Pathology Notes 2
Pathology of Bacterial Infections 9/16:

· Important host response factors that influence infection include intrinsic defenses and innate immunity, adaptive immunity, immune competence, and the host’s genetic background.  

· Important bacterial factors include the route of entry, ability to gain access to the host, size of the inoculum, ability to use host substrates, ability to circumvent host responses, products that damage or alter the host tissues/physiology, and evolutionary adaptations.

· So, treatment can be directed toward both the host and the pathogen. 

· The respiratory and GI tracts are common routes of entry for pathogens.  Defenses in the eyes include blinking, tears, lysozyme, sIgA, and lactoferrin (sequesters iron which may limit pathogen viability).  The nasopharynx has microflora and secretions.  The lungs have macrophages.  The mouth, stomach, small intestine (fast flow, slough cells, mucus) and colon (microflora) each have their own defense mechanisms too.  

· To respond to infection, leukocytes first marginate, roll, adhere, and go through diapedesis.  Acute inflammation is dominated by PMNs, and chronic inflammation is dominated by macrophages and lymphocytes.  

· Extracellular bacteria tend to incite acute inflammation with edema.  Different species may cause necrosis and subsequent abscess (localized pus/necrosis) or suppuration (diffuse).  With time, you get varying degrees of chronic and acute inflammation.  Extracellular organisms that cause acute inflammation like this include Streptococcus pneumonia, Staphylococcus aureus, Pseudomonas aeruginosa, and most other bacteria.  

· Facultative and obligate intracellular bacteria may incite chronic inflammation, and possibly some acute inflammation too.  They may result in chronic inflammation, mixed chronic and acute, or granulomas/granulomatous tissue.  Some species may cause caseous necrosis (TB) or other types of necrosis/apoptosis.  Examples of these include Mycobacterium tuberculosis, Rickettsia rickettsii (Rocky Mountain spotted fever), Mycoplasma pneumonia, and Chlamydia trachomatis.  

· Exudative inflammation occurs when you have an increase in vascular permeability with the recruitment of leukocytes (esp. neutrophils) to produce pus.  Most often the culprit is an extracellular bacterium that is localized.  Examples of this include group A Streptococcus pyogenes pharyngitis, Staphylococcus aureus furuncles, and Streptococcus pneumonia lobar pneumonia or meningitis.
· Necrotizing inflammation is just exudative inflammation with necrosis (suppuration).  These lesions damage the underlying structure and can’t be repopulated by normal cells once the infection is resolved.  The host damage may be caused by bacterial virulence factors.  Examples include Pseudomonas aeruginosa pneumonia, and Clostridium perfringens myonecrosis (gas gangrene).  
· Granulomatous inflammation (loosely associated) and granulomas (well organized) are accumulations of epithelioid histiocytes that form in response to bacteria that can withstand neutrophil phagocytosis.  Formation of these also requires the appropriate cytokines to be present (IL-1β, IFN-γ, CXCLs and CCLs, no IL-4 or IL-10).  IL-4/10 will lead to chronic inflammation rather than granulomas.  Examples:  Mycobacterium tuberculosis (caseous necrosis often present), Mycobacterium leprae (foamy looking macrophages full of bacteria), Coxiella burnetii Q-fever (may have a ring of fibrin present).  
· Interstitial inflammation has a nonspecific morphology, and it’s just a nonspecific chronic inflammation.  It suggests viral, mycoplasma, rickettsial, or spirochetal infections.  Ex:  Mycoplasma pneuumoniae (interstitial pneumonitis).

· Cytopathic (cell morphology) or cytoproliferative (cell proliferation) changes are most typical of viral infections, though they may be seen with intracellular bacteria like Chlamydia trachomatis.  Angioproliferative responses may be caused by Bartonella sp (ex: bacillary angiomatosis).  

· A null reaction is the absence of inflammatory, necrotizing or cytopathic responses, and it is quite rare with bacterial infections.  More likely due to neurtopenia, immune compromise, or rapid, unrestricted bacterial growth.  Bacillus anthracis may grow rapidly and suppress inflammation.  

· Infections may easily result from abnormalities in the host.  These include physiologic defects like a lack of stomach acid or CF, defective inflammatory responses (CGD), defects in immune function (complement deficiency, hypogammaglobulinemia, HIV, steroids, etc).

· Inflammatory responses are usually stereotypical and nonspecific, so to identify microbial infections you can look at the inflammation type along with special staining patterns, anatomic location and other clues:

· Helicobacter pylori – neutrophils in the gastric mucosa
· Actinomyces spp. – abscess with ‘sulfur granules’
· Mycobacterium tuberculosis – caseating granulomas
· Bartonella henselae (cat scratch disease) – granulomas with stellate microabscesses
· Rockettsia rickettsii (Rocky Mountain spotted fever) – lymphocytic vasculitis
· Cell cultures, immunohistochemistry, PCR to detect DNA, or antigen detection may be used to distinguish different microorganisms.  Alternatively, you can test for serological responses (antibodies in the serum) to various antigens.  This may be done via indirect fluorescent antibody detection or by agglutination or western or lymphocyte proliferation assays, or IFN-gamma production.  
Streptococci I 9/16:

· Streptococci are gram (+), spherical/ovoid bacteria in pairs or chains.  They are non-motile, non-spore bearing and lack a cytochrome oxidase system (catalase, etc).  Streptococci divide in a single plane at right angles to their chains.  Most are unencapsulated, but for some like S. pyogenes and S. pneumoniae, capsules are major virulence factors.
· Streptococci are fastidious (very particular), facultative anaerobes that prefer an environment of 5% CO2.  Their metabolism is fermentative.  They lack a cytochrome system, so can’t make ATP by e- transport, make catalase, cytochromes, etc.  The absence of catalaes is a major identification feature.  

· Streptococci are classified by genetic homology.

· But, Streptococci may also be classified as beta-hemolytic (hydrogen peroxide lyses erythrocytes leaving clear zones around colonies:  Str. pyogenes, Str. agalactiae, groups C-G), alpha-hemolytic (produce a green pigment when they degrade oxyhemoglobin: Str. pneumoniae, viridans group), or non-hemolytic.  

· Or they may be classified according to C-polysaccharide antigens in their cell walls.  

· Transformation of streptomycin resistance in strains of Streptococcus pneumoniae led Avery, MacLeod and McCarty to discover that DNA held our genetic code.

· The three most virulent species of Streptococcus are Streptococcus pyogenes (group A), Streptococcus agalactiae (group B), and Streptococcus pneumoniae (the pneumococcus).  Another group, the viridans group, is less virulent.  
· Enterococci are streptococcal look-alikes.  

· Streptococci are commensal organisms and compete with pathogens for nutrients, partially by producing inhibitory products.  5% of people have group A Streptococci in our normal flora.  Group B Strep colonizes below the diaphragm in the colon and vagina of sexually active women.  10-100% of people carry Streptococcus pneumoniae.  The viridans group is mostly aerobic and found in the upper respiratory tract.  With the right conditions, commensals may become pathogenic.  
· Streptococcus pyogenes (group A) is the #1 pathogen restricted to humans, and it causes pharyngitis, skin infections and systemic disease.  It evokes acute inflammation, and may rapidly spread from any site systemically to cause fever, leukocytosis, and systemic toxicity.  It is unique in causing rheumatic fever and acute glomerulonephritis, which follow resolution of the infection.  

· Structural virulence factors:  

· Capsules of hyaluronic acid that can inhibit phagocytosis

· C-polysaccharide -  a group A specific antigen

· M-proteins – in fimbrae and are required for virulence.  There are different M-proteins in different diseases.  These impair phagocytosis, as long as there’s no specific antibody, by inhibiting C3b to come and activate the alternative complement pathway.  Antibodies will keep you from getting the same Strep. with the same M-protein twice.  M-protein antibodies may cross react with host tissues.

· Lipoteichoic acid – also in fimbrae, form networks with M-protein that anchor it to the cell.  It is an attachment factor that binds to host epithelial cells.  It is highly cytotoxic.  
· Protein F – a surface protein that binds fibronectin and mediates adhesion.

· Cell-bound peptidase – cell surface enzyme cleaves C5a’, inhibiting alternative pathway activation and neutrophil chemotaxis.

· Peptidoglycan – tough for mammals to break down.

· Extracellular virulence factors:  S. pyogenes produces lots of virulent exotoxins.

· Hemolysins O and S – Toxic to leukocytes and platelets.  Hemolysin O is antigenic and oxygen labile.  Hemolysin S is non-antigenic and oxygen stable.

· Pyrogenic exotoxins (erythrogenic toxin) – Causes scarlet fever, induced by a lysogenic bacteriophage. 

· Endonucleases, hyaluronidase, and streptokinase.

· Antigenic markers exist for Streptococcus pyogenes.  
· Pyogenic (producing pus) diseases due to Streptococcus pyogenes (group A)

· Streptococcal pharyngitis:  Most frequent infection caused by this agent, esp in children.  Red throat with edema and white exudate.  Without treatment, may spread and produce life-threatening thrombosis or meningitis.  But symptoms usually fade, even w/o treatment.  After 3-5 days, transmissibility declines and M-protein/capsule production decreases.
· Skin infections:  common in children as superficial impetigo on face and arms.  M-protein types differ from pharyngitis M-protein types.  May be superficial (cellulitis) or deep.  

· Necrotizing fasciitis – infection of deeper tissues, advances despite antibiotics, and requires surgical requirement.  

· Puerperal sepsis

· Scarlet fever – high mortality before abx.  Death due to cardiac, renal and other systemic effects of toxin.  

· Toxic shock syndrome – parallels syndrome caused by TSS-1 carrying S. aureus.

· Non-pyogenic diseases due to Streptococcus pyogenes (group A)

· Acute rheumatic fever – myocarditis, cardiac valvular disease, migratory arthritis, skin rashes, and/or CNS disease.  Presents with fever.  Often occurs 10-14 days after acute pharyngeal infection.

· Post Streptococcal Glomerulonephritis – Can result from pharyngitis or skin infection.  Recurrences are rare, because only a few M-protein types cause the disease (ex: #12).  Not clear if disease is due to cross-reacting ab or immune complex formation with a streptococcal specific ab, or both.  
· Streptococcus agalactiae (group B) from a mother’s vagina can cause newborn septicemia and meningitis (high morbidity/mortality).  It may cause the same conditions in immunocompromised patients.

· Virulence factors:

· Polysaccharide capsule for inhibiting phagocytosis and inhibiting activation of complement in the absence of specific antibodies.  

· Hemolysin (the CAMP factor).

· Diseases:

· Neonatal sepsis/meningitis acquired during passage through the birth canal.  It may be early onset or late.  Because of high neonatal M&M, pre-delivery antibiotic therapy is recommended for women colonized with Streptococcus agalactiae and is given to the newborns for the first day of life.  Testing of pregnant women is also recommended.  
· Meningitis and septicemia are also common in immunocompromised patients.

· Streptococcus pneumoniae is the #1 cause of bacterial pneumonia, meningitis, otitis media and sinusitis.  It is the most common cause of death in infants and young children, and a common one in the elderly.  It may be the most important streptococcus in terms of frequency of severe disease, particularly at the extremes of life.  The name “pneumococcus” reflects its recognition as the primary bacterial pathogen causing pneumonia.
· Streptococcus pneumoniae colonies are α-hemolytic on blood agar.  They are nutritionally fastidious and prefer a 5% CO2 environment.  Streptococcus pneumoniae are identified in lab by the inhibitory effect of optochin and by being bile soluble (different from viridans group in this regard).

· Strep pneumoniae is part of the normal flora in many people.  

· Virulence factors: 

· The capsule of S. pneumoniae can be highly varied and is the key virulence factor.  All have C-polysaccharide, but different types have different virulence, complement reactivity, and preferred host sites.  If antibody is present, the capsule swells, becomes sticky, causes aggregation and phagocytosis.  This swelling in the presence of specific antibody is called the ‘quellung reaction’ and can be used to test for Strep pneumoniae. 

· Pneumolysine – protein that inserts into neutrophil cell membranes causing cytolysis (via complement) and cytotoxicity.  It inhibits ciliary action and bactericidal activity of neutrophils. 
· It’s usually non-necrotizing, and abscess formation is not common.  

· Diseases:

· Pneumonia – Str pneumoniae is the primary bacterial cause of pneumonia.  Pneumococcal pneumonia most commonly follows an acute viral respiratory infection.  You get more pooling of secretions and damage to the respiratory cilia, allowing stuff to proliferate in the lower respiratory tract.  Pneumonia presents as fever, cough, and purulent sputum.  The infiltrate is alveolar and shows neutrophil aggregation without necrosis.  Outcomes vary.  Even if you can kill the bacteria with antibiotics, death rates in the first 48 hours don’t change since toxins are already released.  
· Bacterial meningitis – Str pneumoniae is the most common cause of this.  

