Pathophysiology Notes 2 – Micro/ID
Intro to Micro 9/12:  

· Infectious diseases are pretty dynamic, with lots of new ones discovered in recent years.  

· An infectious disease occurs when a microbe causes damage to a host resulting in clinical signs and symptoms of disease.  A pathogen is any organism that has the capacity to cause disease.  

· Microbial pathogenesis steps:  contact, attachment, invasion, evasion, cell damage, spread.  

· Things that influence infection:  

· Host – 

· age:  more susceptible with older age – more autoantibodies, less t-cell proliferation and antibody response 
· nutritional status: hospitalized people are frequently under-nourished; protein deficiency produces mostly defects in T-cell function with some in PMNs

· immune status, genetics, behavior
· co-morbidities: diabetes and pharmaceuticals can be potent immunosuppressants; IV access causes lots of infection 
· Basically, for all aspects of care it’s critically important to know:  who is the patient?
· Agent – 

· type: prions, viruses, bacteria, fungi, parasites.  

· virulence factors, and resistance to anti-microbial therapy.  

· Environment – population density, migration, herd immunity, climate changes, etc.

· You can think of microbes as endogenous or exogenous.  Endogenous flora includes organisms which reside long-term on the body’s surfaces (ex: commensals may help you get nutrients, promote differentiation, stimulate the immune system, provide growth factors, or compete with pathogenic microbes).  Exogenous flora includes those that depend on transmission among individuals to survive.

· Or, you could think of microbes as commensals, facultative pathogens (often present, but only cause illness in certain situations), or obligate pathogens (always cause disease if present)

· Commensals may do a lot more stuff than we give them credit for.  The NIH has a ‘human microbiome’ project to study our commensals, how they vary among us, and what influences they may have.  Microbial cells in our bodies outnumber our own cells 10:1.  Commensals have been found to metabolize xenobiotics, influence cardiac size, influence behavior, etc.  
· Probability of disease:  Pdisease = (inoculum size*growth rate*virulence) / (host resistance)
· Regardless of initial dose, you need a certain number of bacteria to cause bacteremia.  

· Doubling times vary, but are often in minutes for bacteria.  Viruses cycle every 24-48 hours.  Fungi and parasites are even slower. 

· Virulence factors enable a microorganism to establish itself on/in a host and enhance the potential to cause disease.  This includes the ability to resist host defenses and multiply to a concentration that will cause disease.  Strategies include surviving/escaping phagocyosis, factors to help the pathogen permeate barriers like the skin (proteases, etc), or toxins.

· Host immune responses may be non-immunological or immunological.  
· Non-immunological host resistance includes mucous membranes, flow of body fluids, acid, cilia, and the skin (breaking the skin for IV is the most common cause of hospital aquired infection).  
· Immunological host resistance includes innate (macrophages, PMNs, NK cells, complement, and interferons) and acquired (b/t cells) immune responses.  Macrophages and DCs are phagocytic and antigen presenting cells.  They may secrete chemokines, and they use PRRs to recognize foreign particles.  PMNs are phagocytic, follow chemotactic signals, have adhesins that mediate cell-cell interactions, and are often first at the site of infection.  Complement may be activated by ag/ab binding (classical pathway), microbial polysaccharides (alternative pathway), or the lectin binding pathway.  Activated C3, and C5-9 mediate effects.  Mechanisms of complement include opsonization, inducing PMN migration, inflammation, and direct cell destruction via the MAC (membrane attach complex).  NK cells require no activation and attack cells that lack MHC I among other things.  Interferons α and β have strong antiviral activity.  T cells may facilitate immune responses of B/T cells by secreting products that promote anti-phagocytic activity or directly lyse infected cells.  B cells produce immunoglobulins for recognizing unique antigenic structures.  
· You will survive an average of 7 years with a B-cell deficiency, 3 years with a T-cell deficiency, 2-3 weeks with a PMN deficiency, and you won’t even make it to birth with a macrophage deficiency.  

· Microorganisms can escape phagocytosis by inhibiting fusion of phagosomes and lysosomes, escaping from phagosomes, or being resistant to killing mechanisms.  
· Patients with infection and inflammation just generally don’t feel good.  Even less virulent pathogens elicit a big response, resulting in fevor, anorexia, lethargy, and myalgia (break down muscle protein for heat and amino acids).  

· Pat Murphy:  “healthy people who are well fed, reasonably separated, and with access to pure water seldom have serious infectious illnesses”

Global Overview of Infectious Diseases 9/15:

· The greatest ID occurrences in the 20th century include eradicating smallpox, discovering penicillin, HIV’s emergence, the flu pandemic of 1918 (most deadly pandemic ever), childhood immunization, and clean water.  
· In 1967, the WHO decided to eradicate smallpox.  DA Henderson was the leader.  By 1977, the last case had occurred, and victory was declared in 1980.  

· The WHO decided polio would be next.  In 1988, 1000 children were paralyzed by polio each day and would have to live their lives in iron lungs.  Polio is eradicated in all but 6 countries, with 575 reported cases this year.  These will be very difficult, since it’s not as ideal as smallpox was (smallpox had a 100% effective vaccine and no silent carriers).  

· With herd immunity, the susceptible population is too small to sustain the virus.

· Most vaccines are remarkably efficacious.  

· The major causes of death that are due to preventable diseases include HIV, HBV/HCV, malaria, TB, etc.  There are good vaccines for some.  The media focus on many which are far less lethal.  

