Unit 1: Germ Theory of Disease Peeps 
Edward Jenner – developed the use of cowpox as a vaccine against smallpox. Variolation – giving people a dose of  smallpox virus hoping to induce a less severe form of the disease. (only measure available back then to prevent smallpox) Used puss from milkmaids who were infected with cowpox to vaccinate people. 

John Snow – Mapped the cases of cholera in London to determine that the infection came from a contaminated water pump on broad street. 

Ignaz 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 autopsy). He said to wash your hands with bleach and water after performing autopsy and before delivering baby. The infection rate of childbed fever (puerperal fever) then dropped. Doctors ignored his advice and dismissed him from the hospital. 

Agostino 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 passes 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. 

Robert Koch – Founder of modern bacteriology. Discovered causes of Anthrax, Cholera and Tuberculosis. Developed methods for working with microbes in 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 back into a healthy organism, and microbe must be isolated again from newly disease 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 cant be grown in pure culture must be living cell only. 

Louis Pasteur – Disproved spontaneous generation of microbes (microbes do not just appear out of nowhere on sterile broth, they come from other microbes). Biggest contributor towards 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 outside air. Pasteurization: brief heating of food or milk to kill microbes that cause spoilage.  Developed Vaccine for rabies, anthrax. 

Joseph Lister – Pioneered antiseptic surgery. Influenced by Pasteurs work. Surgical equipment and room were kept routinely sterilized before use. Developed carbolic acid (phenol – phenols kill wide range of bacteria without being toxic to individual) as antiseptic for sterilization of wound and equipment. Prevented introduction of bacteria. 

Unit 2: The Bacteria 
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 – measure of relative speed of light as it passes through a medium)
Resolution – The ability to see objects (or points) as distinct instead of as a blur that combines them. (Defined as the minimum distant at which two points can be distinguished as individuals.)
Contrast – Ability to see objects against the background 

Bright Field Microscope: 3 types of lenses 
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. 

How to calculate the total magnification in light microscope:
Ocular x Objective 

Why and when oil is used in 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)

Difference between Bright and Dark field light microscopy 
Bright field microscope is the worst when it comes to contrast because many bacteria’s and cells are translucent clear against a bright, white background. Difficult to distinguish objects with this microscope. Organism has to be dead (for contrast) 

Dark field microscope is a modification of bright field that but 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). Useful to look at living organisms. 
Electron vs Light microscopy (Advantages/Disadvantages) 
Light Miscroscope: 
- Visible light
- Glass Lenses
- Eye
- Disadvantage: Longer wavelength (light wavelenghth), not as clear
-Advantage: Cheap, can be moving, specimen can be alive, has colour 

Electron: 
- Two types: Transmission EM and Scanning EM
- Electromagnetic lens
- Electron and fluorescent screens 
- Image can be captured on film 
- Drawback: Lenses and speciement 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

Different images from SEM and TEM
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

Steps of Gram-stain and the basic reason why some cells stain purple while others don’t: 
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) 
Colour difference: 
This distinguishes gram positive from gram negative and that is why some stain purple and some do not. 

Acid Fast Stain: 
· 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 

Difference between Differential and simple staining. 
Differential: Distinguish different types of bacteria (e.g. gram stain, or acid fast) 

Simple: Involves one dye to stain cells. Easy wasy to increase contrast (otherwise colourless against white background (e.g. light microscope)) 

Fluorescence microscopy 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 use to tag a specific protein with a fluorescent compound, uses antibody to deliver the tag. 
· Tagging a protein unique to a microbe can detect that organism. 

Terms for the shapes and groupings of bacterial cells 
Shapes: 
· 2 most common types: Coccus: spherical and Rod (bacillus): cylindrical
· Variety of other shapes: Vibrio (rod shape but with bend), spirillum (spiral shaped), spirochete (cork screw shaped and thick)

Groupings: 
Form characteristic groups: 
· Neisseria gonorrhoeae (diplococcus) 
· Streptococcus (long chains) 
· Sarcina (cubical packets) 
· Staphylococcus (grapelike clusters) 

How molecules get across lipid bilayers (diffusion and passive, active and facilitated) 
Diffusion/Passive:
· Movement down gradient no energy required 
Facilitated Diffusion
· Requires a membrane to go down the concentration gradient 
· 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 

How molecules get across the outer membrane of gram- negative bacteria 
- Porin Proteins on the outer membrane allow 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 int. 

Structure of Gram negative and gram positive
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 outermembrane
 
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) 
· N-acetylglucosamine (NAG)
· 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) 
Basic Structure of LPS  (Lipid A, Core, O antigen) What’s more conserved what’s least? (Gram-negative bacteria)
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). 

Basic Structure of bacterial set of genes (Introns, exons, junk DNA, clustered together or spaced, operon?) 
· Bacterial genomes contain circular DNA, 1-3 chromosomes (usually 1, 2 and 3 are rare) and plasmids (do not encode genes that are critical for the function of bacterial cells) 
· Plasmids are small segments of DNA almost always circular that replicate independently of chromosomes and are usually not essential for basic cellular functions. Encode genes that help cell to survive under a specific set of conditions. Encode antibiotic resistance. 
· Bacterial genomes do not contain much junk DNA 
· genes are packed closely together 
· No introns or exons 
· Bacterial chromosomes lack histones 
· We know they contain operons. Which are genes clustered together that are under the same regulatory control.  (mRNA is poly-cistronic  when– several genes are co transcribed on the same RNA, monocistronic – only a single gene is encoded on an mRNA) 