· Pneumococcal sinusitis and otitis.

· Rapid resistance to penicillins, cephalosporins and other antibiotics has been occurring rapidly.  Intermediate resistance is due to alteration of the primary penicillin binding site on the cell membrane.  Total resistance is due to production of beta-lactamase.  Cephalosporin resistance is due to mutation of a different beta-lactam binding site.  Pneumonia can often be treated with high dose IVs, but diffusion problems prevent you from getting enough dose to treat meningitis or endocarditis.
· Most organisms resistant to penicillin are resistance to other drugs too.  

· Due to resistance and high M&M, interest in vaccines has greatly increased.  The vaccine covers most of the infecting types.  
· Viridans group of Streptococci:  This is a mixed group of many species, but all of them show α (incomplete) hemolysis on blood agar to produce a green pigment.  All are facultative anaerobes that grow in chains.  They are protective normal flora that block pathogen adherence.  They have pretty low virulence, but can cause:

· Endocarditis – Streptococci lodge on damaged heart valves.  Infection can be indolent and only slowly progressive.  If untreated, it’s invariably fatal, though.  

· Abscesses – Strep intermedius, constellatus, and anginosis can produce abscesses.  They are necrotizing, unlike other viridans group streptococci.  They are the most common cause of primary liver abscess.

· Dental caries – Strep mutans are responsible, and its virulence stems from its high levels of acid production.  
· Enterococci:  commensal, normal flora of the GI tract.  They are gram (+) cocci in pair and/or chains and are visually indistinguishable from Streptococci.  Enterococcus faecalis (70-80%) and Enterococcus faecium (10-20%) cause most of the infections from this genus.  

· They are far less fastidious than Streptococci.  They can survive heat, dessication, a wide range of pH, disinfectants, etc.  

· Enterococci grow as non-hemolytic, α-hemolytic, or rarely β-hemolytic colonies.  Their metabolism, like Strep, is fermentive.  They are facultative anaerobes that generally lack a cytochrome system.  They are catalase-negative, but unlike Strep, they can incorporate cytochrome system genes and become weakly catalase-positive.  

· Virulence factors:  surviving gastric acidity and desiccation promotes spread.  Toxicity of Enterococci is due, in part, to toxins produced by the bacteria, the host inflammatory response, and the bacteria’s ability to enhance pathogenicity of other pathogens at that site.
· E. faecalis:  Adherence factors, cytolysins, permeability factor, gelatinase, aggregation factor, lipoteichoic acid (LTA – can exhibit endotoxin-like septic toxicity in large amounts), superoxide production and biofilm formation.

· E. faecium:  Resistance to almost all antibiotics and ease of spread.  

· Diseases:  

· Primary normal flora sites are below the diaphragm, mostly in the colon, vagina and external genitalia. Consequently, infections are most prominent in sub-diaphragmatic sites.  Common ones are intra-abdominal abscesses, colonic diverticulitis, urinary tract, and gallbladder infections.  Except in UTI, they are usually present with other gram (-) bacteria and maybe some anaerobes.  
· Systemic diseases may stem from infections listed above, from infected IV devices, or in an immunocompromised patient.  Mortality can be high.  

· Bacterial endocarditis is a result of Enterococci in about 12% of cases.  It occurs most in elderly males with obstructive uropathy.  Unlike with S. aureus, endocarditis symptoms with Enterococci are commonly indolent (painless/benign).  

· E. faecium is particularly adept at acquiring genetic information from other organisms, and has developed high levels of resistance to virtually all drugs available to treat it.  Vancomycin resistant strains (VRE) may be resistant to all currently available antibiotics.  

· Infections are often nosocomia (health-care acquired).  Patients colonized with the organism may harbor it undetected until an antibiotic inhibits normal flora and allows proliferation of more resistant E. faecium.  Mortality in patients with septicemia due to VRE can be 50% or more (partly due to resistance, partly due to the type of patients who get in that situation).  
· VRE can transmit its resistance genes to S. aureus, which is a major concern.

Intro to Gram (-) Bacteria – Enterobacteriaceae and Non-Fermentative Gram (-) Bacilli:
· Enterobacteriaceae is a huge group with over 30 genera and hundreds of species.  They are found in human GI tracts, as well as in the environment.  They can grow rapidly in either aerobic or anaerobic conditions (facultative anaerobes), and can overwhelm a host.

· Relevant species to humans include E. coli, Shigella, Salmonella, Citrobacter, Klebsiella, Yersinia, Enterobacter, Proteus, Providenceia, etc.

· The Enterobacteriaceae are large rods.  Motile strains have peritrichous flagella, which is immunogenic.  Many strains also have surface pili, a virulence factor allowing them to recognize and adhere to host markers.  Some are encapsulated, which helps avoid phagocytosis.  These do not form spores.

· Enterobacteriaceae can be serotyped based on distinguishing antigens.  They have varying O-antigens, part of cell wall LPS that elicits an IgM response.  There are different capsular antigens (K or Vi).  H antigens located on flagellar proteins elicit IgG responses.  

· The outer membrane of these bacteria has porins to control what gets in our out, including drugs.  This can play a big role in resistance.  

· Common characteristics of Enterobacteriaceae:  they ferment glucose, often producing gas.  They reduce nitrates (common in the GI tract) to nitrites.  They are catalase positive.  They are cytochrome oxidase negative (distinguishes from non-fermentative gram (-) bacilli).  They also grow on relatively simple media, which may have substances to inhibit gram (+) growth.
· MacConkey agar is one type of simple medium that has 10:1 lactose:glucose.  If the bacteria ferment lactose, they’ll turn the agar pink.  So it distinguishes lactose fermenters (E. coli, Klebsiella, Enterbacteriaceae) from non-lactose fermenters (Salmonella, Shigella, Yersinia).  

· Diseases associated with Enterbacteriaceae include UTI, gastroenteritis/colitis, meningitis, bacteremia, pneumonia, and wounds/abscesses.  

· UTI:  may be urethrisis, cystitis (bladder) or pyelonephritis (renal pelvis).  Mostly result of ascending infection, occasionally occurs through the bloodstream from the kidneys.  Community acquired UTIs are mostly E. coli, with some Klebsiella and Proteus.  Hospital acquired UTIs are mostly in patients with catheters, and also due mostly to E. coli.  

· Virulence factors include type 1 fimbriae that facilitate colonic and vaginal colonization.  P pili for adherence in the urinary tract.  Alpha-hemolysin (causes beta-hemolysis, cytotoxic to host cells) and endotoxin.  Aerobactin is a siderophore that chelates iron.  Bacteria need iron for replication, and growth.  These all help bacteria overcome our defenses. 
· Proteus sp. are associated with UTI and urolithiasis.  They are non-lactose fermenters that swarm over an agar plate and produce urease.  Urease converts urea into another product and ammonium.  The ammonium makes urine more alkaline, causing precipitation of stones.  
· Klebsiella pneumoniae also causes UTI.  It is a lactose fermenting bacteria with a mucoid capsule that few things can penetrate.  Some are almost completely antibiotic resistant, particularly those in hospital settings.  Also causes pneumonia, which starts in the lung, produces inflammation, and obstructs of obliterates the host tissue (may cause abscesses).  This pneumonia has a very high mortality. 

· Aerobic, Gram (-) Rod Meningitis:  Most common pathogens implicated are E. coli, klebsiella, Salmonella, and Pseudomonas aeruginosa.  In this disease, the brain is swollen and you see a cloudy pus in the subarachnoid space.  It mostly occurs in immunocompromised individuals, at the extremes of age, or in neurosurgery patients.  75% of E. coli meningitis is caused by capsular type K1.  
· E. coli meningitis in neonates occurs when they are exposed at birth due to vaginal colonization in the mother.  Neonates have a poor immune response, which can result in bacteremia and meningitis.  With suspected meningitis, do a lumbar puncture and look at the CSF contents.  It typically has lots of WBCs, neutrophils (normally there should be none), protein and lactose, with low glucose.  You also send it for gram staining and culture to look for organisms.  

· Lots of intestinal infections are caused by Enterobacteriaceae, including E. coli, Salmonella, Shigella and Yersinia.

· Non-fermentive Gram negative Bacilli:  These bacteria are aerobic, non-spore forming, and catalase positive.  Most are cytochrome oxidase positive.  They do not ferment carbohydrates.  They may oxidatively metabolize selective sugars, though.  Most are motile and nutritionally versatile, and most grow on MacConkey agar.  

· Many genera fit this description, but over 90% you’ll see in clinic are due to Pseudomonas, Burkholderia, Stenotrophomonas, and Acinetobacter.  They cause a wide variety of diseases. 

· Pseudomonas aeruginosa:  This is a virulent, ubiquitous, opportunistic pathogen.  It has a flagellum, is cytochrome oxidase positive, survives in lots of temperatures (it is why we chlorinate pools and hot tubs), has a fruity grape-like odor, and produces colorful pigments (pyoverdin, pyocyanin).  

· Virulence factors:  It has an exopolysaccharide that is antiphagocytic.  Phospholipases, elastases (hydrolyzes our antibodies), exotoxin U (macrophage toxin), exotoxin A (blocks protein synthesis), exoenzyme S (helps spread), and LPS.

· Chronic illness or hospitalization makes you prone to illness.  P. aeruginosa is often multi-drug resistant, so treatment with antibiotics may kill other stuff and allow it to grow.  Breach of an airway or impaired host immunity are also predisposing factors.

· Diseases it causes:  burn wounds, folliculitis from hot tubs, otits externa (swimmer’s ear – in diabetics may be malignant and spread to the cranium), pneumonia, eye infections in contact lens wearers (leading to keratitis and blindness), and bacteremia associated with black/necrotic skin ulcers called ecthyma gangrenosum.
· Acinetobacter:  aerobic, oxidase negative, second most commonly isolated.  It causes lots of healthcare associated infections.  It is common among servicemen wounded in Iraq.  It is frequently multi-drug resistant.  

· Burkholderia cepacia complex:  Well recognized nosocomial pattern.  Causes bacteremia, UTI, arthritis, peritonitis and lower respiratory infections.  This group consists of nine genomovars (genetic variants).   B. cepacia is a major pathogen in CF and CGD.  3% of CF patients have it, 20% of whom develop bacteremia and death.  Genomovars II and III are particularly virulent, associated with a pilin adhesion.  CF patients with B. cepacia need close monitoring and infection control

· Burkholderia pseudomallei:  causes melioidosis.  In cultures, it shows up as wrinkled colonies.  It is endemic in SE Asia and Australia.  Mostly manifests as pneumonia, but can also mimic TB.  It’s a potential bioterrorism agent.

· Stenotrophomonas maltophilia:  This is oxidase negative, and uses both maltose and glucose oxidatively.  It doesn’t really have a lot of virulence factors, but is very ubiquitous, so it’s kind of unclear if it causes some of the infections or is just present but not doing anything.  It causes opportunistic infections in immunocompromised patients (often pneumonia), and is resistant to most antimicrobials except trimethoprim/sulfamethoxazole.  
Listeria and Other Gram (+) Rods 9/19:

· Listeria monocytogenes survives and grows in lots of environmental conditions, including refrigeration temperatures, low pH and high salt concentrations.  So, it can overcome food preservation barriers and survive in the GI tract.  

· Listeria monocytogenes prefers oxygen in its environment, and it is a gram (+) rod.  It colonizes animals, humans, soil and vegetative matter.  

· Listeria is a major cause of bacteremia and meningitis in newborns, immunocompromised, and elderly patients.  It may cause infection by getting in through the GI tracts, then spreading to the blood and meninges.  Or, it may colonize in a mother who passes it to a fetus.  It causes 500-600 deaths in the US per year. 

· Listeria is a food-borne illness acquired from contaminated meat (esp hot dogs), dairy (esp soft cheeses), fruits and vegetables. 

· L. monocytogenes is capable of invading and surviving in several cell types.  It is actively endocytosed in the GI tract, survives intracellularly and spreads through the blood.  Virulence factors confer the ability to invade and survive in cells.  

· Listeria expresses Internalin A which binds host E-cadherin and/or Internalin B which binds host tyrosine kinase and facilitates internalization.  It gets into a phagosome, then produces listeria lysin O to lyse the phagosome and allow it to escape.  

· Then it secretes Act A, causing host actin to surround it so it’s not recognized as foreign.  Host actin also propels it, and may help it infect adjacent cells.  

· Clinically, Listeria manifests as febrile gastroenteritis in healthy people.  You’ll get diarrhea, fever, chills, headache, myalgias, and abdominal pain in 6-48 hours.  This is self-limited.  

