Postmidterm Immuno Review [microbiology]

Bacterial Genetics

· Most have a single circular DNA chromosome.  Exceptions: two bacterial families have multiple chromosomes, and Strep has linear.

· Most bacteria are haploid (n); they only have one complete set of genes.

· A defined characteristic of bacteria is that they do not possess a nucleus, but the bacterial DNA is condensed into a nucleoid.

· Chromosome length: 750 kb to 10,000 kb.  (An avg gene length is 1 kb)

· Plasmids:

· Extra-chromosomal, double standed, circular, autonomously replicating DNA.

· Exceptions to these descriptions do exist: ie linear plasmids exist in B burgdorferi [Lyme disease]

· This DNA is not required for the bacteria to carry on normal function, but it grants additional genetic information.  In particular, a plasmid may offer an (selective) advantage [such as antibiotic resistance].

· Some plasmids are not limited to a small set of bacteria: broad host-range.

· Plasmids use host replication apparatus [mostly or exclusively].

· May or may not contain multiple copies (per chromosome).

· Incompatibility groups:  Two plasmids in the same incompatibility group cannot coexist in the same cell.

· Conjugation and mobilization of plasmids: These are methods of transferring a plasmid from one cell to another.  Conjugative plasmids encode all the factors needed for this transfer, whereas other plasmids can be mobilized (transferred) but do not encode their own transfer proteins (they may rely on other plasmids,etc.).

· Fertility factor F and Resistance Transfer Factor RTF are conjugative plasmids. RTF in particular offers antibiotic resistance.

· Transposons: segments of DNA that move from one part of DNA to another position (simple insertion sequences or complex).  This was also covered in Intro to Mol Medicine.

· Insertion sequence (IS):

· Simple small transposon: 150-1500bp

· From bacterial chromosome, inserts into plasmid (above) or phage (viral)

· Encodes transposase [transfer enzyme]

· Complex transposons:

· Contains genes between to IS sequences (or it contains genes for transposase and resolvase).  It transfers as a whole.

· Often contains resistance factors.

· May be self-transmissible.

· Pathogenicity Islands:  A region of DNA that encodes for virulence.  Appears to be from previous transposon insertion.  Explains difference between virulent strains vs nonvirulent/benign strains of bacteria.

· Lysogenic viruses may alter genetic material/function.  Eg: C diptheriae with integrated beta phage produce Diptheria toxin.  (See Bacteriophages below)

· Gene exchange: This is how bacteria evolve so quickly (developing resistance).  Comes in three flavors: Conjugation, Transformation, Transduction

· Conjugation: Plasmid mediated.  Physical contact allows transfer of DNA.  Example: Fertility factor F  ( encodes gene for pillus ( pillus binds other bacteria  (conjugal bridge) ( transfer of DNA.  Nota bene: F can integrate into host DNA.  This may be used to transfer host DNA using F’s mechanism.

· Transformation: A “competent” bacteria acquires genetic material from the surrounding medium.  Competence is transient, it may be induced naturally (via pheromones as an example), or it may be induced artificially by chemicals.  Example of transformation: R and S cells, transformation of normally nonvirulent R cells with virulent dead S cell particles.

· Transduction: Bacteriophage mediated. Host DNA is packaged into capsid.  Comes in two varieties: Specialized [rare; deletes part of viral chromosome, replaced by host; 100% efficient; Beta-phage is an example] and Generalized [accidental packaging of host DNA rather than phage; occurs ~1% of the time.  Once injected, recombines into new host]

Bacteriophages (parasitic viruses of bacteria)

· [image: image1.png]


Virus characteristics: DNA or RNA. Single or double stranded. No metabolic activity when not engaged to a target cell.

· Capsid: prot shell protecting D/RNA when not engaged with target cell.

· D/RNA is injected into cell, capsid does not enter cell.

· Although it is not mentioned, this “classical virus appearance” is not necessarily typical in form/function of normal viral infection.  Other mechanisms/appearances do exist.
· Two types of life cycles: Lytic or Lysogenic

· Lytic: Injection of viral R/DNA  ( hijack cellular replication mechanisms ( mass production/packaging of viral proteins and R/DNA ( cell lysis (hence name) ( release of bacteriophage

· Lysogenic: Injection of viral R/DNA ( insertion into bacterial genome (integrated virus = prophage; cell containing this = lysogen) ( can transform cell / may become virulent later (even after many generations) to result in lysis/release as per lytic virus.  A bacteriophage with this capability is called a temperate phage.

Bacteria, Humans, Pathogenicity

· It is normal for humans to have permanent bacterial colonies.  Esp in the skin, mouth, and gut (G.I. tract)

· Sterile: CNS, blood, upper urinary tract, lower respiratory.

· Non-sterile: lower gastrointestinal, upper respiratory, skin [P acnes: acid production by this skin bacteria makes it difficult for other bacteria to take hold]

· Population changes can occur during the course of an organism’s life: an example: vaginal colonies change over the course of time

· Symbiont: symbiotic relationships are beneficial for both the host organism and the bacteria.  In this case, the bacteria could metabolize vitamins and make them available to the host organism.

· Commensals:

· Opportunists: Cause disease when an opportunity presents itself.  For example, wounds, breaks in the skin, immunosuppression, age, etc.

Infection: Encounter ( Entry ( Spread ( Damage ( Outcome

Encounter & entry

· The parasite/bacteria/virus must leave a reservoir, and enter the target organism via a portal of entry.

· Reservoir is anywhere the infectious agent exists prior to entry.  For example, infected patients, carriers, contaminated foods, etc.

· Portal of entry: Gastrointestinal, urinary, resp, conjunctivae, skin, etc.

· Infection: Invasion and multiplication of microorganisms.

· Clinical: apparent infection.

· Subclinical: Silent/nonapparent.

· Opportunistic pathogen: Multiplication or escape from normal habitat.

