Directly involved in immune mediated targeting b/c  have the capacity to kill cells that display specific antigen. 

· Regulatory: 
· Serve as additional checkpoints to prevent autoimmunity 
· Help get immune response under control. 
B Cell
· B cell receptor is a membrane bound version of a B-cell’s antibody 
· Binding antigen triggers response (usually need confirmation from T helper cells) 
· Resembles antibodies (Y-shaped, binding site differs from one B site to the other) 
· Mediates humoral immunity
· Produce a single type of antibody and only binds a single type of antigen. 
• Understand the terms “antigens” and “epitopes”
Antigen: 
· Molecule that reacts specifically with an antibody a B cell receptor or T cell receptor
· Molecular target of the immune response. 
· Can activate both B and T cells or just need B cells. 
Epitope: 
· Small region of larger antigen that is actually bound by an antibody 
· AKA antigenic determinant 
• Know the characteristics of a primary and secondary antibody response
Primary
· Takes 10-14 days to produce antibody accumulation. 
· Activated B cells continue dividing or differentiate to form antibody-secreting plasma cells. 
Secondary
· Additional exposure to antigen produce faster response. 
· Faster and more effective that primary. 
· Use memory B cells, antibodies encoded bind antigen. 
• Recognize the general structure of an antibody
· Variable region accounts for how different antigens are recognized by different antibodies. 
· Antigen binding site attaches to specific epitope. 
· Constant region on antibodies allows immune system component to recognize otherwise diverse antibody molecules. 
· Is Y shaped with antigen binding site, variable regions (that have light chains) and Constant region (that have heavy chains). 
• Know the different ways in which antibodies function
Mark antigens has foreign. 
Neutralization: 
· Antibodies marks antigen as foreign, microbes have specific proteins, which are recognized as antigens by phagocytes. 
· Binding to the toxin/virus and surrounding it 
Opsonization: 
· Phagocyte with antibodies on it recognizes the pathogens by their antigens and engulfs them 