· Smallpox showed the power of vaccination and public health, the importance of global collaboration, and that we really can eliminate an infectious disease.  

· Barry Marshall showed H. pylori to cause gastric ulcers in 1983.  H. pylori definitely plays a role in gastritis, peptic ulcers, gastric achlorhydria/carcinoma/lymphoma.  But, people in the GI field didn’t want to believe his story.  So he consumed it himself.  GI guys tried to show that treating with an antibiotic wouldn’t have an effect, but found that it virtually eliminated recurrence of ulcers in patients.  

· This showed that it can be hard to change minds in medicine, and that microbes can play important roles in chronic diseases, not just acute ones. 

· HIV was believed to be first contracted in 1937, but reports of pneumocystis pneumonia didn’t appear until 1981.  HIV was discovered, a test was developed, the natural history was elucidated, and treatments were developed.  We’ve failed to develop a vaccine, though.
· HIV initially caused slow morbid deaths.  In 1986, AZT helped treat it, but HIV became resistant within 6 months.  At the Vancouver Conference, the virus was shown to produce 10 billion virions per day, and clinical trials of highly active anti-retroviral therapy (HAART, often 3 drugs at once) were announced.  It was highly effective.  

· Protease is an enzyme required for HIV to replicate, and rationally designed drugs inhibited it.  This was the first designer drug in infectious diseases.  All together, 26 new drugs were developed.  HAART really increased survival, but it’s expensive ($12-15000 per year).

· AIDS is the major cause of death by ID in the world, followed by TB and malaria.  AIDS in many African countries has erased the gains in life expectancy made over the past 50 years.  There’s a 40% chance any given child in Botswana will die of AIDS.  AIDS clinics that were established may now help deal with TB, malaria, water, etc.  

· From AIDS/HIV, we learned how the ID cascade plays out, that antivirals can be very powerful, consumers can play an active role in addressing ID, ID is a global issue, you can’t cure a retroviral infection, and you can’t prevent an STD.

· The infectious disease cascade:  disease description → microbial pathogen found → diagnostic test produced → epidemiology and natural history elucidated → treatment developed → prevention (still haven’t gotten this far for HIV/AIDS).

· New antibacterial agents are being found/produced, but the development of resistance is a very big issue.  MRSA is a huge ID problem throughout the world.  There are two MRSA epidemics happening, a community required lineage SWP derived from the 80/81 strain of MSSA, and a hospital acquired lineage MRSA16.  A bunch of separate outbreaks were shown to have the exact same strain.  

· It starts out looking like a spider bite, and can progress rapidly.  Community acquired necrotizing pneumonia resulting from MRSA killed 6/10 patients with an average duration of only 3.5 days.  

· The PVL gene may or may not be a major virulence determinant for MRSA.  Regardless, S. aureus has lots of weaponry and is a very dangerous pathogen with lots of virulence factors.  

· In a study of MRSA, projected that over 18,500 people would die per year of MRSA infections.  That’s an enormous number of people.  

· Antibiotics may have been the greatest medical achievement of the 20th century.  But, people long ago predicted that there’d be problems if we abuse it (Florey) and in the end microbes will win (Lederberg).  

· All of the epidemics that have broken out recently have come as a big surprise.  After the tsunami, the WHO predicted fatalities would double due to epidemic.  But, that didn’t happen due to interventions with vaccines, clean water, antibiotics, vector control, and limiting the size of camps.  It’s a remarkable achievement.  They vaccinated a million kids in two weeks.  
· From this, they learned to be prepared for an epidemic, whatever its source.  You can do that largely with antibiotics, vaccines, and public health measures.  

· Main points:  the cascade, antibiotics/vaccine/public health as weapons against ID, constant surprises like SARS/MRSA/HIV keep occurring, and that this is a global problem.  

Prokaryotic Physiology and Bacterial Structure 9/16:

· Prokaryotes are small (.2-5 microns), lack a nuclear membrane/nucleus/membrane-bound organelles, may have flagella, have a glycocalyx, a complex cell wall, a circular chromosome + plasmids, divide by binary fission, and have no sexual reproduction.  

· Bacterial shape is determined by the cell wall and may be round (cocci), rod shaped (bacilli), in between (coccobacilli), spiral (spirochetes), or variable (pleiomorphic).  

· Gram’s stain is a stain for bacterial identification and early determination of an appropriate antibiotic to use against that bacterium.  You first stain with crystal violet, stabilize with iodine, wash with alcohol and counterstain with safranin.  For bacteria that can’t be Gram stained, you can use an acid fast stain with carbolfuchsin (useful for myobacteria). 

· Gram (+):  From outside in, these bacteria have a thick layer of peptidoglycan and teichoic/lipotechoid acids, followed by a cytoplasmic membrane.  

· Gram (-):  From outside in, these bacteria include an outer membrane with LPS, a periplasmic space with a single peptidoglycan layer, and an inner membrane.  

· Bacterial cell membranes are important for active transport, energy generation, cell wall precursor synthesis, and secretion of enzymes/toxins.  

· Teichoic acids are made of ribitol phosphate or glycerol, and they may anchor to NAM (peptidoglycan) or the cytoplasmic membrane in gram (+) bacteria.  They anchor the cell wall, function in adherence, and may be antigenic.

