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Cell Injury and Necrosis -  S. Raphael - Sept. 3, 9am
Objectives:
1. Define hypoxia and ischemia and give a clinical example of each.
Hypoxia – decreased oxygen supply eg. cardiac failure

Ischemia – decreased blood supply eg. coronary heart disease

2. List the 5 common biochemical pathways ending in cell death or injury.
· ATP depletion

· oxidative stress (free radicals)

· impairment of calcium pumps (intracellular Ca rises -> destructive enzymes)

· damage to cell membranes (eg. via viruses, immune)

· irreversible mitochondrial damage (loss of oxidative metabolism)

3. Define a reperfusion injury and name 2 clinical situations where it is important.
· damage in tissues when circulation is restored after an ischemic insult

· due to free radicals and tissue damage by inflammatory cells

· eg. damage after stroke or MI

4. List 3 mechanisms by which free radicals are controlled physiologically.
· short half life 

· antioxidants (vit A, C, E)

· free radical scavenging enzymes (catalases)

· binding of metals (eg. iron, copper) to proteins (eg. transferrin, ceruloplasmin)

5.  Describe the general light microscopic morphologic changes found in necrosis.
· reversible: cellular swelling, fat accumulation (esp. hepatocytes)

· irreversible: cytoplasmic eosinophilia, decreased nuclear staining (loss of DNA – pyknosis (nuclear condensation), karyorrhexis (nuclear fragmentation), karyolysis (nuclear breakdown))

6. List 4 distinctive types of necrosis and give a clinical example of each.
· coagulative – eg. ischemic necrosis (in all tissues but brain)

· liquefactive – eg. bacterial infection (if previously coagulative, called ‘gangrene’)

· caseous – eg. TB (granulomas)

· fat – eg. acute pancreatitis (action of lipases on fatty tissues)

7. Define the following terms:
· primary lysosome – sac of digestive enzymes (from RER via Golgi)

· phagolysosome – formed when lysosome fuses with endocytotic vacuole

· endocytosis – cellular import

· pinocytosis – endocytosis of fluids

· phagocytosis – endocytosis of particles

· heterophagy – digestion of outside materials

· autophagy – digestion of own cellular materials

8. Explain the phenomenon of the tolerance of barbituate drugs on a subcellular pathologic level
· drugs metabolized by P450 enzymes on SER (made soluble for secretion)

· with prolonged use, cell produces more SER

· tolerance (must use increased dose) for all drugs metabolized by P450

9. Explain the following on the basis of subcellular pathology
· Kartagener’s syndrome – immotile cilia syndrome (microtubule problem)

· Therapeutic effect of Colchicine in gout – binds to tubulin, prevents formation of microtubules, inhibits neutrophil response to uric acid, reduces pain

· Therapeutic effect of Vinca drugs in cancer – interferes with microtubules preventing formation of mitotic spindle

10. Name 5 classes of intermediate filaments and how the detection of these filaments can be used diagnostically in 2 situations
· keratin (epithelium), neurofilament (neurons), desmin (muscle), vimentin (connective tissue), glial filaments (glia)

· eg. Mallory bodies (keratin filament accumulation) in alcoholic liver disease

· eg. neurofibrillary tangles in Alzheimer’s disease

· eg. determine primary location of metastatic tumour based on type of intermediate filaments

Apoptosis - S. Raphael - Sept. 3, 10am

Objectives:
1. Define apoptosis
· energy dependent process of programmed cell death

2. Compare and contrast the morphologic appearance of necrosis and apoptosis
necrosis
apoptosis

cellular swelling
cellular shrinking

pyknosis, karyorrhexis, karyolysis
chromatin condensation

dissolution of cell membranes
cytoplasmic blebbing, apoptotic bodies

accompanied by inflammation
no inflammation

whole organs or parts of organs
individual or small groups of cells

3. Outline the 4 phases of apoptosis in a paragraph
· initiation – transmembrane signalling (eg. TNF) or intracellular signals (eg. steroids binding to nucleus)

· control and integration (of pro- and anti-apoptotic signals)  - blc2 works via mitochondria, adaptor proteins go straight to executioner (eg. cytotoxic T-cells and Fas)

· executioner phase – mediated by caspases, highly evolutionarily preserved

· phagocytosis – to remove dead cells

4. Describe the mechanisms how Bcl-2 functions in controlling apoptosis and the mechanisms which follow its inactivation
· found on outer mitochondrial and nuclear membranes, as well as RER

· preserves mitochondrial permeability balance (for normal oxidative function)

· prevents release of cytochrome C, docks Apaf-1

· if Bcl-2 is inactivated, cyt. C is released and liberates Apaf-1, which activates initiator caspases, resulting in executioner caspases and cell death

5. List 3 physiologic examples of apoptosis
· development

· normal epithelial cell turnover

· post-lactational changes in breast

· phasic changes in cycling endometrium

· aging process in general

6. List one role of apoptosis in the pathoogy of the immune system
· lack of apoptosis in self-reactive T-cell clones -> autoimmune disease

· lymphocyte death in viral illness (eg. HIV) due to apoptotic mechanisms

7. Describe the actions of p53 in carcinogenesis
· tumour suppressor protein

· when DNA is damaged, p53 accumulates and arrests cell cycle, to allow time for repair

· if repair fails, p53 triggers apoptosis

· if p53 isn’t doing its job, cells with faulty DNA keep divididing, leading to carcinogenesis

8. Describe the mechanisms by which apoptosis is important in neurodegenerative diseases.
· withdrawal of growth factors tends to favour pro-apoptotic members of Bcl-2 family

· eg. interference with nerve growth factor -> neuron apoptosis -> degenerative neurologic disease

Adaptations, cellular accumulations, aging - W. Chapman - Sept. 3, 11am

Objectives:

1. Define the major non-lethal cellular alterations (hyperplasia, hypertrophy, atrophy, metaplasia), and explain the following for each:

- types of stimuli that induce them

- mechanisms of development

- how they may be pathologic

- common examples

a) hyperplasia

· increased number of cells

· eg. wound healing, RBC precursers, parathyroid, HPV warts, endometrial, prostatic

· response to loss, increased demand, hormonal change, viral

· cell loss -> factors -> more cells go into cell cycle and divide (proliferation)

· pathologic when hyperPTH -> hypercalcemia, or prostate hyperplasia affects urine flow… also in that endometrial hyperplasia increases risk of cancer

b) hypertrophy

· increased size of cells

· eg. skeletal muscle, cardiac muscle, smooth muscle (bladder), breast duct epithelium during lactation, kidney enlargement (also hyperplasia)

· similar causes as hyperplasia, but for non-dividing cells (eg. muscle)

· stimulus (stretch, hormones, etc) -> increased synthesis of intracellular stuff

· pathologic when changes are no longer compensatory (eg. cardiac hypertrophy)

c) atrophy

· decreased size of cells

· eg. post-menopausal uterus, decreased workload skeletal muscle, decreased nutrients/oxygen (sublethal infarct)

· pathologic when results in symptoms (eg. bleeding with endometrial atrophy) or hypofunctional organ (eg. renal artery stenosis, limb immobilization)

d) metaplasia

· reversible change of one mature cell type to another

· usually involves reprogramming of epithelial reserve cells, so that turnover results in a new type of epithelium emerging

· eg. metaplasia of bronchi, Barrett’s esophagus (glandular metaplasia), squamous metaplasia of uterine cervix

· pathologic due to functional changes (eg. decreased mucociliary clearance) and increased risk of cancer

2. Why might normal cellular constituents (specifically lipid and protein) accumulate in excess within cells, and how does this cause disease?

· this can happen due to metabolic disturbance (eg. excess alcohol causing fat buildup in liver) or enzyme deficiency (eg. alpha-1-antitrypsin deficiency -> lung/liver damage)

3.  Define, and describe mechanisms and pathology of, dystrophic and metastatic calcification.

· dystrophic calcification

focal accumulation of calcium in an area of previous tissue injury or necrosis

normal serum calcium

can cause soft tissue injury or CVS dysfunction (eg. atherosclerosis, cardiac valves)

· metastatic calcification

diffuse tissue calcification in a patient with hypercalcemia

eg. hyperparathyroidism, bone destruction, CRF, dietary

widespread tissue calcification but functional impairment is rare

What is the effect of time on body cells and tissues?

· during a cell’s life, functionality decreases with time

· non-dividing cells (eg. dermis, muscle) – progressive deterioration, increased likelihood of damage

· dividing cells – increased likelihood of acquiring genetic defect (ie. cancer)

Acute Inflammation - W. Chapman

Objectives:
1. What are the cells and tissues involved in the inflammatory process?