Complement System Activation: 
· Can kill a membrane enveloped gram negative bacteria and membrane enveloped viruses. 
· Compliment system with antibody on it which binds to pathogen and initiate degradation or lysis of pathogen 
Immobilization and prevention of Adherence: 
· Antibodies bind to pathogen and inhibit it from moving in the body and or binding to healthy host cells.
· Physically blocks the function of microbes or microbial derived products.  
Cross-linking: 
· Clumping the microbes together which makes them easier to be washed away by mucus flow. 
Antibody-Dependent Cellular Cytotoxicity (ADCC): 
· Antibodies can target affected cells by killing them with specific antibody receptors on surface and initiate their breakdown. - target it for lysis. 
• Understand the concept of antigen presentation
T cell- 
· Antigen presenting dendritic cell. 
· Antigen presented to T cell as short peptide molecules held in binding pocket of MHC molecule
· MHC: major histone compatibility complex. 
· Antigens can also be displayed by macrophages, B cells and infected cells. 
· Small peptide fragments from bacterial proteins are loaded onto class 2 MHC molecules and displayed on the surface of the cell. 
· Antigen bound to MHC molecule on surface is a target that can be bound by any T cell that has a matching receptor. 
· When a correct match is made the naive T cell becomes activated. 
· The antigen presenting cell can alter the effector T cell response against any microbe. 
• Know the difference between “naïve cells” and “memory cells”
Naive
· Do not have the capacity to elicit an immune response.  
· Only activated when recognize specific antigen. 
Memory
· Remember the immune response. 
• Know the principles of active and passive immunity
Passive Immunity: 
· Antibodies from another 
· No memory; protection is lost once antibodies degrade 
· Natural: antibodies during pregnancy mothers IgG antibodies cross placenta; breast milk contains secretory IgA 
· Artificial: antibodies from Injection of antiserum (contains antibodies) 
· Antibodies contained in serum of other people or animals are injected into an individual 
· Better b/c gives immunity right away
Active Immunity: 
· Follows antigen exposure 
· Natural: immune response to exposure to infectious agent 
· Artificial: immune response to vaccination 
· Takes a week or so to give immunity. 
• Know what a vaccine is, and characteristics of effective vaccines
· Preparations from a pathogen or its products used to induce active immunity. 
· Effective vaccines: 
· Must be safe
· Have no significant side effects
· Give long lasting protection
· Low in cost, stable shelf life and easy to administer. 
• Understand the terms “sterilizing immunity” and “herd immunity”
Sterilizing Immunity: 
· Vaccines that protect against colonization which means that immunized individual can no longer be a carrier 
Herd Immunity: 
· Develops when critical portion of population is immune to disease; infectious agent unable to spread due to insufficient susceptible hosts 
· Responsible for dramatic declines in childhood diseases. 
· Occurs if vaccine induced immunity prevents colonization and spreading and a large proportion of the population is immunized. 
• Distinguish between attenuated vaccines and inactive vaccines; know the advantages and disadvantages of each
Attenuated
· less virulent version of the pathogen used to elicit immunity (able to replicate inside the host but don’t cause disease
· Naturally mutated of genetically manipulated to replace normal genes. 
Advantages
· Single dose usually induces long-lasting immunity due to microbes multiplying in body
· Can immunize others by spreading
Disadvantages
· Can cause disease in immunosuppressed people, hurt people who are already weak. 
· Can occasionally revert or mutate and become pathogenic
· Not recommended for pregnant women. 