· Peptidyglycan is made of cross-linked chains of alternating NAMs and NAGs.  Transglycosidase enzymes elongate these chains, and transpeptidases cross-link them for increased strength.  

· LPS is an important component of the outer membrane of gram (-) bacteria.  The O-specific polysaccharide is highly variable and protrudes from the cell.  A core polysaccharide connects this O-specific domain with the Lipid A moiety on the other side of the LPS complex.  Lipid A is highly conserved.  It’s found in the membrane, but if the cell is lysed and it’s free, it induces a strong immune reaction.  Lipid A is the molecule responsible for the sepsis that may result from gram (-) bacteria.  It is highly immunogenic and can lead to a febrile response, activation of complement and granulocytes/macrophages, induction of interferon/TNF/colony-stimulating-factor production, and be a mitogen for B cells.  
· Some bacteria species have a capsule outside the cell wall.  This is a gelatinous layer, usually polysaccharide, that varies among species.  It’s a virulence factor that can prevent phagocytosis (or be used as an antigen in vaccines).  In the presence of homologous antibody, it may swell and produce a Quellung reaction making it easier to visualize.  

· Clostridium and Bacillus genera may produce spores (aka endospores) in response to adverse conditions (such as antibiotics).  The spore forms inside the cell and has DNA, cytoplasm, a membrane, peptidoglycan, and a thick keratin-like structure around it.  This is extremely resistant to heat and chemicals.  It may remain dormant until the environment is more favorable, at which time it will germinate.  

· Bacterial division occurs by binary fission, forming two identical progeny cells.  Doubling times range from 20 minutes to days.  

· The bacterial growth cycle includes a lag phase in which cells adapt to their environment and may prepare to divide by producing proteins.  During the exponential growth phase, the cell count increases logarithmically.  This reaches a plateau, called the stationary phase.  If nutrients are exhausted and toxins accumulate, a death phase may occur.  Most antibiotics work best during the exponential growth phase when bacteria are dividing rapidly.  
· The use of oxygen generates superoxide (O2.) and H2O2, both of which are toxic.  To be able to use oxygen, bacteria need to make the enzymes superoxide dismutase (O2. → H2O2) and catalase (H2O2 → H2O).  This is a detoxification mechanism to allow for aerobic growth.  
· Bacteria may be obligate aerobes, facultative anaerobes, or obligate anaerobes.  

· Bacteria are haploid, with a single circular DNA molecule + plasmids.  Plasmids may replicate independently, and they often carry antibiotic resistance genes which may be transferred among bacteria.  
· Mutations may occur and change the DNA sequence and phenotype of the bacteria.  These may be base substitutions, frame shifts, trasponsons or insertion sequences.  They may be random or as a result of chemicals, radiation or viruses.  

· But genetic variation occurs from more than random mutations.  Within bacterial cells, DNA can be transferred as transposons or by programmed rearrangements to activate/silence a gene.  
· More commonly, DNA is transferred between cells.  This may occur by conjugation (mating, F+ to F- transfer of an F plasmid), transduction (transfer via bacteriophage), or transformation (picking up free floating DNA and incorporating it).  

Staphylococci 9/17:

· Staphylococcus is a gram (+) coccus.  Its name means ‘bunch of grapes/berries.’  It divides randomly in three planes, and daughters don’t completely separate, so the result looks like bunches of grapes.  There are three medically important species:

· Staphylococcus aureus (the most virulent and important).  It causes healthy and hospital-acquired Staph infections.

· Staphylococcus saprophyticus causes UTIs in young women.  

· Staphylococcus epidermidis is typical of the remaining group of ‘coagulase negative’ staphylococci.  There are about 35 species in the group.  They are opportunists and commonly show up in oncology patients, as biofilms on implanted medical equipment, and in neonates.  

· When grown on blood agar, S. aureus grows gold/yellow colonies (aurum=latin for gold) and shows beta hemolysis.  S. epidermidis has white colonies and no hemolysis.  

· The main way to tell the three medically important species apart is by a coagulase test.  Staph aureus is coagulase-positive, and all other Staphylococci are coagulase-negative (though a couple may give pseudo positive results, like S. ludgunensis and S. schleiferi).  

· Staphylococci may or may not have a polysaccharide capsule, and most S. aureus infections are caused by S. aureus with capsule type 5 or 8.  The cell wall of Staphylococci has peptidoglycan, which is a scaffold that helps anchor all the surface antigens.  The gram (+) cell wall also has teichoic acids, which are water soluble polymers that covalently link to the peptidoglycan backbone and may also attach to cell-wall active enzymes and proteins.  Teichoic acid isn’t a virulence factor.  Importantly, the cell wall does not have LPS.
· The virulence factors of Staphylococci are mostly produced by S. aureus:  

· Surface proteins:

· Protein A – Binds to Fc regions and presents Fab of antibodies so the phagocyte won’t recognize the antibody.  It is anti-phagocytic.

· Coagulase – binds host prothrombin and forms staphylothrombin to help catalyze the cleavage of fibrinogen into fibrin.  

· A and B clumping factors – bind fibrinogen and help with localized clotting.  May lead to a pseudo-(+) coagulase test in coagulase-negative S. lugdunensis/schleiferi

· Toxins: 

· Exoenzymes - proteases and lipases that help it spread through tissues

· Hemolysins - can lyse RBCs and other eukaryotic cells.  α-hemolysin causes lysis of RBCs (β-hemolysis), and there are three other types too.

