	Bacterial virulence factors
	Classification of bacteria

	Morphological forms of bacteria
	Surface appendages

	· Prokaryote kingdom

· Bacteria

· Mycoplasma

· Chlamydia

· Rickettsiae

· Cyanobacteria (blue-green algae)

· Protist kingdom - eukaryotic

· Protozoa

· Fungi

· Slime  molds

· algae
	· Adherence

· Invasiveness

· Antiphagocytic activity

· Intracellular parasitism

· Exotoxin production

· Endotoxin activity

· Hypersensitivity responsiveness

· Antigenic variation

	· Flagella

· Chemotaxis – bacteria move→favorable environment/nutritional conditions

· 3 stuctural components

· filament, hook, basal body

· Protonmotive force provide energy via cytoplasmic membrane for flagella rotation

· Fimbriae

· Filamentous appendages – shorter, thinner, straighter than flagella

· Adherence to specific surfaces

· Sex pili

· Transfer of DNA between cells during conjugation

· F+ gram negative bacteria

· Wider than fimbriae, fewer in number
	· Coccus (spherical)

· Clusters – S.aureus

· Pairs – S.pneumoniae

· Chains – S.pyogenes

· Bacillus (rod-shaped)

· Coccobacilli – short rods

· Vibrio (curved)

· Curved w/single turn – V.cholera

· Spirillum, spirochete (spirae)

· Series of turns/twists – B. burgdorferi

	Capsules and slime layers
	Bacterial structure and cell wall

	Bacterial Cell Wall Chemical Structure
	Physical growth conditions

	· Fx
· Maintains shape and orderly cell division

· Protects against osmotic lysis

· Carries immunogens

· Regulates flow of substances in gram –ve bacteria

· Gram +ve

· Thick, electron dense wall

· Peptidoglycan

· Gram –ve bacteria

· 2-layered wall tightly opposed w/thin peptidoglycan layer surrounded by outer membrane
· Cytoplasmic membrane

· Cytoplasmic contents

· Mesosome – invaginations of cytoplasmic membrane – larger in gram +ve;DNA rep., penicillinase prod.

· Ribosomes – 70S

· Inclusions and vacuoles

· Nuclear body (nucleoid)

· Spores – only Bacillus and Clostridium (pathogenic bacteria)

· Occurs during nutritional depletion;survive adverse conditions
	· Function

· Protect from dehydration, phagocytosis

· Facilitate attachment to cells/other surfaces

· Macro capsules

· Definite external surface

· Micro capsules

· Detected immunologically

· Slime layers

· Loosely bound, found in culture medium

· Composed principally of water, also polysaccharides/proteins



	· Temperature

· Psychophile – grows at or <0OC; optimum: 15OC

· Mesophile – maj. of human pathogens: 25-40OC

· Thermophile – optimum: >45OC

· Gas requirements

· Superoxide dismutase & catalase protects aerobic orgs. from accumulation of superoxide ion and H2O2
· Aerobic bacteria – require O2
· Anaerobic bacteria – cannot use O2
· Facultative anaerobic bacteria – do not require O2, but can use if available

· Microaerophilic bacteria – require ↓levels of O2 from atm. O2 levels

· H+ concentration

· Optimum: pH6.5-7.5; limits:pH5-9

· Osmotic conditions

· Higher intracellular osmotic concentrations

· Membrane derived oligosaccharide regulations→ osmotically tolerant bacteria, except mycoplasmas and cell-wall defective organisms
· Plasmolysis – cytoplasmic membrane pulls away from cell wall in hyperosmotic conditions
	· Peptidoglycan

· N-acetyl glucosamine backbone; B-1-4 linkages

· Peptide cross-bridges; L-alanine, D-glutamic, mesodiaminopimelic acid, lysine, glycine, D-alanine

· Synthesis – target for antibacterial agents

· Synthesis of soluble intermediates

· Tx across cytoplasmic membrane

· Polymerization – disaccharide tx to polysaccharide chain

· Transpeptidation (penicillin binding proteins)
· Techoic acids
· Gram +ve only

· –vely charged→may regulate supply of cations to cytoplasmic membrane

· Outer membrane

· Gram +ve only

· Surface ags, Rs

· Serves as molecular sieve – excludes all hydrophilic except water

· Contains lipopolysaccharide (LPS) – endotoxin

	Exudative  inflammation
	Necrotizing inflammation

	Granulomatous inflammation
	Interstitial inflammation

	· Exudative inflammation with necrosis (suppuration)