· site - vascularized connective tissue

· constituents

· blood vessels - plasma, endothelial cells, neutrophils, monocytes, eosinophils, basophils, lymphocytes, plasma cells

· connective tissue (stroma) - ECM, fibroblasts, mast cells, macrophages

2. How can inflammation be both beneficial and pathological? How does this influence a clinical approach to inflammation?

· beneficial - process by which body responds to damaging stimuli with an aim of removing/neutralizing the stimulus and removing/repairing the damage

· pathological - excessive, scar from repair, totally inappropriate (eg. allergy)

· clinical correlate - when is an anti-inflammatory Rx appropriate?

3. What are the cardinal signs of inflammation?

· rubor - redness

· tumor - swelling

· calor - warmth

· dolor - pain

· functio laesa - decreased function

· acute: duration of min-days, neutrophils, fluid extravasation

· chronic: duration of days-weeks, lymphocytes, neovascularization and fibrosis

4. List the vascular phenomena of acute inflammation, including stimuli and mechanisms.

· increased blood flow 

· vasodilation (mediator), slowing (due to leakage), stasis

· timing - very early

· increased vascular permeability

· mediators - histamine, bradykinin, leukotrienes, substance P, IL-1, TNF

· mechanism - endothelial cell contraction/structural reorganization in post-capillary venules

· holes in venules (due to mediators), increased hydrostatic pressure, decreased colloid pressure... results in loss of fluid and protein (exudation)

· timing - early

· other mechanisms - cytoplasmic channels, endothelial injury, neovascularization (later - in chronic)

Recall:

· transudate - extravascular fluid that's low in protein (eg. edema), non-inflammatory, purely hydrostatic

· exudate - extravascular fluid that's high in protein (eg. inflammation), due to leaky vessels, "purulent" when there's a high cell content

5. What are the cellular events in acute inflammation?

· adhesion

· slowing/stasis, leukocyte margination (contact), transient (rolling) then permanent adhesion due to molecules presented b/c of mediators

· redistribution of preformed adhesion molecules, induction of newly formed adhesion molecules, conformational change for better binding

· selectins (l,e) bind mucin-like glycoproteins (l,e)

· immunoglobulin family - ICAM-1, VCAM-1 (e) bind integrins (l)

· transmigration (diapedesis)

· occurs predominantly in venules, pseudopods extend into gaps b/w cells

· requires PECAM:PECAM interaction (platelet-endothelial CAM)

· neutrophils 6-24 hrs, monocytes 24-48 hrs

· chemotaxis

· attractants: bacterial products, complement, leukotrienes, chemokines

· bind to leukocyte, activate PLC, assembly of contractile elements (actin, myosin), cell moves toward highest conc. of activated receptors

· activation

· binding of chemoattractants also promotes formation and release of inflammatory mediators (esp. prostaglandins and leukotrienes) that potentiate the inflamm. response

· also causes release of lysosomal enzymes, which may produce additional tissue damage

· further modulation of adhesion (destick from endothelium)

· phagocytosis

· cells - neutrophils, macrophages

· eat up - microorganisms, foreign material, necrotic debris

· recognition and attachment - aided by opsinization (Ig, complement)

· engulfment and vacuolation - pseudopod extension, phagolysosome formation

· killing and degradation - myeloperoxidase acts on hydrogen peroxide to form hypoclorous acid (ie. bleach) which kills microbes, lysosomal enzymes degrade whatever's left

· leukocyte-induced injury

· release of lysosomal enzymes, oxygen metabolites (degranulation) and arachidonic acid metabolites into the extracellular env't

9. Describe the source, stimuli and actions of major mediators:

Major features:

· plasma origin - circulate in precurser forms

· cellular origin - sequestered or synthesized de novo

· major cells of origin - leukocytes, platelets, endothelial cells, mast cells

· may have multiple targets, effects, stimuli

· most are short-lived and potentially harmful

Categories:

· vasoactive amines

· histamine - mast cells, basophils... injury, mediators... increased vascular permeability (principal mediator) and vascular dilatation

· serotonin - platelets, some epith. cells... platelet aggregation... similar effects as histamine

· plasma proteases

· complement - plasma... bacterial substances... opsinization (major), also vascular permeability, adhesion, chemotaxis, leukocyte activation

· bradykinin - plasma (from kininogen by kallikrein)... activation of Factor XII...vasodilatation and increased vascular permeability

· clotting factors

· thrombin - plasma... injury... vascular permeability

· fibrinopeptides (byproducts) - vascular permeability and chemotaxis

· Factor XII - generates bradykinin, thrombin, activates kallikrein - fibrinolysis, complement cascade

· arachidonic acid metabolites

· a.a. - membrane phospholipids (via phospholipases)... injury, leukocyte activation... forms leukotrienes, prostaglandins, thromboxane

· PAF - leukocytes, platelets, endothelial cells... injury, microbes... mediates inflammatory process, platelet aggregation

· cytokines / chemokines

· lymphocytes, macrophages... trauma, toxins, bacteria... integral to inflamm. process, cause acute phase reaction (fever, sleep, anorexia)

· most imp. in inflammation - IL-1, TNF

· nitric oxide

· endothelial cells... mediators/injury, intracellular Ca, NO synthase...  vasodilatation, tissue damage

Summary

· vasodilatation - Pg, NO

· permability - histamine, bradykinin, C, leukotrienes, PAF

· chemotaxis - C, leukotrienes, chemokines, bacterial products

· fever/pain/etc. - Pg, cytokines

· tissue damage - lysosomal enz., O2 metabolites, NO

10. What are the possible outcomes of acute inflammation?

· complete resolution

· resolution with scar

· abscess

· progression to chronic

Routine Clinical Biochemistry Tests & Liver Disorders

Sept. 17, 10-11am, Barry Hoffman – 586-4463 – bhoffman@mtsinai.on.ca
Routine liver tests

· bilirubin – hepatocyte secretion into biliary tract, biliary tract batency

· alkaline phosphotase – biliary tract patency (not liver-specific)

· transaminases (AST (less specific) & ALT (more specific) – hepatocellular insult

· gamma-glutamyl transferase (GGT) – all liver disorders, alcohol

· albumin – liver synthesis (3 week half life in blood)

· prothrombin time – liver synthesis (half life of hours in blood)

These are useful preliminary, inexpensive screening for liver disease, including hepatocellular leak, biliary tract obstruction, decreased hepatic synthesis. They can be used to monitor disease and indicate severity/prognosis. To identify a specific etiology, you’ll  probably need some of the specialty tests.

Specialty liver tests

· ammonia – metabolic insufficiency

· alpha-fetoprotein – hepatoma

· 5’-nucleotidase – cholestasis

· LDH – metastases, congestion

· alpha1-antitrypisin – cirrhosis etiology

· ceruloplasmin - cirrhosis etiology

· iron, TIBC, ferritin - cirrhosis etiology

· viral antigens & antibodies – hepatitis

· immunoglobulins – chronic disease

· autoantibodies – chronic disease

· acetaminophen – check for overdose

Bilirubin

· produced in the spleen via the lysis of old RBCs

· unconjugated (hydrophobic) so it binds to albumin in the blood stream

· conjugated in the liver by adding two molecules of glucuronic acid

· secreted in bile into small intestine

· converted by gut flora to bilinogen

· reabsorbed into bloodstream or excreted in feces (stercobilinogen)

· from the bloodstream can be reprocessed by liver or excreted in urine (urobilinogen)

Roles of the hepatocyte in bilirubin metabolism

· convert unconjugated bilirubin (Bu) to conjugated bilirubin (Bc) (ATP-dependent)

· secrete the Bc into bile canaliculi (ATP-dependent)

· uptake of bilirubin (from regular circulation) and bilinogen (from enterohepatic circulation) for reprocessing

(Sick hepatocytes will have problems with all these functions)

Enzymes found in canaliculi

· ALP

· 5’ NTD

· GGT

During cholestasis (obstruction) these will be found in higher levels in the blood

Types of obstruction

· diffuse – one big obstruction (eg. stone in common bile duct) causes cholestasis throughout the liver

· focal – one or many small obstructions (eg. metastases) cause localized regions of cholestasis

How to interpret urine levels of bilirubin (Bc) and urobilinogen (UB)

· normal – Bc and UB should both be undetected (trace amounts only)

· increased hemolysis – Bc normal, UB increased

· increased  Bu production - may build up in blood, but this can’t be excreted in urine (not water soluble)

· healthy liver can secrete Bc as fast is it makes it, so Bc doesn’t build up in blood