Bacterial Gene Regulation (2 component systems, DNA binding proteins that bind a molecule like a lactose or cAMP and sigma factor switching) Understand the basics and what is different about them. 
· DNA binding proteins aka TF – bind specific sequences in promoter that help RNA polymerase bind better or worse on promoter. 
· 2 Component systems – made up of sensor kinase and response regulator. Response regulator proteins are modified with phosphate (taken from ATP) by sensor kinase that is anchored in the membrane. Phosphate modification determines whether the protein will bind DNA or not. 
· Sigma Subunit – binds the DNA of the promoter and is responsible for correctly targeting RNA Polymerase to correct sequences on the chromosomes. 
· Sigma Factor Switching  - under certain conditions RNAP can switch their sigma factors there are three different types: heat shock, standard and starvation (sigma factors recognize different promoters) 

Lac Operon
No lactose – repressor prevents transcription (because bound to the repressor binding site, blocking promoter region therefore RNA polymerase cant do its job) 
Lactose Present: some converted to inducer allolactose 
· Binds to repressor, repressor releases the operator and the RNA polymerase transcribed the operon 
- Only occurs when glucose unavailable. 
- Gene encoding lac repressor is LacI,
- Three genes involved in lactose metabolism. LacZ, LacY and LacA. 
 - In the presence of glucose lac operon will not turn on. (Catabolite repression) (Allowing the cell to prioritize carbon/energy sources) 
- Catabolite Activator Protein (CAP) – Required for transcription of lac operon, functional only when bound by induced cAMP, cAMP made glucose low. CAP helps RNA polymerase to bind to the weak promoter and increases rate of transcription of lactose metabolism. 

Unit 3
Viruses are what type of parasite: 
· Obligate intracellular parasites, reproduction relies on intracellular resources 
What makes viruses challenging to study in the laboratory 
· Cannot be grown in pure culture 
· Require live cells or organisms (hosts)
· Require electron microscope 

Basic Structure of enveloped and non-enveloped animal viruses? (helical, icosahedral, complex, spike proteins) 
· All Viruses have protein components for attachement aka spikes – attached to specific receptor sites on host cell. 
Naked: has nucleic acid and the protein coat (capsid) (virus aka virion)
(Nucleocapsid = capsid containing genome) 

Enveloped:  Nucleocapsid is surrounded by outermost envelope comprised 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 reside enzymes and proteins that have immediate roles during infection). 

Shapes: 
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 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 and what is a viral particle 
Virion
· Nucleocapsid (nucleic acid + the protein coat(capsid)) 

Viral Particle: 
· New components of the virus (e.g. proteins) that are assembled in the host that make the new virus. 

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) (AKA attachment/penetration) 
Attachment
· Viral Spikes bind receptors on 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 virus is naked or enveloped) 
1) Membrane Fusion: Enveloped
· Membrane fuses, nucleocapsid released into cytoplasm, uncoating (enevelope 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 can’t 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 dissembled through virus specific mechanism) 

Basic Strategies of replication and how they related to the type of nucleic acid the virus (DNA, RNA, SS, DS – positive or negative sense) 
Three replication strategies: 
· DNA Viruses
· RNA viruses
· Reverse transcribing viruses 
DNA Virus
· Usually replicate in the nucleus and requires host machinery for gene expression and DNA synthesis but encode own DNA polymerase 
· DS: DS  SS mRNA (+)  Protein 
· Negative SS DNA: -SS DNA DS DNA  SS mRNA (+)  Protein
· Positive SS DNA: +SS DNA DS DNA  SS mRNA(+)  Protein
· For SS DNA complementary strand DNA must be synthesized first. 
RNA Virus
· 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 complimentary template to create more (+) SS RNA. Newly synthesized (+) SS RNA can be used to synthesize more proteins or can be packaged into nucleocapsid 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 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 Replication 
· Encode reverse transcriptase which makes DNA from RNA 
· Retroviruses have SS (+)RNA genome 
· Synthesize single (-) DNA strand, complimentary 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 capsid 
· 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 envelopes 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 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 its 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: 
Chronic: 
· e.g. Hep B 
· 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 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 to 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 virus alive, make it undetectable. 
· 
How are viruses Cultivated? 
· Viruses must be grown in appropriate host: 
· Live animals
· Embryonated eggs 
· Cell culture – cells typically animal cells are grown in flasks and bathed in liquid medium. (Usually only a single cell is grown in dish) Can be adherent (adhering to dishes; only a single layer) or can be non adherent by growing in suspensions (pile on each other) 
· Animals tissues can be processed to obtain primary culture. 
· Cytopathic effects (happens in cell culture) morphological alteration of infected cells. Allows you to see if the virus is there.  (Change shape, detachment, lysis). Fuse into giant multinuclear cell (Syncytium is a way for virus to transmit to nearby cells without lysisng the host cell). Also forms inclusion body (site of viral replication) 