· Pathogenicity: Ability to produce a diseased state.  This may be turned on by global regulators: temp, pH, Na, bacterial population size.

· Virulence: Degree of pathogenicity.

· Clonality: stable genetic differences that determine virulence.
· Attachment: How the bacteria colonizes/becomes pathogenic.  Adsorption, adherence, attachment.

· Quorum sensing: the bacteria sense when their own population is high.  

· Tight interaction with host receptors may help the infection gain entry.

Spread

· Organisms may multiply in tissues/integument.  There are exception: diptheria and cholera do not invade the tissues.   They produce toxins which circulate in the blood.

· Parasites may or may not invade cells.  They may use cellular uptake systems.

· Intracellular: This method is used to avoid (some) host immune function.  For example, the humoral response (blood borne antibodies).  It may invade phagocytes, but it must block cell-killing functions [lysomal fusion, etc.]

· Extracellular: avoid being phagocytosed.  For example, Neisseria vary their antigenic properties to avoid detection/phagocytosis.  Strep pyogenese M,F,G proteins inhibit complement, Ab, phagocytosis.  IgA proteases, mimicry (the use of host proteins to coat the bacteria), etc.

· The organism must acquire nutrients.  Iron is specified.  When Iron drops below necessary amts, it may spread toxins.

Damage/Outcome

· Damage may occur as a direct result of the bacterial products and enzymes.  In particular when these enzymes interrupt normal function of the host cell/organism.

· Alternately, damage may occur due to host response.  For example, inflammation/edema.  (A maladaptive inflammatory response is the primary method by which the Ebola virus is so deadly).

Bacterial toxins

· Endotoxin: complex lipopolysach.   

· Part of cell wall  of gram neg bacteria.  

· Released on lysis.  

· It is also immunogenic: stim B cells. 

· Less toxic then exotoxins.  

· Poorly dealt w/ Ab.

· Heat stable

· Pathophysiological effects of all endotoxins similar.

· Induces inflammatory response.

· Toxic responses:

· Fever: produced by products released from macrophage

· Leukocytosis: loss of platelets

· Hypotension: dilation of peripheral vessels.

· Complement cascade: cellular membrane damage, inflammation, etc

· Disseminated intravascular coagulation (DIC): activation of the clotting system ( necrosis of various organs (such as skin).  Esp in severe infections by meningococci & other gram-sepsis syndromes.  Esp gram negative sepsis.

· Death: You really want an explanation?

· Exotoxins

· Protein

· Usually excreted by living organism

· Highly immunogenic

· More toxic than endotoxins

· Often heat-labile

· Selective targets

· Modes of action varies: (some example, check lecture 22&23)

· C. diphtheriae: inhibits prot synth

· C. tetani: Blocks release of inhibitory NT: spasms.

Antibiotics

· Antibiosis ( antibiotic

· Penicillin: first antibiotic.

· Great big list of microorganism + the antibiotic it produces.  2 Gram-Positive Rods, 7 Actinomycetes, 3 Fungi (including Penicillium notatum – Penicillin) mentioned on slide.

· Bacteriostatic: cell growth is arrested, but the bacteria is not killed/lysed.  This requires normal host defense mechanisms.  Compare with…

· Bactericidal: kills cells.

· Fungistatic and Fungicidal: as above.  For Fungi.

· MIC: Minimum Inhibitory Concentration.  Minimum concentration needed to completely inhibit growth.  We can test this on a petri dish with infused paper disc.

· Different categories

· Narrow spectrum: only works against some bacteria.  For example, natural penicillin is only effective against gram positive bacteria.

· Broad spectrum: effective against a wide range of bacteria.  For example, Chloramphenicol.

· Antagonistic: Some antibiotics are less effective in the presence of other antiobiotics.  Penicillin and Erythromycin/tetracycline, for example.

· Synergistic: Reverse above.  Penicillin + streptomycin

· Targets for antibiotics (target: antibiotic[s])

· Cell Wall Synth: cycloserine, vancomycin, bacitracin, fosfomycin, penicillins, cephalosporins, carbapenems

· DNA replication: Nalidixic acid, quinolones

· DNA-dependant RNA polymerase: Rifampin

· Protein synthesis

· 50S inhibitors: Erythromycin, Chloramphenicol, Clindamycin

· 30S inhibitors: Tetracyclin, Spectinomycin, Streptomycin, Gentamicin, tobramycin, Amikacin

· Cell Membrane: Polymyxins

· Folic acid metabolism: Trimethoprim, Sulfonamines

· Penicillin

· Peptidoglycan – characteristic of bacterial cell walls, not any other cell type.  Note that peptidoglycan are a typical target of innate immunity.

· Hypersensitivity/anaphylactic shock:  a severe allergic rxn/overreaction.

· Natural Penicillins

· Are impermeable to Gram negative

· G: hydrolyzed by stomach acid, and easily removed by kidneys/excreted in urine.  Req injection.

· V: acid resistant, may be taken orally.

· Oxacillin: resistant penicllinase

· Ampicillin: extended spectrum.

· Semisynthetic Penicillins: Broad-spectrum.  Some res to penicillinase

· Synthetic Penicillin: Also broad spectrum. Res to penicillinase

· Penicillin additives: procaine penicillin [retained 24 hrs] and augmentin [combo amoxycillin and K clavulanate]

· Penicillinase: Converts penicillin to penicilloic acid.

· PBP/Penicillin Binding Protein.  Bind penicillin.  Involved in cell division or cell lysis.

· Bacteria have multiple resistance mechanisms.  For example, enzymatic inactivation of penicillin.  Plasmids are a fairly common source for these resistance mechanisms.  See chart in lecture 24.

· Antifungals

· Multiple methods of action: Polyene binds sterols in membrane resulting in leakage, Axoles inhibit ergosterol synth, nucleoside analogues bind D/RNA synth.

· These cause severe toxic effects in humans, therefore it should be applied as a topical treatment.