· Requires refrigeration to keep active. 
Inactivated: 
· dead pathogen that is used to elicit immunity 
· Unable to replicate but retain immunogenicity of pathogen or toxin
Advantages
· Cannot cause infections or revert to pathogenic form
· Subunit vaccines allow targeting of immune response to key molecular targets
Disadvantages
· No replication so no amplification; immune response is limited. 
· Purified antigens lack danger signal to activate dendritic cells .
· Requires adjuvants that mimic the danger signal to stimulate an immune response. 
o You do not need to memorize Table 18.2 on slide 76, but you do need to know the types of inactive vaccines and what they are (e.g. a toxoid vaccine is made from inactive toxins, and is a type of inactive vaccine)
Whole agent: Killed microbe or inactivated virus
Toxoid: inactivated toxins
Subunit: key protein antigens or antigen fragments from pathogen
Recombinant: genetically engineered microorganisms
VLP: empty capsid
Polysaccharide: polysaccharide capsule
Conjugate: polysaccharides linked to proteins. 
• Understand the terms “seropositive” and “seronegative”
Seropositive: 
· Individual has been exposed to antigen 
· Has produced specific antibodies to pathogen 
· Seroconversion, process of producing antibodies
· Small steady antibody level indicates previous exposure
Seronegative
· Individual not yet exposed to antigen
· Has no specific antibodies to pathogen
Unit 9 sample questions:
• What are some examples of nutritional immunity, and how do they function to protect us from infection?
Given a list of immune responses –
• Which of these would you expect to occur early in the immune response?
• Which of these may be elicited against Gram-negative bacteria? What about viruses?
• Which of the following is not a characteristic of the adaptive immune response?
• What are the advantages and disadvantages of attenuated vaccines? 

You can also expect questions that will require critical thinking and synthesis of material across multiple lectures.
You are a researcher who wants to design a new vaccine against Zika virus. Which considerations should you take into account to achieve this task?













UNIT 10 - PRINCIPLES OF PATHOGENESIS
• Know the definitions of ID50, incubation period, prodromal, convalescence, carriers, virulence, virulence factors, opportunistic infections, symptoms, signs, infection vs. colonization, primary pathogen, primary infections, secondary infection. 
ID50: 
· Number of microbes sufficient to cause infection in 50% of those people/animals to which the microbes are administered 
· Communicable or contagious disease easily spread when they have a low ID. 
Incubation period: 
· The time between exposure and onset of symptoms 
Prodromal: 
· Vague symptoms phase- incubation period comes after this 
Convalescence: 
· Recuperation, recovery from disease- period occurs after symptoms have passed 
Carriers: 
· May harbour and spread infectious agent for long periods of time in absence of signs or symptoms (Typhoid Mary) 
· Microbe remains in systems even though they aren’t sick anymore. 
Virulence: 
· Refers to degree of pathogenicity 
Virulence factors: 
· Traits that allow microorganisms to cause disease 
Opportunistic infections: 
· Cause disease only when the body's innate or adaptive defenses are compromised or when introduced into unusual location- infects an unhealthy individual 
Symptoms: 
· Subjective effects experienced by patient 
Signs: 
· Objective evidence, can be seen or measured.  
Infection: 
· colonization by pathogens.
· Can be subclinical or mild symptoms.  
Colonization: 
· microbe establishing itself on body surface or mucosal layer 
· Can refer to infection of pathogen already existing. 
· Needs multiplication. 
Primary Pathogen: 
· Microbe or virus that causes disease in otherwise healthy individual (e.g. malaria, plague)