How are viruses quantified? / Determining viral titers 
Determine viral titers (tittering is a measurement of concentration, 4 general steps) 
· 1) Plaque assays 
· 2) Quantal Assay: ID50 or LD50
· 3) Direct Count via EM
· 4) Hemagglutination: relative [ ] 
1) Plaque Assay – precise method 
· Used to measure the number of viral particles present in a  sample, carried out by serial dilution of stock virus then add dilution on to monolayers of cells. 
· Resulting amount of cell death ranges from complete cell death (plate is white) to very little death (pink plate with like one white dot). White dots are known as plaques showing where cells have died. 
· Titer = #plaques X dilution / inoculum volume (mL)  (units = PFU/mL) 
· PFU = plaque forming units 
2) Quantal Assay: ID50 or LD50: Estimate 
· Used to estimate a viral titer, for viruses that do not form a plaque 
· Dilutions of viral stocks are added to animals, chicken embryos, or animal cells. Host used depends on the virus being examined
· Tite concentration is determines at the dilution where 50% inoculated hosts demonstrate signs of cytopathic effects. This is known as infected dose 50 (ID50) or lethal dose 50 (LD50) 
· Titer = Dilution @LD50 / Inoculum volume (mL) 
3) Direct Counts via EM 
· Visualizing and directly count viral particles
· Use electromicroscopy, virus concentration must be high. Shown in picture, both infectious virus and empty capsids can be distinguished by this method 
· Since empty capsids will not form infectious virus they are not counted toward the titer. 
4) Hemagglutination – Relative [ ] 
· Some viruses cause red blood cells to agglutinate or clump, i.e. hemagglutination. 
· Method: mixing serial dilutions of viral suspension with a standard amount of RBCs. Samples are added to a tissue culture dish. Samples are more diluted as from left to right. Right most lane is control. RBCs that do not go through hemagglutination sink to the wells of the plate (small red dot in the well). 

Herpes:
· During early stage of infection herpes can cause acute infection in oral mucosal epithelial cells, cold sores and sometimes sore throat. 
· Virus spreads by moving along from the sensory cranial nerve to sensory nerve cell bodies, where it establishes latency (i.e. trigeminal ganglia) 
· In the ganglia the viral genome is believed to circularize and express a small portion of its genome. Sufficient to keep virus alive 
· Latent virus can reactivate later and cause another episode of disease. Virsues will exit sensory nerve and move back via sensory nerve to the face and cause the disease. 
· Do not know what re-activates the virus can be stress for example. 

Unit 4 – Fungi 
Intermediate vs. Definitive Host
Intermediate – asexual expansion of parasite numbers support the transmission of these organisms from one species to he next. 
Definitive – where the sexual reproduction or the adult form of the parasite can be found.  

Know unique fungal cell pathways make attractive targets for anti fungal drugs
· Fungal cell membranes are composed of ergosterol whereas animal cell membranes are composed of cholesterol so the Ergosterol biosynthesis is a major anti-fungal drug target. 

Know the first page of study guide

Know the basic lifecycle of Plasmodium
1. Mosquito takes blood meal – infected mosquito bites healthy human (asexual) 
2. Exo – erythrocytic Cycle – infects liver cells which then rupture and get into blood stream (asexual) 
3. Erythrocytic cycle – infects blood cells and then either ruptures and infects more blood cells or it differentiates into gametocytes which is then a transmission stage.
4. Mosquito comes takes blood meal 
5. Sporogonic cycle – Gametocytes taken up by mosquito. Female and male produce zygote which them become oocytes which grow and rupture and release the sporozites which gets into the salivary glands of the mosquito and now that mosquito is infectious. 

Major Techniques used to Diagnose, treat and prevent 
Diagnosis:
· Blood tests 
· Thrombocytopaenia (decreased platelets), increase lactate dehydrogenase (LDH), atypical WBCs, decreased haemoglobin
· Microscopy
· blood smears both thin and thick. Thin has low sensitivity and thick has higher. Thick is quantitative and thin is qualitative.  
· Rapid Diagnostic Tests (RDT) 
· Immunochromatographic based on antibody to parasite antigen. Must be followed by microscopy for confirmation. 
· Indirect Fluorescent Antibody (IFA) Test
· Not useful for acute malaria diagnosis. Screening blood donors and post malaria patients (useful) 
· Species specific fluorescent microscopy
· Polymerase Chain Reaction (PCR) 
· Species specific detection plasmodium DNA from blood. Not readily available
· Loop-mediated isothermal amplification (LAMP)
· Happens at constant temperature, rapid and from spot of blood, prone to contamination and amplification of non-target DNA. 

Treatment
· Uncomplicated P. falciparum 
· Riamet or Euratersim or Malarone
· Uncomplicated P. vivax/P. ovale 
· Chloroquine + primaquine
· Resistant P. vivax
· Quinine sulfate + doxycycline
· P. malariae/ P. knowlesi 
· Chloroquine
· Complicated P. falciparum 
· (IV quinidine gluconate -> quinine sulfate) + doxycycline
· IV artesunate -> doxycycline
· Treatment is complicated: Based upon severity, species, resistance, co-infections, pregnancy status and age

Prevention
· Chemoprophylaxis
· Areas free of chloroquine resistant P. falciparum (chloroquine, atovaquone-proguanil or doxycycline or mefloquine)
· Areas with chloroquine resistant P.falciparum and P. vivax (Atovaquone-proguanil or doxycycline or mefloquine)
· Physical Prevention
· Bed nets
· DEET applied to skin
· Appropriate clothing
· Vaccination
· RTSS-AS01 – Subunit vaccine 
· currently have vaccine in trials.

Unit 5 – Prokaryotic Growth
Calculate Doubling times from a growth chart and calculate number cells after certain number of doublings. 
· Nt = No x 2^n 
· Nt = number of cells in population @ time t 
· No = original number of cells in population
· n = number of divisions (can be calculated from generation time of bacteria)  
· Example: Pathogen in potato salad @ picnic 
· Assume 10 cells with 20 minute generation time 
· No = 10 cells in original population
· n = 12 (3 divisions per hour for 4 hours) 
· Nt = No x 2^n = 10 x 2^12 = 12 x 4096 = 40,960 cells of pathogen in 4 hours. 