· In immunocompromised people, you most commonly see bacteremia.

· You may also see meningitis, which looks similar to other bacterial causes of meningitis, but CSF glucose levels are NOT low here and mononuclear cells predominate over neutrophils (hence monocytogenes).  

· Listeria monocytogenes is diagnosed with blood or CSF culture.  This organism grows well on standard media, producing smooth, white colonies with a narrow zone of beta-hemolysis.  They are catalase positive, and show a characteristic tumbling motility.  

· Listeria is treated with ampicillin or trimethoprim/sulfamethoxazole for penicillin allergic patients.  It is resistant to cephalosporins.  

· Bacillus sp. are large, aerobic, spore-forming gram (+) rods.  They are ubiquitous in nature, and the two main pathogenic forms are Bacillus anthracis (anthrax) and Bacillus cereus (bacteremia, wound and eye infections, and food poisoning).  

· Bacillus anthracis inhabits the soil, but we can get it indirectly from herbivores that harbor spores.  It can be inhaled, ingested, or encountered with trauma.  It’s rarely seen in the US, but occurs occasionally in agrarian societies.  

· B. anthracis is very toxic.  Spores enter the skin, GI tract or lung and germinate in macrophages to an active form of the bacteria.  They get transported to lymph nodes, and may produce a capsule to evade phagocytosis.  They’ll produce toxins resulting in edema, necrosis, bacteremia and toxemia.  In the lymph nodes, there’s cell death and hemorrhage, so hemorrhagic lymphadenitis is a hallmark of the disease.  Hypotension also occurs.
· Virulence factors:

· A capsule to inhibit phagocytosis.

· Protective antigen which binds to cells and helps transport edema factor and lethal factor.  Lethal factor is a zinc dependent protease.  It cleaves MAP kinase leading to release of radicals, release of cytokines and macrophage lysis and death.  Edema factor stimulates cAMP, changes membrane permeability leading to edema, impairs neutrophil function, and incapacitates cytokine pathways.  These things allow bacterial proliferation, bacteremia and systemic infection.  

· Cutaneous Anthrax presents as pruritic papules that enlarges to a round ulcer and eventually develops into a painless, black eschar.  This will dry out and fall off.  You probably see regional lymphadenitis.  Patients do well if treated quickly.

· Inhalational anthrax needs to incubate for 1-6 days.  It starts with non-specific symptoms (malaise, fever, cough), and rapidly progresses to dyspnea, cyanosis and shock.  The hallmark of inhalational anthrax is hemorrhagic mediastinitis (shows as a wide mediastinum on radiographic studies, maybe pleural effusions too).  Meningitis may occur may occur, and mortality approaches 100% if not treated.  

· GI anthrax follows ingestion of B. anthracis.  Ulcers develop in all areas of the GI tract with prominent lymphadenopathy.  People present with nausea, vomiting, bloody diarrhea and sepsis.  Mortality is around 25-60% if not treated.  

· Anthrax is diagnosed based on a history of exposure and the clinical syndrome.  You can also do a gram stain and culture from the blood, CSF, or pleural fluid.  They show up as gram (+) rods in chains.  They grow in gray, irregular colonies with swirling projections.  They are differentiated by being non-hemolytic, non-motile, and penicillin susceptible.  Organisms with these characteristics need to be referred to state labs for confirmation.

· Treatment is with antibiotics (penicillin, doxycycline, or ciprofloxacin).  

· There is a vaccine, but it’s not for civilian use, unless you’re exposed to spores.  It contains protective antigen.

· Bioterrorism Category A agents are ones that may be easily disseminated, have high mortality, cause social disruption, and warrant special preparation.  These include anthrax, botulinum, plague, smallpox, tularemia, and viral hemorrhagic fever.  22 cases of anthrax occurred in 2001. 

· Bacillus cerus is a ubiquitous soild organism that causes a broad range of clinical syndromes.  It can cause food-borne illness (diarrheal due to heat-labile toxin, or emetic due to heat-stable toxin), ocular disease with penetrating trauma, wound infections, and in immunocmopromised patients bacteremia, endocarditis, and abscesses.

· B. cerus is diagnosed with gram’s stain and culture producing large, feathery colonies that are beta-hemolytic.  The organisms are also motile and lecithinase positive.  

· Bacillus cerus is self-limited in cases of food poisoning, but produces a beta lactamase that makes it resistant to penicillin/cephalosporins unlike anthrax.  Vancomycin and clindamycin still work though.  

· Corynebacterium species are aerobic, non-spore forming, gram (+), catalase positive, irregularly shaped bacteria.  There are lots of species in this group.  It’s part of the normal flora of skin and mucous membranes.  It’s tough to tell normal colonization from true infection.  If isolated from normally sterile sites or in high quantities, you should identify the species.  The most important pathogenic strain is C. diphtheriae.
· C. diphtheriae only infects humans.  It is spread via contact with respiratory droplets/secretions or exudates from infected lesions depending on where the infection is.  Asymptomatic carriers are important for disease spread.  Most cases occur in the colder months.  Most cases are seen among disadvantaged groups in the US, and because it’s vaccine preventable, it’s rarely seen.  

· C. diphtheriae is non-invasive, but excretes a potent exotoxin (its major virulence factor).  It is an AB toxin, and the A segment inhibits protein synthesis.  The toxin affects all cells, but most prominently affects the heart, nerves, and kidneys.  Toxin also contributes to production of a pseudomembrane, which is the hallmark of diphtheria.  

· Respiratory disease incubates for 2-4 days and shows up with inflammation in various sites.  Pharyngeal inflammation is most common, producing abrupt onset fever, malaise and sore throat, and development of membrane on the tonsils.  Membranes can extend to the oro/nasopharynx and soft palate, then can turn gray and black form necrosis.  They may suffocate the patients.  It may also distort the lower airway producing a bull’s neck.  The toxins also produce systemic effects, including myocarditis, neurologic toxicity and cranial neuropathies.  

· Basically, it’s really bad so you should definitely vaccinate.  

· Cutaneous C. diphtheria is characterized by non-healing ulcers.  It produces dirty-gray membranes but doesn’t produce the same toxigenic illness.  It can cause invasive disease like endocarditis though.  
· Diagnosis of diphtheria is inferred clinically, though definitive diagnosis may be done by isolating the organism.  Labs must be notified with diphtheria is suspected.  Material for culture may be difficult to obtain, since you should get it from beneath the membrane.  Labs will confirm if it’s a toxin producer.  

· For treatment, patients must be isolated.  They may be given an antitoxin, antibiotics, or supportive care.  Really, the vaccine is the best thing.  

· You need to report it if you see it.

Neisseria Species 9/22:

· Many Neisseria species are non-pathogenic residents of the upper respiratory tract.  

· The strictly pathogenic species are:  N. gonorrhoeae (causes the STI gonorrhea), and N. meningitidis (causes epidemic and endemic meningitis).

· General Neisseria characteristics include being gram (-) diplococci, habitation of mucous membranes (respiratory or genitourinary), aerobic growth stimulated by carbon dioxide and humidity, growth on chocolate agar, non-motile and non-spore forming, oxidase and catalase positive, and oxidative use of carbohydrates. 

· Neisseria can invade neutrophils, and a histological hallmark of these infections is seeing them inside neutrophils.

· N. gonorrhoeae:  these are nutritionally fastidious and may require AAs or nucleic acids for growth.  Their requirements are useful for sub-typing, but it makes them tough to grow in lab.  So, PCR is commonly used to identify strains.  

· Neisseria gonorrhoeae adhere to host receptors via pili, they invade host cells and avoid host immunity, and they stimulate a strong neutrophil response.  

· The LPS of N. gonorrhoeae has short side chains, and may be called lipo-oligosaccharide.  It is toxic and contributes to ciliary loss and cell death.  They also have pores in the outer membrane to control what accesses the organism.  Other membrane proteins help them resist lysis in the bloodstream and promote invasion of host cells.  Its peptidoglycan is toxic to fallopian tubes (may result in sterility or PID) and causes complement consumption.

· Gonorrhea is sexually transmitted and only infects humans.  There are a lot of cases in the US, with increasing incidence.  It is most common among teens and young adults, with important transmission occurring via asymptomatic carriers.  

· Risk factors are pretty general:  low socioeconomic status, urban life, lack of education, poor healthcare access, behavioral factors.  

· The clinical syndromes it produces in women include mucopurulent cervicitis, urethral syndrome (UTI with a negative urine culture, due to fastidiousness), and PID.  In neonates, it presents as ophthalmic neonatorum (purulent conjunctivitis), scalp abscesses, and systemic infections.  In males, it presents as urethritis, epididymitis, or rectal hemorrhage.  

· Less commonly, you may see disseminated gonococcal infection, which produces fever, rash on palms and soles, and infection of the tendonous sheaths of joints (gonococcal tenosynovitis).  Women may also get painful adhesions between the fallopian tubes and the liver.  

· Lab diagnosis is made through nucleic acid amplification, but may alternatively be done through gram stain or culture.  Culture requires selective media and biochemical tests.  N. gonorrhea uses glucose, but not maltose or sucrose.  

· Recommended treatment for uncomplicated cases is Ceftriaxone or Cefixime plus treatment for Chlamydia (whether or not there’s evidence of its presence).  If you encounter gonorrhea in the clinic, it’s something you have to report.  

· Prevention is idea, but isn’t really feasible in adults because you have to modify behavioral practices.  In neonates, you can accomplish effective prophylaxis by giving silver nitrate or macrolide antibiotic.

· N. meningitidis is an important cause of meningitis in all age groups.  The most prevalent serotypes (based on different polysaccharide capsules) are A, B, C, W135, X, and Y.  It is associated with sporadic (most of what you see in the US) and epidemic meningitis.  Recently, it’s been appearing on college campuses.  

· Serotype A causes huge numbers of infections in Africa.  
· The LPS (lipo-oligosaccharide) of N. meningitidis is the most potent endotoxin of any gram (-) bacteria by a factor of 50-100.  N. meningitidis adheres to host mucosa by pili, expresses an IgA protease to protect itself, expresses outer membrane proteins to help it get engulfed and transported in host cells to the blood and eventually to the CSF.  It also has a capsule to prevent phagocytosis.  

· In the US, most cases are sporadic, and rates have remained stable.  Local outbreaks from serogroups C and Y have been increasing, particularly at colleges and high schools.  B, C, and Y are the major causes of disease.  Mortality is 10-14% for cases.  

· There’s a decent rate of asymptomatic nasopharyngeal carriage.  Colonization increases in a closed population.  Infection quickly develops if it’s going to occur.  Severe infections are associated with complement deficiencies.  

· Meningococcal syndromes include bacteremia without sepsis (uncommon), meningitis with neurologic sequelae (over half of patients who get systemic infection develop meningitis), and meningococcemia where you have meningitis, bacteremia, sepsis and shock.  With the severe meningococcemia, you may get adrenal shock and hemorrhage called Waterhouse-Frederichsen Syndrome.  

· Meningococcal meningitis is sudden onset of fever, chills, myalgia, and arthralgia.  This is followed in hours by signs of acute bacterial meningitis (headache, confusion, nuchal rigidity).  This needs to be closely monitored.  It is characterized by lots of PMNs in the blood, low glucose and high protein levels.  

· Meningococcemia rash is seen when you have sepsis with meningitis.  With DIC, you can see loss of fingers and toes due to tissue ischemia and necrosis.  

· To diagnose, a CSF examination gives you a quick presumptive diagnosis.  CSF and blood cultures are helpful, and definitive identification occurs by seeing that N. meningitidis utilizes both glucose and maltose, but not sucrose.  

· You can treat this is penicillin (drug of choice), or ceftriaxone or chloramphenicol.  You can prevent it in high risk people with rifampin, ciprofloxacin or ceftriaxone.  

· There is an old vaccine that was purified capsular polysaccharide, but it worked poorly in young children and didn’t confer long-lasting immunity or protect well against asymptomatic carriage.  The newer conjugated vaccine (conjugated to diphtheria toxin) induces a better T-cell response, longer immunity, and reduces asymptomatic carriage.  But, the new one is only licensed for 11-55 year olds.  
· So recommendations are use the new one in people 11-55, and the old one in people older than 55.  People who should be vaccinated include people at risk due to asplenia or complement deficiency, travelers to areas with endemic meningitis, closed populations, or lab workers. 

Fastidious Gram (-) Rods 9/22:

· These organisms are slow growing, or they have specific nutritional requirements and won’t grow well on MacConkey agar.  
· Haemophilus species:  These are part of the normal respiratory flora.  They are pleomorphic gram (-) rods, and the invasive strains are encapsulated.  They are facultative anaerobes.  In vitro growth requires specialized growth factors X factor and V factor and grow best on chocolate agar.  