· increased Bc secretion means increased bilinogen from enterohepatic circulation… hepatic reuptake is easily overwhelmed so the excess is excreted in the urine as urobilinogen

· complete cholestasis – Bc increased, UB normal

· bile can’t drain, so all the Bc produced ends up in the blood… it’s water soluble so it gets excreted in urine

· since Bc isn’t getting to the gut, no bilinogen is produced, so no UB in urine

· sick hepatocyte – Bc and UB both increased

· problems conjugating – Bu may build up in blood, but can’t be excreted in urine

· problems secreting the Bc that is formed – Bc builds up in blood, excreted in urine

· problems reabsorbing whatever bilinogen gets returned via enterohepatic circulation – bilinogen builds up in blood, excreted as UB

· partial cholestasis – Bc and UB both increased

· problems getting rid of Bc – so it builds up in blood, excreted in urine

· problems getting rid of whatever bilinogen does get formed and reabsorbed – also builds up and gets excreted as UB

Blood test findings for various hepatic diseases:

Diffuse biliary tract obstruction

· cholestatic marker enzymes (ALP, 5’NTD, GGT) all greatly increased (10-20 fold)

· bilirubin increased to the same extent (mostly Bc)

· transaminases (AST, ALT) generally normal for acute case, but may increase for chronic cases where prolonged obstruction leads to hepatocyte damage

· special case: primary biliary cirrhosis (PBC) is a chronic autoimmune disease of the liver that causes diffuse biliary tract obstruction – here you’ll see all of the above plus immune markers and eventual metabolic insufficiency

Focal biliary tract obstruction (ie. metastases)

· cholestatic marker enzymes (ALP, 5’NTD, GGT) are increased

· bilirubin (Bc) may be increased, but to a lesser extent – some Bc will build up temporarily in the blood, but the unobstructed parts of the liver will probably take care of it the next time through

· generally normal AST and alpha-fetoprotein (if alpha-fetoprotein is increased, probably hepatoma – ie. primary liver cancer, not metastases)

Hepatocellular jaundice (eg. sick hepatocyte, end stage liver failure)

· bilirubin is increased (especially Bu)

· cholestatic marker enzymes may be increased, but to a lesser extent (problem is in the hepatocytes, not the biliary tract… and synthesis of those enzymes is probably decreased anyway due to hepatocellular dysfunction)

Acute viral hepatitis

· normal to increased bilirubin

· normal to increased cholestatic marker enzymes

· greatly increased transaminases (ALT > AST), though amount of increase isn’t necessarily proportional to severity of disease

· viral serology +ve

· generally normal albumin and prothrombin time (these are more affected by chronic)

Chronic viral hepatitis

· increased bilirubin

· variable increase in transaminases, not as pronounced as for acute, AST > ALT

· increased immune markers (IgG, anti-smooth muscle Ab, anti-mito Ab)

· albumin may decrease, prothrombin time may increase

· greatly increased risk of hepatoma, which would result in increased alpha-fetoprotein

Toxic hepatitis (eg. halothane induced, metabolic idiosyncracy)

· increased bilirubin

· increased transaminases (AST > ALT)

· normal IgG, no viral serology, no autoantibodies

· liver insufficiency: increased prothrombin time and ammonia, Bu > Bc, low-normal albumin

Inflammatory Diseases - Specific Examples

Recall: course of inflammation

- acute - complete resolution

- acute - resolution with scar

- acute to abscess

- acute to chronic

- chronic - complete resolution

- chronic - resolution with scar

Acute appendicitis

· etiology - fecalith obstruction, ischemic damage

· morphology - red, swollen, pus in lumen, exudate on surface... neutrophils in lumen and wall, necrotic tissue (epithelium and muscle)

· type of inflamm. process - acute inflamm. of appendix

· presentation - adolescent or young adult, periumbilical to RLQ pain, nausea, vomiting, tenderness, fever, leukocytosis

· complications - perforation, acute peritonitis

· how disease is diagnosed - clinical presentation, imaging

· treatment - surgery

· other diseases, similar presentation - viral enterocolitis, PID, ectopic pregnancy

Pelvic inflammatory disease

· etiology - STD bacteria (Neisseria gonorrheae, Chlamydia)

· morphology - red, swollen, pus in lumen, exudate on surface... neutrophils, bacteria

· type of inflamm. process - acute inflamm. of fallopian tube

· presentation - young women, pain, nausea, fever, leukocytosis

· complications - abscess, peritonitis, adhesions, infertility

· how disease is diagnosed - clinical presentation, imaging

· treatment - antibiotics

· other diseases, similar presentation - appendicitis, extopic pregnancy, viral enterocolitis

Peptic ulcer disease

· etiology - H. pylori, acid, pepsin

· morphology - ulcer (missing epithelium)... necrotic debris, neutrophils, lymphocytes, granulation tissue, fibrosis

· type of inflamm. process - acute and chronic inflamm. of stomach and duodenum

· presentation - epigastric pain

· complications - bleeding, perforation, obstruction

· how disease is diagnosed - clinical presentation, gastroscopy +/- biopsy

· treatment - medical

· other diseases, similar presentation - cancer

Crohn disease

· etiology - unknown... autoimmune?

· morphology 

· acute - ulcer (missing epithelium)... neutrophils

· chronic - thick wall, narrow lumen... transmural inflamm., granulomas

· multifocal ('skip lesions' - not continuous)

· 1/3 small bowel, 1/3 large, 1/3 both

· type of inflamm. process - acute and chronic (granulomatous) inflamm. of small bowel and/or colon, 

· presentation - diarrhea (with blood if colon involved), abdominal pain, fever

· complications - obstruction, fistulas, malabsorption, cancer

· how disease is diagnosed - endoscopy, biopsy

· treatment - primarily medical (anti-inflammatories), surgical for complications

· other diseases, similar presentation - ulcerative colitis (similar but continuous lesions and mucosa only), viral and bacterial enterocolitis (eg. dysentery - Shigella)

Microbial Classification - Dr. Tony Mazzulli

Bacterial structure

· capsule - outermost part, made of proteins and sugars, protection from phagocytosis

· flagella - polar or peritrichous, used for motility

· pili / fimbriae - protein filaments, used for attachment, adherence, conjugation

· endospore - formed by gram -ve (eg. Clostridium, Bacillus), resists heat and drying, germinates into dividing bacteria under good conditions

· nucleoid - nuclear region, no membrane

· cell membrane - selective permeability, solute transport, electron transport and ox. phos.

· cell wall - rigid enclosure, protects against osmotic lysis, made from peptidoglycan (N-acetylglucosamine and N-acetylmuramic acid), determines gram stain characteristics

· gram +ve - thick, heavy layer of peptidoglycan and teichoic acid

· gram -ve - thin peptidoglycan layer, plus outer (thicker) membrane layer made of lipoproteins and lipopolysaccharides

Bacterial classification

· gram stain - +ve = blue/purple/black   -ve = pink/red

· morphology - cocci vs bacilli

· preferred atmosphere - strict aerobes vs. obligate anaerobes vs. facultative anaerobes

Gram +ve facultative cocci

· Streptococcus, Staphylococcus, Pneumococcus (encapsulated diplococcus)

Gram -ve aerobic cocci

· Neisseria meningitidis / gonorrhoeae, 

Gram +ve bacilli

· Listeria, Bacillus anthracis

Gram -ve bacilli

· Enterobacteriaceae: Salmonella, Shigella, Escherichia, Klebsiella, Enterobacter, Serratia, Proteus, Morganella, Providencia, Yersinia

· Haemophilis influenzae, Vibrio cholerae, Pseudomonas aeruginosa, Campylobacter 

Anaerobic bacilli

· Clostridium tetani / perfringens / difficile / (+ve), Actinomyces

Unique bacteria

· Rickettsia - obligate intracellular parasitic bacteria, small coccobacilly, hard to culture, transmittec by insects, Rocky Mountain Spotted Fever, Q-Fever

· Chlamydia - obligate intracellular parasitic bacteria, complex life cycle, ocular / genitals / pneumonia, psittacosis

· Mycoplasma - no cell wall, no Gram staining, M. Pneumoniae, M. Hominis

· Acid Fast Bacilli (Mycobacteria) - mycolic acids make impervious to gram stain, must use Zielh-Neelson stain (heat or detergents), aerobic rods, slow growing, unique cell-wall complex lipids

Pathogenesis of Bacterial Disease - Dr. Jim Brunton

Sterile sites

· epithelium covering skin, GI, GU, resp. should preven bacteria from getting into the  body tissues - blood, CSF, pleural/peritoneal fluid should all be 'sterile'