Chemostat
Can maintain continuous growth of culture on a plate 
· Continually drips fresh medium into culture in chamber 
· Equivalent volume of culture is removed at the same rate as fresh media is introduced 
· Contains cells, wastes, spent on medium
· Nutrient content and speed of addition can be controlled
· Achieve constant growth rate and cell density  (cells remain at prolonged phase of exponential growth) 
· Produces relatively uniform population for study 

Know the difference between closed and open culturing systems 
Closed System:
· Nutrients not renewed; wastes not removed (either bacteria exhaust all the nutrients or waste products get to the point of inhibiting microbial growth)
· Termed batch cultures (adding few cells from colony of petri dish) 
· Yields characteristic growth curve 

Open Systems: required to maintain continuous growth 
· Termed continuous culture (more complicated then closed) 
· Nutrients added, wastes removed continuously 
· Typical setup includes a chemostat machine. 

Why do Cryo-preservatives work? 
· Maintaining stock cultures we can freeze them which requires the cryo-preservative like glycerol or dimethyl sulfoxide (DMSO) prevents crystal formation and water expansion before freezing down cells. 
· Prevent bacterial rupture and death 

Phases of growth in a closed culture system (lag, log stationary, death) 
Lag: (not growing)
· Number of cells does not increase
· Begin synthesizing enzymes required for growth
· Delay depends on conditions
Exponential (log) phase: (growing)
· Cells divide at a constant rate 
· Generation time measured
· Medically important (most sensitive to antibiotics or antifungals) 
· Penicillin only works on cells that are actively synthesizing new cell walls
· Important commercially 
· Production of primary metabolites (e.g. lipids, AA) 
· Later stages – nutrients gradually deplete, waste accumulates 
· Cell activities alter 
· Preparation for starvation
· Secondary metabolite
· Used for purposes other than growth (toxin or antibiotics to kill other strains of microbes). 
· Antibiotic production (commercial) 
Stationary Phase (not dead but not making new cells) 
· Nutrient levels too low to sustain growth 
· Total numbers remain constant 
· Some die, release contents and others grow
· Viable cells maintain properties of late log phase  
· Variable durations – depends on environmental conditions and species
Death
· Total number of viable cells decrease
· Cells die at constant rate
· Exponential, but usually much slower than cell growth. (Sometimes death takes long because dead bacteria tends to become food for other bacteria) 
Phase of Prolonged decline
· Some fraction may survive death phase 
· Adapted to tolerate worsened conditions 
· Multiply for short period of time 
· Use nutrients from dead cells 
· Conditions deteriorate, most die
· Survivors persist

Definition of biofilm 
· Bacteria and fungi frequently live in organized communities stuck on surfaces called biofilms

Definitions of Psychrophile, psychrotroph, mesophile, thermophile, hyperthermophile, alkaliphile, haplophile and halotolerant bacteria 

Psychrophile – Only grow in cold regions, -5 to 15 degrees Celsius. Found in Arctic and Antarctic regions 
Psychrotroph – Important in food spoilage, 20 degrees to 30 degrees Celsius
Mesophile – Pathogens living between 35 to 40 degrees Celsius. Bacteria are 25-45 degrees Celsius
Thermophiles – Common in hot springs 45 to 70 degrees Celsius 
Hyperthermophiles – 70 to 110 degrees Celsius. Usually members of Archaea and found in hydrothermal vents, living deep in ocean 
Alkaliphile – grow optimally at pH above 8.5
Halophile – require high salt concentration
Halotolerant – withstand up to 10% salt 

Definition of autotroph and heterotroph
Autotroph – derive their carbon needs from inorganic carbon like CO2 (self feeding)
Heterotroph – use organic carbon sources to meet their needs (other feeding) 

What is a 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) 

Complex vs. Defined Media 
Complex Media: contains a variety of ingredients
· Exact composition highly variable but often a digest of proteins 
· Nutrient broth/agar – common
· Buffering by amino acids and other components so pH not a problem
· Many medically bacteria are fastidious and require more nutrient rich media (e.g. blood agar)
Defined Media: Composed of exact amounts of pure chemicals 
· Used for specific research experiments
· Usually buffered (pH not a problem) 

Know how cellular micro-organisms can be counted 
Direct cell counts are useful for determining total numbers (living plus dead)
· Direct microscope count 
· Have a red box, which outlines the number of bacteria that you will count. If the box is 1/100,000th of  a mL (which is the area) we multiply 100,000 by the number of bacteria in the box (e.g. 10) and get the number of bacteria per mL (e.g. 100, 000 x 10 = 1 million per mL)
· Cell- Counting instruments 
· Coulter counter – counts cells in suspension as they pass through narrow channel
·  Flow Cytometer – measures light scatter as cell pass laser 
Viable Cell Counts : counts viable cells capable of multiplying 
· Useful when samples contain too few micro-organisms for direct count

Membrane Filtration
· Used for liquid samples with relatively few cells 
· Concentrates microbe by filtration before plating. 