· Host damage caused by bacterial virulence factors

· Ex:
· Polymicrobial lung abscess – S. aureus, Clostridium perfringens
· Cell toxins→leukocidins

· necrosis→inflammation→necrosis/hemorrhage
	· Vascular permeability

· Recruitment of inflammatory leukocytes (esp. neutrophils)→pus

· Typically caused by pyogenic bacteria that grow extracellularly and localize to specific site

· Ex:

· Streptococcus pneumoniae

· Consolidation of alveoli with fibrin and inflammatory cells

· In meninges→cerebral edema

· No significant tissue damage



	· Mimics healing and repair "nonspecific chronic inflammation" – nonspecific morphology
· Acute inflammation w/lymphocytes, macrophages, plasma cells, or purely lymphocytes

· Viral infection

· Bacterial infection w/ spirochete

· Treponema pallidum (syphilis)
· Nonspecific lymphocytic/histiocytic infiltrates – ongoing recruitment of inflammatory and immune leukocytes from blood/resolving inflammation

· Perivascular lymphocytic/histiocytic infiltrates assoc. w/ inflammation and necrosis of vascular wall (vasculitis)→rickettsial infection – Rickettsia rickettsii (Rocky Mountain spotted fever)
	· Accumulation of aggregates of activated mononuclear phagocytes (epithelioid histiocytes)
· Results from organisms that withstand destruction by neutrophils

· Ex:

· Mostly facultative/obligate intracellular bacteria

· Mycobacteria tuberculosis

· Brucella species

· Yerinia enterocolitica

· Listeria monocytogenes

· Coxiella burnetii

· Depends on T lymphocyte activation of macrophages to produce cytokines such as IL-1, interferon γ, GM-CSF, absence of cytokines (IL-4)

· Foamy macrophage reactions seen in anergic (immune incompetent) hosts infected with intracellular pathogens (ie. mycobacterium leprae)

	Bacterial toxin classification
	Synthesis and export of exotoxins

	Pore-forming Toxins
	Enzymatic disruption of eukaryotic membranes

	· Tightly regulated

· [Fe] in production of diphtheria toxin, environmental osmolarity in cholera toxin

· Structural and regulatory toxin genes

· Chromosomal – cholera toxin

· Plasmid – E.Coli heat labile toxin

· Bacteriophage – diphtheria toxin

· Combination – staphylococcal enterotoxins

· Export – secretion systems type I-V
	· Endotoxin
· Intracellular and cell-associated
· Gram –ve
· Consist of lipopolysaccharide component of outer membrane
· Exotoxin
· Secreted
· Free to act at sites distant from synthesizing bacterium
· Bacterial proteins released during bacterial growth
· Structure
· A-B subunit, RTX toxins
· Mechanism
· ADP-ribosylating, adenylate cyclase, metalloprotease
· Target
· Neuro-, entero-, leukotoxins
· Biological effect
· Edema-producing, hemolysin, superantigens, dermonecrotic toxin

	· Hemolysin –membrane-acting toxin

· Act directly on phospholipids component of cell membrane

· Commonly phospholipase C→target phosphotidyl choline
· Ex:
· Clostridium perfringens
	· Hemolysin-membrane-acting toxin – disrupt PM integrity, particularly RBC

· Thiol-activated cytolysins

· Aggregate→supramolecular complexes on PMs→channel formation→osmotic lysis

· Cholesterol R

· Ex:

· Streptococcus pyogenes (streptolysin O)
· Listeria monocytogenes (listeriolysin O)
· Streptococcus pneumonie (pneumolysin)
· Bacillus cereus (cereolysin)

· Urophoginic E.Coli (hymolysin A)

	A-B subunit toxins
	ADP-ribosylating toxins

	Adenylate cyclase toxins
	RNA glycosidase toxins

	· MOA
· Remove ADP-ribosyl group from NAD→attaches it covalently to target host protein→ inactivation/modification of function

· Ex:

· Cholera toxin – V. Cholerae
· Activation of enterocyte adenylate cyclase
· Secretory diarrhea

· Diphtheria toxin – C. diphtheriae
· Inhibits protein synthesis

· Cell death

· Heat-labile toxin – E. coli
· Exotoxin A – P. aeruginosa
· Pertussis toxin – B. pertussis
· Inhibits G protein signal transduction