· host defences - epithelium, antibodies, phagocytes, cell-mediated immunityi

Commensal flora

· 'normal' bactera found on skin and parts of GI, GU, resp

· low propensity for invading the host, usually don't cauase infection

· mouth

· facultative: Viridans strep., Haemophilis and Neisseria  

· anaerobes: Peptostreptococcus (+c), Veillonella (-c), Actinomyces (+r), Bacteroides (-r), Fusobacterium (-r), Prevotella (-r)

· upper airway

· S. pneumoniae - pneumo, otitis media, sinusitis, meningitis

· Group A Strep - pharyngitis

· H. influenzae - pneumo, otitis media, meningitis

· mixed anaerobes - dental infection, aspiration pneumo

· GI (mostly colon)

· facultative -r 108/gm feces - E. coli, Klebsiella, Enterobacter

· facultative +c - Enterococcus

· anaerobes 1011/gm feces - Bacteroides fragilis, Fusobacterium, Peptostreptococcus, Clostridium

· +/- yeast

· non-anaerobes can cause - abdominal abscesses, UTI, BTI, sepsis with chemo

· skin

· commensals - Staph (coag. neg.), Corynebacteria (+r), Propionobacterium acnes (anaerobic +r), yeasts

· potential pathogens - Staph. aureus (esp. nares, axilla, groin, perineum), Group A Strep

· vagina

· menarche-menopause - Lactobacillis acidophilus (+r), Viridans streptococci, Coag. neg. staph, facultative -r, anaerobes

· potential pathogens - Group B Strep.

· areas kept clean by bulk flow / mucociliary blanket

· urine, bile, paranasal sinuses, middle ear, resp. tract below larynx

· infection from obstruction, instrumentation, failure

Defence mechanisms

· epithelial barriers, bulk flow, humoral immunity (toxins, polysaccharide capsules), phagocytosis (neutrophils, macrophages), cell-mediated immunity (cytotoxic - CD8), natural killer cells

· disease depends on balance b/w host defences and microbe virulence

Bacterial virulence factors

· adhere to and colonize skin or mucous memb - pili (-), fibronectin binding proteins (+)

· invade/cross epithelium - invade cells of nasopharynx, GI, GU

· evade phagocytosis - polysaccharide capsule, surface proteins (immunization against capsule polysaccharide can be very helpful ie. pneumococcus, H. flu)

· produce toxins - E. coli enterotoxins, Shiga toxin, Staph aureus and Streptococcal toxic shock superantigen, Diptheria, Tetanus, Botulism

· live inside cells - escape killing by O2 metabolites and lysosomes

Skin organisms

· Staph aureus - 30% of pop. have it in nares, can cause local pyogenic infection, endocarditis, bone/joint infection

· Staph epidermidis - 100% of pop. have it on skin, generally avirulent

Coagulase negative staphylococcus and prosthetic devices

· both staphs can form a biofilm on IV cannula, prosthetic heart valve, etc.

· biofilm - bacteria embedded in polysaccharide matrix adherent to surface

· bacteria from film can cause local inflammation, sepsis, metastatic infection

· film provides considerable protection from antibiotics

· usually impossible to cure without removal of device

Streptococcus pneumoniae

· +c with polysaccharide capsule

· colonizes nasopharynx, aspirated to lung, causes pneumo, bacteremia, meningitis

· capsule essential for virulence - prevents phagocytosis unless specific antibodies bind and opsonize (ie. vaccination against capsule sugars)

· splenectomy - catastrophic sepsis... hypogammaglob. - recurrent pneumo, sinusitis

Toxigenic bacterial diseases

· Corynebacterium diphtheriae - toxin that stops protein synth, throat infection can produce pseudomemb., cardiac toxicity, neurotoxicity (was common cause of childhood death)

· Costridium tetani - anaerobic gram +ve, infects wound, toxin produced and transmitted to spinal inhibitory interneurons, prevents release of inhib. neurotransmitters causing uncontrolled muscle spasms

· Botulism - entire syndrome caused by toxin, botox taken into motor and autonomic nerves, inhibits release of ACh

· immunization with inactivated diptheria and tetanus toxins very helpful!

Staph and strep

· staph - boils, disseminated infections

· GAS - pharyngitis, cellulitis, erysipelas, impetigo, rheumatic fever, glomerulonephritis

Superantigen toxins

· produced by some strains of S. aureus and GAS

· can cause sepsis syndrome with shock and multiorgan failure

· strep may produce severe necrosis of muscles and fascia - "flesh eating"

· bind to Class II MHC and B chain of TCR, can activate 10-20% of all T-cells causing major "cytokine storm" with SIRS

· toxic shock syndrome (toxic staph and strep)- fever, rash, hypotension, damage to liver/kidney/muscle/lung, hypoalbuminemia

· necrotizing fasciitis, myositis, myonecrosis (toxic strep only)

· tx - antibiotics to limit proliferation and toxin prod'n, IV Ig to neutralize toxins

Escherichia coli

· gram negative facultative, commensal colonic flora, no virulence factors

· can cause problems in case of neutropenia or bowel perforation

· ETEC - colonization + toxin cause Traveler's Diarrhea

· produce pili/fimbrae (6 nm protein filaments, specifically adhere to small intestinal microvilli, but don't do damage)

· colonize upper small bowel (unlike normal E.coli)

· adherence is species specific, thus ETEC occurs due to poor sanitation

· produce heat-labile enterotoxins - cause secretion by epithelium (irreversible activation of adenylate cyclase, increases cAMP, PKA phosphorylates CF Cl- channel, induces secretory state w/o damaging epithelial cells)

· causes watery diarrhea - no fever, ulceration, fecal polymorphs

· no effect on glucose-dependent Na transport (thus oral rehydration works)

· give solution of Na, HCO3, Cl, K, glucose or amino acids or rice protein

· Type III secretion

· intracellular and some surface adherent bacteria trigger signalling in host cell by injecting proteins into it with a type III secretion system - hollow, needle-like structure

· eg. EHEC, EPEC, Salmonella

· EHEC

· adhere to colon via adhesive effacing lesion, signalling b/w microbe and host cell

· Shiga toxins absorbed - cause endothelial cell damage with microvascular occlusion and leak

· causes edema, hemorrhage of colon (hemorrhagic colitis)

· endothelial damage, fibrin occlusion of glomerular capillaries, hemolytic uremic syndrome

· can colonize both cattle and humans (eg. E.coli O157:H7)

Intracellular pathogens

· enter cell

· avoid intracellular killing - escaping endosome into cytoplasm, inhibiting maturation fusion with lysozome, adapted to life in phagolysosome

· avoids humoral immune response, so cell-mediated respons is key to infection control

· eg. Legionella pneumophilia, Mycobacterium tuberculosis, Chlamydia trachomatis, C. pneumoniae, Listeria monocytogenes, Salmonella sp., Shigella sp., Bartonella

· salmonella - enters macrophages (injects proteins to trigger uptake by macropinocytosis), proliferates in phagosome (acidifies slowly and not as much, doesn't acquire lysosomal proteases)

H. influenzae type b (capsule 2)

· encapsulated -r that colonizes nasopharynx, invades across epithelium to blood, seeds meninges

· prevented by vaccination against capsule - conjugate of capsular polysaccharide and tetanus toxoid required for kids < 2 years (improves immune response)

Local response

· Staph aureus - usually simple colonization of vagina with erythematous mucosa

· Group A strep - associated with invasion of blood and/or muscle, fascia, subcutaneous tissue (necrotizing fasciitis and myonecrosis)

E.coli virulence factors

· CFA, enterotoxins - ETEC - watery diarrhea

· verotoxins, AE lesion - EHEC - endothelial damage, hemorrhagic colitis, HUS

· P pili - uropathogenic E.coli - pyelonephritis

Fimbriae determine epidemiology of ETEC

· poor sanitation, developing countries, Traveler's Diarrhea

· immunity to toxin and/or colonization factors prevents disease - thus they cause childhood diarrhea but adults end up immune

· secretory antibodies to colonization factors are key

Salmonella serotypes

· oral injestion, penetration of bowel, proliferation (bowel, lymphoreticular system, biliary tree), after recovery can become a carrier

· enter body via M cells (over peyer's patches), inflammation in intestinal wall, fever and diarrhea, defective CMI (eg. AIDS, transplant) results in prolonged bacteremia, fever, relapses

· infects animals and humans

Salmonella typhi (Typhoid fever)

· enters via M cells, initially no GI symptoms, goes to nodes, liver, spleen, bone marrow, causes fever and bacteremia, late seeding of bile and reinfection of peyers patches with GI symptoms

· infects only humans

Prion Diseases – lecture summary

required reading Robbin's 6th ed. 1323-1326
What is a prion?