· Diseases: 

· C albicans – candidiasis – is a localized disease of the skin, mucosal surfaces of the mouth/vagina/esophagus/resp tract, multi-organ spread…

· Oral thrush.  Patches in mouth, causes sore throat, pain on swallowing, and nausea.  Treatment: clotrimazole, fluconazole, ketoconazole.

· Vaginal candidiasis: yeast infection (itching, burning, discharge).  Treatment: Nystatin.

· Amphotericin B: for use in rapid life threatening disease.

· Lamisil: (tablets) terbinafide hydrochloride

· Misuse of antibiotics

· Toxic, allergic rxn, drug resistance, loss of normal body flora/symbionts

Gram positive cocci

· Staphylococci & Streptococci: pus producing gram positive cocci.  (pyogenic = pus producing)

Staph:

· Irregular clusters

· 1 micrometer diameter

· Loss of Gram Positivity w/ time

· Aerobic and facultatively anaerobic

· Non-spore-forming

· Non-motile

· Catalase positive

· Tolerance to 7% NaCl

· Mannitol fermentation (aureus only)

· Examples: S aureus, S epidermidis, S saprophyticus all these commonly appear on/in humans.

· Pathogenesis from entry to exit

· Staph can infect through the mucosa (oral cavity, eyes, etc.) or through damage in the skin (wounds, IV drug use, etc)

· It can spread via the cardiovascular system

· Disease states include: Stye, boils, endocarditis, pneumonia, diarrhea, bladder infections, rash, (and more)

· Exit through similar means as entry (sharing needles, close contact, etc.)

· Various slides showing nasty skin infections including: Furuncle, Carbuncle, Scalding Skin Syndrome, Disquamation

· S Aureus
· Pigmentation on blood/milk agar.  Produces round, smooth, raised, shiny colonies

· Produces coagulase (which activates thrombin ( clotting) and clumping factor (like bound coagulase).  Though this is not necessary for virulence, it can be used to show the existence of S aureus.

· Produces Staphylokinase.  Clot removal.  Similar to strep version used to treat coronary thrombosis.

· Hyaluronidase: spreading factor

· Exotoxin: alpha thru epsilon.  Hemolysins except gamma which is associated w/ leukocidin to damage cell membranes.

· Toxic Shock Syndrome Toxin (TSST1): affects endothelial cells, is a superantigen, mass release of cytokine causes severe capillary leakage/hypotension and shock.

· Enterotoxin: food poisoning, heat stable.

· Lipases: to hydrolize fats, penetrate skin/subcu

· Nuclease: thermostable

· Catalase: 2 H2O2 ( 2 H2O + O2

· CELL WALL: The most important item to note is Protein A which protects the bacteria by binding the Fc portion of IgG.  This directs the antigen binding portion away from the bacteria and inhibits the normal function of IgG.  Other things: polysach-protein (mucopeptide), teichoic acid, antigens

· Risk factors for infection: Newborns (still developing immune systems), Diabetes mellitus / chronic disease, debilitated patients, tampons/nasal packings (A good way to risk a UTI, the tampon, not the nasal packings), cut/wound.  Foreign matter lowers the dose (eg talcum powder, etc)

· Lab testing: smear/culturing of body fluid, gel electrophoresis/phage typing to determine DNA/strain

· Reservoirs of infection: Infected people (patients and medical personel), Carriers, Animals

· Mechanism: close contact, air-borne dusta, droplet infect (eg coughing), newborns can acquire from nurses.

· Prevention: Isolation, Aseptic hospital technique, screening for causative strain [treat this sub population]

· Treatment: 

· Most are penicillin resistant; Methicillin-resistant S aureus (MRSA) (multidrug resistant).

· Drainage of superficial

· MRSA severe infections treated with vancomycin.  Few incidents of Vancomycin resistant strains existing

· Combo aminoglycosides + penicillinase-res penicillin for very severe systemic infection.

· Oral treatment for months/years for recurrent infections

· Vaccines: none.  Clinical trial pending.  (Short lived immunity for high risk populations)

· Coagulase negative Staph: S. epidermidis and S. saprophyticus
· Not pigmented when grown on blood/milk agar

· Do not produce the same toxins mentioned above

· Biofilm on prosthetics.

· Diseases: Prosth vavle endocarditis, cather related infections, transplant : related, UTI in young women, meningitis, neonatal, wound, conjunctivitis

· S. saprophyticus : UTI in sexually active young women.  Painful, pussy urination. Antibiotics useful (Can prescribe one overnight dose to clear it up.  OTC brands exist too. Though it does turn urine bright yellow.  Don’t ask how I know about this)

Strep

· Characteristics of note

· Gram positive cocci

· Catalase negative

· Arranged in bead-like chains of 2-30 cells

· Ovoid in shape, 0.5 – 1 micrometer diameter

· Aerobic and facultative anaerobic

· Non-motile

· Non-spore forming

· M protein and lipotichoic acid (LTA) give hair like projection

· The M-protein is antiphagocytic. It contains epitopes similar to the hosts’ (It may play a role in autoimmune disease)  80+ serotypes, w/ variable NH2 terminal.

· Multiple layer shell: M-protein fimbrae projections (beta-hemolytic), Hyaluronic acid [capsule, sometimes present, non-immunogenic/prevents phagocytosis], T + R proteins,  C carbohydrates (beta-hemolytic), Peptidoglycans, cytoplasmic membrane.

· Protein F (binds fibronectin) and M proteins assist in attachment with host cells.

· Protein G binds the Fc portion of antibodies.  In a manner similar to that of Staph above.