Primary Infection
· Initial infection, predispose someone to secondary infection 
Secondary Infection
· Occurs after a primary infection. 
• Know about how Vibrio cholera evolved to cause disease
· Colonizes in the small intestine
· TCP operon: encodes a pilius that holds the viria cells together and helps it colonize in the intestine. 
· Is encoded on a pathogenicity island
· Cholera toxin: toxin secreted from the bacteria that disrupts ion flow in epithelial cells of the intestine. 
· Encoded on the genome of a phage (CTX).
· Uses TCP as its receptor. 
· Gained segment of DNA that encodes TCP and then a phage came along to use the TCP to grab onto vibrio cell and inject its own DNA. 
• What is a genomic island?
· Large blocks of newly acquired genes 
• What is a pathogenicity island?
· Large blocks of newly acquired genes that are involved in causing disease
• How do these islands explain why O157:H7 is deadly and strain HS is not?
· The LEE pathogenicity island of pathogenic E. Coli strains encodes a type 3-secretion system and several effector proteins. These proteins allow E. coli to stick tightly to host cells and cause fluid leakage 
· System secretes proteins that cause changes in cells causing them to leak fluid. 
· Secrete own receptor that bacteria binds to. 
· The HS strain does not consist of this island. 
• What are the basic functions of AB toxins and their subunits?
AB Toxin (exotoxin): 
· AB toxins have two parts 
· A subunit is toxic usually an enzyme 
· B subunit binds to cell dictates delivery to cell type 
· Can use B subunit to deliver medically useful proteins. 
· 1) B subunit binds to specific molecule on host cell 
· 2) The toxin is taken up by endocytosis 
· 3) Toxin subunits separate allowing the A subunit to enter the cytoplasm 
· 4) A subunit can then act as a protease inside the host cell to destroy proteins or modify host cell behaviour by making it less active 
· All toxins exhibit different effects because A subunits are different and they function differently 
• How do superantigens work? What is the S. aureus example we covered?
Superantigens (exotoxin): 
· Indiscriminately activate T helper cells 
· Superantigen facilitates the recognition of a foreign peptide by T helper cells in order to activate the cytokine release 
· Peptide is usually not recognized in the absence of the superantigen (if it is foreign)
· Superantigens bind to sides of NHC and T cell receptor complexes bringing them together
Staph Aureus
· Toxic shock syndrome toxin is a superantigen that can be caused by S. Aureus.
· Discovered from women who left tampon in for too long 
· Happens because of the massive cytokine release of T helper cells 
• What cells are targeted by Botox and Tetanus toxin?
Botox: Botulinum toxin 
· It is most potent Neurotoxin 
· Protease that inhibits the release of acetylcholine from excitatory neurons to muscle cells 
· Muscles fail to work causing flaccid paralysis (person/animal unable to move)
Tetanus Toxin: Tetani 
· Second most potent neurotoxin 
· Binds inhibitory interneurons in the spinal cord and prevents the release of inhibitory neurotransmitters necessary for muscle relaxation 
· Causes spastic paralysis: too much muscle contraction
• How does “scalded child syndrome” occur?
· Exfoliatin protein from staphylococcus aureus causes scalded skin syndrome (skin is peeling off) 
· Destroys materials that bind together skin layers 
· Bacteria may be growing in small lesion but toxin spreads systematically 
• Know the ways that bacteria acquire new genes (competence, conjugation, transduction, etc)
Competence
· Bacteria actively take it up. 
· Energy driven Protein complexes in membrane specifically grab and pump DNA into the cytoplasm. 
· DNA is simply used as food for bacteria. 
· On occasion bacteria take in DNA and insert it into their genome. 
Conjugation
· DNA injects itself into a cell. 
· Plasmids encode a set of proteins that help them get from one cell to another. 
· Plasmids only spread around if they help host cells 
· Plasmid DNA is forcing itself into a new host
Transduction
· Piggy backing on a phage
· Phage infects cell by injecting DNA into the cytoplasm of host cell, make viral proteins, copy of their own DNA and package own DNA into protein coat to make a virion. Every vrion should carry copies of phage genome inside. 
· Sometimes the phage grabs DNA from bacteria instead of its own and puts that into the virion head. 
· Virions will then infect the next cell and wont kill the new cell b/c they aren’t delivering viral DNA they are delivering a segment of DNA from the previously infected cell. 
· DNA gets incorporated into the genome. 
Phage encoded genes (lysogeny)
· phages don't kill their hosts right away but integrate their own DNA into the host DNA (lysogeny). 
· DNA of latent viruses (prophage) stay in bacterial cell as long as conditions are good. 
· If host cell is damaged the viral DNA is activated and replicates killing the host cell and releasing viral particles that infect more cells. 
· Prophages benefit by keeping the host cell alive
• Why is Legionella able to cause disease in humans but at the same time why is it not an effective pathogen in terms of spread?
· Legionella has a type 4 secretion system and this system along with its effectors also allow legionella to survive within macrophages 
· The reason why it is not an effective pathogen in terms of spread is because it only works with immune-compromised people (opportunistic pathogen). Not communicable.
• What is the difference between an effector, an exotoxin, and an endotoxin?
Exotoxin: 
· Protein factors secreted outside bacterial cells that target specific host proteins or pathways 
· Composed of neurotoxins (damages nervous system), enterotoxins (intestinal disturbance) and cytotoxins (damage variety of cells). 
Effectors: 
· Proteins injected directly into host cells by complex secretion systems (e.g. type 3) 
Endotoxin: 
· Lipopolysaccharide 
· Toxic component is lipid A portion- is apart of the cell instead of secreted outside. 
· Components of bacterial cells that are recognized by the innate immune system 
Unit 10 sample questions:
• Which of the following is a way a bacteriophage can contribute to disease? (choices: encode a toxin in its genome, transfer virulence genes by transduction)
• Which part of the AB toxin is responsible for causing an effect within the host cell?
• Which of the following are strategies a bacteria can use to avoid opsonization by complement proteins?
• Type 3 secretion systems are used for which of the following by bacteria? (choices: invading host cells, triggering cell death, antibiotic resistance).
• A patient comes to the emergency room with extreme muscle spasms. An intern suggests that the symptoms are caused by a superantigen. You disagree and think a different toxin is involved. Which one?