Most probable number
· Estimates concentration of cells using dilution series 
· Gives a good guess based on statistical method but not direct method of counting

What is a Durham Tube used for? 
· Durham tube is a small glass tube that is inverted and placed inside a big tube to trap gas from microbes when they ferment

Difference between selective, enrichment and differential media:
Selective: 
· Inhibits growth of certain species
· Contains antibiotics to inhibit growth of other organisms 
Enrichment:
· Cultures used to isolate organism that constitutes small fraction of mixed population 
· Provide conditions promoting growth of particular species 
Differential:
· Contains substance that microbes change in identifiable way 
· Blood agar – bacteria produce hemolysin cause a zone of clearing or hemolysis 

What properties of agar make it a good solidifying agent
· Few microbes can degrade 
· Not destroyed at high temps
· liquefied about 95 degrees Celsius
· solidifies below 45 degrees Celsius 

Unit 6 – Controlling Microbial Growth 
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 – 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 

Know the decimal reduction number and what it means: 
(D value) gauges commercial effectiveness
Time required to kill 90% of population under specific conditions

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 

Other forms:
Mycobacterium species – waxy cell walls makes resistant to many chemical treatments. Stronger more toxic chemicals used to disinfect. 
Psuedomonas species – Resistant to and can grow in some disinfectants. (opportunistic)

Advantages and Disadvantages 
Chlorine/Halogens
Halogen – oxidize proteins, cellular components
Advantages: 
· Destroys all micro-organisms and viruses 
· Used as disinfectant 
· 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 bacterium and mycobacterium
Disadvantages:
· People think it has a toxic side effect
· May promote antibiotic resistance; evolution in bacteria
· Irritates skin, and has 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 – Quaternary Ammonium Compounds
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)
· 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)
· 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 antiseptic, disinfectant, sterillant 
· 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 
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
Sterilants: Hydrogen Peroxide, Ethanol, Ethylene Oxide (SHEEO)
Disinfectants: Ethanol, Ozone, chlorine and quats (DECOQ)
Antiseptics: Ethanol, Chlrohexidine, Triclosan (ACET)

What is an Autoclave?
Sterilization Using pressurized Steam 
· An oven with pressure 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 

Moist heat vs. Dry Heat? Which is more effective
Moist Heat: 
· More effective
· Steam must displace air in the containers of autoclaved items 
· irreversibly denatures proteins 
Dry Heat: 
· Less effective than moist heat and requires longer times and higher temperatures
· Method called incineration which burns cells to ashes. 

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
· 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. 

UV damages the DNA of microbes thus limiting their growth

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. 

Unit 7 – Classification and Diagnosis

Three Domain System? Who proposed it and what are the three domains? 
Three Domain System: Current classification system for all organisms
Carl Woese discovered it. Three domains: Bacteria, Archaea and Eucarya.



What are features characteristic to each of the three domains of life?
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 same species. 
· Strain names are very arbitrary – usually given by an inventory system or the first person to work with that isolate 

What methods can be used to classify species and strains? Know:
16S rRNA/rDNA sequencing: (Species) 
· Cutoffs to call some the same genus or species
· 2 members of the same genus will typically have >95% identity
· 2 members of the same species generally have >98% identity in their rDNA sequences
· May not resolve at species or strain level since closely related prokaryotes have near identical 16S rDNA sequences
· Multi-locus sequence typing or whole genome sequence better 
Advantages:
· Good target for bacterial identification when sample is unknown 
· Useful method when all other methods fail
· Bacteria does not need to be alive
Disadvantages:
· Cannot use with multiple species
· Can’t determine causation of infection 
· Susceptible to false negative
· Sample must be sterile 
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
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 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
Advantages and Disadvantages of MALDI
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
· Can’t differentiate between closely related organisms 

FISH: (Strains and Species) 
· Peptide nucleic acids (PNA) target rRNA
· Rapid ID of pathogens direct from blood
· Identifies top common blood borne pathogens 
· If there is fluorescence (PNA and rRNA hybridize) then related
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. 

What are the two categories of diagnostic tests? 
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 


Unit 8 – Antimicrobials and resistance 
 Targets for: 
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 accidently take the B-lactam ring instead of the D-alanine 
Carbapenem
· Also a B-lactam antibiotic
· For those allergic to penicillin 
Cephalosporin
· B-lactam antibiotic 
Vancomycin
· Blocks peptidoglycan synthesis
· Binds to wall peptides to prevent them from being put into the cell wall 
· Only effective in gram-positive
Fluoroquinolones
· Inhibits topoisomerase (important in DNA replication) 
Tetracycline
· Binds to 30S - blocks tRNA attachment and prevents continuation of translation 

Aminoglycosides
· Binds to 30S ribosomal subunit – blocks translation and causes a misreading of mRNA 
Macrolides
· Reversibly binds 50S subunit and prevent translation
Clavulanic Acid
· inactivate B-lactamase 
Sulfonamides
· Folate inhibitor (inhibits first enzyme in folate metabolism pathway)
Polymyxin B
· Damages bacterial membranes of gram negative bacteria
· Binds to membranes 

What is Cidal drug and what is a static drug? 
· Kill microbes by disrupting the cell wall integrity 
Static Drug:
· Inhibit microbial growth 

Species of microbes produce antibiotics? 
· Bacteria: Streptomyces spp. and Micromonospora spp. 
· Fungi:: Penicillum spp. and Cephalosporium spp. 

What is a beta-lactamase? 
· Enzyme that breaks beta-lactam ring (provides resistance to things like penicillin; produced by bacteria) 

What are the general themes in resistance? (Mutate target, decrease permeability, increase efflux, destroy antibiotics, hibernate) 
· Destroy the drug
· Change the target so it does not bind the drug (mutate target)
· Keep the drug and the target away from each other 
· Lower uptake (decreasing the permeability of the drug) 
· Increase removal of drug (Efflux) 
· Hibernate (stop growing or grow slowly) 

 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 area on the plate and after look for rings around the disc, which will indicate susceptibility. 
· Depending on the size of there ring they can be susceptible, intermediate or resistant 
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. 