· H. influenzae may be encapsulated and typed (a through f) based on the capsule.  The most common is type b.  These encapsulated, invase H. influenzae cause epiglottitis, sinusitis, meningitis, bacteremia, pneumonia, and septic arthritis.  

· Other H. influenzae are non-typeable because they don’t have a capsule.  These are non-invasive but can still cause otitis media (they are the major etiologic agent of this) and sinusitis.  

· Finally, there are other opportunistic species of Haemophilus.  These may cause endocarditis of fibrotic valves or other conditions.  

· After the H. influenzae vaccine was made available in the late 80s, there has been a 99% decrease in incidence of H. influenzae type b.  Most recent cases are in unvaccinated or incompletely vaccinated kids.  

· H. influenzae type b colonizes the nasopharynx in 3-5% of healthy individuals.  From there it can penetrate the submucosa, enter the blood, invade the CNS and cause meningitis.  Virulence factors for this include a capsule, fimbriae for adhesion, IgA protease, outer membrane proteins cytotoxic to leukocytes, and a ciliostatic glycopeptides. 

· Diagnosis can be made with a gram’s stain or recovery of the organism in culture and seeing that it needs X and V growth factors, and also that it lacks hemolysis on horse-blood agar.

· H. influenze often produces beta-lactamase that inactivates penicillin, so invasive ones are treated with cephalosporin and non-invasive ones are treated with amoxicillin/clavulanic acid (penicillinase inhibitor).  For prophylaxis, there is a Hib vaccine.  
· Bordetella pertussis is a gram (-) coccus that occurs in pairs or singly.  It is a strict aerobe and requires special growth conditions for culture.  

· It doesn’t survive in the environment, so requires person to person spread by airborne droplets.  Adults are a reservoir, though severe disease occurs mostly in kids under 1 year.  This is a disease that is preventable by vaccine.  

· Bordatella pertussis is non-invasive.  It adheres to respiratory epithelium via fimbriae, produces local damage and disrupts host defenses with adenylate cyclase (leukotoxic), tracheal cytotoxin (kills ciliated epithelium), dermonecrotic toxin (respiratory epi necrosis), and pertussis toxin (stimulates lymphocytosis).  All of this basically destroys the respiratory epithelium.  Finally, the pertussis toxin and LPS lead to systemic disease.  

· Pertussis syndrome is whooping cough.  It incubates for a couple of weeks, is followed by a catarrhal stage (rhinorrhea, malaise, fever, sneezing, low morbidity), and progresses to a paroxysmal stage (coughing with whoops, comiting, air hunger/cyanosis, lymphocytosis due to pertussis toxin – a hallmark of pertussis).  This paroxysmal stage is high morbidity and mortality.  If you survive, you progress to a convalescent stage.  

· In this disease, the WBC cound is very high, and on radiograph you see peri-hilar infiltrates that are confined to the large airways.  

· Complications of pertussis include secondary bacterial pneumonia, pulmonary hemorrhage, encephalopathy, seizures, coma, and sudden infant death.  

· It is diagnosed by nasopharygeal aspirates or swabs and cultured or tested for nucleic acids.  

· One kids get it, there’s really not much you can do to treat them.  Erythromycin may be given.  Vaccination needs to be done.  There used to be a whole cell vaccine that caused lots of side effects, but now they have an acellular vaccine with no endotoxin that is just as effective with fewer adverse effects.  

· Legionella includes 50 species, with L. pneumophila being the most common in clinical cases.  They are thin, poorly staining gram (-) rods, and they need amino acids present to grow.  They are quite biochemically intert, with weak oxidase activity, they are catalase positive, and they can liquefy gelatin.  They are motile and have polar flagellae.  
· Legionella are ubiquitous and widespread in the environment.  They are primarily found in aquatic settings, including all natural and many man-made water sources.  They tolerate a wide range of temperatures and survive mostly intracellularly in amoebae.  They form biofilms in water systems.

· Transmission occurs by inhaled water droplets, aspiration of water, or rare wound infection with contaminated water.  

· Legionella adhere to the respiratory epithelium, are internalized in ribosome-lined phagosomes that do not fuse with lysosomes, and replicate inside host cells.  The host cell then ruptures and releases organism.  Expression of MIP (macrophage infectivity potentiator) is required.  

· Risk factors include smoking, alcoholism, lung disease, immunosuppression, diabetes, end stage renal disease, CV disease and age.  

· Legionella can cause subclinical infection or self-limited illness.  But more importantly, it causes Legionella pneumonia and Legionnaire’s disease (systemic illness with pulmonary pneumonia and extrapulmonary manifestations).  Extrapulmonary disease alone is rare.

· Legionairre’s disease is radiographically indistinguishable from other pneumonia.  It has a non-productive cough, GI symptoms, mental confusion/headache, bradycardia, and some lab abnormalities (Na, PO4, etc).  This fails to respond to beta-lactam antibiotics.  

· Legionella pneumonia is unilateral and infiltrates appear in the lower lobe alveoli.  There is moderate pleural effusion, and cavities and abscesses may form.  

· Sputum, aspirates, and broncho-alveolar lavage are preferred methods of obtaining samples.  Culture is the gold standard for implicating Legionella in an infection, but it takes 3-5 days so may take too long to be useful.  Diagnosis may be done with urinary antigens or nucleic acid tests instead.  

· Urinary antigen detection looks for lipopolysaccharide portions of the cell wall.  The US available tests only detect serogroup 1 of L. pneumophila.  It is present early, but may last long after infection and be useless for detecting recurrence.  
· Treatment of choice includes azithromycin, clarithromycin or quinolones like levoloxacin.  Tetracyclines and trimethoprim/sulfamethoxazole may work too.  Usually you treat for 10-14 days.  

· For prevention, culture surveillance of hospital water distribution systems is recommended.  

Gram (+) Anaerobic Bacteria 9/23:

· Anaerobes don’t grow in the presence of oxygen.  They may be obligate anaerobes, which may be strict (can’t grow in oxygen over .5%) or moderate (can grow in oxygen up to 8-10%).  Or, they may be aerotolerant anaerobes, which can survive for a while in oxygenated environments, but not flourish.  Anaerobic habitats have low oxygen tension and reduced ‘oxidation reduction potential’ (Eh), which is just a measure of oxygen.  Most of what we see fall under moderate or aerotolerant.
· Anaerobic bacteria are widespread in the environment.  In humans and animals, they are commonly found in the mouth around the teeth, in the GI tract, on the skin, and in the orifaces of the genitourinary tract.  

· Anaerobic infections are often opportunistic and occur with the disruption of normal mucosal barriers.  Anaerobic bacteria also commonly occur in mixed infections, and may have synergistic growth with aerobes or other anaerobes.  Their virulence factors include capsules, adhesins, enzymes, or toxins (very common in this group).   They commonly cause infections leading to brain abscesses or empyema (pus) of the lungs and pleural space.

· They are clinically diagnosed by their foul smelling discharge, proximity to mucosal surfaces, gas in the tissues, or by negative aerobic cultures.  Specimens that have anaerobes as part of the normal flora are not appropriate for anaerobic cultures looking for causes of disease.  These locations include gastric washings, urine, feces, upper respiratory secretions, sputum, or swabs of the vagina and cervix.  For appropriate specimen collection, aspirates and tissue biopsies are best, though swabs are acceptable.  These need to be injected into anaerobe transport media and brought quickly to the lab.  

· Anaerobe transport systems have reducing agents to provide indication of anaerobiosis.  Once in the lab, anaerobes are inoculated on complex media and/or in anaerobe chambers.

· Anaerobes may be differentiated based on the usual stuff:  gram reaction, mnorphology, pigmentation, fluorescence, biochemical activities, spores, etc.  

· Peptostreptococcus and anaerococcus are anaerobic gram (+) cocci.  They are found on the skin and mucous membranes, and are frequent causes of opportunistic mixed infections and bacteremia.  They are not too virulent.

· Propionibacterium species are also normal skin/mucous membrane flora, again causing opportunistic infections.  They are highly pleomorphic gram (+) rods that are non spore forming.  

· Clinically, Propionibacteria are involved in acne and may cause infections if the skin is broken via medical devices (shunts, catheters, prostheses).  They may also be a blood culture contaminant if the skin isn’t adequately disinfected.  P. acnes is responsible for acne vulgaris.  

· Actinomyces are also pleomorphic gram (+) rods.  They may look like slow growing “molar tooth” colonies.  They produce the clinical syndrome actinomycosis, which is an indolent (slow) progressive infection.  It has purulent foci (lots of neutrophils) surrounded by dense fibrotic tissue.  This type of infection spreads readily across tissue boundaries and forms large masses.  In its late stages, it may develop a sinus tract that drains and has masses of neutrophils that look like sulfur granules.

· Clostridium species are gram (+) bacilli that are obligate anaerobes.  They are spore forming, pleomorphic, and most are motile.  Clostridium species are ubiquitous in nature, inhabiting intestinal tracts of humans and animals as well as the soil.  
· These bacteria are responsible for a wide variety of diseases, including infections, toxigenic diseases, food poisoning, enterocolitis, and septicemia.  

· C. perfringens can cause clostridial myonecrosis (gas gangrene) by the production of a potent alpha-toxin and phospholipase C.  Gas gangrene is a hallmark of severe wound infection that can result from poor vascular supply or toxin production.  Clostridial myonecrosis has necrotic muscle fibers but no neutrophils since the toxin destroys WBCs.  This diagnosis is made clinically based on septic appearance and gas in the tissues.  It’s a surgical emergency and requires that the wound be debrided, as well as administration of penicillin and clindamycin (prevents further toxin production).  The organism can be cultured, but it’s impractical.  C. perfringens also causes food poisoning via an enterotoxin and causes necrotizing enterocolitis via a beta-toxin.

· C. difficile is the major cause of antibiotic associated diarrhea and pseudomembranous colitis.  It can make two potent toxins (toxin A and B), and some epidemic strains have mutations causing overexpression of the toxins.  This can be a very bad disease, possibly requiring colectomy.  It is diagnosed by detecting toxin in the stool.  It is treated by withdrawing the antibiotics that caused it, treating with metronidazole or vancomycin, and possibly surgery in cases of megacolon or perforation.
· C. botulinum is a category A potential bioterrorism threat.  It causes botulism.  Botulism may be foodborne (typically seen in adults who ingest toxin), may occur in infants with C. botulinum in the GI tract (most common form), or it may occur in wounds (rare).  It produces the world’s most potent toxin, which acts to block ACh release.  It has a ~24 hour incubation period, manifests first with nausea/vomiting/diarrhea, then rapidly progresses to cranial nerve symptoms (ptosis, blurry/double vision, difficulty swallowing or talking, decreased salivation), which is followed by motor symptoms of bilateral descrending flaccid paralysis (including respiratory paralysis).  Death occurs in 60% of untreated cases due to respiratory failure, with only 5% mortality after treatment.  It’s diagnosed by detecting the toxin via mouse bioassay.  Supportive treatment like airway support is essential.  An equine serum antitoxin may be administered, though hypersensitivity is common.  For infants, botulism immunoglobin may be administered.  For wounds, debridement is also required.  
· C. tetani is widespread as spores in the soil and aquatic environments.  Spores can contaminate wounds and germinate under low oxygen conditions created by poor vascular flow of other bacteria.  Cells vegetate and release the toxin tetanospasmin.  This attaches to peripheral motor nerves and travels toward the CNS where it blocks inhibitory impulses to motor neurons and leads to prolonged muscle spasms.  It’s important to vaccinate for this.  It manifests as spastic muscle contracts producing lock jaw, risus sardonicus, and contractions of back muscles.  Airway maintenance and anti-spasmodics are an important part of treatment.  Human tetanus immunoglobulin and antibiotics (metronidazole) are also given.  
· C. septicum produces malignancy associated bacteremia.  They invade at the site of mucosal damage and produce positive blood cultures.  You can treat with penicillin G or sometimes surgery.

Bacterial Zoonoses 9/23:

· Zoonosis includes any infectious disease that may be transmitted from animals to humans, or from humans to animals.  

· A vector is an animal’s that transmits an agent of human disease or plays a role in the agent’s life cycle.  Typically it refers to arthropod vectors.  Ex:  rodent reservoirs of leishmaniasis.

· Emerging diseases (recently appeared or growing in incidence) are largely zoonotic, vector borne, bacterial diseases.  

· Changes that promote emergence or re-emergence of human pathogens include changes in land use, demographics, population health, hospitals/procedures, pathogen evolution, contaminated food/water, travel, failure of health programs, trade and climate change. 