UNIT 11 - THE HUMAN MICROBIOTA
What are the 5 phyla that are most frequently found in the gut microbiota?
· Bacteroidetes, firmicutes, actinobacteria, proteobacteria, verrucomicrobia
What is the Human Microbiome Project and what are its objectives?
· Understanding role of microbiota in disease. 
· Identify major organisms comprising the normal microbiota of normal people
· Determine if there are associations between change in the microbiota and the development or progression of disease 
· Develop tools to help conduct studies
What are the definitions of commensal, symbiont, pathobiont, gene richness, gene diversity, metabolism, catabolism, anabolism?
Commensal
· Dont benefit or harm the host
Symbiont
· Known health promoting functions
Pathobiont
· Have potential to induce pathology 
Gene richness
· Number of genes harbored in microbial community
Gene diversity
· Distribution of different genes in the community
Metabolism
· The biochemical process that happens within a living organism to maintain life. 
Catabolism
· The breakdown of organic matter and harvesting energy through cellular respiration
Anabolism 
· Usage of energy to construct molecules such as proteins and nucleic acids
What are the environmental characteristics of the gut? (eg nutrient availability, etc) How does that impact colonization?
pH
· Increases as you move through GI
Oxygen level
· Decreases as you move through GI
Availability of nutrients
· SI secrete enzymes that breakdown simple nutrients; therefore simple nutrients are abundant in SI. 
· Bacteria that use small nutrients are abundant. 
Combination of factors influence what bacteria colonize and where it colonizes. 
Where are microbes found on the human body?
· Anywhere on the human body exposed to the outside world. 
· Lungs and gastrointestinal tract. 
Why is the gut microbiota so well studied?
· 
What is colonization resistance? What are indirect and direct colonization resistance? How are they mediated in the cell?
· Is the ability to exclude invading pathogens and inhibit overgrowth of opportunistic pathogens and pathobionts
· Indirect: commensal microbiota dependent upon host derived factors to provide protection
· Antimicrobial peptide production, bile acid metabolism, epithelial barrier maintenance. 
· Direct: bacterial factors that prevent colonization and inhibit growth- independent of host
· Production of bacteriocin, nutrient depletion, type 6 SSs. 
How is the gut microbiota established?
· Initially colonized by bacteria from mothers breast milk and infant food.
· As microbes move along they encounter pH levels, oxygen and nutrients and presence of absence of antimicrobials
· Environment Impacts which microbes take up resident in an area. 
· Each species has specific condition where they optimally grow. 
What are the roles of gene richness and gene diversity in the human microbiota?
· Low richness and diversity is associated with obesity, metabolic inflammation and other disorders. 
What are the 3 major categories of processes gut microbes are involved in in the human body?
Metabolic functions
· Vitamin synthesis, metabolize non-digestible carbohydrates, metabolite transformation and absorption.
· Goes beyond just digestion.
Structural functions
· Intestinal barrier fortification, tightening junctions, developing immune system
Protective functions
· Pathogen displacement, Production of antimicrobial factors.  
How does the gut microbiota contribute to food digestion?
· Produces a complex network of metabolites that move forward to affect body
· Different types of bacteria are responsible for catabolizing different foods. 
· Breakdown of dietary components by microbes produce metabolic products that are consumed by other bacteria. 
What are the 3 major metabolites produced by the gut microbiota?
· Short chain fatty acids (most abundant). 
· Gases 
· Bile acids
What are the main roles of the 3 main short chain fatty acids?
Butyrate
· Key energy source for human colonocytes
· Affects glucose and energy homeostasis
· Potential anti-cancer activity
· Mediates its activities close to the gut
Propionate
· Energy source for human colonocytes
· Transferred to liver to play a role in gluconeogenesis to promote homeostasis
· Involved in satiety signal through gut receptors
· Mediates activity distally from gut
Acetate
· Most abundance, essential cofactor for growth of other bacteria. 
· Significant role in appetite regulation
· Mediates activity distally from gut
How do the gut microbiota impact the host immune system? How do they aid in the development of the host immune response?
· Involved in developing immune system when we are young and teaches it to tolerate its members. 
How do we interact with microbes prenatally, immediately postnatally, as infants and children, and what influences these interactions?
Prenatal
· Immune response is immature
· Biased against production of inflammatory cytokines
Immediately postnatally
· Exposure stimulates Maturation of system starts soon after birth
· Maternal milk contains mother-derive bacterial antigens to stimulate maturation of innate system
Infant
· Transition from early infant diet of breast milk to family food important for infant microbiota
· Exposure to environmental microbes is most important source of immune stimulation.
Childhood
· Exposure of healthy gut microbiota at an early age results in adequate immune development.
· Microbiota remains relatively stable after immune maturation. 
How do making, use of antibiotics and diet affect the composition of your microbiota?
Use of antibiotics
· Antibiotics used to fight bacterial infection but are not specific in targeting bacteria. 
· Increased antibiotics leads to less diverse microbiota. 
Diet
· Lots of fruits and vegetables the microbiota is more associated with firmicutes bacteria. 
· Lots of protein the microbiota is more associated with bacteriodities
· Diet influences microbial genes present.  
· Affect gene richness and gene diversity. 
· Diet wins over genetics for composition. 
What is the definition of dysbiosis?
· Associated with a decrease in gene diversity and richness. 
· An increase in pathobionts and a decrease in symbionts leads to a decrease in colonization resistance which increases immunogenicity causing dysbiosis. 
What is the impact of taking antibiotics on C. difficile infections?
· Disruption of normal microbiota plays a key role in pathogenesis. 
· Triggers inflammation in the gut. 
How are germ-free mice used in the study of the microbiota?
· Used to study obesity in twins. 
· Germ free mice don’t have any microbes. 
· Mice got microbiota from an obese twin and lean twin and gained symptoms respeceptively. 
· Using mice can control for factors (age, food)