· Classes

· Alpha hemolytic: 

· Viridians Strep and Strep pneumonaie
· Beta hemolytic:

· Further divided into Lancefield groups (A thru U) determined by the C carbohydrate (layer between Peptidoglycans and T+R proteins on the layers of the Strep)

· A, B, C, F, G are the most common human pathogenic

· A and B are the most infectious

· Non-hemolytic

· Strep faecalis
· Toxins, Enzymes, and other goodies

· Group A Strep (GAS) [beta-hemolytic]

· Streptolysins (O + S) 

	O
	S

	Oxygen labile, anaerobic only, hemolytic, antigenic, found in rheumatic fever and glomerulonephritis

Test:ASO (antibody specific for O)
	Non0immunogenic, hemolytic, cell-bound, oxygen-Stable.


· Streptokinase (A + B): lyse blood clots, responsible for rapid spread.

· SPE: strep pyrogenic exotoxins: SuperAntigens.  Implicated in TSS

· Streptodornase: Dnase

· Hyularonidase: spreading factor

· C5a peptidase: degrades complement C5a [and thus prevents chemotaxis]

· Erythrogenic toxin: Causes erythemia (redness of skin), responsible for scarlet fever, phage-mediated.  Test: Dick test.

· DPNase: diphosphopyridine nucleotidase: ?

· Pathogenesis from entry to exit

· Entry: mucosa (nasal/oral) and similar

· Spread via blood

· Disease: varies.  Includes meningitis, pneumonia, endocarditis, scarlet fever, etc.

· Exit: as per entry

· Diseases by GAS

· Direct: various inflammations, picture examples include: Strep A hand infection, Lesions of erysipelas-entry into blood flow, lesions of impetigo (common in young children), necrotizing faciitis (Exotoxin A: the superantigen is the cause of this), rheumatic pericarditis, 

· Indirect: 

· Rheumatic fever (pain in heart/joints): caused by many M-prot serotypes, so total immunity rare ( can be reinfected, cross rxn w/ antigens and heart, risk factors: genetic predisposition and throat infection w/ Strep pyogenes.  Preventable in first ~ 10 days of throat infection.

· Glomerulonephritis (kidney failure, preventable in early stages): caused by few M-prot serotypes, rare reinfection, cross rxn w/ glomerular basement membrane ( autoimmune disease, risk factor: prev infection with Strep pyogenes (throat or skin)

· Diagnosis

· Culture on blood agar shows: small colony ( large area of hemolysis

· Direct smear

· Presence of Ab for strep toxin/enzymes

· Spread:

· Various oral/nasal, lesions, other bodily secretions can carry an infectious load.

· Dried secretions may yet be dangerous.

· Treatment

· Complete elimination of organism in early infection: fails in 5-20% of patients (possible antibiotic resistance?)

· Find and isolate spreaders [infected and carriers]

· Use antibiotics: Penicillin G is often very effective.  Other antimicrobics may be used.  Some strains are tetracycline or erythromycine resistant.

· Aminoglycosides are ineffective

· GBS (group B strep; beta-hemolytic)

· Characteristics:

· Oft appear in diplococcal  pairs (B – 2nd letter of alphabet - pairs). Spherical or ovoid. Less distinct hemolysis when compaired to GAS.

· Polysach capsules contain sialic acid ( antigens: Ia, Ib, II, III, and IV

· Important in neonate pathogenesis:

· Acute fulminating respiratory syndrome: caused by vaginal GBS, onset immediately after birth

· Neonatal meningitis: onset 7-10 days after birth.

· Diverse pathogenesis in adults

· Diagnosis

· Blood agar: large colony ( small hemolysis (compare with GAS)

· Antigen detection in CSF

· Treatment

· Same as per GAS; less susceptible to penicillin G.  Combined penicillin + aminoglycosides ( effective (aminoglyc ineff in GAS)

· Oral/viridans strep (commonly alpha hemolytic)

· Most populous group of bacteria in mouth

· S salivarius exception (nonhemolytic)

· Common cause of subacute bacterial endocarditis.  Associated w/ damaged heart valve.  Esp S sanguis. 

· Dental caries: like cavities

· Different distribution within mouth

· S mitis = buccal mucosa

· S salivarius = Tongue; salivary secretions

· S sanguis, mutans, sobrinus = dental plaque (( caries?)

· Sucrose metabolism: many digest sucrose [fructose – glucose disaccharide] creating glucose-dextran or fructose-levan polymers in the process.  The energy released in this cleavage is used to form the polymers.  The remaining sugar is used normally (glycolytic path).  Note that dextran polymers with alpha[1,3] side chains are insoluble, and as the # of these incr so does the insolubility of the polymer.

· Strep pneumoniae
· Gram positive cocci pairs

· Aerobic and anaerobic

	Pneumoniae
	Viridans

	Moist, optichan sensitive, soluble in bile salts, pathogenic in mice
	Dry colonies, optichan resistant, resistant to bile salts, not pathogenic in mice.


· Capsule

· 90+ serotypes

· the purpose is antiphagocytic

· made of polysacch

· loss of capsule = loss of pathogenicity

· Immunity: Type specific: ie separate immunity to each serotype of capsule (all 90+)

· Disease: in addition to the obvious (pneumonias, other resp infections), meningitis (esp in immunosuppressed), peritonitis, osteomyelitis, conjunctivitis

· Diagnosis:

· Direct smear/culture on blood agar

· In CSF: detect antigen ( latex agglutination/cntrcurr immunoelectrophoresis

· Spread: in nasopharynx

· Commensals in ~30% of pop

· Droplet infection (sneeze/cough) and airborne dust

· Serotypes vary over globe (travelers beware)

· Infection esp of elderly

· Ctrl: vaccination.  Recommended for: children post splenectomy, sickle cell, Hodgkin’s/lymphomas before chemo, myeloma, nephritic syndrome, and esp the elderly

· Conjugate vaccine:  polysacch vaccine has poor immunogenicity (Recall for immunogenicity: protein >> polysacch > nucleic acid).  Therefore it is conjugated with a carrier protein to improve immunogenicity.

· Treatment:

· Penicillin is highly effective.  Resistant strains ( erythromycin, chloramphenicol, vancomycin.