· Transmission of bacterial zoonoses occurs by direct contact with animals or materials (Leptospirosis – Leptospira sp, Brucellosis – Brucella sp), animal bites/scratches (Cat scratch disease/Bacillary angiomatosis – Bartonella henselae), arthropod vectors (plague – Yersinia pestis, lyme disease – Borrelia burgdorferi, rocky mountain spotted fever – Rickettsia rickettsii), or contaminated food.  

· Leptospirosis:  Caused by the spirochete Leptospira.  Leptospira may be grouped into L. interrogans and L. biflexa, each with many serovars.  It causes over 10 million infections per year, particularly in tropical regions but occasionally in the US.  It is acquired by contaminated rodent/animal urine in water, soil, abrasions, conjunctivae, or by domestic animals.  

· It enters the body via mucous membranes, and the spirochetes enter the blood (bacteremia).  Leptospira then infects the liver, CNS, kidneys and other organs.  In most patients, the infection becomes localized in the kidneys and severely/fatally damages them.  The patient then sheds the organism in the urine.  

· Leptospirosis presents as very non-specific symptoms:  fever, headache, myalgia, abdominal pain, red eyes (conjuctival suffusion).  5-10% then proceed to develop incteric (produces liver damage resulting in jaundice) Weil’s disease.  This can then be followed by renal failure, pulmonary hemorrhage, cardiac arrhythmias, uveitis (late manifestation, may lead to blindness), and death in 5-15% of cases.  Risk of death increases with age.

· The histopathology shows inflammation.  In the liver there are apoptotic hepatocytes with mononuclear inflammatory cells present.  In the kidney, you see plasma cells and mononuclear inflammatory cells.  In the lung, you may see pulmonary hemorrhage, which can be fatal.

· Virulence factors include bacterial motility and hemolysin production that promotes dissemination.  Adhesin (fibronectin binding protein) and invasin promote adhesion and spread of the microorganisms.  Hemostasis and coagulation genes (Platelet Activating Factor, PAF, and von Willebrand factor domains) contribute to septic effects.  It also has LPS and lipoproteins that activate immunity via NF-kappaB.  Multi-organ failure may result from DIC.  This in addition to expression of hemostatic proteins and Ig/Complement fixation on host cells can cause pulmonary hemorrhage.  Uveitis (ocular disease) can occur once the initial fever, etc has passed.  

· Leptospirosis is diagnosed by microagglutination test (MAT) to test for antibodies against Leptospira.  These antibodies appear 5-7 days after onset.  You may be able to culture (only useful during acute infection) or use dark field microscopy (insensitive).

· Treatment is with doxycycline, penicillin, or cefotaxime.  The lysis of bacteria may release toxins and precipitate a systemic inflammatory response (Jarisch Herxheimer reaction) that also needs to be controlled. 

· Brucella species are responsible for Brucellosis, which isn’t often seen in the US.  It is an alpha-2 proteobacteria, and a gram (-) coccibacillus.  These bacteria are facultative intracellular bacteria.  The species include B. melitensis, B. abortus, and the less important B. suis and B. canis.  
· The endemic foci of these bacteria are in Eurasis, Africa and South America.  Humans get the disease by oral contamination from farm animals, consumption of unpasteurized dairy products, or inhalation of aerosolized contaminated animal products.  

· Classical febrile brucellosis:  insidious onset fever, sweating, malaise, headache and weight loss, much like TB.  It may produce arthralgias, arthritis, myalgia, and back pain.  It is an acute infection.

· Relapsing/undulating brucellosis (Malta fever):  occurs over 2 months after classical febrile brucellosis if untreated.  You get liver involvement, arthritis, uveitis, and orchiepididymitis that may be chronic and last over a year.

· Complications of these infections include peripheral arthritis, sacroiliitis, and spondylitis (lumbar spine).  With epididymoorchitis, you may see granulomatous inflammation of the testes/epididymis.  In females, abortion may result.  In the liver, you can get hepatomegaly or granulomatous hepatitis.  In the CNS, you can get meningitis, meningoencephalitis, encephalitis, or brain abcesses which all have grave prognoses.  It may cause endocarditis (the main cause of mortality) usually of the aortic valve.  

· Granulomatous complications mimic TB.  

· Brucella enters through the mucosa, gets endocytosed by phagocytes, survives the acidic phagosomes and enters the ER.  There it induces delayed apoptosis to keep the host cell alive and inhibits TNF-alpha to prevent strong immune responses.  Also, the bacteria pumps other proteins into the host cells they infect through a type 4 secretion system.  
· Brucellosis is diagnosed by the presence of antibodies, as measured by a serum agglutination test.  It’s very virulent and a potential bioterrorism threat, so blood or bone marrow culture is carried out in biosafety level 3 labs.  

· Treatment is with doxycyline, rifampin, and streptomycin for 4-6 weeks.  

· Bartonella species are small gram (-) rods.  They are maintained in mammalian and arthropod (flea, lice, ticks) vectors.  This is also an alpha-2 proteobacteria, and is also a facultative intracellular bacteria (like Brucella).  These bacteria infect erythrocytes and endothelial cells.  

· B. henselae is the main cause of cat-scratch disease.  This is a clinical diagnosis based on regional lymphadenopathy, cat/kitten scratch/bite, a papule –a raised skin lesion – at the inoculation site, and the characteristic histopathological features (granulomas with small abscesses and PMNs in it).  If you do a silver stain, you see lots of bacteria.
· This disease can also cause Cat-Scratch episcleritis, or Parinaud’s oculoglandular syndrome, or cat-scatch neuroretinitis.

· The bacteria are inoculated at the site of the scratch and are drained to lymph nodes.  They infect the lymph node and occasionally achieve systemic spread.  Most cases resolve spontaneously.  

· Owning cats obviously raises one’s risk of getting the disease, as are homelessness and being immunocompromised.  Cats are often persistently infected with B. henselae.  Overlapping ranges of seropositive cats and fleas that can spread the bacteria helps spread it.  But fleas don’t transmit it to us.  

· B. henselae, usually in immunocompromised hosts, can also cause bacillary angiomatosis, peliosis, persistent bacteremia, and endocarditis.  Angiomatosis results from proliferation of capillaries and blood vessels, and it can occur in various sites (peliosis if in the liver or spleen).  Endocarditis is common among the homeless, and histologically looks like fibrinous deposit on the valve with lots of bacteria on it.  These patients have very high antibody titers.  If parts break off, they can cause lots of problems.  

· In cats, the bacteria invade erythrocytes and cause no clinical signs.  They do the same thing in us, producing bacteremia, and produce the above clinical syndromes.  

Pathology and Histology of Myocbacterial Infections 9/24:

· Leprosy can be transmitted person to person, but not very efficiently since it’s not that virulent.  It is caused by M. Leprae and is characterized by lesions distributed in the cooler parts of the body (skin prominences – nose/chin/ears, peripheral nerves, testes).  Muscular and sensory nerve damage can occur from infected nerves, and this may lead to deformities.

· Leprosy occurs most in Africa and Asia.  

· There are two distinct forms of leprosy that can be distinguished histologically, though grossly they are difficult to distinguish.  

· Lepromatous leprosy is due to a weak immune response.  There are numerous bacilli found in lesions, and they show sheets of macrophages histologically.  The lepromin (skin) test is non-reactive since there’s a weak immune response.    

· Tuberculoid leprosy is due to a strong immune response.  As a result, you’ll find few of the bacilli in lesions.  It produces granulomatous reactions (giant cells, epithelial histiocytes, etc) and will give a positive Lepromin skin test.  

· In leprosy, you often see enlarged nerves with impaired function, and nerve damage can lead to loss of digits from repeated trauma that you can’t feel or lack of neurotrophic substances.

· Tuberculosis is much more common than leprosy.  It undergoes epidemic waves in a population, with a sharp rise and peak in M&M followed by a gradual decline.  These take hundreds of years to resolve, and the US peak was in 1850.  

· Worldwide, TB is still a devastating disease causing millions of deaths.  Most casualties are in China and India.  The three biggest infectious disease killers are HIV, tuberculosis, and malaria.  An estimated 2 billion people are infected with M. tuberculosis, with 10% developing disease.  

· Poverty, overcrowding and malnourishment increase the rates of TB, so in the US the highest rates are found in urban slums.  So, public health measures are really important.  The impact of HIV on TB is also dramatic.  

· M. tuberculosis is acid fast in the Ziehl-Neelsen stain due to high lipid content.  It is an obligate aerobe, is hard to detect in tissue, slow to grow in culture, and it can survive intracellularly.  Transmission occurs from person to person by small airborne droplets that can stay suspended in the air.  These droplets are produced when people cough, sneeze, speak, etc.  Surgical masks may not protect against them, and rates in physicians are twice the national average.  Different strains from different patients have variable transmission capabilities.  

· Primary tuberculosis (the first time you’re infected) affects the middle or lower lung fields the most, and it occurs where droplet nuclei implant on the epithelium of brochioles or alveoli.  The bacilli elicit a non-specific PMN response which tends to occur before any clinical detection, and alveolar macrophages engulf the mycobacteria.  The M. tuberculosis survives and multiplies intracellularly.  Some antigen may be presented to activate lymphocytes, and some lymphokines may be released to attract and activate more macrophages.  These may kill the organism or differentiate into epithelioid histiocytes and form a granuloma.  TB tends to form granulomas with caseous necrosis.  

· The ghon focus is the initial site of implantation.  From there, some macrophages with bacilli travel to regional lymph nodes, and the ghon focus in addition to the affected lymph node make up the ghon complex.  

· Over 90% of primary TB cases heal.  A positive PPD is an indication of past TB infection, and many of these healed primary cases never knew they had tuberculosis.  A positive PPD may also result from vaccination.  

· Some bacilli are transported to the apex of the lung, where there’s the most oxygen and lower blood flow, ideal for TB growth.  Apical scars (Simon foci) are therefore common in tuberculin-positive people.  These scars harbor more dormant bacilli than other sites.  

· Most patients heal from primary tuberculosis, but in 5-10% of patients, particularly those with lowered immunity, the body can’t fight off the mycobacteria and primary infection progresses (progressive primary TB).  This occurs when granulomas erode into nearby structures

· Miliary TB:  erosion into blood vessels leads to spread by the bloodstream and numerous, small lesions of the same size are evenly distributed in affected organs.

· TB bronchopneumonia:  erosion into the airways.  You get nodules/clusters of varying size in the lung. 

· TB empyema:  erosion in the pleural space.  

· TB pericarditis:  erosion into the heart. 

· Post-primary tuberculosis is TB that develops in people with immunity to the bacillus (people who had it before and healed).  Cavitation is a hallmark of post-primary tuberculosis.  This can occur by two mechanisms:

· Reactivation of previously healed TB, that perhaps was dormant in a Simon focus.  Reactivation begins in the posterior segment of the upper lobe.  1.4-2.4% of untreated PPD positive patients with upper lobe fibrotic lesions will develop active disease in five years, so there’s good reason to treat PPD positive individuals even if they’re asymptomatic.

· Reinfection may occur with a new exposure to TB.  DNA analysis can distinguish between these two mechanisms by looking for different strains in the first and second infections.  

· As with primary tuberculosis, this can heal (in this case it forms an aspergilloma, a cavity prone to fungal infection), or it can progress when the cavity it forms erodes into structures (resulting in TB bronchopneumonia, Miliary TB, TB empyema, or massive hemorrhage).

· When the cavity erodes into a vessel, you get hemorrhage and may start to cough up blood.  

· Increasing drug resistance is a big problem in TB, because non-compliant patients would often only take some of their drugs.  A solution to this that seems to work well is directly observed therapy.  NYC, for example, will detain people who don’t comply. 

· Non-tuberculous mycobacteria (NTM) do not produce disease in test animals and can be acquired from soil and water in the environment.  They usually infect people who already have underlying lung disease or decreased immunity.  They are categorized in four groups based on pigment production, growth rate and morphology.  

· HIV depletes CD4 T-cells and decreases macrophage function.  HIV positive individuals with a positive PPD have a high active disease rate (8%).  Where there’s more AIDS, there’s more TB, and increasing rates of HIV/AIDS in the mid-80s reversed the trend of declining TB rates.  

· With HIV, tuberculosis is usually diagnosed 6 months before most other opportunistic infections.  It’s more commonly extrapulmonary in these patients (can cause things like spinal cord compression), and when it does involve the lungs it’s more often non-apical and non-cavitary.  You end up with poorly developed granulomas due to the poor immune response, and the immunity is so weak you won’t even develop a positive PPD.  This weak immune response is kind of like lepromatous leprosy.  

· Pulmonary TB is an AIDS-defining illness in HIV positive patients

· NTM are also common in AIDS patients.  These can enter via the GI tract and because they’re not very virulent, they appear relatively late in the course of the disease.  They don’t form granulomas, rather you just see histiocytes full of bacilli.  