· a prion is an abnormally folded protein that acts as an infectious particle

· in animals: various prion diseases are known, such as scrapie (in sheep), bovine spongiform encephalopathy (BSE or ‘mad cow disease’), chronic wasting disease (in elk), etc.

· in humans: the normal protein is called PrPc, the prion (abnormal) form of it is called PrPres, and the most common prion disease is called Creutzfeld-Jacob Disease (CJD)

What is the function of the normal protein, PrPc?

· nobody really knows

· we do know that it is ubiquitous, highly conserved through evolution (thus probably important), and particularly common in the brain and lymphoid tissue

· we also know that it is anchored to the cell membrane and has copper binding ability

What’s different about the prion form, PrPres?

· it results from the misfolding of PrPc
· PrPc is mostly folded into alpha-helices while PrPres is mostly folded into beta-sheets

· it is insoluble, resistant to protease digestion, and tends to form amyloid

· when a prion comes into contact with one of the normal PrP proteins, it causes the normal protein to refold into the prion form

· so if you set a prion loose with a bunch of the normal proteins they will eventually all convert to the prion form – thus the prion can ‘self-replicate’ or ‘self-propagate’

What triggers the initial abnormal folding?

· most of the time, it seems to be bad luck – just a random misfolding, with odds of about one in a million – as in sporadic CJD (85% of cases)

· sometimes a mutation in the PrP gene will make the protein susceptible to refolding or misfolding – as in familial prion diseases (10-15% of cases)

· finally, it’s possible to ‘catch’ a prion disease by coming into contact with somebody else’s prions – as in the ‘variant CJD’ (vCJD) you can get by eating beef from cows with BSE

How does the prion spread within the host?

· Theory #1: one prion converts a normal protein, so you have two prions… those each convert a normal protein so you have four prions… then you have eight, then 16, and so on until they’re everywhere

· Theory #2: one prion binds and converts normal proteins, forming a little cluster -  the initial prion conversion is very slow, until the cluster grows big enough to act as a ‘seed’, at which point the aggregation occurs very rapidly

· Theory #2 seems more probable, because it explains how you can develop the disease years after you were exposed to prions, and yet once the disease gets started it progresses very quickly

Clinical presentations of CJD

· clinical presentations can be extremely variable, but they usually include ataxia and dementia, and sometimes myoclonus and insomnia

· some people get dementia first, some get ataxia and then late dementia, some get dementia and ataxia at about the same time

What determines the clinical presentation then?

· host factor – genetic polymorphism of the PrP gene

· a polymorphism is when there is more then one ‘normal’ form of a gene present in the population

· there are two forms of the PrP gene, and the only difference is a single codon (determining the 129th amino acid in the protein), which codes for either a methionine (M) or a valine (V) at that spot

· you get two copies of the gene (one from each parent), so they can be either the same (homozygous) or different (heterozygous)

· so there are three kinds of people: those with only one kind of PrP protein (MM), those with only the other kind (VV), and those with some of each (MV)

· homozygotes (those people who have only one kind of PrP protein) are particularly susceptible to developing spontaneous CJD and catching it if exposed… and if they do, the disease progresses more rapidly in them

· thus variety is good! (especially when it comes to PrP proteins)

· prion factor – ‘strain’ of PrPres 

· the PrP protein can actually misfold in two slightly different ways, resulting in two types of prions

· you can tell them apart by looking at size (type 2 is slightly bigger) or the number of sugar molecules attached (0 to 2)

· you can also tell, by looking at some brain tissue, which type it was infected with – eg. Type 1 produces uniform tiny holes, while Type 2 produces a coarser pattern

· there are also various histological methods, based on how much amyloid accumulates and certain characteristic staining patterns

· the two factors combined

· the genotype of the person, combined with the type of prion, is what determines the course of the disease

· eg. MV1 signifies a person heterozygous for the PrP protein, who has become infected with the Type 1 prion

· 70% of cases are either MV1 or MM1, and these people have rapidly progressive dementia with myoclonus and typical EEG findings

· 16% of cases are VV2, and these people have ataxia and late dementia, with rapid progression

· 8% (MV2) have ataxia, dementia, and extrapyramidal signs

· 3% (VV1) have just dementia (but very early onset – 20’s and 30’s)

· 2% (MM2) have insomnia, ataxia and dementia

What tests are useful for confirming or exploring a diagnosis of CJD?

· EEG

· in most MM1 and MV1 cases, and about one third of MM2 cases, you'll see a characteristic "triphasic short wave" pattern 

· 14-3-3 

· this protein is detectible in CSF in almost all cases, but only in 30% of MV2 cases

· it is non-specific (caused by any neuronal death), so false postives can be a problem

· MRI

· identifies most of MM1, MV2, VV2

· regular MRI won't show anything, but certain "fancy sequences" will show an abnormal signal in basal ganglia or cortex

Why not just do a brain biopsy?

· the problem with doing a biopsy is that it is very hard to decontaminate the instruments afterward, so you run the risk of iatrogenic transmission

What's iatrogenic transmission?

· it's inadvertant transmission of infection due to a medical procedure

· prion diseases can be transmitted through contact with certain tissues, or with instruments that have been improperly decontaminated after contact with those tissues

· people have contracted CJD through corneal grafts, stereotactic EEG, neurosurgery, dura mater grafts, growth hormone, gonadotrophin

What tissues should one worry about?

· the most infectious tissues are brain, eye, CSF, dura, and pituitary

· conversely, blood, urine, fecal specimens, swabs and other body fluids are pretty low-risk

· however, in vCJD, you also find lots of prions in lymphoid tissue (ie. tonsil, GI lymphoid tissue, lymph nodes, spleen)

· because of this, the blood (and other body fluids that may contain blood) of these patients has a higher risk of being infective

· that is why people who have lived in the UK for longer than a certain period can't donate blood in Canada

How do you properly decontaminate something that may have come into contact with prions?

· the most effective procedure is incineration

· another possible, but less effective, procedure is chemical decontamination (eg. soax in 2M NaOH, or a fresh 50% dilution of fresh household bleach, for one hour) - a problem with this is that those chemicals are quite corrosive at those concentrations

· the least effective procedure is autoclaving - you need to use a particular type of autoclave, at higher than usual temperatures (134-137 degrees C), for a longer than usual time (18 minutes total)

So what's this vCJD thing?

· it's the 'varient CJD' that you can get from eating infected beef products

· the median age of onset is quite early (28 years old), though the range is also very wide (10-74 years old)

· the median duration was 13 months (range: 6-39)

· presents with depression or psychosis, and sensory symptoms, followed by ataxia and dementia

· to date >135 cases in UK, Ireland, France, Italy, Hong Kong, US and Canada

· 14-3-3 and EEG usually negative, but >90% have a distinctive "pulvinar sign" on MRI

Hang on, if prions are found primarily in neural and lymphoid tissue, then how do you get infected by meat, which is mostly muscle?

· "mechanically recovered products" (meat removed from the carcass after all the good parts have been removed) often contain neural and lymphoid tissue and make their way into fast food hamburgers, sausages, meat pies, corned beef, etc.

· even when butchering a carcass for cuts of meat like steaks, butchers often slice right through the spinal cord, which could spread prions to the rest of the meat

How can you tell whether a particular case is sporadic or variant CJD?