· Leucocidins – Panton-Valentine Leukocidin (PVL) is a pore-forming hemolysin.  It degranulates and lyses PMNs and is associated with aggressive infections.  

· Superantigens:  stimulate T-cells nonspecifically resulting in cytokine release and shock

· Enterotoxins A-D (food poisoning) – these are heat stable.

· Exfoliatins A and B – scalded skin syndrome. 

· TSST-1 – toxic shock syndrome toxin.

· Coagulase-negative Staphylococci do not typically produce exotoxins.  Their primary virulence factor is the formation of biofilms.  They secrete a polysaccharide (PIA) gel that surrounds microcolonies of the bacteria.  This keeps out antibodies, complement, PMNs, antibiotics, etc and adheres to plastics common in medical devices.  
· Coagulase-negative Staphylococcal infections are virtually non-pathogenic in normal people.  They are resistant to many antibiotics (less virulent tends to be more antibiotic resistant), and though they are implicated in a variety of diseases, they are rarely life-threatening.

· Coagulase-negative staph infections:

· IV catheter infections, dialysis access device infection, infection of implants, neonatal septicemia/endocarditis/NEC (a GI infection), or infection in immunocompromised patients.  

· Staphylococcus aureus is one of the most common pathogens in North America.  It is good at acquiring and integrating accessory genetic elements that confer pathogenicity, and thus evolves to elude antimicrobials too.  

· Staph aureus infections can really affect almost any site:

· Impetigo, celulitis, cutaneous abscesses (boils/carbuncles), wounds, deep abscesses, osteomyelitis, septic arthritis, septicemia, endocarditis.

· Toxin mediated syndromes:  toxic shock syndrome, scalded skin syndrome, food poisoning, and necrotizing fasciitis.

· MRSA is the most commonly identified cause of skin and soft tissue infection in US EDs.  

· Staphylococcal toxic shock syndrome is characterized by fever, hypotension, erythematous rash, vomiting, diarrhea, and maybe multisystem organ dysfunction.  It usually isn’t associated with bacteremia.  It was initially described in women using high absorbency tampons, though the incidence decreased with education about it.  It’s due to TSST-1 and other superantigens, but an antibody against TSST-1 can protect you from the effects.

· Almost everyone is infected with S. aureus for most of their lives.  They tend to colonize the nose, skin appendages, GI tract and vagina.  Minor skin infections occur in everyone, but our immune systems prevent spread.  Major diseases occur commonly in immunosuppressed, and also in normal people particularly after an insult like wound, influenza, or injection drug use.

· S. aureus can be transmitted directly or indirectly (via hands) between people.  In hospitals, it commonly occurs via healthcare workers’ hands.  In the community, it can also spread by normal household contact.  Environmental surfaces are commonly contaminated with S. aureus, but their role in transmission is unclear.
· Bacteria get past barriers by injury/wound/inflammation.  They get past neutrophils by taking advantage or neutropenia, escaping with their capsule, leukocidin toxins like PVL, or forming biofilms.  They escape antibody responses through virulence factors like protein A, or by taking advantage of a lack of a host antibody response. 

· PMNs are the primary immunologic defense against S. aureus, and deficient neutrophil number (congenital neutropenia, acquired leukemia or chemotherapy) or deficieny neutrophil function (CGD, leukocyte adhesion deficiency, Chediak Higashi syndrome, Hyper IgE syndrome) increases susceptibility to S. aureus infection.

· S. aureus acquires and transfers resistance genes pretty well.  95% of S. aureus have penicillinase to degrade beta-lactam antibiotics (though they don’t affect cephalosporins).  Beta-lactamase inhibitors inhibit this.  

· MRSA has a mecA gene responsible for methicillin resistance.  The mecA gene is located on a mobile genetic element called staphylococcal cassette chromosome (SCCmec).  There are five variants, and they result in resistance to all beta-lactamase antibiotics.  

· Vancomycin acts at the cell wall, not as a beta-lactamase, and has been key for treating MRSA.  Strains have appeared with increased MIC for vancomycin, indicating some resistance.  Luckily, for now they have shown limited occurrence.  

· MRSA may be hospital acquired (HA) or community acquired (CA).  

· HA-MRSA (nosocomial) tends to affect very young or old people with major illness, surgical incision, devices, foreign bodies, etc.  The people who get it are often handled a lot by caretakers.  These used to make up a huge amount of hospital Staph infections.  They carry SCCmec I, II or III and have multidrug resistance.  
· CA-MRSA is now increasingly common in the community, and even causing hospital outbreaks.  It was present in the community and acquired resistance separately (type IV SCCmec) from the hospital strains.  They also tend to express PVL.  CA-MRSA is more susceptible to other antibiotics.  

· CA-MRSA causes a lot of community acquired purulent (pus) skin infections in previously healthy people.  It also causes a lot of pneumonia, particularly after influenza.  This pneumonia is unusually severe with high mortality.  It may be a necrotizing pneumonia with bone infection or thrombi.

Bacterial Toxins 9/18:

· An exotoxin is a molecule produced by a microorganism and released to affect targets at a distance.  An endotoxin is an intracellular or cell-associated toxic component of Gram (-) bacteria…basically when you think of endotoxins, think LPS.  

· Toxins are most often categorized by their target of action (enterotoxin, neurotoxin, leukotoxin) or the organism that produces them (cholera toxin, etc).  