Gram-negative rods

· Sites of infection

· GI – primary

· Primary cause: Salmonella, Shigella, Campylobacter
· Other: Escherichia, Vibrio, Yersinia
· Vibrio cholerae: Causes watery diarrhea. Comma shaped, oxidase positive.  Humans can be carriers (req large # organism to exhibit disease).  Spreads via fecal contamination (wash your hands).  Rice-Water Stool: bloodless, watery diarrhea.  Fluid and electrolyte loss lead to CV and renal failure ( 40% mortality w/o intervention.  Attachment to small intestinem( A-B toxin release ( incr cAMP ( electrolyte loss ( osmotic change leads to water loss.

· Enterobaceriaceae: found in colon. Facultative anaerobe.  Ferments glucose.  Oxidase negative.

· E coli: Multiple serotypes (antigenic variants). May be normal inhabitant of GI tract.  Used to test fecal contamination in water

· Antigens: Serotypes ++, the pili determine attachment/ target environment (UT vs gut; neonate vs adult).  Invasive attachment leads to bloody diarrhea

· O: wall, lipopolysaccharides

· H: flagella

· K: capsular

· Pathogenic types

· ETEC: enterotoxigenic.  Sends out enterotoxins.  These induce watery diarrhea

· LT: heat-labile toxin. ( stims adenylyl cyclase ( cAMP ++ ( loss of electrolytes

· ST: heat stable toxin ( stim guanylyl cyclase ( same end effect [watery diarrhea]

· EHEC: enterhemoragic. Bloody diarrhea.  (may be w/o inflammation/pus) esp from contaminated food.  Hemolytic Uremic Syndrome (HUS) = acute renal failure oft fatal.  Shiga toxin: shuts down prot synth.

· EIEC: similar to shiga toxin (above)

· EPEC: infant diarrhea.  Plasmid encoded eae allows for attachment/effacing lesion, rcptr injection, pedestal formation.

· Capsule and enterotoxins: major players in systemic infection [UTI, neonatal meningitis, sepsis]

· Salmonella.  
· Enterocolitis = condition: 
· Spread via food (esp poultry and mayo [for those who don’t know, mayo is oil and egg yolks.  So mayo is a poultry product –egg]) and pets (especially turtles.  Though probably not the teenage mutant ninja variety)
· Req 100,000 to become dangerous
· 6-48 hr incubation
· Nausea, vomiting, abdominal pain, diarrhea
· Resolves in days
· Commonly: S. enteritidis- typhimurium

· Invasive – inflammation.
· Typhoid fever = condition
· Onset: slow, 1 week, may display fever
· Bacteremia: high fever, delirium, tender abdomen, enlarged spleen
· Possible intestinal damage
· Possibility for chronic carrier
· Resolves in ~ 3weeks
· Cause: S enterica ser typhi

· Moderately effective vaccine available.
· Shigella
· Spread: fecal-oral.  Hand washing really is the best preventative medicine.
· < 100 needed for infection
· Incubation: 1-4 days
· Fever, cramps, diarrhea [bloody]
· S dysenteriae: severe long lasting form.  Travellers diarrhea.
· S sonnei: mild form in US
· Does not travel in blood stream.  Local to GI only.  Invasive
· S. enterica is most common form of Salmonella

· Heliobacter: gut ulcers.
· Respiratory tract

· UTI [esp Escherichia in females, others: Enterobacter, Klebsiella, Proteus, Pseudomonas]

· Other: opportunistic infections of peritoneum, wounds

Viruses (pwn j00)  3 lectures (4/13, 4/18, 4/19)

· 3 characteristics of viruses (and 3 questions to inform yourself about a virus)

· Invade cells and replicate within them.  

· How does the virus replicate in the cell?

· Most viruses have a limited host range both at the species level and the cell type level.  This selectivity is called “permissiveness.”  This is why we don’t have to fear a great deal of virally induced disease in our livestock (though parasites, bacteria, prions, and rare exceptions like bird flu are more than enough reason to be concerned).

· Most viruses use cellular machinery to replicate.  Some bring some of the machinery needed.  Normal functions are replaced with viral genome [DNA and RNA classes] replication and viral protein production.

· Move from one host cell to another

· How does the virus move from one cell to another, and what are the implications for the host and community health scale?

· Exit infected cell

· Transmit between cells and hosts

· Mechanism to find target cell type (tropism)

· Mechanism to attach/invade

· Evade host immune system

· How does the virus avoid the immune system and succeed in infecting new hosts?

· Various mechanisms.  Co-evolved with immune system.

· Examples: Short pathogenic cycle ( failure to develop immunity ( recurrent infection; transform cells so they do not show infection signs (for example, prevent MHC from being expressed on surface).

· Pathogenesis: Viruses in order to replicate must invade a host cell.  This replication can in and of itself kill the host cell (by using raw materials/energy and host molecular machinery, inhibiting normal function, overloading the cell with viral particles [virions], etc.).  This is called the cytopathic effect (CPE).  The other reason cells die is the immune response to virally infected cells is to destroy the cell and prevent spread of viral particles, but there can be collateral damage as the cytokines and what not for cellular apoptosis can hit more than just the target cell.  This results in damage in the local tissue/organ, and this is called “immunopathology.”  Pathogenesis is the combined CPE, immunopathology, and compromised cell function in response to viruses.

· Examples of pathogenesis

· CNS: leads to meningitis, encephalitis, meningoencephalitis (both).  Commonly occur during summer months as “aseptic” (nonbacterial).  Enteroviruses and herpes are known causatives.   Appears as fever, headache, and stiff neck, possibly mental dysfunction (if brain swelling/damage results in loss of function)

· Resp. tract: influenza, rhinovirus, coronavirus.  Damage to resp epithelial cells + immunopathology ( colds (minor), bronchitis (major: inflam of lower resp tract), pneumonia (severe: inflam of lung parenchyma).  Cough, fever, and other flu symptoms are characteristic.