· early onset and particular disease course can point to vCJD

· vCJD has distinctive 14-3-3, EEG and MRI findings

· sporadic is more likely type 2, with the 1 glycosylated form predominant

· the variant prion is larger than type 2, with the 2 glycosylated form predominant

Infections of the Lung and Pleura (CXR lecture) - Dr. Crossin and Dr. Chung

· CXR and pneumonias

· primary method of establishing diagnosis

· determines location / extent / predisposing conditions

· determines complications - pleural effusions, empyema, abscess formation

· not very good at determining infectious agent

Diseases Visible on CXR:

· air space lung disease (infection in alveoli)

· small (5-10mm), fluffy, ill-defined densities

· may coalesce

· air bronchogram

· etiologies - pus, fluid, blood, tumour

· interstitial lung disease (infection in pulmonary interstitium)

· reticular - thin (1-2mm), well-defined linear densities - network-like arrangement (eg. Kerley B lines)

· nodular - tiny (2-3mm), mutiple, discrete nodular densities

· reticulonodular - both

· empyema

· parapneumonic effusion

· pleural effusion associated with a pneumonia (common)

· can be simple or complicated (infected)

· empyema

· pus/infection in pleural space

· tx - drainage and antibiotics

· empyema indistinguishable from uninfected pleural effusions on CXR, but consider empyema if effusion is large, delayed in appearance, or loculated

Basic Radiographic Patterns of Infection:

· bronchopneumonia

· airways involved with filling of adjacent acini

· nodular pattern, patcy consolidation

· associated volume loss

· may reflect overspill of infected secretions

· lobar pneumonia

· homogeneous consolidation

· bounded by fissures

· +/- bronchogram

· no volume loss

· commonest manifestation of community-acquired pneumonia

· round pneumonia

· ill-defined round area of consolidation

· +/- bronchogram

· most frequent in childhood

· may progress to lobar pneumonia

· interstitial pneumonia

· widespread peribronchial thickening

· interstitial thickening

· +/- subsegmental collapse

· viral pneumonias, M. pneumonia

· Diagnosing the cause of pneumonia from CXR

· consolidation of all or most of a lobe usually bacterial (eg. Strep. pneumoniae) 

· expansion of lobe - Klebsiella or pneumococcus

· aspiration pneumona - patchy multilobar and bilateral consolidation in dependent portions of lungs

· consolidation + cavitation - usually bacterial or fungal

· miliary nodules - well-defined, uniformly distributed, 2-4mm in diameter (eg. M. tuberculosis, fungal)

· nodular pneumonia usually pneumococcal but can be also be Legionella pneumophila, Q fever or fungal disease

· patchy upper lobe - TB, fungal (histoplasmosis)

· large pleural effusion - anaerobic bacteria, gram -ve bacteria, S. aureus, S. pyogenes

· most resolve in 1 month - if it lasts for >2 months, find an explanation (eg. obstructing neoplasm)

· pneumonia, edema, ARDS, infarction, hemorrhage - all have overlapping appearances

· air bronchograms can be seen in ARDS and pneumonia

· Example - Streptococcus pneumoniae (gram positive cocci)

· affects any age

· most common community-acquired bacterial pneumonia

· bacteria inhaled into periphery of lobe, inflammatory response, non-segmental shadowing, extends across interalveolar connections, lobar pneumonia

· air bronchograms

· pleural effusion - may lead to empyema

· cavitation very rare

· usually clears within 14 days

Transmission of Infection & Infection Control

· microorganisms are ubiquitous

· environment - soil, water, vegetation

· zoonosis - animals, insects

· humans - normal flora, pathogens

· normal flora

· found in normal, healthy individuals - generally don't cause disease

· 1014 bacteria, mostly anaerobes... some yeast may also be present

· viruses and parasites are never 'normal flora' - always considered pathogenic

· lots of variation - body site, age, antibiotics, etc.

· resident/commensal flora - always present at a particular site, generally benificial or neutral r'ship with host (eg. bacteria in intestine help produce vitamin K)

· transient flora - briefly or intermittently present, generally eliminated by competition with resident flora or immune defenses of host (eg. temporarily on hands)

· carrier state - potential pathogen found in normal healthy host, may or may not cause disease (eg. salmonella)

· roles of normal flora

· resistance to infection - occupation of binding sites, mucin secretion, secretion of noxious substances

· stimulation of immune system

· nutrient source (eg. vitamin K)

· stimulation of epithelial turnover

· normal flora as pathogens

· opportunistic infections - immunocompormised state, antibacterial therapy, penetrating trauma

· tissue invasion - eg. Streptococcus mutans and dental caries

· translocation - eg. passage of bacteria from GI tract through epithelial mucosa and into blood

· predisposing factors: GI ischemia, altered normal flora, slowed intestinal transit, prematurity

· eg. antibiotic resistant diarrhea - resistant Clostridium proliferates in bowel (due to removal of competition) and produces toxins that cause diarrhea

· routes of transmission

· direct contact

· hand-to-hand - eg. Staph aureus, rhinovirus

· sexual - eg. Neisseria gonorrhea, Chlamydia trachomatis, Herpes simplex

· blood-borne - HIV, HBV, HCV, CMV

· respiratory

· repiratory droplets - eg. N. meningitidis, respiratory sycytial virus (RSV), Bordetella pertussis

· aerosol (airborne) - eg. Mycobacterium tuberculosis, Varicella zoster (chicken pox), rubeola (measles)

· indirect contact - contaminated inanimate objects 

· food/water - eg. Vibrio cholerae, Salmonella, HAV, food poisoning (S. aureus, Clostridium perfringens)

· soil - eg. Clostridium tetani

· zoonosis - animal - eg. rabies, Q-fever (sheep, goats, etc)

· zoonosis - insect vector - eg. malaria, Lyme disease, West Nile virus

· vertical transmission (mother to fetus/child)

· congenital - eg. syphilis, rubella, toxoplasmosis

· perinatal - eg. Group B strep, E.coli, HBV

· some may be congenital or perinatal, with diff. results - eg. chicken pox

· congenital chicken pox (1st 20 weeks of pregnancy) - developmental problems in fetus' brain, limbs, heart

· exposed at delivery - born looking normal, develops rash, pneumonia, meningitis

· exposed >2 mo. after delivery - normal chicken pox infection

· non-communicable infections (no human to human transmission)

· ingestion of preformed toxins (eg. botulism)

· environmental organisms (eg. gas gangrene)

· patient's flora (eg. ruptured appendix)

· Nosocomial (hospital-acquired) infection

· not incubating or present at time of admission (ie. shows up >72 hr after admission)

· endemic infection vs. epidemic infection  (eg. surgical wound infection)

· major cause of morbidity and mortality - 5-17% of admissions, 2 million patients per year in the US, annual economic burden of $4.5 billion

· contributing factors - contaminated hospital environment and instruments, invasive procedures, medical personnel as carriers, patient flora

· sources for nosocomial pathogens

· endogenous - skin (staph, group A strep), mouth (viridans strep, anaerobes), GI (GNR, anaerobes)

· exogenous - hands of hospital staff, staff carriers, water, air, food, equipment

· Strategies for preventing nosocomial infections

· prevent transmission of exogenous pathogens

· eradicate carriage of exogenous pathogens

· antimicrobial prophylaxis for invasive procedures

· immunize high-risk patients

· modify antibiotic utilization patterns

· Body substance precautions

· prevention of cross-transmission b/w patients and stuff

· assumes all patients are potential sources of pathogenic organism

· assumes that pathogens are concentrated in blood and body fluids

· needs added precautions for airborne infections

· body substances = blood, oral secretions, sputum, emesis, urine, feces, wound drainage, any other moist body substances ("if it's wet, and it's not yours, don't touch it") but not tears or sweat

· 1. handwashing - before and after patient contact

· 2. barriers - gloves, gowns, masks, eyewear

· 3. needlestick prevention - no recapping, dispose in sharps container, double-glove during surgical procedures

· 4. added precautions - for airborne pathogens (-ve pressure room, high efficiency filter masks, limited acces) and antibiotic resistant organisms (eg. MRSA, VRE)

Pneumonia - Dr. Simor

· 6th leading cause of death in N. America

· 4 million cases and 600,000 hospitalizations per year in USA

· fatality rate is no less toady than it was 50 years ago

· def'n - infection of the lungs with proliferation of microorganisms in the alveoli, resulting in a local inflammatory response

· descriptive terms - lobar, interstitial, and bronchopneumonia

· pulmonary defenses - nasal filtration, upper airway reflexes, mucociliary function, alveolar macrophages, IgA and IgG, C'

· pathogenesis - aspiration (most common), inhalation (eg. TB, flu), hematogenous (eg. Staph aureus in IV drug user)

· epidemiology - age, community vs. hospital, underlying disease, epidemic vs. sporadic, season, exposures

· epidemic 

· respiratory viruses (influenza, RSV, esp. in winter)

· Mycoplasma pneumoniae (esp. in schools, institutions)

· Legionella (from water towers, air conditioners, esp. in summer)

· Strep pneumonia (esp. nursing homes, daycares)

· exposures

· travel (eg. southwest US - Coccidioidomycosis)

· env't - soil (eg. Histoplasmosis, Cryptococcosis, Aspergillosis)

· env't - water (eg. Legionella)

· zoonosis - (eg. Psittacosis from birds, Q fever from cattle/goats/sheep, pulmonary hantavirus from rodent excreta)