· C2 toxin – C. botulinum
· Intestinal fluid accumulation

· Iota toxin – C. perfringens
	· Subunit endotoxin

· B-subunits – single or multimer protein

· Binds host cell Rs→promotes internalization of subunit A

· Rs – glycolipids (gangliosides, globotriasyloceramide), membrane proteins

· A-subunit – enzymatically active

· Protein synthesis inhibition

· Ex: diphtheria

· Deregulation of cAMP adenylate cyclase

· Ex: cholera

· Interfere w/nerve transmission

· Ex: tetanus, botulism
· Mechanism of action

· ADP-ribosylating toxins

· Adenylate cyclase toxins

· RNA glycosidase toxins

· Metalloprotease toxins

	· MOA

· Cleaves host cell ribosomal RNA stopping protein synthesis

· Ex:

· Shiga toxin – S. dysenteriae
· Inhibits protein synthesis
· Cell death
· Shiga-like toxins – E.coli, others


	· MOA

· Synthesize cAMP after binding host cell calmodulin

· Ex:

· Adenylate cyclase toxin – B. pertussis
· Inhibits cAMP levels
· Hemolysis

· Edema factor – B. anthracis


	Metalloprotease toxins
	Super antigens

	Gram –ve Endotoxins
	Bacterial cell division

	· Protein toxins

· Non-specifically activate multiple compartments of host immune system

· Do not induce direct damage, but immune response in which host effects damage

· Viruses, bacteria, and mycoplasmas produce super-antigens
· MOA

· Stimulate T-cell proliferation through non-specific interaction with MHCII and specific VB chains of T-cell R→production of cytokines (IL-1, TNF, monokines, lymphokines)→mediate shock

· Ex:

· Streptococcal erythrogenic toxins→Scarlet fever

· Toxic shock syndrome toxin→TSST-1

· Staphylococcal enterotoxins

· (Streptococcal M protein)

· (Staphylococcal exfoliative toxin)
	· MOA

· Proteolytic activity resulting in disruption of function

· Ex:

· Tetanus toxin – C. tetani
· Inhibits NT release

· Spastic paralysis
· Botulinum toxin – C. botulinum
· Inhibits NT release

· Flaccid paralysis
· Lethal factor – B. anthracis
· Induces cytokine release

· Death of target cells/experimental animals

	· Mostly binary fission, but also budding, fragmentation, formation of conidiospores

· Bidirectional chromosome replication from several oriC

· Cell membrane aids in chromosome separation

· Terminal steps

· Septum formation
· Cell wall growth

· Separation of bacteria

· Growth curve

· Lag phase – initial growth phase, ↑cell size, little/no cell division

· Log phase – balanced growth

· Stationary phase – accumulation of waste prod., nutrient depletion, pH change→↓growth rate

· Death phase – cell death/population decline
	· Important virulence factor of gram –ve bacteria, esp. Enterobacteriaceae
· Endotoxin/LPS only released upon destruction of cell wall
· Systemic complications→endotoxic shock
· LPS
· Long, heat-stable
· Region 1 – O-specific side chain PS
· Varies among species
· Region 2 – core oligosaccharide
· Similar between bacteria
· Region 3 – Lipid A – majority of outer membrane composed of fatty acids
· Almost identical between bacteria
· Responsible for toxic action of endotoxin
· Lipid A induces:
· Febrile response in host→activates hypothalamus and induces endogenous pyrogens (IL-1 and prostaglandins)
· Complement, granulocytes, macrophages
· Interferon production
· TNF w/ reduction of capillary endothelial cell permeability & shock
· Colony Stimulating Factor & B cell mitogen

	Str. Pyogenes
	Str. Agalactiae

	Str. Pneumoniae
	Streptococci

	· 
	· β-hemolytic
· restricted to humans
· Causes:

· Pharyngitis, cellulites, systemic disease

· Virulence factors

· Capsules 

· Hyaluronic acid

· Inhibit phagocutosis (through ag mimicry?)

· C-polysaccharide
· M-proteins – surface component of fimbrae of Group A strep→required for virulence

· Impairs phagocytosis in absence of abs→inhibits C3b deposition on cell surface→prevents activation of alternate complement pathway

	
	· 

	β-hemolytic streptococci
	α-hemolytic streptococci

	C Polysaccharide streptococci
	Enterobacteriaceae

	· 
	· 

	· Gram –ve bacilli

· Facultative anaerobes in GI tract

· Antigenic characteristics

· Flagellar (H) ags – found on motile enterobac.