· Liver: hep a,b,c viruses. Cytomegalovirus, Epstein-barr virus.

· Various other: gastroenteritis, cardiomyopathy, blood diseases (AIDS, anemias)

· The Flu, Influenza Virus.  3 questions answered.

· Invasion/replication:  Negative stranded RNA virus.  Creates a positive mRNA copy with a viral RNA polymerase (which it brings) which then duplicates more negative stranded RNA virus and creates virions.  Error prone polymerase allows for high mutation rate [useful for evasion below].  It also steal cellular caps with a cap snatching enzyme (its own) thus loss of cell function (CPE); this allows it to effectively compete for use of host machinery.

· Transmission:  two viral proteins of importance.  Hemagglutinin which binds sialic acid rcptr on resp epithelial cells.  This allows for docking and invasion, but it also prevents escape.  Neuraminidase is the other protein.  It cleaves sialic acid residues allowing the viruses to escape.  It is spread via coughing/sneezing in droplets/aerosol and may survive in the environment (like on your hands) by its lipid envelope (destroyed with soap).  Flu is neat, because it can and does have cross species interactions.  When it becomes chimeric (ie a new mutation allows for trans-species leap to human) then we have a very deadly disease (b/c the virions are new, and thus no one has immunities).

· Evasion: “Antigenic shift” = change in virions which evade pre-existing immunities by changing viral epitopes.  “Antigenic drift” = mutations accomplishing the same.  It also blocks interferon effects (so that it may infect local cells).  Infection is fast to outrace the immune response.

· Virus definition: small infectious agent that can survive but not grow in absence of host cell.  They are made of nonliving chemicals (protein + R/DNA).  Require a host cell for reproduction.  Not just a human problem (bacteriophages, animals, plants)

· Characteristics

· Host range: as previously mentioned.  There is a limit on the host range a virus can infect (without mutation)

· Viruses range from 20 to 14000 nm in length

· Morphology: helical, polyhedral, and enveloped

· Structure of the Virion (complete viral particle: include D/RNA and a protein coat)

· Nucl acid: may be DNA or positive or negatively standed RNA

· Capsid = protein coat composed of capsomeres (often only a few, used as a simple building block to put together the capsid)

· Envelope: lipid(/prot/carb) bilayer around capsid.

· Viral proteins: 2 categories

· Structural: capsomeres/etc used to make the virion, fascilitate the transfer of viral nucl acid from cell to cell, protect the viral genome against nucleases, are the antigenic components of the virus

· Nonstructural: mostly enzymes.  Particularly important for viral replicative cycle and shutting down host function/defense

· Viral Nucl Acid: Viruses may be D or RNA, single or double stranded, circular or linear, segmented or not.

· Viral lipid envelope:  Some not all.  May be obtained during budding process.  Necessary for enveloped viruses.  Solvents (ether) effectively treat enveloped viruses, whereas non-enveloped are resistant to ether.

· Chemicals and other vs Viruses

· Radiation inactivates viruses

· Ether disrupts enveloped viruses

· Detergents disrupt envelopes and capsids

· Formaldehyde: atk nucl acid

· Antibiotics have no effect on viruses.  Pencillin/etc only affect bacteria/etc.

· Bacteriophages (prokaryote viruses)

· Lytic phages: produce many copies of themselves as they kill host cells

· Temperate phages: able to enter a non-lytic prophage state in which the replication of their nucl acids linked to host cell DNA

· Lysogenic: ca cell signal ( cell lysis and release of viral particles.

· Eukaryote targeting viruses:  Check out the Humans & Viruses page from Stanford (One of the few tough classes from undergrad) Note that my page is no longer available (disappeared after I graduated) http://www.stanford.edu/group/virus/viruslist.html 

	Family
	Genome
	Appearance
	Effects/Misc

	Parvo
	DNA, 5.6 Kb, linear, single-stranded (oddity among DNA viruses)
	
	Adeno-associated virus

	Papo
	DNA, circular, 5-8Kb
	Enveloped
	Causative agent in genital cancers

	Adeno
	DNA, linear, 36-8Kb
	Non-enveloped, polyhedral
	Respiratory,

Common cause of the common cold

	Herpes
	DNA, linear, 120-235Kb, 
	Envelope, 
	Latent: life long infections

Lytic (not lyrical, your herpes do not sing to you): destructive cell burst.

Herpes, chicken pox, etc

	Pox
	DNA, linear, 130-375Kb
	Envelope
	Skin lesions

	Hepadna
	DNA, circular, 3.2 Kbp, 
	Enveloped
	Hepatitis

	Picorna
	RNA+, 7.2K-8.4Kb
	Nonenveloped
	Entero-, Rhuno-, Hepato-.

	Astro
	RNA+, 7.2-7.9Kbp
	Nonenv
	Oft diarrhea

	Calici
	RNA+, 7.4-7.7
	Non-env
	Oft diarrhea

	Reo
	Linear, double stranded RNA, 16-27Kbp
	Non-env
	

	Toga
	RNA, 9.7-11.8 Kbp
	Env
	

	Flavi
	RNA+,9.5-12.5kbp
	env
	

	Arena
	Segmented, circular, single stranded RNA10-14
	
	

	Corona
	RNA 20-30
	Env
	

	Retro
	RNA+ 7-11Kbp, 

Reverse transcriptase enzyme produces viral DNA
	Env
	Example: HIV

	Bunya
	Triple segmented, circular, RNA, 11-21
	Env
	

	Orthomyxo
	Linear, segmented, RNA-, 10-13.6
	Env
	Influenza

	Paramyxo
	Lin, nonsegmented, RNA-, 16-20Kb
	Env
	Mumps,measles, others

	Rhabdo
	Lin, nonseg, RNA- 13-16Kbp
	Env
	Rabies

	Flio
	Lin, nonseg, RNA-, 19kbp
	Env
	Ebola


· Life cycle: attachment/entry ( viral uncoating ( replicate viral genome ( expression of prot ( combine the two into a virion ( release/budding

· Phases of infection

· Eclipse: loss of viral detection, b/c virus sheds its coat proteins.  Hijacking of cell mechanisms.