· pneumonia in infants/children

· 55-88% resp. viruses - RSV, parainfluenza virus, influenza A

· 15-30% Mycoplasma pneumoniae

· <10% S. pneumoniae, S. aureus, H. influenzae

· community-acquired pneumonia

· 20-60% S. pneumoniae

· 3-12% H. influenzae

· 2-15% viruses

· 6-10% aspiration

· <10% S. aureus, GNB, Legionella, M. pneumoniae, C. pneumoniae

· hospital-acquired pneumonia

· 30-70% GNB

· 10-45% E.coli , Klebsiella

· 5-30% P. aeruginosa

· 2-20% other GNB

· 10-20% anaerobes

· 5-30% S. aureus

· <10% S. pneumoniae, H. influenzae, Legionella

· nosocomial pneumonia risk factors

· recent surgery (thoraco-abdominal)

· prone to aspiration (decreased LOC)

· respiratory therapy / intubation

· immunocompromised

· > 70 years old

· bacteria normally present in oropharynx

· anaerobes, streptococci, staphylococci, Neisseria, Haemophilus, Diphtheroids

· colonization with gram-negative bacteria associated with severity of illness and duration of hospitalization

· opportunistic pathogens in immunocompromised patients

· bacteria - Mycobacteria, Nocardia

· viruses - CMV

· fungi - Aspergillus, Candida, PCP

· Investigation of Pneumonia

· clinical assessment

· symptoms - fever, chills, cough, sputum, pleuritic chest pain, dyspnea

· physical findings - fever, tachypnea (>20/min), crepitations/rales, bronchial breathing

· neither sensitive nor specific

· CXR

· pros - confirm diagnosis, detect other pulmonary disease (eg. carcinoma), document complications, monitor response to therapy (though radiographic improvement may be delayed compared to clinical improvement)

· cons - can't determine microbial etiology

· complications

· lung abscess, empyema / pleural effusion, bacteremia / metastatic infection

· diagnosis

· culture of respiratory secretions - sputum, brochoscopy, lung biopsy

· other cultures - pleural fluid, blood

· sputum examination

· oropharyngeal contamination - few WBC, many squamous epithelial cells

· acceptable sputum - lots of WBC, few SEC

· false -ve and +ve both quite possible

· just because you grow an organism doesn't mean that it's causing an infection - treat patients, not culture results

· other diagnostic tests

· Mycoplasma - nasopharyngeal culture, PCR serology

· Legionella - culture, direct immunofluorescence, urinary antigen serology

· Chlamydia - no good test available, can try culture and PCR serology

· evaluation of patients with pneumonia requiring hospitalization

· all patients - CXR, ABG, CBC, blood culture, sputum gram stain and culture

· some patients - urinary Legionella antigen, NP swab for viruses, acute/conv. serology, pleural fluid analysis and culture, sputum for AFB and culture

· pneumonia treatment

· supportive therapy - oxygenation, hydration

· antimicrobials 

· outpatient antibiotics

· general - macrolide (eg. erythromycin), quinolone (eg. floxacin), doxycycline

· suspected PRSP (penicillin resistant strep pneumonia) - quinolone

· suspected aspiration - amoxicillin-clavulanate

· inpatient antibiotics

· preferred - cefotaxime/ceftriaxone (cephalosporins) +/- macrolide

· preferred - quinolone

· alternate - cefuroxime +/- macrolide

· aspiration - quinolone + clindamycin

· aspiration - piperacillin-tazobactam

· pneumonia prevention

· influenza vaccine

· pneumococcal vaccine

Alcoholic Liver Disease

· anatomy and histology of liver

· RUQ, 1400-1600g

· portal vein (70% of blood), hepatic artery, hepatic bile duct, hepatic vein

· portal triad - portal venule, hepatic arteriole, bile ductule (blood coming in, bile out)

· central vein - terminal hepatic venule (blood going out)

· classically divided into hexagonal lobules around the central vein

· physiologically divided into zones based on proximity to portal triad and vascular supply  - Zone 1 closest to triad, most O2 and nutrients, Zone 3 closest to central vein

· hepatocytes arranged in anastomosing cords and plates (1-2 cells thick)

· vascular sinusoids b/w hepatocyte cords

· Space of Disse = extrasinusoidal space

· bile canaliculi formed by grooves in plasma membrane of adjacent hepatocytes

· other cells: Kupffer cells (macrophages), Ito cells (stellate, store fat, role in inflamm.)

· hepatocyte - eosinophilic, lg. round nuclei, microvilli project into Space of Disse

· functions of liver

· bile secretion

· protein synthesis - albumin, lipoproteins, clotting factors

· metabolite storage - lipids, CHO, vitamins (eg. vit A)

· metabolic functions - gluconeogenesis, amino acid deamination

· detoxification and inactivation - of drugs, toxins, etc.

· classification of liver disease

· acute hepatocellular injury - acute viral, toxic, ischemic

· chronic liver disease - cirrhosis

· alcohol

· leading cause of liver disease in Western countries (>10 million in the US)

· major cause of morbidity and mortality

· often clinically silent

· generally problematic if >80g (4 drinks) per day for men, half that for women

· wide variation in susceptibility - gender, genetics, other liver diseases

· only 10-20% of chronic alcoholics will develop serious alcohol-related liver disease

· alcohol and cell injury

· cellular responses and consequences depend on type, duration and severity of injury

· morphological change may occur only after derangement of critical biochemistry

· problem with one biochemical system may have many secondary cellular effects

· metab. of EtOH - alcohol dehydrogenase in gastric mucosa and liver (converts to acetaldehyde then acetic acid), cytochrome P450 in liver (adapts to produce tolerance)

· systemic effects - CNS depressent, direct cellular toxicity (liver, heart, GI, pancreas), nutritional deficiencies, fetal alcohol syndrome

· cellular effects - induction of cyp450, fluidization of cellular memb., alteration of signal transduction pathways, production of free radicals, alteration of cytoskeletona and mitochondrial function

· alcoholic liver disease

· least severe to most severe: alcoholic steatosis, hepatitis, cirrhosis

· (not necessarily a continuous progression)

· alcoholic steatosis

· many other causes of steatosis, but focus on ethanol

· acute, reversible effect of EtOH (short term ingestion)

· usually asymptomatic, may present with hepatomegaly, mild elevation of liver enz

· incidence - >90% of EtOH consumers have some extra lipid in hepatocytes

· cellular response to injury - acute cell injury, subcellular alterations, cellular adaptation, intracellular accumulations, pathological calcification, cell aging

· pathogenesis - excess NADH (due to dehydrogenases), impaired mito oxidation of lipid, impaired assembly and secretion of lipoproteins, increased peripheral catabolism of fat

· gross - normal to large, soft and yellow and shiny

· microscopic - lipid droplets/globules in cytoplasms, mega mitochondria, initially no fibrosis

· treatment - abstain, nutritious diet, wait (weeks to months)

· other causes of steatohepatities - NASH and other liver diseases

· NASH - non-alcoholic Steatohepatitis (obesity, diabetes, drugs and toxins, sm. bowel resection or jejunoileal bypass)

· alcoholic hepatitis

· clinicopathologic diagnosis - exposure to EtOH, histology consistent with EtOH exposure, evidence of active hepatocyte damage (fever, RUQ tenderness, elevated liver enz., necrosis)

· presentation - symptomatic acute liver damage, usually following bout of heavy EtOH consumption

· symptoms - (mild to fulminant liver failure) commonly fever, malaise, anorexia, RUQ pain, tender hepatomegaly, abnormal liver function tests, jaundice

· incidence - approx. 20% of chronic heavy EtOH consumers (non-dose related, idiosyncratic response to EtOH)

· cellular responses to injury - acute cell injury (reversible, irreversible), intracellular accumulations, necrosis

· acute and chronic inflammation

· pathogenesis - same causes as steatosis, induction of inflammatory response (direct toxicity of EtOH, EtOH-induced release of endotoxin from gut bacteria, Kupffer cell activation with cytokine release, neutrophil influx in response to cytokines), collagen deposition by hepatic stellate (Ito) cells

· effects of IL-1 and TNF - acute phase reactions (fever, sleep, decreased appetite), endothelial effects (leukocyte adherence, cytokine secretion), fibroblast effects (increased proliferation and collagen formation), leukocyte effects (cytokine secretion, priming of inflammatory cells)

· gross - variable size (normal to increased), mottled red with possible bile or steatosis, variable degree of fibrosis

· microscopic - steatosis, hepatocyte swelling and necrosis, Mallory bodies, inflammatory cells (neutrophils around hepatocytes, lymphocytes and macrophages around portal tracts), a little sinusoidal and central vein fibrosis, mild cholestasis