· Drug resistant TB is the leading cause of death in individuals with AIDS.  In S. Africa, a strain has appeared that’s resistant to all available treatments.  It is responsible for 10% of cases there and approaches 100% mortality. 

· The vaccine used in some parts of the world isn’t 100% effective, and can mask infections if you do contract TB later.  

Emerging and Re-emerging Vector-borne Zoonoses 9/25:

· Vectors are animals that transmit agents of human disease or play essential roles in the agents’ life cycles.  Mostly they refer to arthropod vectors.  Some vector transmitted diseases may also be transmitted by direct contact (Y. pestis) whereas others are only transmitted by vectors (Borrelia burgdorferi, Rickettsia rickettsii)

· Emerging diseases tend to be bacterial, vector-borne, and zoonotic.  

· Plague (Yersinia pestis) is a gram negative coccobacillus.  It has bipolar staining (like a safety pin) and is a facultative intracellular bacterium.  Annually there are about 2000 cases in the world with epidemic foci in Africa (most recent ones), Asia, and the Americas.  Transmission to humans depends on host mammals and arthropods.  

· Bubonic plague is acquired via flea bite that inoculates the pathogen in the wound.  The organism can drain to lymph nodes and cause hyperplasia and necrosis, which manifests as a bubo.  Histologically the bubo looks like necrosis with few inflammatory cells left in the lymph node.  Patients have fever, headache, chills, nausea, malaise, and painful lymphadenopathy.
· Septicemic plague can occur if bubonic plagues isn’t treated.  It has a high frequency of death and is caused by endotoxin leading to cytokine release which leads to typical gram (-) sepsis, with stuff like ARDS and DIC that can lead to gangrene in the extremeites.  You get systemic inflammatory response syndrome (SIRS), and complications can include endophthalmitis, meningitis, or abscesses.  There is a tremendous bacterial load present.  

· Pneumonic plague is a pulmonary infection that results from inhalation of infected aerosols or from septicemic plague.  It can result in rapid spread and can cause septicemia if it didn’t originate from that condition.  Histologically it looks like a mixed inflammatory infiltrate with a large bacterial load.  

· Rodent hosts are often asymptomatic carriers.  There is year-round flea vector activity.  Some rodent hosts are susceptible to the disease-causing effects.  These include squirrels and chipmunks in high population densities near humans and their pets. 

· Plague is also a potential biological warfare agent.  

· We usually contract bubonic plague from fleas, and then we can infect each other with bubonic or pneumonic plague.  

· Vector transmission and inhalation allow Y. pestis to bypass lots of host defenses.  Even so, it can still survive and propagate in macrophages and drive an inflammatory reponse via LPS.  It has a plasmid that encodes plasminogen activating factor (degrades barriers, inactivates complement) and V antigen (causes anti-inflammatory cytokine release and delays pro-inflammatory cytokines).  Another plasmid encodes a protein that pumps bacterial proteins into the host and suppresses inflammation.

· Lyme disease (Borrelia burgdorferi) causes the vast majority of tick-borne diseases in the US.  Their habitats have expanded with global warming.  The life cycle of a tick includes egg, larvae, nymph and adult stages.  The tick only feeds once in each stage so opportunities for infection are limited.  When they bite, they puncture and inject some saliva with anticoagulant, etc. properties.  The pathogen enters along with the saliva, or some may be left in feces on the skin and inoculate when you scratch the bite.  

· B. burgdorferi is a spiral shaped bacterium with twisting motility, and it is an obligate parasite.  

· Lyme disease shows a seasonality that corresponds with tick life cycles.  Most cases occur in May through July when nymph deer ticks are active.  Larvae are born uninfected, so they have to feed on an infected animal to get the disease, then progress to be adults where they can infect humans.  So there’s a second peak in the late Fall when adults emerge.  The bigger peak follows again in May-June when they become nymphs and can feed again.

· Lots of people may be infected by B. burgdorferi but not show any symptoms, only the antibody in their serum if they are tested for it.  Incidence of lyme disease has really been increasing. There are three stages of Lyme disease:

· 1.  Early, localized Lyme disease includes the classic bull’s eye lesion in 70% of cases.  You also get erythema migrans and lymphadenopathy.  Histologically you see chronic inflammation around vascular structures and lots of plasma cells.  

· 2.  Early, disseminated Lyme disease shows systemic manifestations like fever, multiple erythema migrans, meningitis, neuritis, cardiac arrhythmias, arthralgias and arthritis.
· 3.  Late stage Lyme disease is very infrequent, but it includes oligoarticular arthritis, chronic arthritis, chronic pain, lethargy, encephalopathy, and may commonly be unresponsive to antibiotic therapy.  

· After Lyme disease, you may show post-Lyme disease syndrome.  It doesn’t really have any objective clinical signs, just symptoms that are generally common.  It doesn’t seem to represent any active bacterial presence or growth.  No lab tests detect it or treatments improve it.  

· B. burgdorferi has lipoproteins for adhesion in the tick gut, proteins for transmission and infection in mammals, and lipoproteins that produce inflammatory cytokines in the human host.  When in humans, the spirochete binds plasmin and leads to metalloprotease activation, interstitial/ECM breakdown and cell invasion.

· Some B. burgdoferi genes (lp25, lp28-1) are associated with more infectivity via immune evasion and increased antigenic diversity.

· Diagnosis is made by history, clinical manifestations, and also by serologic diagnosis with enzyme immunoassays or immunoblots.  

· It is treated with antibiotics:  for localized infection give amoxicillin and doxycycline.  For disseminated add cefuroxime.  For disseminated with neuron/cardio infection give IV ceftriaxone.  Prevention by avoiding bites or removing attached ticks is ideal, and prophylactic doxycycline can be given if you’re bitten in endemic areas before you show the disease.

· Rocky Mountain spotted fever (RMSF, Rickettsia rickettsii) are the next most common tick-borne diseases and have significant case mortality (up to 10%).  Tick borne rickettsial diseases also include the genera Ehrlichia and Anaplasma.  They are all obligate intracellular bacteria, with Rickettsia being intracytoplasmic and the others being intravacuolar.  They are gram (-) and lack genes for glycolysis, but have genes to transport host ATP/AAs into the bacteria.  

· Rickettsia attaches and enters endothelial cells, escapes from phagosomes and then eventually escapes from the lesion.  Vasculitis can result from chronic inflammation at vessels.  

· It manifests as fever, headache, myalgia and a slightly later rash.  The rash begins as macular (flat), then becomes maculopapular (elevated), and is eventually petechial (won’t blanch with pressure).  Later, this results in shock and multi-organ system failure.  You get GI effects, renal necrosis due to hypotension, cardiopulmonary effects that damage the microvasculature, and meningoencephalitis that can cause cerebral edema, herniation and death.  

· Histologically, this “lymphohistiocytic vasculitis” looks like inflammation causing vascular injury with presence of lymphocytes and macrophages.  

· Diagnosis should be done quickly, because there is a 5x increased risk of death after 5 days of illness.  The late appearance of the typical rash may make it difficult especially in patients who present early, and patients bitten in non-peak tick activity seasons will also be tough to diagnose.  

· Diagnosis can be made with biopsy and antigen demonstration or PCR.  Culture is discouraged because it’s a biohazard.  Serological confirmation may be done after you’ve treated and antibodies appear.  Basically if you suspect it, treat it.

It’s treated with doxycycline and tetracycline.  In kids, you may add chloramphenicol or rifampin.  But, chloramphenicol may be associated with increased mortality.

Pathology of Viral Infections:

· Viral strategies include rapid replication, mutation and virulence factors that attempt to evade host defenses such as barriers, and innate/adaptive immunity.  

· Viruses are obligate, intracellular parasites, and though you can’t see them directly with light microscopy, you can still see inclusion bodies (aggregates) and the changes the viruses cause.

· Viruses may have RNA or DNA genomes, must enter hosts and direct host synthesis of viral products, assemble virions and spread.  Host cells of viruses are usually species and tissue specific.

· Viruses can be classified by nucleic acid type, capsid shape, enveloped or not, and the dimensions of the virion.

· Life cycle:  attach/enter, release genome, replicate genome, make mRNA, make protein, assemble virions, release infectious virions.  These processes, even budding, are tightly coordinated and regulated.  

· Patterns of viral disease may be acute (most are subclinical acute infections) with infection and viremia, persistent infection (virus present for a long time, then at some point causes viremia and death), latent reactivating infection, or slow virus infections (ex: HIV, you have an acute episode, but the virus remains at low fluctuating levels and can reactivate causing viremia and death).  

· Virulence is the ability to cause disease.  It is under polygenic control for a virus.  Factors like binding, entry, replication, damage (toxins), host immune response, and viral spread all affect virulence.  Viruses may be virulent, avirulent, or attenuated.  Virulance can be measured as time to death, T cell counts, viral load, etc.

· Viral tropism is where the virus goes and replicates.  It has to enter cells (susceptibility) and replicate in them (permissivity).  They may be neurotropic, enterotropic, pantropic, etc.

· Viral receptors are required for entry and determine the host/tissue tropism.  Some viruses require co-receptors, and the entry is an active process.  HIV X4’s gp120 binds T cells’ CD4/CXCR4 better, whereas HIV R5’s gp120 binds macrophages’ CD4/CCR5 preferrentially, so the expression of different viral/host receptors can affect the disease pattern.
· Identifying receptors is a major step in developing treatment and prevention strategies.  Receptors may be integrins, Ig-like molecules, glycosaminoglycans, carbohydrates, etc.

· Viruses may spread locally to adjacent cells by budding at the apical surface.  Or, others may spread systemically through the bloodstream by budding at the basolateral surface.  Directional release is a major determinant of the infection pattern.

· Viremia is when viruses spread by the bloodstream or in circulating leukocytes.  Viruses may go preferentially to different tissues depending on what cells they infect.  Monocytes, for example, may cross the blood brain barrier and give HIV access to the brain.  They may also spread by lymphatics.

· Respiratory viruses:  Rhino, corona, influenza, parainfluenza, adeno, respiratory syncytial viruses.  May be upper respiratory, lower respiratory or either.  Transmission occurs by cough, sneeze, or hand-shaking.  Host defenses include mucocilliary elevator, alveolar macrophages, or adaptive immune responses.
· GI viruses:  Poliovirus, adenovirus, rotavirus, reovirus, measles.  Usually transmitted by food, drink or poor hygiene.  Host defenses include pH, digestive enzymes, flow through GI tract, and adaptive immunity.  Viruses may be acid resistant, invade through M cells, be translocated, etc.

· Urogenital viruses:  HIV, HPV, HSV.  Transmitted sexualy or via fecal contamination.  Host defenses include urine flow, thick epithelia, acid pH, and adaptive immunity.

· Eye viruses:  HSV.  Transmitted by abrasions, direct inoculation or conjunctiva.  Host defenses include tears, thick epithelia, and adaptive immunity.  

· Skin viruses:  May be from outside or from systemic spread.  Pox, papilloma, rabies, toga, alpha, measles and varicella viruses.  Transmitted by cuts, abrasions, bites or needles.  Host defenses include epidermis and skin oils.

· Nervous system viruses:  Rabies, herpes simplex, HIV, measles, alpha viruses.  Transmitted by cuts, animal bites, inhalation or cell trafficking.  Host defenses include the BBB.  They often must travel the length of an axon to reach the CNS.

· The cytopathic effects (CPE) that viruses have on cells include cell swelling, necrosis, apoptosis, inclusion bodies, syncytia/multinucleated giant cells, and hyperplasia/proliferation (potentially pre-neoplastic).  They can modify a lot of other cell trafficking, etc. functions too.
· Necrosis is characterized morphologically by ballooning degeneration, disruption of tissue architecture and cell death (pyknosis –chromatin clumping- and hyper-eosinophilic cytoplasm).  Necrotic cells may fill blisters.

· Apoptosis may promote virus dissemination by killing cells and releasing virions, or it may inhibit apoptosis and help promote latency.  
· Viral inclusions are viral and/or other cellular products often present early in infection.  They may be intranuclear or intracytoplasmic.  They usually only aid in diagnosis.  With intranuclear inclusions, peripheralization of chromatin may be common.  An ‘owl’s eye’ inclusion is characteristic of CMV.  

· There can be non-viral inclusions, and in these cases (like Bismuth inclusions) you won’t see any necrosis, swelling, degeneration, etc. 

· Syncytia occur when viral fusion proteins are expressed on host cell surfaces and cause them to fuse together to produce multinucleated cels.  This may avoid exposure to host defenses.  Syncytia must be distinguished from foreign body giant cells, osteoclasts and megakaryocytes.  

· Viral changes in proliferation may induce neoplasia.  It often involves cases where the viral genome integrates into the host DNA.  Ex:  HTLV (leukemia), HPV, Epstein-Barr virus (Burkitts Lymphoma).