· Illicits IgG response

· Capsular (K) ags

· Capsular polysaccharides external to cell wall; Vi for virulence – protect against phagocytosis
· Somatic (O) ags

· O polysaccharide ag – outer region of LPS of gram –ve cell wall

· Illicits IgM response
	· immunological grouping according to C-polysaccharide ags in cell wall

	Virulence Mechanisms of enterobacteriaceae
	Nonenteric infections of enterobacteriaceae
UTI

	Nonenteric infections of enterobacteriaceae
Pneumonia
	Nonenteric infections of enterobacteriaceae

Neonatal meningitis and Sepsis

	· Destructive host response in sterile site

· Blood, SC tissue, urinary tract, lung etx

· Commonly by endotoxin

· UTI

· Community-acquired UTI – 80% due to uropathogenic E.coli stains>Klebsiella>Proteus
· Predisposing factors – anatomy, density of mucosal surface R (protective effect of Lewis Ags), sexual activity
· Ascending infections – urethritis, cystitis, pyelonephritis
· Hospital acquired – 50% have indwelling catheter
· Urosepsis – septicemia originating in UT
· Hematogenous UTI – infection of UT/kidney as result of bacteremia
· Virulence factors of uropathogenic E.coli
· Colonization of colon and vagina – type I fimbriae
· Adherence in UT – P.pili R golobiase, afimbrial adhesions (R=Dr blood group Ag)
· Toxins – endotoxin: Hly A-a RTX hemolysin causing pore formation (binding of Ca)
	· Endotoxins (common to all enterobacteria)

· Ex

· E.coli – UTI – Adherence

· Klebsiella pneumoniae – pneumonia – capsule

· E.coli – diarrhea – enterotoxin

· Serratia marcescens – septicemia – endotoxin

· E.coli – endotoxic shock – endotoxin

· Salmonella typhi – typhoid fever – invasiveness

· Shigella dysenteriae – dysentery – invasiveness

· Yersinia pestis – plague – intracellular survival

	· E.coli second most common etiologic agent to B. Strep.
· Virulence factors

· K1 capsilar polysaccharide contains sialic acid component→mediates protection from phagocytosis & complement mediated lysis in immature immune system
· Pathogenesis

· Exposure & colonization during birth→poor immune response→bacteremia→meningitis


	· Most hosts are compromised

· Diminished cough reflex

· ↓ciliary motility and mucus due to anesthesia

· Respiratory manipulations

· Non-hospitalized pts – unconscious, alcoholics, drug abusers, elderly pts following fall, CVA
· Virulence factors

· Klebsiella pneumoniae 

· Endotoxin

· Extracellular capsule→inhibits phagocytosis

· Pathogenesis

· Rapid growth→inflammation→inefficient killiing→obstruction→obliteration of lung→death

	Nonenteric infections of enterobacteriaceae
Misc.
	Gram –ve non-fermentative bacteria

	Pseudomonas aeruginosa
	

	· Found in soil, water, plants

· Nosocomial disease and compromised hosts (CF, tx, burn pts)

· Opportunistic

· Ubiquitous & intrinsic abx resistance
	· Wound infections – contamination by environmental species i.e enterobacter agglomerans;nosocomial wound infection

· Peritonitis – compromise of pts. in GI mucosa w/ leakage of normal flora into peritoneal cavity



	
	· Characteristics

· Small GN bacillus, polar flagellar, oxidase-positive, strict aerobes, produce pyocyanin & pyoverdin

· From contaminated fluids, equipment, physical transmission in compromised host (abx selective pressure in hospital)
· Virulence factors

· Exopolysaccharide

· Matrix of anionicpolysaccharide fibers w/mucoid stains

· Alginate of mannuronic and guluronic acids

· Fx: attachment, protection against phagocytosis, surfactants, abs, and ↓abx

· Phospholipases (hemolysins) – PLC against sphingomyelin, phosphatidyl choline, phosphatidyl ethanolamine, phosphatidyl serine 
· Proteases

· Elastase – esp. pulmonary/wound ix; zn requiring endopeptidase, substrate profile: elastin, collagen, fibrin, IgG, IgA, complement components, serum proeinase inhibitor, transferring
· Alkaline protease – active at alkaline pH

	Cytopathic/ cytoproliferative effects of bacterial infection
	Bacterial infections in abnormal hosts

	
	

	· Physiological defects
· CF
· ↓lung secretions→↓clearance of bacteria
· Achlorhydria
· ↓HCl in gastric secretions→bacteria survive→↓inoculum necessary