· Genes involved in toxin production and delivery are often found in pathogenicity islands.  These can occur in a variety of locations on bacterial chromosomes, and they have different GC content from the rest of the chromosome, suggesting they are acquired from other organisms.  Most of these pathogenicity islands have bacteriophage-like characteristics (repeats near the ends for site specific recombination and phage integrase genes).  Bacteria may need to be infected by a phage to get all of the info needed to make the toxin.  Toxin genes may also be on plasmids.

· Synthesis and excretion of exotoxins are tightly controlled in response to the environment (ex: iron availability for diphtheria or osmolarity for cholera).  Exotoxins may be excreted into the intracellular fluid or injected directly into host cell cytoplasm.  There are 4 known secretion mechanisms.
· One problem with toxin excreting bacteria is that even if you kill the bug, the toxin is still around.  And, when you initially kill them with antibiotics, it may transiently release more toxins and make you worse.  

· Exotoxins kill cells by disrupting their membranes.  They may be pore-forming toxins, such as streptolysin O (Strep pyogenes), listeriolysin O (Listeria monocytogenes), pneumolysin (Strep pneumoniae), careulysin (Bacillus cereus), hemolysin A (E. coli).  They may alternatively enzymatically disrupt eukaryotic membranes, like phopholipases or the A-toxin of Clostridium parfringens.  

· A common type of exotoxin is the A-B toxin, which has two domains.  The A is the active domain that catalyzes a reaction, and the B is just a binding domain.  You can have different ratios of As and Bs in complexes.  If you can isolate and/or produce the B domain, it can be administered alone as a competitive inhibitor to the A-B toxin.  A-B exotoxins can be broken down into four groups:
· ADP ribosylation toxins attach an ADP-ribosyl group to host proteins.  These include cholera toxin, diphtheria toxin, heat-labile enterotoxins (E. coli), exotoxin A (P. aeruginosa), pertussis toxin, C2 toxin (C. botulinum), and Iota toxin (C. perfringens)

· Adenylate cyclase toxins increase cAMP synthesis.  Adenylate cyclase toxin (B. pertussis) and edema factor (B. anthracis).

· RNA-glycosidase toxins cleave host rRNA and stop protein synthesis.  Shiga toxin (S. dysentarieae), shiga-like toxins (E. coli).

· Metalloprotease toxins are proteases.  Include tetanus toxin (c. tetani), botulinum toxin (C. botulinum), and lethal factor (B. anthracis).  

· Anthrax toxin:  It is an A2B toxin.  B. anthracis produces three toxin components that are not active without each other.  These are edema factor (EF), lethal factor (LF), and protective antigen (the B portion).  EF and LF are the A portions, and they inhibit neutrophil motility and phagocytosis, kill/modulate macrophages and dendritic cells, and act on endothelial cells and RBCs to mess up endothelial barriers, cause coagulopathy, and kill RBCs/endothelial cells.  

· Protective antigen binds receptors and leads to endocytosis so that EF and LF can act.  EF acts on adenylate cyclase to increase cAMP and lead to the formation of ion-permeable pores.  LF is a protease and somehow causes the release of cytokines that are toxic to cells.
· Diphtheria is caused by C. diphtheriae or less commonly by C. ulcerans.  It’s uncommon in the US because of vaccination.  It produces an A-B toxin, more specifically an ADP-ribosylating toxin that inhbits protein synthesis.  Diphtheria toxin causes myocarditis, which can lead to heart failure and abnormal cardiac rhythm.  It also causes neurotoxicity, including paralysis of the soft palate and pharyngeal wall, cranial neuropathies, and motor paralysis.  Damage is commonly irreversible.  

· Cholera is caused by Vibrio cholerae and manifests as copious, painless, watery diarrhea and often vomiting too.  It can quickly lead to dehydration and death.  But, it can be treated with oral rehydration.  The toxin is an A-B toxin.  It binds to enterocytes, is endocytosed and enzymatically activated, ADP-ribosylates Gs leading to cAMP production and activating the CFTR channel.  This causes an efflux of ions and water.

· Endotoxin = LPS.  It is a component of gram (-) cell walls that’s most released when the cell wall is destroyed.  LPS includes the O-antigen (highly variable), a core polysaccharide, and the Lipid A moiety that is always identical.  Lipid A results in a febrile response, activation of complement/granulocytes/macrophages, interferon production, induction of TNF which leads to vascular permeability and shock, colony stimulating factor production and B-cell mitogenesis.  
· Lysis of gram (-) bacteria causes the release of LPS.  It binds to a receptor on macrophages, which release tons of cytokines and initiate inflammatory stuff.  It is the host’s vigorous immune response that kills it.  Mortality is still about 30% from this.

· Some toxins act as superantigens, which stimulate T-cells via non-specific interaction with class II MHC on antigen presenting cells and Vβ chains on the T-cell receptor.  It basically mimics a stimulatory reaction between APCs and T-cells, activating up to 20% of the body’s T-cells.  This results in an extremely exaggerated immune response, leading to redness, fever, erythema, etc.  

· Scarlet fever:  Pharyngitis caused by group A Streptococci is usually self-limiting and will resolve in a few days, but you treat to prevent complications.  One such complication is scarlet fever, due to an erythrogenic toxin (a superantigen).  You see a rash a couple of days after the onset of the illness, and it spreads over the body and has a sandpaper-like quality.  It can last for over a week and result in lots of peeling (desquamation).  