· Host viral defenses include innate responses (1st responders, but may be sustained in persistent infections) and adaptive responses.  Innate immune responses rely on PRRs and activate quickly.  They induce cytokines, NF-kB, DCs and macrophages, complement, and NK cells.  Most viral infections are dominated by mononuclear cells (macrophages and lymphocytes) rather than PMNs.  
· Immunopathology may occur when the host immune response causes most of the damage.  This may be CD8, CD4 or antibody mediated.  

· Host susceptibility is determined by MHC genes, specific resistance genes, and non-genetic factors like age, gender, immune competence, malnutrition, etc.  

· Classes of viruses tend to cause similar disease, so this may help as we navigate the approaches to emerging and re-emerging viruses.  

(-) RNA Viruses:

· Positive strand viruses are immediately transcribed to make polymerase, so the polymerase is first on their genome and the structural proteins are second.

· Negative strand viruses must carry a polymerase, and their first step is to make the mRNA copy of the genome.  Since they already contain polymerase, they first make structural proteins.  Thus their genome is organized with the structural proteins first, the opposite of positive strand viruses.
· Features of (-) RNA viruses:  the RNA alone is not infectious.  The virion contains polymerase.  Genomic RNA is packaged in protein.  These virions are enveloped and they enter by virion or cell-cell fusion.  

Influenza viruses:

· There are A, B, and C influenza viruses.  But, only A and B cause much disease in humans.  A is more prevalent and more serious.  Influenza A can also infect birds and livestock.  Birds are the primary reservoir, and though they can’t directly infect us, they can transmit to pigs, and the pigs can transmit to us.  
· The influenza virion is enveloped and fusion with host lysosomes is required.  The genome is comprised of segments.  Three genes are crucial:  HA, NA, and M2.  HA and the transcription complex/machinery are on separate segments.  

· The segments can reassort if two viruses infect the same cell.  So if a chicken and human virus each infects a pig cell (mixing vessel), you can end up getting chicken surface markers (like HA) that are novel antigens to humans but still maintain the internal replication machinery that allows it to infect human cells.  We would lack immunity to this.  

· Genetic changes due to reassortment of segments or replacement of entire genes is termed genetic shift.  Minor genetic changes due to mutation are termed genetic drift.  Drift can lead to more virulent strains.  

· Hemagluttanin comes in 14 different antigenic types.  It’s a trimer that binds the cellular receptor sialic acid.  It also mediates fusion of viral envelopes with lysosomal membranes.  HA is the target of neutralizing antibodies.  HA binds to sialic acid on cells’ surfaces, is endocytosed, and HA undergoes a conformational change in the acidic endosomes.  This exposes a hydrophobic region that allows fusion with the endosome membrane and releases the genome.  No syncytia form (no giant cells) when HA is expressed on the surface of infected host cells, because low pH is required for the mechanism to occur.  

· HA is synthesized in a precursor form.  Cleavage is required for activation of the fusion function.  It is cleaved by tryptase Clara, a protease secreted by non-ciliaetd Clara cells in the respiratory epithelium.  It cleaves HA at a defined site, activating it in the respiratory tract.  

· Neuraminidase is a tetramer that cleaves sialic acid residues on the host cell surface, allowing the virus to escape and not just bind back to the sialic acid on the host cell.  There are 9 subtypes recognized.  

· Influenza strains are named based on their type (A/B/C), # of the isolate, year of isolation and HA/NA subtypes.  H1N1 and H3N2 are currently circulating.  H5N1 is the avian strain.  

· M2 protein is an ion channel made up of a tetramer of subunits that spans the viral envelope.  It pumps protons into the virion, loosening protein-protein contacts and facilitating virus uncoating.  It is a drug target for the antiviral amantadine.  

· Influenza genome replication occurs in the nucleus.  The virus lacks capping and methylating mechanisms, so steals caps from host mRNAs to prime synthesis.  Viral mRNAs are translated on smooth and rough ER so that HA and NA can be trafficked to the cell surface.  

· The virus replicates in ciliated columnar epithelial cells in the respiratory tract, causing tracheobronchitis.  Many virions are shed into the respiratory tract.  Virus induced apoptosis may occur too, so infection really damages the respiratory tract, disrupting the mucus layer, denuding cells and leading to transudate/exudates.  
· Influenza is transmitted via respiratory means and mostly in the winter.  Symptoms appear in 1-4 days and include headache, fever, myalgia, nonproductive cough, sore throat and no rhinorrhea.  Symptoms are likely caused by IL-1, and last 3-7 days.  
· Primary virus infection can cause interstitial pneumonitis.  Secondary bacterial pneumonia may be facilitated by damage to the innate immune system such as destruction of ciliated cells or abnormal macrophage function.  Pneumonia is a common complication:

· Primary viral pneumonia:  mostly in pregnant women or individuals with cardiovascular disease, this progresses immediately from the symptoms of viral illness.  You see bilateral diffuse infiltrates, and cultured bacteria only show normal flora.  Viral culture is positive.  This is unresponsive to antibiotics and may cause high mortality.

· Secondary bacterial pneumonia:  mostly in the elderly or those with pulmonary disease.  The condition initially improves as the virus is cleared, then worsens as the bacteria proliferate.  It shows consolidations (cavities, walled off abscesses) usually unilaterally, and culture may show Strep pneumo, Staph aureus, or H. flu.  There should be no virus isolation, and it should respond to antibiotics with low mortality.  

· Influenza vaccines may be killed (inactivated) or live, attenuated intranasal vaccine.  They are reformulated annually based on labs that identify viruses out there and the strains they encounter.  Health care workers and high risk individuals should get it.  These don’t provide absolute immunity, but decreases your chances of getting it and make you respond better if you do.  

· Influenza may be diagnosed by direct detection with antibodies or by culture.

Paramyxoviruses:  Parainfluenza 1-4, Respiratory Syncytial Virus, Human Metapneumovirus, Measles (Morbillivirus) and Mumps (Rubulavirus).

· Paramyxoviruses do not undergo antigenic change, and they don’t have a natural reservoir.  They, like flu, are spread by the respiratory route.  

· The important proteins Paramyxoviruses produce are an H protein that mediates binding and an F protein that mediates fusion (must be cleaved and activated first).  H and F do the job that hemagluttanin does in influenza.  

· The paramyxovirus genome is non-segmented, and mRNAs for separate proteins are generated by the RNA polymerase falling off and reattaching.  So, the genes at the beginning are transcribed a lot, and those at the end not much.  This gradient is ok because the 5’ end has proteins viruses need a lot of (structural ‘N’ proteins) and the 3’ end has enzymes viruses need in catalytic amounts (‘L’ proteins like RNA polymerase).

· Life cycle:  Paramyxoviruses fuse at the cell membrane (at normal pH), replicate RNA in the cytoplasm, express H and F proteins at the surface, assemble nucleocapsids, and then bud from the cell OR cause the cell to fuse with an adjacent cell (since F is fusogenic at neutral pH).  This can result in multinucleated giant cells. 

Respiratory Syncytial Virus:

· Causes respiratory disease in the winter.  Spread requires direct contact with respiratory secretions.  It causes otitis media, bronchitis, bronchiolitis, croup (laryngotracheal bronchitis), and pneumonia.  This is most severe in young infants.  Infections confers partial immunity for the future.  

· Primary RSV upper respiratory infection can progress in severity to produce dyspnea, hypoxemia, and 1% mortality in infants.  Diagnosis is based on direct immunostaining or culture.  

Human Metapneumovirus:

· Most infections occur in childhood.  It causes 7-40% of pediatric respiratory infections.  Diagnosis based on PCR or immunostaining for viral antigens.  
· Much like RSV, it’s mostly in the winter, results in severe disease in the elderly/infants, manifests as mild respiratory symptoms to severe chough, bronchiolitis, and pneumonia.  Repeat infections may occur, though they’ll be less severe disease limited to the upper respiratory tract.  

Parainfluenza 1-3:

· Common cause of upper respiratory infections.  Most common cause of croup in young kids.  Most kids have been infected by 5 years; reinfection can occur but is less severe.  Diagnosis is by culture.  

Measles: 

· One of the ten biggest killers in ID.  It has a worldwide distribution, occurring most where vaccine is rare.  In other countries where vaccines aren’t as common, it’s mostly in kids.  Here, mostly in adolescents.  It can be transmitted by respiratory or aerosol means.  

· The attack rate is 99.9%, so if you’re exposed you get it, and the mortality is 30% in infants.  

· Measles first infects the respiratory epithelium, via monocyte progresses to the lymph nodes, and is disseminated from there by infected monocytes producing a primary viremia.  This infects cells throughout the body, and as epithelial and endothelial cells are infected and release additional virus, a secondary viremia results.  

· Clinical signs arise during viremia.  They include fever, cough, conjunctivitis, Koplik spots (red maculae in mouth), and a head cold (coryza).  The rash arises with an immune response, due to cellular immunity.  Immune responses include CD4, CD8 and antibody.  Antibodies stick around so you won’t get infected again, unlike other paramyxoviruses above.  

· Measles can produce immunodeficiency and make you susceptible to secondary infection. 

· Diagnosis is made clinically, with immunostains, culture and serology.  

· Prevention is by a live, attenuated vaccine.  This makes cases much less frequent, and delayed until adolescence.  

Mumps:

· Mumps is an infection of glandular epithelial cells.  Parotitis and orchitis (testis) are most common.  Pancreatitis and ovarian infection occur but are rarely recognized.  Meningitis occurs in 10% of all cases.  

· It’s diagnosed by culture and serology.  

· Prevention is by a live, attenuated vaccine.  

Rhabdovirus (rabies):

· Rabies is the only important human pathogen in the group.  Its incidence is a function of control of domestic animals.  It’s also endemic in wildlife that people rarely encounter.  There are usually <10 cases per year in the US from rabid bats or something.  

· Pathogenesis:  The virus is transmitted by saliva in the bite.  It replicates a little in the muscle and subepithelial tissue, is taken up my peripheral nerves and transported to the cell body (the main site of replication…but this takes up to 90 days).  Symptoms appear around the time it gets to the CNS.  First fever, malaise, paresthesias (pins/needles), then later anxiety, aggression, seizure, hydrophobia, paralysis, etc which is usually untreatable.  Early on, it can avoid the immune response by trans-synaptic transmission.  

· Diagnosis is by history, biopsy and immunostain, or PCR.  

· Prevention is most important.  Give an inactivated vaccine (long incubation allows for post-exposure administration) after exposure or if you’ll be at high risk for exposure.  

Overview of Herpes Virus:

· Herpes viruses can be broken down into Alpha herpesvirus (HSV1, HSV2 and VZV), Beta herpesviruses (HHV6, HCMV), and Gamme herpesviruses (rhadinovirus – EBV, HHV8).   

· All herpes viruses establish latent infections and can be reactivated to produce disease.  Other common features of herpesviruses include their morphology, that they are ubiquitous and very seroprevalent, they often produce asymptomatic infection, and they have a common mode of replication.  

· Phyical features.  Herpes viruses have a DNA genome within a protein shell, which together form the nucleocapsid.  This is surrounded by a tegument layer, which is surrounded by an envelope from the host cell with viral proteins in it. 

· The herpes genome is huge and very sophisticated.  In addition to enzymatic and structural genes, it also produces regulatory genes to modify host gene expression and immune response.  

· They are very prevalent, and most adults have latent infection.  When herpervirus infects, it may produce a productive infection or a latent infection:

· Productive infection:  aka lytic, release progeny virions.

· Latent infection:  don’t produce virions, but can be a reservoir for recurrent infection.  Immunocompromise or some stimulus can reactivate it.  With gamma herpesvirus, stimulus may trigger cell proliferation.  UV exposure can trigger oral HSV.

· Herpesviruses replicate in the nucleus.  During lytic infection, they go through a cycle or entry via fusion with cell membranes, nucleocapsid transport to the nucleus, genome transcription/replication and progeny nucleocapsid assembly, and release of virions by budding.  With this cycle you get temporal cascades of gene expression.  Alpha (immediate early) genes are expressed as soon as the cell is infected.  They activate viral gene expression and turn on beta (early) genes.  These produce proteins for genomic replication.  Finally, gamma (late) genes are produced for virion structural proteins.

· In lytic infections, many genes are expressed.  In latent infections, only a few are expressed.  Lytic infections also affect many cell types, whereas latent infections are limited to one or two.  Alpha herpesviruses (HSV1/2, VZV), for example, are only latent in neurons.  Beta strains are latent in monocytes.

· Herpesvirus is transmitted across mucous membranes (HSV1 and 2 by skin and genital tract), by oral (HSV1/2, CMV, EBV) and respiratory (VZV) secretions, rarely transplacentally, or iatrogenically (transfusion, transplant).