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 

Sources of resistance genes and what habit we have that is making them spread:
Spontaneous Mutations: 
· Occur during replication and happens at a low rate 
· Often is a single BP change
Gene Transfer
· Usually happens through conjugative transfer of R plasmids which carry resistant genes
Why are we making them spread?
· We continue to use antibiotics for non bacterial infections 

What is a therapeutic index? 
· Concentration of a drug that is required to kill the pathogen but not harm the host 
· High TI less toxic to host. Low TI more toxic to host (monitor patients blood) 

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 

Carbapenemase Enzymes (know how resistance was tracked) 
NDM
· Class B, metallo B lactamase
· Zinc containing enzyme that can destroy almost all carbenicillins
· 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
· First case when spread reported in CAN (patient spread it) 
KPC
· Class A, serine based enzyme, 
· Originated in USA
· Patient spread it 

Unit 9 – Epidemiology and disease transmission 
Definitions: 
Communicable vs. Non communicable disease and why Legionella and tetanus are infectious disease 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 
· Legionella and tetanus does not spread from host to host therefore it is non-communicable but they are infectious. 
Prevalence:
· Totally number of cases at any time or for specific period in a given pop 
Incidence:
· Number of new cases per time per population
· Measure of risk of an individual to contract the disease
Case-fatality:
· % of population that dies from specific disease 
Morbidity:
· Reflects the burden of disease in population at risk
Mortality:
· Overall death rate in population 
Common/Single-Source Epidemics:
· Single source of pathogen which causes a rapid rise in cases
Propagated Epidemics:
· Slow rise in cases suggests contagious disease spreading in population  (first case is called index case or patient zero) 
Epidemic:
· Unusually large number of cases – usually over a large region 
Pandemic:
· Global outbreak
Endemic:
· Constantly present in population (all year round) 
Outbreak:
· Higher than expected cluster of disease cases over a specific time in a population 
Reservoir:
· Natural habitat in which pathogen lives
Vector:
· Living organisms that can carry pathogen 
Contact Tracing:
· Tracking down those who have been exposed to the disease
Vertical Transmission:
· Pregnant woman to fetus/ mother to infant during childbirth, breast feeding 
Horizontal Transmission:
· Person to person, via air, physical contact, ingestion of food or water 
Mechanisms of Spreading:
Fomites:
· Indirect transmission; by contact with inanimate objects
Droplet Transmission:
· Respiratory droplets generally fall to ground within a meter from release (contact transmission) 
Droplet Nuclei: 
· Microbes attached to dried material that assist in transmission of respiratory diseases 


Unit 10 – Immunology 

What are your body’s first- line defenses against infection? 
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 
· 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 escalatory of respiratory tract move microbes to area for elimination. 
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) 
· 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 gall bladder 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:
· 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:
· Commensal microbiota represent a population of micro-organisms 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)
· Competitive exclusion of pathogens – covered binding sites or consuming all the nutrients
· Commensal microbes give protection by: 
· 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 

What is a neutrophil net?
· Neutrophil Extracellular traps 
· Under certain circumstance neutrophils commit suicide and launch their DNA into the outside environment. 
· DNA is coated with antimicrobial compounds and serves as a NET to capture and destroy nearby microbes 

Primary Functions of the different phagocytic cell types (neutrophils, macrophages, dendritic cells) 
Neutrophils: 
· Neutrophils engulf and destroy bacteria and other material
· Important during innate response have potent antimicrobial activity
· Primary component of pus 
· Type of granulocyte  - contains granule which are membrane bound sacs that hold antimicrobial compounds 
· First cell to respond to infection
Macrophages / Dendritic Cells:
· Engulf material in tissues  (phagocytosis) including dead cells, debris and destroy invaders
· Always present in tissues; can call in reinforcements (continually replenish their antimicrobial arsenal synthesize new antimicrobial compounds once they detect microbial products)
·  Bring material to cells adaptive immune system for inspection
· Communicate with cells of the adaptive immune system to help direct the generation of T-cells and antibodies
· Not as potent as neutrophils 

Passive Immunization vs. Other types of immunization 
Passive Immunity:
· Antibodies from another
· No memory; protection is lost once antibodies degrade 
· Natural: during pregnancy mothers IgG antibodies cross placenta; breast milk contains secretory IgA 
· Artificial: Injection of antiserum (contains antibodies) 
· Antibodies contained in serum of other people or animals are injected into an individual 
Active Immunity:
· Follows antigen exposure
· Natural ( exposure to infection) or artificial (vaccination)
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
Humoral Immunity:  
· Works to eliminate extracellular threats (Adaptive immune response)
Cell mediated Immunity:
· Also called cellular immunity, deals with targets that reside within a host cell. (Adaptive immune response)
Innate Immunity:
· Innate defenses that recognize and destroy pathogens that have breached first line of defense  

How can antibodies clear a pathogen or toxin from the body? 
· Also called immunoglobulins
· Immune cells such as B cells and T cells have antibodies on them that helps them recognize pathogens and toxins

Function of Antibodies: Recognize and damage pathogens/toxins: 
Neutralization:
· Antibodies marks antigen as foreign, microbes have specific proteins, which are recognized as antigen 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 
Compliment System Activation:
· 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. 
Cross-linking:
· Clumping the microbes together which makes them easier to be washed away by mucus flow. 
Antibody-Dependent Cellular Cytoxicity (ADCC): 
· Antibodies can target affected cells by killing them with specific antibody receptors on surface and initiate their breakdown. 