· Defective inflammatory response

· Leukocyte adhesion molecule deficiency (↓leukocyte recruitment)

· Chronic granulomatous disease – genetic NADPH oxidase deficiency→defective intracellular killing of bacteria by phagocytes→necrotizing granulomatous inflammation where exudative inflammation would normally occur

· Immune fx defect

· Complement deficiency/asplenia→permit infection by encapsulated bacteria

· hypogammaglobulinemia→bacteria infect patients w/ ↓opsonizing capability

· HIV infection, cancer tx, corticosteroid tx→↓T lymphocyte responses→important TB control

· Interferon γ R deficiency→recurrent Mycobacteria & Salmonella infection because of lack of macrophage activation
	· Typically viral infections

· Bacterial pathogens that cause

· CPE – Chlamydia trachomatis
· Proliferative responses – Bartonella henselae, Bartonella bacilliformis

	· 
	

	Pathogenesis of diarrheal diseases
	Secretory diarrhea

	Invasive diarrhea
	Bloody diarrhea

	· V. cholerae

· O1 & O139→only serogroups→epidemic cholera

· Enterotoxigenic E.coli (ETEC)

· Most common bacterial cause of diarrhea in developing world (travelers' diarrhea)

· Large inoculum size (105-108) in persons with normal gastric acid
· Colonize small int. by fimbria attachment to mucosal Rs→enterotoxins produced→CT & LT attach to GM1 ganglioside R→adenylate cyclase→↑cAMP→↑Cl- secretion by crypt cells, ↓neutral NaCl absorption in villus cells

· ST has separate Rs→guanylate cyclase→↑GMP→same changes in abs. & sec.
· Coupled Na-glu absorption not impaired by toxin (mechanism used for ORS)

· No morphological damage to intestine, no inflammation

· <1L/hr watery diarrhea→severe dehydration

· Untreated→mortality: 60-70% (death within 12-24h after symptom onset)
· Treated→ORS/IV, abx (↓stool output/shortens disease)→mortality <1%
	· Oral-fecal spread

· Person-person spread requires smaller inoculum than food and water

· Short incubation period (1-3d)

· Virulence

· Fimbria (pili) facilitate intestinal mucosa colonization

· E.coli &V.cholerae
· Attaching and effacing mechanisms of enteropathogenic E.coli and enterohemorrhagic E.coli

· Enterotoxins – cholera toxin (CT) and heat labile toxin (LT), heat stable (ST) (controlled by plasmids), shiga & shiga-like toxins (controlled by bacteriophage – takes few organisms)
· E.coli


	· Enterohemorrhagic E.coli
· Hemolytic Uremic Syndrome
· Result of mechanized food industry in industrialized world

· Asymptomatic among young cattle – reservoir 
· O157:H7 most common serotype

· Low inoculum size (<10-100 organisms)
· Colonize large int. mucosa – attaching and effacing

· Shiga-like enterotoxins (SLT-1, SLT-2) controlled by bacteriophages

· 1-2d incubation

· Sx:

· Hemorrhagic colitis

· HUS 6 days after infection, after diarrhea (10% of pts)→mortality of HUS: 3-5%; chronic renal disease (3-5%)
· Rx:supportive; abx are contraindicated


	· Prototype – Shigellosis

· S.flexneri (developing countries), S.sonnei (developed countries)
· Low inoculum size (<10-100 organisms)

· Person-person spread

· Bacteria invade large int.

· Sx:

· Inflammatory changes of mucosa

· Diarrhea w/blood, pus, fever, abdominal pain

· Rx: antimicrobials, ORS

	Campylobacter jejuni
	

	
	

	· 
	· Common cause of diarrhea small children (developing world); young adults (developed world)

· Sx:

· Diarrhea w/ pus, blood in stool, fever, abdominal pain

· Asymptomatic infection in children in tropics (early immunity)

	· 
	· 

	· Medically important staphylococci
· Habitat

· Morphology
	S. Aureus

	S. Epidermidis
	S. Saprophyticus

	· Staphylococci

· Can cause rapid, lethal infections

· Adults have specific abs, and cell-mediated immunity against it

· Cannot permeate through skin

· Breach in skin→possibility of disease/wound sepsis

· ↑level of immunity→difficult for S. aureus to enter bloodstream→sepsis/distant focus (ie. endocarditis)
· ↓level of immunity→↑risk of systemic S. aureus infections 