· The erythrogenic toxin is made up of three streptococcal pyrogenic exotoxins (SPEs) that act as superantigens.  SPE A and C are encoded on lysogenic phages, and SPE B is located on the bacterial chromosome itself.

Prions 9/18:

· There isn’t much you can do to treat these diseases.  Once they begin to progress, you just watch the patient die.

· Prion diseases, aka transmissible spongiform encephalopathies, are progressive neurodegenerative disorders.  They have long incubation periods (really makes them hard to study) but progress rapidly once you develop signs, they are associated with spongiform changes and neuronal loss, and don’t induce inflammatory responses.  They are caused by prions, agents that induce abnormal folding of normally cellular prion proteins.  
· A prion is a proteinaceous infectious particle resistant to inactivation my most procedures.  Prion proteins are resistant to proteases among many other things.  Prion proteins (PrP) are encoded in the normal host, and have the same primary structure, but just fold differently.  KO mice without PrPs appeared totally healthy.  

· Abnormal PrPs are protease resistant, form protein plaques (fibrils/rods), form macromolecular aggregates, has a lot of beta-sheets instead of alpha-helices, and can be found in intracellular vesicles and extracellular spaces.  The protein plaques may look like Alzheimer’s.  

· These diseases were first noticed as scrapie in animals.  The infective agent was found to resistant to formaldehyde, ethanol, proteases, normal autoclave heat, and radiation.  You need extensive autoclaving, extreme pH, detergents, strong salts, etc to stop them.

· Examples of these diseases in animals include scrapie, bovine spongiform encephalitis (BSE), and wasting in deer/elk.  In humans, they are kuru, Creutzfeldt-Jakob disease, fatal insomnia, and Gerstmann-Straussler-Scheinker syndrome.  

· CJD may be familial, sporadic (random occurrence of 1 in 2 million), iatrogenic (transplants, etc), or variant.  

· In the 1950s, the Fore people of Papua New Guinea were found to have a high incidence of kuru (cerebellar ataxia, incoordination, tremors, no dementia til very late, and death).  The incubation period was 10-40 years.  The last case was diagnosed in 1999.  They had cannibalistic rituals which transmitted the disease.  They were rapidly going extinct, but after banning the rituals (after a lag period) the incidence of kuru decreased.  

· Effects include vacuolation of cells, loss of neurons, hypertrophy and hyperplasia of astrocytes and amyloid plaques.  In kuru, this occurs in the cerebellum mostly, so you get lots of motor effects.  In CJD, it happens in the cortex and dementia is a primary manifestation.

· Spontaneous CJD is caused by spontaneous transformation of normal proteins into prion proteins.  It occurs in about 1 in a million individuals.  The risk increases with age (mostly over 60), and it typically appears as dementia and exaggerated startle reflexes.  Death occurs in less than a year (mean).  5-15% of CJD patients get it due to an inherited mutation (GSS syndrome and fatal familial insomnia). 
· CJD doesn’t seem to be readily communicable, since there is little geographical/temporal clustering, you don’t see a lot in any given occupation, and there aren’t many cases of spouses who both get it.  But, it seems like it may be transmissible because inoculation with brain/CSF material can transmit it, as can grafts/transplants or injections of growth hormone from affected individuals.

· BSE was thought to occur from feeding cattle with meat/bone containing BSE infected products of spontaneously occurring cases or scrapie infected sheep.  It is generally agreed that this amplified the outbreak in the UK, which peaked in 1993.  Like CJD, this affects the cortex.  After a ban on these feeding practices, a few years passed and the resulting decrease in BSE cases was seen.  Only 2 cows in the US were found to have BSE, and these cases were thought to be spontaneous.  

· Variant CJD (vCJD) is epidemiologically linked to BSE.  There was an increased number of cases as the BSE cases rose.  vCJD presents at an earlier age and is characterized by a distinct set of signs/symptoms from sporadic CJD:  vCJD has an earlier onset, longer duration, first manifests as psychiatric abnormalities and sensory symptoms, has a 100% chance of late cerebellar signs, does not have distinct EEG complexes, and has lot of amyloid plaques.  

· Concerns to the US food chain include imported BSE cattle, spontaneous BSE in cattle or other domestic animals, wasting in deer/elk.  In response to concerns, there has been increased testing, a ban of non-ambulatory cattle from the food supply, prohibition of high-risk material (skull, brain, spinal cord, etc) from human food, prohibition of mechanically separated meat, and testing of carcasses.  

· It’s tough to assess risk because the natural transmission mode (dose, route of entry) is unknown, there must be some kind of species barrier, there are different strains afflicting different proteins, and there is variance in the pathogenesis of the diseases.  

· Studies seem to indicate that sporadic CJD is not transmitted in the blood, but there have been a couple of cases in the UK where vCJD seems to have been transmitted by blood.  This is supported by the findings of lots of abnormal PrP in the spleen and lymph nodes with vCJD.  So there is a need for a blood test, as well as better understanding of pathogenesis, a need for neuropathological exams, and a need for more surveillance of transmissible spongiform encephalopathies in animals and humans.  

Diarrheal Disease caused by Bacteria 9/18:
· There’s a wide distribution in the normal number of bowel movements per day.  Diarrhea is defined by frequency, consistency, volume, and changes from normal habits.

· Classification of infectious diarrheal disease may be:  

· Acute:  secretory (viral or bacterial) or invasive (mostly bacterial)

· Chronic:  2-3 weeks or more.  Mostly parasitic, sometimes bacterial.