· Mallory bodies - 'alcoholic hyaline', aggregate of damaged intermediate filaments, usually seen in cells undergoing swelling or degeneration, not specific to alcoholic hepatitis (also NASH, Wilson's, PBC, alpha-1-antitrypsin, chronic cholestasis, hepatocellular carcinoma)

· clinical course - 10-20% mortality with each episode, repeated bouts may lead to cirrhosis, potentially still reversible with EtOH abstention and nutritious diet

· alcoholic cirrhosis

· possible outcomes of acute inflammation - chronic inflammation, fibrosis and scarring

· causes - EtOH, other toxins/drugs, viral hepatitis (esp. B and C), vascular disorders ('cardiac sclerosis', Budd-Chiari syndrome, veno-occlusive disease), autoimmune hepatitis, metabolic disorders (hemochromatosis, Wilson's, alpha-1-antitrypsin, galactosemia), biliary disorders, chryptogenic cirrhosis

· def'n - end-stage liver disease characterized by bridging collagen septa, parenchymal nodules of hepatocytes, diffuse disruption of liver macro- and micro-architecture, reorganization of vascular architecture with abnormal connections b/w inflow and hepatic vein outflow tracts

· incidence - 10-15% of chronic heavy EtOH consumers (non-dose related, idiosyncratic response to EtOH), usually requires years of EtOH abuse, may develop with or without antecedent steatosis or hepatitis

· pathogenesis - repeated bouts of hepatocellular damage and necrosis, activation of inflammatory response (cytokines, disruption of ECM, direct toxic damage to Ito cells), conversion of stellate Ito cells into myofibroblast-like cells, deposition of collagen (into Space of Disse, Zone 3, portal areas, with progressive fibrosis linking portal tracts and central veins, eventual thickening of connecting septa into broad fibrous bands), regeneration of entrapped hepatocytes forms micronodules surrounded by fibrous bands

· gross - early: yellow-tan, fatty, enlarged... late: brown, bile-stained, shrunken, obvious fibrosis and scarring, diffuse regenerative nodules

· microscopic - progressive fibrosis, micronodular expansion and regeneration of entrapped hepatocytes, capillarization of sinusoids with abnormal vascular connections and shunting of blood around parenchyma, obliteration of bile ductules leads to bile stasis within liver, steatosis usually minimal to absent

· clinical course - long term outlook variable, complete abstention may be of benefit to individuals without significant symptoms, continued EtOH consumption significantly reduces 5-year survival

· complications - progressive liver failure, portal hypertension, hepatocellular carcinoma

· presentation of liver failure - 'stigmata' (palmar erythema, spider angiomas, gynecomastia, hypogonadism), jaundice, hypoalbuminemia, hyperammonemia, asterixis, coagulopathy, fetor hepaticus, hepatorenal syndrome, hepatopulmonary syndrome (rare)

· portal circulation - splanchnic veins drain into portal vein, portal venules and hepatic arterioles empty into sinusoids, sinusoids drain into central veins, to hepatic vein and IVC

· portal pressure - P = QxR, increase pressure by increased flow or increased resistance... normally large increases in portal flow produce minimal changes in pressure due to passive dilatation of low-resistance intrahepatic vessels, therefore portal hypertension usually due to increased resistance to portal blood flow

· causes of portal hypertension - prehepatic (obstruction, portal vein thrombosis), intrahepatic (cirrhosis, other), posthepatic (right heart failure, constrictive pericarditis, hepatic vein outflow obstruction)

· in alcoholic cirrhosis, increased resistance in sinusoids due to collagen in Space of Disse... other diseases may target pre- or post-sinusoidal vessels

· porto-systemic anastomoses - esophageal (left gastric vein with esophageal veins), recto-anal (superior rectal vein and middle/inferior rectal veins), paraumbilical (left branch of portal vein and superficial veins of anterior abdominal wall)

· reorganization of vascular architecture - abnormal connections b/w vascular inflow and outflow, new porto-arterial connections, imposition of arterial pressure in low-pressure portal vessels

· presentation of portal htn - esophageal varices, hemorrhoids, periumbilical 'caput medusae', splenomegaly, ascites, hepatic encephalopathy

· pathogenesis of ascites - sinusoidal htn, hypoalbuminemia, increased hepatic lymph percolation, intestinal fluid leakage, renal retention of sodium and water

· hepatocellular carcinoma - >90% of primary liver cancers, globally most common visceral ca, some places most common overall, strongly associated with cirrhosis esp. in viral hepatitis, occurs in 10% of stable cirrhotics, usually fatal in about 6 months

Lewy Body Diseases

reading - Robbin's 6th ed. pp. 1333-1334
· lewy bodies

· abnormal filamentous aggregates in neurons

· contain neurofilaments, ubiquitin and alpha-synuclein

· microscopic - dark pink, circular, compact, distinct (light border)

· synuclein 

· synaptic protein, found at presynaptic terminal

· sits in cytosol, transiently binds to cell memb and other synaptic proteins

· role in synaptic transport, synaptic change, learning

· aggregation may cause neuronal dysfunction

· potential disease marker

· lewy body distribution

· can occur in - substantia nigra, nucleus basalis, locus ceruleus, serotonin neurons, limbic system, autonomic neurons, enteric neurons, cortex

· cause (depending on location) - parkinsonism, abnormal behaviour, visual hallucinations, autonomic symptoms, abnormal GI motility, dementia

· develop in an unpredictable manner, leading to a variable clinical presentation

· don't correlate with severity, but good marker for parts of brain affected by disease

· soluble aggregate-precursers are probably the actual causes of dysfunction

· Idiopathic Parkinson's Disease

· commonest form of parkinsonism (hereditary defect in alpha-synuclein quite rare)

· resting tremor, bradykinesia, rigidity, postural instability

· oxidative stress and mitochondrial dysfunction implicated in pathogenesis

· pathology - neuronal loss and lewy body formation in sub-cortical regions (substantia nigra (dopamine), raphe nucleus (serotonin), basal nucleus and pedunculo-pontine nucleus (acetylcholine), hypothalamus, autonomic neurons in medulla, cord and sympathetic ganglia)

· dopa responsiveness - striatum (location of dopamine receptors) is intact, so patients respond well to L-dopa

· dementia - present in 30% of cases, possibly due to concomitant AD, DLB, or loss of subcortical neurons (subcortical or attention dementia)

· Diffuse Lewy Body disease

· clinical diagnosis - standard dementia (progressive cognitive decline that interferes with normal social/occupational function) that differs significantly from AD (no major memory impairment in early stages, prominent defects of attention, fronto-cortical skills, visuospatial ability)

· core features (need two for 'probable DLB', one suggests 'possible DLB')

· fluctuating cognition with pronounced variations in attention and alterness (ie. goes suddenly from alert to stuporous, often mistaked for a stroke)

· recurrent visual hallucinations which are typically well formed and detailed - extremely vivid, usually friendly, may represent an intrusion of REM sleep into waking consciousness

· spontaneous motor features of parkinsonism

· supportive features - repeated falls, syncope, transient losses of consciousness, neuroleptic sensitivity, systematized delusions, hallucinations in other modalities, drug unresponsive depression, REM sleep behaviour disorder

· pathology - extension of lewy bodies in limbic system and cortex, additional synuclein aggregates in hippocampus, amygdala, cortex and other involved areas (Lewy neurites), mild neuronal loss in cortex (10%), dementia out of proportion with mild pathological changes

· cholinergic neurons

· nucleus basalis more severely involved in DLB than in AD

· its cholinergic neurons innervate cortex and are normally involved in sleep, dreams and attention

· loss of those neurons produces visual hallucinations, similar to what happens with anesthetics (eg. scopolamine) that block ACh receptors

· DLB patients respond to cholinergic agents because target cells are still alive (and receptors are upregulated)... compare with AD patients, where the receptor cells die so cholinergic agents don't work

· locus ceruleus cholinergic neurons needed for loss of body tone during REM sleep (dreaming)

· loss of these neurons results in REM sleep related behaviour disorder - acting out and remembering vivid, violent dreams... 80-90% of patients are male, may precede onset of neurological disease by >10yrs, may be triggered by cholinergic treatment, sleep study essential for diagnosis, responds to medications (clonazepam, tricyclics, levodopa)

· parkinsonism in DLB

· unlike classical parkinson's disease, D2 receptors are not upregulated and patients respond poorly to L-dopa

· patients also very sensitive to neuroleptics - increased risk of 'neuroleptic malignant syndrome', a potentially lethal adverse drug reaction

· clinical picture of parkinsonism in DLB is usually atypical

· autonomic failure

manifested by postural hypotension (ie. intractable orthostatic hypotension), incontinence, impotence, and altered sweating