· Elderly, immunocompromised, IV drug users, systemic diseases (diabetes, renal failure)

· Hospital-acquired infections

· Immunocompromised & multiple portals of entry→severe/fatal infections
	· Causing illness:

· S. aureus

· S. epidermidis (& other coagulase –ve species)

· S. saprophyticus

· Habitat
· In and on skin

· Sweat/sebaceous glands

· Perineum and axillae

· Morphology

· GP

· Spherical, non-motile, non-spore forming cocci

· Clusters

· Some S.aureus have capsules early in growth

· No pili or flagellae

· Blood agar – opaque colonies 

· (S. aureus – β-hemolytic)

· S. aureus – golden colonies

· Others – white colonies

	· Staphylococci

· Common cause of urinary infections in young sexually active women


	· Staphylococci

· Skin saprophyte
· Rarely cause infection in healthy person

· Risk of infection

· Enters through breaches in skin

· Secretes carbohydrate slime→protects against phagocytes and abx

· Abx resistance→foreign body infections (ie. prosthetic valve endocarditis, infective artificial joints, IV sepsis)

· ↓/no neutrophils→sepsis

· Premature babies – no maternal abs, inefficient phagocytes

	Staphylococci metabolism
	Identification of staphylococci

	S. aureus extracellular enzymes & toxins 
	α-toxin and other hemolysins

	S. aureus
S. epidermidis

S. saprophyticus

Wall techoic acid

Ribitol

Glycerol

Glycerol

coagulase

+

-
-
mannitol fermentation

+

-
+
hemolysins

+

-
-
· 
	· Strict parasites

· Complex nutritional requirements

· Vitamins, aa, lipid substrates

· Moderately resistant to disinfectants

· No spore formation

· Killed by pasteurization

· People regularly shed epithelial squames w/ staphylococci

· Do not replicate

· Persist if protected from light

· Not source of infection for pts.

	· S. aureus toxin
· α-toxin (hemolysin)

· Works at ↑ concentrations

· Inserts channels into lipid membranes→Ca++ entry→activates membrane phospholipases→arachidonic acid derivatives→vascular spasm (dermonecrosis, pulmonary hypertension, cerebral/renal disturbances

· Other hemolysins

· Damage PMN phagocytes/RBCs

· β, γ, δ


	· α-toxin (hemolysin)
· Other hemolysins

· β, γ, δ

· Coagulase

· Clots plasma

· Mostly coagulase +ve

· Leukocidin (Panton-Valentine)

· Lipase

· Clear ring around colonies on egg-yolk agar→boils

· Enterotoxins

· Epidermolytic toxins

· Penicillinases

· Toxic shock toxin

	Leukocidin
	Enterotoxins

	Epidermolytic toxins
	Penicillinases

	· S. aureus toxin
· Most common cause of food poisoning; phage-coded, heat resistant
· Facultatively anaerobic

· Grows in temps >12OC

· Cause acute severe vomiting and diarrhea w/out fever 1-4h after ingestion
· Duration <24h

· Low mortality


	· S. aureus toxin
· Leukocidin (Panton-Valentine)

· PMN & mononuclear phagocyte poison

· Binds triphosphoinositol→forms transmembrane channel→leaks K+ out and Ca++ in→cell degranulates into cytoplasm→cell death

· Most human sera contains antileukocidin



	· Plasmid coded

· Inactivate penicillins by opening β-lactam ring

· Not effective against cephalosporins

· 4 types

· A-D

· A-C inducible by penicillin

· May be initial response to penicillin tx

· D is constitutive

· 
	· 2 distinct types

· Serine proteases

· Bind desmosomal protein profilaggrin→ desmosome ruptures→ epidermal cells fall apart

· Blistering at edge of staph. lesion→ widespread desquamation (Ritter's disease & staphylococcal scalded skin syndrome)
· Nikolsky's sign in non-blistered skin

· Minimal scarring

· Abs against epidermolytic toxins blocks skin changes w/out affecting other aspects of infection

	Toxic shock toxin
	

	
	

	· 
	· S. aureus toxin


	· 
	

	Body temperature regulation
	Heat gain and heat loss

	· Temperature regulation during fever
· +/- effects of fever
	Hyperthermia

	· Temp. regulation by heat loss/gain equivalence – behavioral 

· Heat gain:

· 70kg man→70kcal/hr of basal heat

· ↑during waking hours

· Normal activity: 150-200kcal/hr

· Cannot sustain work >600kcal/hr

· Tropical climates/industrial furnaces→↑150kcal/hr to heat load

· ↓temp below setpoint

· Heat production regulated by hypothalamus

· Adults – generated by shivering and "non-shivering thermogenesis"

· Babies – generated by brown fat

· Heat loss

· Environment cooler than body
· Loss by radiation, convection, onduction (water), and insensible water loss

· Reduced by cutaneous vasoconstriction – skin temp falls without lowering core temp.