How can complement clear a pathogen from the body? (C3 and C5)
· Proteins C3 and C5 (complement the function of antibodies)
· C3 splits into C3a and C3b 
· Usually inactive in the bloodstream and tissue and have to be activated
Activated by three pathways that lead to the formation of C3 convertase which splits C3 into C3a and C3b. 
C5 combines with the C3 convertase to form C5 convertase an enzyme that splits C5
· 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
· Activation produces three major outcomes: 
· Opsoniztion:
· C3b binds to bacterial cells and foreign particles allow phagocytes to engulf more easily 
· Inflammatory Response:
· C5a attracts phagocytes to area
· 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

How do apoptosis and pryoptosis differ?
Apoptosis:
· Programmed cell death
· Coordinated process (e.g. cell shape change, DNA fragmentation etc.) 
· Cell fragments get eaten by adjacent cells
· Does not trigger inflammatory response
Pryoptosis:
· If pattern recognition receptors are triggered, cell may undergo cell death with inflammatory response
· As cell dies, inflammatory cytokines are released
· Recruits various immune system components to region. 

How does the body induce fever and what is it good for?
How is it induced?
· Higher temperatures result from the production of pro-inflammatory cytokines produced by macrophages following detection of microbial products by TLRs. 
· Cytokines and fever inducing substances are known as pyrogens
· Endogenous pyrogens produced by host
· Exogenous pyrogens produced by microbes 
What is it good for?
· Strong indicator of infectious disease (important host defense mechanism) 
· Enhances inflammatory response
· Phagocytic killing by leukocytes
· Multiplication of lymphocytes
· Release of attractants for neutrophils
· Production of interferon’s and antibodies
· Release of leukocytes from bone marrow 

What is adaptive immunity? Why is it called adaptive immunity? 
· Adaptive immunity has memory 
· Once pathogen infects you and you become immune to it you will have immunity against it forever. 

What do PRRs like toll-like and nod-like receptors recognize? 
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 
Toll-Like Receptors:
· 10 different TLRs identified, recognize distinct PAMPs
Nod-like receptor:
· Detect bacterial components indicating cell has been breached (detect cell damage) (DAMPS) 

What is a MAMP/PAMP, DAMP
PAMP – pathogen associated molecular pattern 
· PAMP common on all microbes not just pathogens
MAMP – Microbial associated molecular pattern
DAMP – Danger/damager associated molecular pattern
All are trace marks that are left behind by the microbe or pathogen so that your body can generate an immune response/immunity to the pathogen upon next infection. 

What are the three different types of T cells and what do they each do?
· Mediate cellular immunity (defensive cells) 
· Major types: Helper, Cytotoxic and regulatory  
Helper: 
· Works with B cells and activates them so that they can recognize pathogens
Cytotoxic:
· Active killers that destroy pathogens infected cells
Regulatory:
· Serve as additional checkpoints to prevent autoimmunity 
· Help get immune response under control. 

What is a B cell receptor and what does it resemble? 
· 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) 

What are antigens and epitopes? 
Antigen: 
· Molecule that reacts specifically with an antibody a B cell receptor or T cell receptor
Epitope: 
· Small region of larger antigen that is actually bound by an antibody
· AKA antigenic determinant 

Know the Difference between attenuated and inactivated vaccine:
Attenuated: less virulent version of the pathogen used to elicit immunity (able to replicate inside the host but don’t cause disease) 
Inactivated: dead pathogen that is used to elicit immunity 

Seropositive: 
· Individual has been exposed to antigen 
· Has produced specific antibodies to pathogen
· Seroconversion, process of producing antibodies 

Types of mononuclear cells that exist and their associated characteristics and functions: 
· Compromise mononuclear phagocyte system (Mononuclear phagocytes) 
· Includes monocytes, normally circulate in the blood and differentiate after leaving blood
· Macrophages and dendritic cells differentiation from these monocytes

Inflammatory Response, know what causes inflammation and which processes are involved and the consequences of inflammation:
Inflammatory Response: 
· Activated when pathogens are detected in the body 
· PAMPs and DAMPs trigger the recruitment of leukocytes in order to eliminate pathogens
· Cascade of events: 
· Increase permeability of blood vessels 
· greater blood flow into tissues 
· Slower flow rate to capillaries 
· Leakage of fluids (Causes swelling and pain) Fluid has substances that counteract invading microbe 
· Migration of leukocytes from 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 
Consequences: 
· Swelling
· Pain
· Redness
· Pus formation
· Blood vessel damage 

Unit 11 – Principles of pathogenesis

Definitions of 
ID50: Number of microbes sufficient to cause infection in 50% of those people/animals to which the microbes are administered 
Incubation period: The time between exposure and onset of symptoms
Prodromal: Vague symptoms phase
Convalescence: Recuperation, recovery from disease
Carriers: May harbour and spread infectious agent for long periods of time in absence of signs or symptoms (Typhoid Mary)
Virulence: Refers to degree of pathogenicity
Virulence factors: Traits that allow microorganism to cause disease 
Opportunistic infections: Cause disease only when body’s innate or adaptive defenses are compromised or when introduced into unusual location 
Symptoms: Subjective effects experienced by patient 
Signs: Objective evidence
Infection: colonization by pathogen
Colonization: microbe establishing itself on body surface or mucousal layer 