Unit 11 sample questions:
Which of the following is an example of direct colonization resistance?
At which of the following developmental stages is the gut microbiota relatively stable?
What is the definition of a bacteriocin?
Which of the 3 following short chain fatty acids is NOT a food source for the epithelial cells of the colon?
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TABLE 5.1 | Physical Methods Used to Destroy Microorganisms and Viruses

Denatures proteins. Relatively fas,relable, saf,
and inexpensive.

Boiling for 5 minutes destroys most microorganisms
and viruses; a notable exception is endospores.
significantly decreases the numbers of heat sensiti
microorganisms,including spoilage microbes and
pathogens (except sporeformers).

Typical treatment is 121°C/15 psi for 15 minutes o longer,
a process that destroys endospores.

Burns cell components to ashes.

Destroys cell components and denatures proteins. Less
efficient than moist heat, requiring longer times and
higher temperatures.

Filte retains microbes while letting the suspending fluid
or aif pas through smal holes.

Various pore sizes are available; 0.2 pm is commonly used
10 remove bacteria.

HEPA filters are used to remove microbes that have.

a diameter of 0.3 ym or greater.

Type of cell damage depends on the wavelength of the
radiation.

Destroys DNA and possbly damages cytoplasmic
membranes. Produces reactive molecules that damage
other cell components. ltems can be steriized even
after packaging.

Damages DNA. Penetrates poorly.
Treatments of 130,000 psi are though to denature proteins

and alter the permeabilty of the cell. Products etain color
and flavor.

Widely used.

Boiling for at least 5 minutes can be used to treat
drinking water.

Milkis pasteurized by heating it to 72'C for 15 seconds.
Juices are also routinely pasteurized.

Widely used to sterilize microbiological media,
laboratory glassware, surgical instruments, and other
items that steam can penetrate. The canning process
renders foods commercially sterie.

Flaming of wire inoculating loops. Also used to destroy
medical wastes and contaminated anima carcasses.
Laboratory glassware i teriized by heating at 160°C
10 170°C for 2to 3 hours. Powders, oif, and other dry.
materials are also sterlized in overs.

Used for beer and wine, and to sterilze some heat-
sensitive medications

Used in biological safety cabinets, specialized hospital
rooms, and airplanes. Also used in some vacuum cleaners
and home air purifcation units.

Used to sterlize heat-sensitive materialsincluding
medical equipment, disposable surgicalsupplie, and
drugs such as penicilin. Also used to destroy microbes in
spices, herbs, and approved types of produce and meats.
Used to destroy microbes in the air and drinking water,
and to disinfect surfaces.

Used 0 extend the shelf e of certain commercial food
products such as guacamole.
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Easyto obtain and nexpensive. Rapid
evaporation limis hefr contact time.

‘Capable of destroyingall microbes. Irtaing 1o
the respiratory act, sin, and eyes.

Relatively low toscy,destroys  wide range of
micrabes, adhere o 5nd persistson skin and
mocous membranes.

Easiy penetrates hard-toreach places and.
fabric and does ot damage mosturesenstive
materal. It s o, explosive, and may be
Garcnogenic

Ciorinesolutionsare inexpensive and readly
vaiable however,organic compounds and
other impurities neutraze the actiiy. Some.
forms of chiorine ma react with organic
compounds o form toxic chioinated produts.
Todine s more expensive than chiorine and.
ocs ot elaby kil endospores.

Most mets compounds are 09 xic o be
usec medicly.

Tis unstabie form of oxygen resdly breaks
own to an ineffective form,

Readily biodegradable and es tosic than
traditional aematves. The ffecivencss of
ydogen perorde as an antseptic s ted
because the enzyne catalase breaks t down,
Peracticacd s mre potent germicda than
ydogen peroxde.

Widerange of actvy,reasonable cost,
remain effectiv n the presence of detergents
i organic contaminants, leaves an acive
antimicrabial residue.

Non-tosc enough o be used on food
preparation surfoces. nactivated by anionic
50aps and detergerts

‘Aqueous slutions of alcohol are used 5
antiseptics to clean skin i preparation
forprocedures that break intactskin,and

a5 cinfectants or treating mstruments.
Glutaradetyde and orthophthalaldehyde are
uied o seilze medical struments Formal
s used n vaccine production and to preserve
bilogica specimens.

hlorhexidie s widey sed asan antiseptic
in'soaps and lotions, and i often impragrated.
into catheters and surgical mesh.

Commonly used toserlze medica device.

Solutions of chioine ae widely used to
disinfectinanimate objects, surfaces, drinking
water, and wstewater Tincture of iodine and
fodophores an be used 3 disnfectants ot
antiseptic.

Siversulfadiazine s usd intopicaldressings to
prevent infecion of burns Sier irate drops
an be used to prevent eye infections coused
by Neiseria gonorthoese in newbarrs. Some
metal compounds ae used o prevent microbial
Growth in ndustria processe.

sed to disinfct drining water 3nd
wastewater.

Hydrogen peroxide s used o stellze
containes for asepticaly packaged juces and
milk Peracetc acd s widely used o disinfect
and serlize medica devices.

Tidosan s used in a variety of personal care
products,ncudingtoothpastes,lotions and
eodorant soaps. Hexachorophane s highly
efectiv against Staphylococus aureus, but s e
it because 1 con couse newrclogiel damoce.
‘Widely usd to disinfec nanimate objects and.
0 preserve non-food substances.