· Traveler’s:  bacterial
· Diarhheal diseases are primarily diseases of children (2nd leading cause of death among them).  In kids under 5, 1.7 million deaths per year, mostly in the developing world. 

· The gut normally absorbs 98% of what it encounters, mostly in the duodenum or jejunum.  Intestinal epithelial cells turn over every 48-72 hours and are sloughed from the villi. 

· There are two pathophysiological mechanisms for diarrhea:

· Decreased absorption, due to altered absorptive mechanisms, osmotic agents in the lumen, or decreased contact time.  

· Increased secretion due to stimulated anion secretion

· There’s a sizeable bacterial load normally in the colon.  But intestines have lots of defenses, like mucus, acid, tight junctions, peristalsis, etc.

· The intestine also absorbs and distributes antigens to contribute to mucosal immunity.  Oral vaccines can stimulate the mucosa immune system. There are already oral typhoid and cholera vaccines, with others for E. coli, Shigella, and Campylobacter in development.

· Most bacterial diarrhea is caused by gram (-) rods:

· E. coli:  Enterotoxingenic (ETEC), enteropathogenic (EPEC), enterohemorrhagic (EHEC).

· Vibrio cholerae (strains O1 and O139), Vibri parahemolyticus, Vibrio vulnificus

· Shigella dysenteriae/felxneri/sonnei/boydii

· Campylobacter jejuni

· Yersinia enterocolitica

· Some diarrhea are also caused by anaerobic bactera:

· Clostridium difficile

· Clostridium perfringens

· Bacteroides fragilis

· Diarrheal diseases are transmitted by fecal contamination of food and water.

· Virulence factors:

· Enterotoxigenic bacteria:  V. cholerae, ETEC, EHEC.  These attach to intestinal mucosal walls by pili or other mechanisms.  They usually cause severe diarrhea by acting in the small intestine to increase secretion.  Feces is an isotonic electrolyte solution, and you treat it with fluids/electrolytes.
· Invasive bacteria:  Shigella, Campylobacter, Salmonella, C. difficile, Yersinia, Listeria.  These act by invading epithelial cells.  These usually cause moderate diarrhea in the colon due to decreased absorption and increased secretion.  Stool is isotonic electrolyte solution with blood, pus, and mucus.  It’s treated with fluids, electrolytes and abx.  

· Normally, incubation periods are only 1-2 days, but they may rarely be 4-5 days, and very rarely up to 30 days.  Cholera and ETEC need a large inoculum size, whereas Shigella and EHEC need much smaller ones.

· To diagnose the cause of a bacterial diarrhea, you can do a stool culture, identify toxins in the stool, do a blood culture, look for antibody responses, do antibody detection tests, DNA probes, or PCR.
· Cholera and ETEC are very similar:

· Vibrio cholerae (strain O1 is older and strain O139 is more recent) and ETEC have nearly identical pathogenesis.  Cholera is the most severe diarrhea and will kill 60-70% of people in 12-24 hours if not treated.  But, if treated, almost everyone will survive.  Cholera toxin is an AB5 toxin that binds cells, enters, and increases cAMP and stimulates secretion without affecting absorption or causing morphological damage.  Diagnosed by stool culture with yellow colonies on TCBS media.

· ETEC is the most common cause of acute diarrhea in the developing world and traveler’s diarrhea.  ETEC produces two toxins:  heat labile (LT) toxin is very similar to cholera toxin and increases cAMP, and heat stable (ST) toxin increases cGMP.  Not easily diagnosed, requires molecular methods.  
· The Na and water loss contribute to renal failure and along with K loss contribute to cardiac arrythmias.  HCO3 loss contributes to metabolic acidosis.  The fact that Na and glucose are co-absorbed can be taken advantage of with oral rehydration therapy.  

· These patients present with sunken eyes, poor skin turgor and washer-woman fingers.

· Achlorhydria (a lack of acid in the stomach) can make you susceptible to diarrheal pathogens

· Therapy for acute secretory diarrhea is rehydration and antimicrobials.  Oral rehydration therapy is based on the coupling of Na and glucose absorption.  It doesn’t stop the diarrhea, but increases sodium and water absorption, so it can be hard to convince people that it works.  
· Vibrio parahaemolyticus is halophilic and grows will in salt water.  It commonly causes diarrhea as a result of eating undercooked shellfish/oysters.  It usually causes mild diarrhea, nausea/vomiting, low grade fever, etc.  The illness is usually self-limiting and doesn’t require treatment.  The mechanism isn’t well understood, but strains that cause illness produce a heat-stable toxin (TDH).  The O5:K6 serotype is presently ‘pandemic.’

· Vibrio vulnificus is very bad.  It lives in sea water and is responsible for blood stream infection resulting from ingested seafood or wounds exposed to salt water.  It most often occurs in people with underlying liver disease, and is very difficult to treat with high mortality.  

· Shigellosis (dysentery) – only a very small inoculum is required.  They invade or pass between mucosal cells in the colon (may destroy host cells in the process) and result in inflammation, producing pus, RBCs and mucus in the stool.  You also see fever and abdominal cramping.  

· Diagnosis is by stool culture (non-lactose fermenting, non-pigmented colonies).  Rarely, serology is used to diagnose it retrospectively.  

· S. dysenteriae causes the most severe disease, but only occurs in the developing world.  Shiga toxin was originally discovered in this organism.  

