Microbial Pathogenesis

	Categories of infectious agents
	· Prions
· Lack both DNA and RNA (just protein)

· Cause spongiform encephalopathies

· Associated with neurodegenerative disorders (Creutzfeld-Jakob disease, fatal familial insomnia, kuru)

· Viruses
· Contain either DNA or RNA but not both

· Have a capsid, may or may not have an envelope

· Are obligate intracellular organisms

· Bacteriophages and Plasmids
· Mobile genetic elements

· May encode bacterial virulence factors (adhesions, toxins, or antibiotic resistance genes)

· Bacteria
· Lack nuclei but have rigid cell walls

· Some grow extracellularly, others grow intracellularly (e.g., mycobacteria)

· Chlamydiae, Rickettsiae, and Mycoplasmas
· Similar to bacteria but lack certain structures

· Mycoplasmas lack a cell wall

· Chlamydiae can’t make ATP

· Fungi
· Thick, chitin-containing cell walls

· In health people, fungi can cause superficial infections, abscesses or granulomas.

· In immunocompromised people, fungi can cause systemic infections, tissue necrosis, hemorrhage, and vascular occlusion.

· Protozoa
· Single-celled with a nucleus, but more complex than bacteria

· Examples include Trichomonas, Entamoeba, Giardia, Plasmodia.

· Helminths (Worms)

· Multicellular organisms with complex life cycles

· Cause disease in proportion to the number of infecting organisms

· Ectoparasites 

· Arthropods (ticks, lice, fleas, etc.)

· May be vectors for other pathogens



	Transmission and dissemination of microbes
	· Entry sites

· Skin

· Throat

· Intestine

· Urogenital tract

· Spreading

· Through lymphatics

· Intro bloodstream

· Dissemination

· Brain (poliomyelitis)

· Skin (chicken pox, yaws)

· Lungs (measles, rubella)

· Kidney (hematogenous pyelonephritis)

· Salivary gland (mumps, rabies)

· Liver (hepatitis B, yellow fever)

	Mechanisms of viral injury
	· Inhibit DNA, RNA, or protein synthesis (poliovirus)

· Damage plasma membrane (HIV)

· Lysing cells (rhinovirus, influenza virus)

· Induce a host-immune response to infected cells (HBV)



	Mechanisms of bacteria-induced injury
	· Bacterial tropism:  adhesions and pili determine to which cells to attach

· Pathogenicity islands:  where virulence genes are encoded (type III secretory apparatus, adherence proteins, toxins)



	Immune evasion by microbes
	· Remain inaccessible by staying within the lumen (Clostridium) or rapidly entering host cells (malaria sporozoites into liver cells)

· Slimy capsule ( Streptococcus pneumoniae)

· Changing surface antigens (rhinoviruses, N. gonorrhea, and African trypanosomes)

· Infecting lymphocytes and damaging the immune system (HIV and EBV)



	Spectrum of inflammatory responses to infection
	· Suppurative Inflammation

· Pyogenic bacteria (G+ cocci, G-rods)

· Neutrophils attracted to N-formyl methionine residues on bacteria

· Mononuclear Inflammation

· Caused mostly by things that can grow intracellularly (viruses, mycobacteria, parasites, etc.)

· Lymphocytes = primary chancres of syphilis

· Macrophages = gramulomas of mycobacteria

· Cytopathic-Cytoproliferative Inflammation

· Virus-mediated damage to cells in the absence of host inflammatory response

· Inclusion bodies (CMV)

· Polykaryons (measles virus)

· Blisters (herpes virus)

· Warty changes (papillomaviruses)

· Necrotizing Inflammation

· Uncontrolled viral infection (HBV)

· Secreted bacterial toxins (C. perfrengens)

· Contact-mediated cytolysis (Entamaoeba hystolytica)

· Tissue necrosis without inflammatory infiltrates
· Chronic Inflammation and Scarring

· Acute infections (gonococcal salpingitis)

· Chronic infections (schistosomiasis)

· May be severe even if there are few organisms present



	Host barriers to infection
	· Intact skin, mucosal surfaces

· Secretory products

· Lysozyme in tears

· Acid in stomach

· Commensal organisms cause disease when they enter through cuts or burns (or other defects in barrier).

· Other infections are caused by virulent organisms that can penetrate intact surfaces.



	Spread and dissemination of microbes
	· Can be confined to lumen of hollow viscera (cholera)

· Can adhere to epithelial cells (papillomaviruses, dermatophytes)

· Streptococcal hyaluronidase

· Schistosome proteases

· Sometimes the major manifestations of infectious disease arise at sites distant from those of pathogen entry.  (Chickenpox enters thru the airway but manifests itself as a skin rash.  Poliovirus is ingested in the gut, but it attacks motor neurons.)


	Release and transmission of microbes
	· Person-to person contact

· Inhalation

· Fecal-oral route



	Bacterial endotoxin and exotoxin
	· Endotoxin

· LPS = lipid A + core sugar chain + CHO chain (O antigen)

· O antigen used to serotype different bacteria

· Lipid A  is toxic = release of TNF and IL-1.

· Exotoxin

· Leukocidins

· Hemolysins

· Hyaluronidases

· Coagulases

· Fibrinolysins

· Diphtheria toxin:  Inhibits cellular protein synthesis by inactivating elongation factor-2 (EF-2).

· Enterotoxin:  Mess with adenylate cyclase, causing increase in cAMP, which causes intestinal cells to secrete isomotic fluid = loss of water and electrolytes.

· Alpha toxin = from C. perfringens, causes gas gangrene.  Lecithinase disrupts plasma membranes of RBCs, WBCs, and endothelial cells, resulting in tissue injury.
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