· Latent: time between disappearance and reappearance

· Rise: accumulation of virions

· Yield: final number of progeny produced by infection

· DNA viruses: double stranded except for parvo.

· Essentially the same things that were true of normal DNA replication hold here too.

· Template dependant polymerization from 5’ ( 3’ using dNTP.

· Semiconservative replication (high mutation factor)

· Sites of replication origin/termination

· Req primer

· Many accessory proteins/enzymes for function of DNA replication

· Express genes and replicate in the nucleus –or- work in the cytoplasm only

· Example: SV40

· Has a temporal order of gene expression

· Early phase genes expressed produce proteins (T antigens) which may then go back into the nucleus to modulate replication/transcription

· This turns on the late phase genes which create the structural proteins.

· RNA viruses

· Most replicate solely in the cytoplasm

· RNA replication requires viral RNA polymerase;  Lacks proofreading ( much higher rate of mutation

· Much more diverse array of genomes between viral families (-,+,double stranded; etcetc)

· RNA- and double-stranded RNA can’t use cell mechanisms to replicate.  They must replicate within the viral particle. (deproteinized != infectious)

· Positive stranded RNA do not have virion polymerase

· Example: retrovirus (which is such a poor example to draw conclusions about RNA viruses in general >.< )

· Retroviruses violate the central dogma of genetics (by RNA ( DNA)

· Are diploid.

· Essential genes: gag (structural/antigens), pol (reverse transcriptase: 4 functions), env (envelope glycoproteins)

· Virally encoded protease cleaves proteins into useful products

· Reverse transcription:  viral RNA  template ( single stranded DNA copy (paired with RNA) ( Rnase removes RNA while DNA dep DNA polymerase makes it double stranded DNA.  Long-terminal repeats at each end occur

· Integration: integrase enzyme inserts viral DNA into host DNA.  There is no specificity for this activity, but there are preferred sites.

· Transcription: produce both RNA for protein encoding and full length transcripts for progeny.  LTRs act as promoter/enhancers.  Viral regulators determine the spd of virus production.  Burst spd is associated with cell death and a burst of progeny.

Bioterrorism

· A man made biological threat.

· There are evolutionary biological threats.  (Bird flu, etc) These can be much more devastating.  (important not to forget in research)

· Flu pandemic of 1919

· Global devastation (1 bill sick, 20-40 mill dead)

· US: 28% infected, half a million dead.

· Terrorist agents

· Category A: easily disseminated/transmitted with high mortality, social disruption, requiring special preparation (example: smallpox, anthrax, plague, etc)

· Cat B: moderate dissemination/morbidity, low mortality: (example: viral encephalitis, Staph enterotoxin B, Salmonella)

· Cat C: Emergin pathogens that could be upgraded to more dangerous category (Hantavirus, drug resistant TB)

· Anthrax:

· Normal resevoir: herbivores

· Transmission via close contact with animals [insert dirty joke about sheep]

· Disease 20-100,000 / annual.  95% cutaneous (“woolsorter’s”) 5% inhalation, rarely GI

· Needed infectious load: 2,500-55,000 spores

· Gram positive rod, non-motile, non-hemolytic

· Risk vs Cost: the economic burden of 100,000 people dying ( 26.2 billion dollars.

· Incubation: 2-43 days

· Skin disease within 12 days

· Inhalation disease within 43 days

· Meantime from onset to death = 3 days

· Diagnosis time was 10 days.

· High mortality

· Death caused by toxic shock

· Patho: germinates in macrophages.  Toxin is sufficient to cause death.

· Two plasmids: pXO2 (capsule, retards uptake by macrophage), pXO1 ( PA below

· PA: protective agent binds macrophage rcptr

· EF: decreased neutrophils + edema

· LF: reactive oxygen species + cytokines ( toxic shock

· Macrophage uptake ( germination ( dissemination ( toxemia ( shock

· Macrophages: are they involved in the fatal shock response by release of cytokines/etc

· Spores can persist in vivo.  Up to months in monkeys.

· 3 forms:

· Cutaneous: development of ulcers on skin.  Ulcer: depressed, black, painless, raised ridge around it.

· Inhalation: diagnosis (widened mediastinum, blood culture: large gram-positive bacilli), hemorrhagic mediastinum, 50% meningitis, Differential Diag (acute bact mediastinum, dissecting aortic aneurism, sup vena cava syndrome, mediastinal tumor)  Fatal if not recognized early

· GI: rare

· Lab confirmation: positive culture, serology, ID of organism in tissue

· Culture: gram positive rods, nonmotile, nonhemolytic, grows well on conventional media

· Guidelines for post-exposure prophylaxis: 60 days of preventive therapy with Ciprofloxacin.  [60 days, because spores persist for 2 months in monkey experiment).

· Therapeutic models

· Preventive: spore germination [intracell antibiotic efficacy]

· Early treatment: tissue infection, early toxemia [bactericidal antibiotics, antitoxin role?, cytokine modulation?]

· Late: …

· [bacteria] Infection sensitizes to LeTx [toxin alone]. So infection primes response ( toxin takes advantage of this.

· Anthrax infection stimulates the macrophage to overproduce some cytokines (Significant incr in IL-1 beta) inducing TSS

· Anthrax susceptibility: penicillin is very effective (low MIC: minimum inhibitory concentration), but the normal treatment for community acquired pneumonia is inadequate (which it may be confused for)

· Cytokine stim increases intracellular antibiotic concentration in macrophages.