· Severity of herpes disease may be high in cases of primary infection and immune impairment, or low in cases of recurrent infection and immune competence.  Immunodeficient/suppressed, fetuses/newborns, malnourished, or burn victims may get severe infections.  Most primary infections, though, are asymptomatic, but if they show symptoms they’re often severe.

· HSV disease:  Herpes labialis and genital herpes.  Herpes infects epithelial cells and travels retrograde through sensory neurons where it induces latent infection.  In orolabial herpes it affects the trigeminal ganglia.  In genital herpes the sacral ganglia.

· While HSV1 is more common in the mouth and HSV2 in the genitals, they are not exclusive to these locations and may commonly be in the other location.

· Reactivation of the latent virus may be symptomatic or asymptomatic.  Asymptomatic is particularly important for transmission, because you’re shedding virus and don’t know it.  70% of cases are acquired from an asymptomatic partner and you don’t know when you’ve been exposed.  The incidence and prevalence (50 million cases in the US) are huge.  Infection is correlated to number of sexual partners, and women are more commonly infected than men.

· In recurrence, symptoms are less severe and don’t last as long.  Many cases will have 6 or 10 or more recurrences per year, which makes it a major problem.  HSV-2 (genital) has more recurrences than HSV1.  Recurrence is affected by how long ago you were infected (decreases over time), if it’s HSV 1 or 2, and on your immune status.  Interestingly, shedding rates have no effect on transmission.

· Antivirals reduce recurrences (75%) and transmission (50%) quite a bit.

· HSV can also present as encephalitis, meningitis, neonatal HSV, whitlow (lesion on finger), or primary gingivostomatitis (lesions on mouth/face).  It can also cause HSV keratitis (the #1 cause of infectious blindness in the developed world) by autoinoculation from orolabial shedding or reactivation of latent HSV in the trigeminal ganglion.  

· Neonatal herpes is transmitted through an infected birth canal, usually with an asymptomatic mother.  It present during the first weeks of life and manifests as skin/eye/mouth lesions that may have severe neurologic sequelae, encephalitis, or disseminated infection.  Vesicles (lesions) may not always be present, so you must remember this infection if a child isn’t doing well in general shortly after birth.  

· Herpes encephalitis is the most common, acute, sporadic encephalitis.  It’s mostly HSV1.  It classically presents with fever and neurologic deficits (typically temporal lobe).  

· Varicella-zoster virus produces chicken pox with primary infection.  It can cause severe disease in teens and adults, putting them at risk for varicella pneumonia.  It can cause life-threatening pneumonia, encephalitis or disseminated infection in immunocompromised patients or newborns.  Herpes zoster (shingles) is a reactivation from sensory ganglia with lesions localized to dermatomes.  Can disseminate in immunocompromised patients.  

· Varicella = diffuse.  Herpez zoster = localized to dermatomes, but can become diffuse and lead to chronic pain (post-herpeutic neuralgia) or blindness

· The varicella vaccine is a live, attenuated vaccine for preventing chicken pox in kids or adults, or for preventing shingles in adults.  It’s quite effective.  In those who can’t get the live, attenuated version (pregnant women, high risk patients) or for treatment of already infected people, they can be given varicella Ig. 

· Cytomegalovirus is usually asymptomatic, but can cause mononucleosis or congenital infection.  Mononucleosis is cause mostly by EBV, but significantly by CMV.  It manifests as fever, lymphadenopathy and lymphocytosis (lots of lymphocytes).  The exudative pharyngitis often seen in EBV isn’t seen with CMV.  You can also distinguish the two by an antibody test for EBV.  

· Congenital CMV occurs fairly commonly.  If the mother is in primary infection when she gives birth, it can produce severe symptoms in the child (jaundice, hepatosplenomegaly, cerebral calcifications, chorioretinitis, motor disability, hearing loss).  If it’s just reactivation, it may only produce hearing loss.

· CMV is a huge problem in immunocompromised patients, especially those with HIV (causes retinitis, encephalitis, colitis), bone marrow transplants or organ transplants (HUGE problem).  Highest risk transplants are putting a sero-positive graft in a sero-negative person.

· HHV6 and HHV7 clasically cause rash illness of childhood.  Febrile seizures may occur, as may mononucleosis, hepatitis and neurologic signs.  

· To diagnose herpesviruses, you can culture, do antigen detection or nucleic acid detection (particularly of CNS disease).  Detecting antibodies isn’t too great, since most people have them.

Pathology of Parasites and Human Disease Caused by Kinetoplastids:

· Parasites live in complete dependence on their hosts.  Hosts shield parasites from the world and supply them with food.  These hosts may be definitive (parasite reproduces sexually in it) or intermediate (larval stages develop in it).  If a parasite is conveyed from host to host by an invertebrate, that invertebrate is the vector.

· Parasitism is the most common way of life.  For medical purposes, we’ll think of parasites in three categories:  protozoa (single celled), helminthes (multicellular worms/flukes – most common) and arthropods (large, multicellular arachnids and insects).  

· Our changes to our ecology and environment have perpetuated and intensified a lot of parasite problems.  Many parasites manifest as chronic infections, but mortality is quite high on a global scale.  Malaria kills the greatest number of people, and of the big killers Human African Trypanosomiasis is the most lethal.  
· Parasites must attach to hosts, invade, interact, obtain nutrients, evade immunity, encyst and form eggs, and change host behavior.  

· Once in the host, parasites must somehow attach and prevent expulsion.  Some use receptor-ligands, others use hooks or motility.  Ex: Plasmodium vivax has Duffy-binding-protein that binds Duffy-antigen on RBCs.  Hookworms hook into the intestine to feed off of blood.   

· Many are obligate intracellular parasites, often invading by receptor-ligand interactions, modifying host cytoskeleton, or subverting signaling pathways.  Ex:  Toxoplasma binds at surface and uses microtubule motors to move along the surface and eventually is endocytosed.  Toxoplasma then causes the endosome to resist lysosomal fusion, and it survives in the cell.  Ex:  Trypanosomes modify the host cytoskeleton, then cause lysosomes to fuse with the cell membrane just below it until it becomes engulfed and enters the host.  They may also enter by altering signaling pathways.  Then, they escape the lysosomes.  

· Host-parasite interactions are dynamic, with hosts often trying to reject parasites, often by releasing cytokines for immune help.  Parasites can also influence the host by producing proteins that alter gene expression (Trichinella does this to myocytes and leads to fever, orbital swelling, muscle weakness, etc) or inserting proteins into the plasma membrane that prevent destruction of the host cell (Plasmodium).  

· Parasites derive nutrients from their hosts.  Many require host purines for genome synthesis or digest host proteins for energy/AAs.  

· Immune evasion can be essential for survival.  African trypanosomes vary their surface protein to evade immune detection.  They are covered with 1 glycoprotein, but a small fraction alter their protein structure by recombination and they can start another infection cycle even if most of the other parasites are killed.  

· Parasites very frequently produce environmentally stable eggs (worms) or cysts (protozoa) to survive until they can reach the security of another host.  These forms are often used to diagnose parasites in stool.  Size, morphology, etc can also help identify them.

· Parasites can also alter host behavior to promote their spread.  Toxoplasma in mice can make them less afraid of cats.  

· Parasites cause disease by direct cellular damage, mechanical obstruction/compression, through the host immunologic response, or other disease mechanisms.  

· Direct damage can be from lysing cells to spread the parasite or secreting pore-forming/proteolytic enzymes.  Parasites that kill the host balance this with their need for survival.  Toxoplasma gondii bursts out of cells, but immediately invade adjacent viable ones.  
· Helminthes often cause disease by obstruction of intestine of lymphatics.  Growth of parasite-filled organs can also occur, and in places like the brain they may lead to seizures.  Masses of worms can obstruct lymphatics and lead to elephantiasis.  

· Host immunity can make a parasite infection much worse.  Some large worms don’t produce much response, but their small eggs can elicit strong reactions leading to fibrosis and tissue destruction.  Host responses include granulomas, fibrosis, cytokines, fever, hepatosplenomegaly, anemia, diarrhea, rash, etc.

Kinetoplastids:  protozoan parasites with a kinetoplast (stains in Giemsa stain)

· Kinetoplastids that cause human disease include Trypanosoma brucei (African sleeping sickness, or Human African trypanosomiasis), Trypanosoma cruzi (Chagas disease, or American trypanosomiasis), and Leishmania species (discussed later).

· Kinetoplasts (structures) are located near the base of the flagellum in these organisms and contain mitochondrial DNA (maxi circles with mitochondrial genes, and mini circles with rapidly evolving genes of unknown function).  

· These organisms take different forms at different stages in their life cycle.  These include:  typomastigote (flagellum at one end with an undulating membrane), epimastigote (flagellum in middle), promastigote (flagellum at one end without an undulating membrane), and an amastigote (no flagellum, immotile).  For all of them, the flagellar side is considered anterior, since the flagellum pulls it in that direction.  

· African trypanosomes are major pathogens of humans and livestock.  These Trypanosoma brucei have two subspecies:  gambiense and rhodesiense.  They cause African sleeping sickness, or Human African Trypanosomiasis (HAT).  They are transmitted by tse-tse flies.  Other animals are also tse-tse fly hosts.  
· In the bloodstream, these trypanosomes are uniformly covered with only 1 surface glycoprotein, termed VSG.  VSG is immunogenic, but 1/100,000 parasites changes VSA by recombination when it replicates so that a new population can expand in the host if immunity wipes out the old one.  

· Many discoveries were made in the study of trypanosomes.  

· HAT is very deadly, and will result in death in 100% of untreated cases.  Many people are permanently disabled.  

· Trypanosoma brucei rhodesiense:  East African.  Inflammatory reactions at the site of inoculation form a chancre.  Infection reaches the CNS faster.  

· Trypanosoma brucei gambiense:  West African, and more acute.  Lymph nodes enlarge in ‘winterbottom’s sign.’  

· Symptoms are difficult to define.  Multiplying parasites infect all tissues/organs.  It produces an irregular moderate/high fever, much like malaria.  Severe pain my be experienced after release of pressure on the palms of hands or on the ulnar surface (Kerandel’s sign).  Other symptoms may be heart failure, jaundice, blindness, rash, etc.  With varying frequency, it affects all parts of the body.  Once in the brain, it gives rise to white matter encephalitis with many neurologic problems (agitation, impulses, pain, itching), and it can’t be treated.  You may see numerous hemorrhagic foci in the brain or hydrocephalus.
· Sleeping disturbance is common, with an uncontrollable desire to sleep all the time and an inability to do so at night.  It disrupts normal patterns.  Seizures, coma, cachexia and death occur in the final stages.  

· This is diagnosed by exposure to endemic areas, history of the chancre, irregular fever, and enlarged lymph nodes clinically.  Serologic tests or demonstration of the trypanosome in the blood (microscopically or via PCR) confirm it.  And, it’s important to know if it’s reached the brain via a CSF sample.  In the CSF, you may see extra cells and protein, or possibly a morula of eosinophilic Mott cells.  

· HAT can be treated well early, but requires expensive, toxic treatment if it’s caught late.  

· Trypanosoma cruzi is the causative agent of Chagas disease.  It’s a huge problem in South and Central America.  

· Trypanosoma cruzi is transmitted by Reduvidae, aka kissing bugs.  These insects live in thatch roofs or cracks in mud-hut walls.  T. cruzi is a zoonosis that has reservoirs in armadillos and opossums.  

· Transmission may be by vector, through transfusion, congenitally, or accidental (lab contaminants).  

· T. cruzi is passed through the feces of the reduvidae bugs, and enter cells at the site of entry near the eye.  The resulting unilateral chagoma is called Romana’s sign.  

· The acute infection is mostly asymptomatic, and is followed by 10-30 years of an asymptomatic but seropositive intermediate phase.  In the chronic phase, people show cardiomyopathy, megacolon/megaesophagus, etc.  

· Trypanosomes may transform to the amastigote (dividing, non-motile) form and invade cardiac muscle.  The amastigote is indistinguishable from Leishmania.  It multiplies and forms pseudocysts associated with severe myocarditis, apical aneurysm, and can lead to early death.
· With megacolon and megaesophagus, you get a loss of autonomic control due to amastigotes in the muscle layers destroying the ganglionic plexuses.  You can get constipation or regurgitation and painful swallowing.  

· T. cruzi is diagnosed with history, clinical presentation, and imaging/examination.  T. cruzi in the blood looks like C-shaped trypomastigotes.  You can do PCR or serological tests too.  

· Treatment for acute stages is with nifurtimox or benznidazole or allopurinol.  In the chronic stages, you can only treat the symptoms.  
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