· Increased by cutaneous vasodilation

· Sweat – when temp. seriously above set point

· Untrained – 1-1.25 L/hr
· Athletes – 2.5L/hr
	· Central body temp varies w/time of day, meals, exercise, anciety, hormonal changes (menses & pregnancy

· Regional

· Hands & feet cold

· Liver & guts warm

· Brain & kidneys at blood temperature

· Tympanic membrane and esophageal temp identical w/ aortic blood, mouth temp -0.25OC (36.7+0.2OC/98.1+0.4OF)
· Stable core temperature

· Thermostat

· Anterior hypothalamus

· Poikilothermic (ie. reptiles) – governs behavior

· Mammals – behavior & skin blood flow, sweating, shivering
· Sensitive to changes of 0.2OC


	· Unregulated, dangerous
· Occurs in CNS disease, malignant hyperpyrexia, exposure to ↑heat loads

· Heat stroke

· Body temp. 42-43OC (108-110OF)

· Healthy young people working hard in hot/humid conditions

· Old people – ability to cool impaired by heart disease, neurological disease, certain drugs

· Inability to thermoregulate – neuropathy, high spinal cord transaction, anti-cholinergic drugs
	· "set point" – elevated

· Normal regulation

· Typhoid fever – 105OF for week

· Shiver in cold water, sweat in heat

· Deleterious effects

· BMR ↑10%/↑1OC

· 3rd world, children infected >1/2 first 2 yrs of life

· ↓food supply→cannot meet needs of ↑BMR during fever→malnutrition→ promotes infection→eventually death

· US hospitals – chronically infected adults→malnutrition→↓healing→↑risk of infection
· Advantages of fever

· Stimulates immune system

· ↑10X effect of IL-1 on T cells/1OC

· ↑Tcells→↑B cell ab synthesis, ↑CTL output, ↑microbicidal activity of macrophages

	Pyrogens
	· Acute phase reaction
· Local action of pyrogens

	Sepsis
	Physical consequences of sepsis

	· Fever accompanied by other changes – acute rxn:
· IL-6→liver stops making albumin→synthesizes other proteins

· ↑ fibrinogen→↑erythrocyte sedimentation rate (ESR)), haptoglobins (found in normal plasma)

· C reactive protein, serum amyloid A associated protein (not normally in plasma)

· Have α-2 globulin mobility – seen in electrophoresis of sera
· IL-1→

· ↓↓ serum Fe & Zn

· ↑↑ blood neutrophils & % bands

· Local action of pyrogens

· Endothelial and other cells – mobilize phagocytes and serum proteins at site of inflammation→ eradicate infection

· Fever and other acute phase rxns develop when local battle has failed & large local mass of infected tissue, or invasion of bloodstream by parasite
	· "Exogenous pyrogen"– endotoxin→fever
· Body produces endogenous pyrogens

· IL-1, IL-1α, TNF, IL-6

· Main source: macrophages respond to endotoxin, peptidoglycan, fungal cell walls, several viruses
· Rapidly degraded

· Act in ant. hypothalamus→abolish thermal sensitivity of warm-sensitive neurons

· Aspirin restores thermal sensitivity – antipyretic

· Cause ↑ local synthesis of PGE1
· Typical in infections of G+ bacteria, viruses, fungi

· Non-infectious febrile diseases – rheumatoid arthritis, some lymphomas

· Pyrogens produced during immunological reactions
· Malignancies
· Fever attributed to infection or attempts to reject tumor
· Hodgkins disease→malignant cells produce endogenous pyrogens

	· Sepsis – inflammatory response in blood vessels all over body to organisms in bloodstream
· Leaky capillary walls→disrupts starling's equilibrium→too much fluid in interstitial space/tissues (3rd spacing)

· Vasodilatation→not enough blood to fill microcirculation of all arterioles dilate simultaneously

· Hypovolemia & hypotension result→inadequate blood supply to tissues→tissue deterioration & failure