What is a genomic Island? 
· Large blocks of newly acquire genes

What is a pathogenicity Island?
· Large blocks of newly acquired genes that are involved in 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
· 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 
· 1) B subunit binds to specific molecule on host cell
· 2) The toxin is take 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 super antigens work? What is the Staph aureus example we covered?
Super Antigens (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) 
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” 
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

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 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 endotoxin? 
Exotoxin: 
Protein factors secreted outside bacterial cells that target specific host proteins or pathways 
Effectors:
Proteins injected directly into host cells by complex secretion systems (e.g. type 3)

Endotoxin:
Components of bacterial cells that are recognized by the innate immune system

How to avoid recognition and attachment for opsonization by complement proteins:
Capsules
M proteins 
Fc receptors 

Basics of the diseases caused by each:
Salmonella:
· Salmonella enterica – causes severe intestinal disease and spread systemically. Causes fever and diarrhea and produces toxins. 
· Salmonella typhi – causes Typhoid fever – colonizes the gallbladder then shed feces of the infected person. 
· Uses type 3-secretion system 
E. Coli:
· 0157:H7 strain is pathogenic causes fever and diarrhea, produces toxins, hemolytic uremic syndrome.
· Does not invade the hosts tissues only on mucous membranes 
· Shiga Toxin (inactivates eukaryote 60S subunit and prevents protein synthesis) is the cause of hemolytic uremic syndrome. Toxin can be produced by this strain
· Type 3-secretion
Shigella:
· Shiga toxin caused by shigella as well and this toxin causes hemolytic uremic syndrome
· Invade host tissue and produces toxins (uses type 3-secretion system) 
· Shigellosis results from ingesting shigella 
· Induces pyrotosis of macrophages in the intestine
Cholera:
· Diarrheal disease – affects regulatory protein in intestinal cells resulting in continuous electrolyte and water secretion 
· Vibrio cholera is a gram-negative bacteria causes disease called cholera. Symptoms often start with stomach cramps and vomiting followed by diarrhea, which may progress, to fluid losses. 
· The losses result to severe fluid volume depletion and metabolic acidosis which may lead to circulatory collapse and death 
· AB toxin disrupts ion channels by keeping them open
Staph intoxication: 
· Toxic shock syndrome toxin is a superantigen that can be caused by S. Aureus. Leads to toxic shock syndrome 
· Exfoliatin protein from staphylococcus aureus causes scalded skin syndrome (skin is peeling off)
· Destroys materials that bind together skin layers 
Tetanus:
· Too much muscle contraction causes spastic paralysis. Tetanus Toxin: Tetni
Botulism:
· Unable to move muscle: flaccid paralysis 
Legionella:
· Causes respiratory illness by using type 4 secretion system 
· Airborne disease via respiratory droplets
Cryptosporidium:
· Causes cryptosporidiosis 
· Infects intestinal cells and causes severe diarrhea 
· Resistant to chlorine and other disinfectant (hard to eliminate from water) 
Naegleria:
· Primary Amebic Meningoencephalitis (brain eating amoeba)
· Amoebae cross the nasal mucosa and enter the brain. Symptoms are similar to meningitis: headache, fever, stiff neck, vomiting 
· Seizures and death 
Toxoplasma:
· Toxoplasma gondii is the strain that causes toxoplasmosis, significant threat to human fetal development 
· Can lead to increased high risk behaviour in humans (e.g. traffic accidents) and rodents (e.g. eaten by cat) 
Acanthamoeba:
· Acanthamoeba keratitis is a protozoan disease of the cornea (associated with contacts) 
Candida:
· Candidiasis is caused by Candida albicans 
· Fungal infection of mouth  
· Invade deep layers of the skin and subcutaneous tissues 
· Normally lives within microbiota but cause disease when they are able to switch between yeast and filamentous form 
Histoplasma:
· Histoplasmosis is caused by histoplasma capsulatum 
· Disease resembles the symptoms of tuberculosis
· Indicates patient has underlying immunodeficiency 
· Grows inside macrophages
· Forms granulomas 
Cryptococcus:
· Cryptococcal meningoencephalitis caused by two strains: Cryptococcus neoformans and Cryptococcus gatti. 
· Neoformans – opportunistic, surrounded by thick capsule that resists immune response
· Infects the meninges and adjacent brain tissue and spread through bloodstream. (inhaled as spores)
Pneumocystis:
· Pneumocystis pneumonia caused by pneumocystis jiroveci (opportunistic) 
· Inhaled as spores grows in the alveoli of the lungs 
· 
Ascaris:
· Worm that lives in your intestines and robs you of your nutrients. Cause choking and pulmonary symptoms when they enter the respiratory tract 
· We are the definitive host 
Plasmodium (malaria)
· Causes malaria 
· There are five species: P. falciparum, P.vivax, P.ovale, P.malariae, and P. knowlesi 
Schistosoma:
· Categorized as flukes; flatworms with suckers that hold them in place while they suck fluids from the host 
· [bookmark: _GoBack]Schistosoma mansoni is the strain
· Humans are definitive host, sexual reproduction in blood stream
· Spreads through intermediate host aka snails. 
HSV-1
· Herpes Simplex Virus, causes cold sores 
· Latent virus 

Definitions: 
Primary Infection: 
Initial infection, predispose someone to secondary infection 
Primary Pathogen:
Microbe or virus that causes disease in otherwise healthy individual (e.g. malaria, plague) 