· Anthrax vaccine: targeted against PA.  Only available to military personal.  Few adverse rxns.  6 doses and periodic booster

· Infection ctrl: not transmitted person to person, no isolaton-standard barrier precautions, no immunization of contacts or healthcare workers, lab-standard BSL-2 procedures

Genomics

· The basics: Genomics is the total genetic complement of an organism and its study.

· There exists a growing number of genomes for microbes and some higher lifeforms.  The first were sequenced as early as ’95 (bacterial), then eukaryotic in ’97,  humans in 2000-1 (probably 98% +; close enough for gov’t work).  Surprise surprise, we are very similar on a genetic level to fish (most of the same genes, though we have a lot of “junk” DNA.)

· For your use, there are several links on the website to find publicly available genomes.

· Definitions (ooh exciting)

· EST = Expressed Sequence Tag.  ~300bp strech of cDNA. = Roadmark for finding a gene

· SNP = single nucleotide polymorphism (~10%+ of the population has a different nucleotide at a site.)

· Contig  continuous run of DNA w/o gap.  Fewer contigs (and therefore gaps) the better.

· Scaffold: concept. Sequenced 500bp sets are place in BAC (200-400kbp), these are checked for overlap with other BAC.  This together = scaffold.

· Paralog: genes encoding similar but different functions in the same organism 

· Ortholog: genes encoding the same function in different organisms

· Operon: co-transcribed functional gene clusters  (not found in humans)

· COG = Clusters of Orthologous Groups

· Proteome: total protein complement of organism.

· Module functional part of protein

· Domain part of the 3D structure in a multidomain protein

· Motif specificity within the above

· Transcriptosome: total set of mRNAs in an organism

· Gene chips = microarrays

· Differential display – seeing functional differences in mRNAs (ex in different phases)

· Subtractive libraries: tissue specific libraries (subtracting common genes)

· Pathogenicity islands: cluster of genes found in virulent microbes

· Eugenics: “Good Genes” Selecting for good genes.  Has all sorts of connotations.

· Genetics: the study of genes, esp inheritance patterns.

· Genomics: the study of the total gene complement of an organism.

· A few paragraphs on interesting stuff summarized

· Human Genome Project completed.  Using new ABI machines.  For Profit company involved.  Much grumbling.

· Bacterial studies: discovery of pathogenicity islands [above].  Are we looking at Orthologs (same gene across species) or Paralogs (similar gene across species)

· Cell structure:  Eukaryotes have nucleus (membrane bound DNA) vs Prokaryotes (nucleolus).  Archaea (third branch.  Have poluC-ethers instead of phospholipids).

· Archea: much of the oceans biomass, live in areas inhospitable to eu/prokaryotes.

· There is a section on GMOs, Eugenics, Social Biology, and Ethics… and I really, really don’t want to turn a review packet into an ethical debate.  So I’m going to try to just present what is on the notes and not voice any opinion

· GMOs. Getting a lot of bad press.  Questions to ask:  Are they dangerous?  Are there benefits?  Are they sensible [economic, sociological, government]?  Will they spread or disappear?

· Eugenics + Racism: Different ethnic groups have different susceptibility to EtOHism, obesity, etc.

· Gender differences

· Medicine: What should you as a physician do/advise?  Who should get genetic info on patient (Health Insurers?  Employers? Spouse? Etc)?  Who decides (person, family, other)

· Forensic medicine: CIA database?  Used to prove innocence/guilt, other.

· Family

· Out of Africa:  H sapiens sapiens (us) left Africa and spread over the world sometime in the last 80K to 10K years ago.  Multiple spreads.  Small genetic differences.  H sapiens neandrathalensis died out, we did not interbreed.  He seemed amused that New Zealand didn’t have mammals until 1Kya.  Divergence if man from ape about 4-6 Mya.  Multiple America spreads.  Language groups based upon migration patterns.

Respiratory tract infections:

· Pseudomonas: P aeruginosa most common.  Causes pneumonia, sepsis, UTI, wound infection (esp burns).  Black necrotic lesions.  Primary cause of death in Cystic Fibrosis patients.

· P aeroginosa: slime layer in cystic fibrosis lung that is difficult to remove

· Burkholderia cepacia: also plays a part in CF

· Strict aerobes: require O2 to metabolize energy resources.  Can grow in many environments, beware of hot tubs + pools.

· Blue green pigment and fruity taste

· Highly drug resistant.  Can grow in antimicrobial solutions.

· Pathogenicity factors:proteases, exotoxin A, siderphores

· Haemophilus influenza: 

· There is poor immune response, because the capsule is polysacch (recall for antigen response: protein >> carb).  Use of conjugate vaccine has been effective

· prev leading cause  meningitis in young children.  Also major cause of otitis media, sinusitis, sepsis in children. It can cause pneumonia in adults with pre-existing chronic lung disease

· Small rod

· Infects only humans.

· Serotype B most dangerous

· Infection depends on host immune function.  The period in between maternal boosted immunity (neonatal, up to 6 mon) to fully developed immunity is the peak infection period.  (~ 1 to 2 years)

· Legionella pneumonia: environmental + nosocomial

· Increased incidence due to air-conditioning, rusty H2O pipes etc.

· Major outbreak at Legionaire’s convention (1976), hence name.

· Req high Fe and Cysteine.

· Difficult to culture.

· Oft acquired from contaminated water sources

· Limited to lung infection

· Risk factors: high EtOH, smoking, AIDS, cancer, transplant, other immunosuppression

· 2 different disease expression:

· Pontiac Fever: mild flu-like

· Legionaire’s disease: Severe pneumonia, diarrhea, confusion, dry cough.

· Invasive. Lives in macrophages: intracellular parasite

· Bordetella pertussis: whooping cough

· Airborne transmission

· Vaccine: DPT.  Original vaccine used inactivated whole cells: some side effects (local suspension – eventual incr in disease).  New vaccine is purified protein.

· Attaches to upper resp tract

· Pertussis toxin ( symptoms.
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