· Pressure ↓ > "critical closing pressure"→ vessel closes completely
· In some organs arterioles arise far away from big artery→: ↓BP→arterioles close to big arteries remain open, distant arterioles lose blood supply→ischemia 

· Renal cortical necrosis – glomeruli close to cortico-medullary jxn & big arcuate arteries survive
· Heterogeneous blood supply (worse than hemorrhagic shock/MI)
· Vasodilator molecules→large arterio-venous anastamoses remain open despite hypovolemia
· Blocked small vessels due to agglutinated platelets/PMNs/fibrin thrombi
· Whole body O2 falls despite ↑CO/temp.
	· Nonspecific host response

· Results from large [bacteria] in bloodstream→host-mediated rxns.
· Consequences of host-mediated rxn

· Features of sepsis not specific for bacterial ifx.

· Bacteria in tissue focus→leak ↑↑ host mediators into bloodstream→ sepsis
· Why does E.Coli multiplication in bloodstream→fever & shock?

	· Signs of severity of sepsis
· Clinical signs of sepsis
	Shock

	Hemodynamics of sepsis
	Loss of intravascular fluid compounds

	· Not specific for bacterial infection, but likely bacteria b/c of rapid generation time (→sudden onset of illness)
· Immune rxn (anaphylaxis)

· Viral ifx (smallpox)

· Parasitic ifx (algid malaria)
	· Sepsis severity

· ↑lactate→worse prognosis
· ↑NADH fluorescence (NAD+ less fluorescence – oxygenated tissue)

· Liver→patchwork fluorescence

· Bright red venous blood (↑O2)
· Clinical signs of sepsis

· Fever
· Preceding hypotension

· Brain dysfunction – BBB disrupted→edema→ change in electrolyte milieu of neurons→lethargy/delirium/coma

· Lung dysfunction – pulmonary capillaries leak→fluid filled alveoli→stiff lungs→pulm. Stretch R sensitized→tachypnea

· Kidney dysfunction

· Hypotension (mortality: 40-50%)

· Results in renal & hepatic failure

· Shock

	· Sepsis

· Increasing fluid loss from circulation→↓cardiac compensation→↓BP
· Late shock

· CO in normal range or below

· SVR risen slightly (endogenous catecholamines)

· ↑ blood lactate→initial resp. alkylosis→metabolic acidosis (pH7-7.2 or lower)
· MAP<50mmHg

· Organ failure, pt stuperous, cold clammy extremities

· Death inevitable

· Resuscitation from early-mod. advanced septic shock usually die later from pulm. complications:

· ARDS – pO2<50mmHg, no cardiac failure, ↑albumin in edema (80% ARDS cases b/c of sepsis) – measures to keep pt alive cause pulm. damage
	· Systemic peripheral vascular resistance (SVR)=400 dynes/sec/cm-5
· Normal SVR: 1500 dynes/sec/cm-5
· Tachycardia

· CO>15L/min

· Hyperventilation→respiratory alkylosis (pCO2<30mmHg)

· Pulmonary capillary plugging→↓paO2
· V/Q mismatch (ARDS)
· BP shock range <100mmHg systolic

· Febrile

· Tachypneic

· Apprehensive

· Warm extremities


	Mediators of sepsis
	Treatment of sepsis

	
	

	· Make diagnosis

· Look for ifx. focus→remove/drain if possible

· Start rx w/in 30 min – takes time for hx. PE, specimen collection (save x-rays, LP, CT for later)

· Use broad spectrum abx – 3rd gen cephalosporin, extended spectrum penicillin-clavulanate combination

· Restore intravascular volume→may be 1L/15min (may be up to 8-10L)

· At some point of fluid repletion pt shows inability to cope w/ more fluid→use vasoconstictors cautiously

· Have sense about reality of rx→tell pt's relatives that outcome is uncertain (30% mortality for sepsis w/+ blood cx)
	· Macrophages stimulated by bacterial products secrete

· IL-1 & TNF act on endothelial cells

· Retract edges→gaps
· Synthesize & express mem. proteins that bind PMNs

· Synthesize & secrete platelet activating factor→PMN & platelets degranulate→ vasoactive substances, thromboplastins, proteolytic enzymes
· Secrete NO
· IL-6

· IL-8
· Arachadonic acid metabolites

· Thromboxane A1

· Leukotrienes

· Several proteases

· Procoagulant substance

· Recombinant activated Protein C→↓mortality from 30-25% in septic patients

	· 
	· 

	
	

	
	

	
	

	
	