· S. flexneri is the most common in the world, but still mostly in developing places.

· S. sonnei is found more in developed countries and may afflict travelers more. 

· Treatment:  mostly antibiotics, though many have become resistant.  Ciprofloxacin is the drug of choice.  Nutritional therapy is essential, and rehydration less so.

· Campylobacter jejuni/coli:  This is a disease of food processing, particularly poultry in developed countries.  Can be grown in over half of packaged poultry.  It’s the most common bacterial cause of diarrhea in the US.  It’s pretty mild, though.   
· It’s definitively diagnosed by stool culture, but it requires growth at 42 degrees and special media.  

· Virulence factors:  it’s invasive, like Shigella.  It produces some enterotoxins.
· Treatment:  Antibiotics only help a little.  Erythromycin, ciprofloxacin or azithromycin are good choices.  

· It can lead to Guillain-Barre Syndrome (locked in syndrome) in 1/1000 cases, possibly due to molecular mimicry in peripheral nerves.  It can also lead to reactive arthritis.

· EHEC:  most common of the E. coli diarrheal diseases in the US.  It’s present in the undercooked hamburger outbreaks, and it has a reservoir in healthy, young cattle.  It mostly affects the young and old.  A very small inoculum size is needed.  
· Clinical manifestations:  hemorrhagic colitis with bloody stool and fever.  It has an incubation period of about 3 days.  It can also produce hemolytic uremic syndrome (HUS), which includes hemolysis, renal failure and thrombocytopenia and may be lethal.   This caused the 2006 spinach outbreak, and some lettuce outbreak in Sweden too.

· EHEC produces Shiga-like toxins, which have an AB5 structure like cholera toxins.  But, the A subunit blocks peptide elongation and kills cells. 

· These E. coli attach to enterocytes’ brush borders and release toxins causing local damage and/or entering the circulation.  85% of cases spontaneously resolve, 15 go on to HUS

· Diagnosis is by stool culture with white colonies showing up on MacConkey agar.  You can also do an assay for Shiga-like toxins in the stool or serology with antibodies to toxins or O-antigen.  

· Treatment is basically just supportive.  Antibiotic therapy may worsen the stimulating more toxin production.  If it progresses to HUS, dialysis may be required. 

· Prevention:  avoid undercooked burgers and unpasteurized milk/juice.  Wash hands.  Most prevention takes place in the meat industry.  

· EPEC:  Only occurs in very small children, and now doesn’t really happen in the developed world.  It was associated with nursery outbreaks in small kids, and was identifiable only be serotype (no toxins could be found).  We’re not sure how it causes illness, but they attach to the brush border and destroy the microvilli.  

· This illness is usually mild and self-limiting, and can be managed with oral rehydration.  Antimicrobials may be used but have no data to show any benefits.  This only afflicts developing countries now.  

· Non-typhoic Salmonella:  Many serotypes exist.  They are common food-borne infections with a few million cases per year in the US.  Common strains include S. typhimuriuim, S. enteriditis, S. Heidelberg, and S. Newport.  These bacteria are found in the intestinal tract of all animals, and eggs may also be an important cause of outbreaks.  

· Some are invasive, others produce enterotoxins, and the strains can vary widely in virulence factors.  

· Most often, infected individuals act as asymptomatic carriers for several weeks/months.  In symptomatic cases, it’s usually pretty mild.  But, particularly in kids and the immunocompromised, it can be severe and produce sepsis.  

· Diagnosis is by stool culture or blood culture in severe cases.  Only severe cases require antibiotic treatment, with Ciprofloxacin or Ceftriaxone.  

· Enteric fever:  This can be caused by Salmonella typhi or Salmonella paratyphi.  These are intracellular organisms.  S. typhi is a single clone represented throughout the world. 

· There is no animal reservoir for these bacteria.  Transmission is usually from people with the organism in their gallbladder.  It mostly occurs in developing countries, though a few cases in the US or among travelers do occur.  

· It requires a large inoculum and has a 1-2 week incubation period.  Organisms penetrate intestinal mucosa through M cells and into lymph/bloodstream.  They are particularly prone to colonize the gallbladder.  

· Symptoms include fever, constipation hepato/splenomegaly, and sometimes “rose spots” on the abdomen.  Mortality is 10-20% without treatment, but only 1% with it.

· Complications may include GI perforation or hemorrhage, cholecystitis, and really any organ system of the body can be invaded.  

· Diagnosis may be by bacterial culture of blood/stool/bone marrow/duodenal fluid(string test) or by serological tests.  

· It’s treated first with Fluoroquinolones, Azithromycin, or Ceftriaxone.  A second line of drugs is Chloramphicol, Ampicillin, or TMP-SMX. 

· Chronic typhoid carriers may be identified with stool culture or by serum antibodies.  They may be treated with antibiotic therapy of cholecystectomy.  

· There is a typhoid vaccine (live, oral version and a single injection).  

· Clostridium difficile:  An anaerobic, gram (+), spore-forming bacillis.  It grows in the colon and rarely causes disease (it’s found in 3% of healthy adults and 25% of hospital patients).  It’s often seen following broad spectrum antibiotic use, eliminating the competition of C. difficile.  It produces toxins and then causes illness.  

· This mostly shows up in medical institutions.  It’s responsible for pseudomembranous colitis and about 25% of antibiotic associated diarrheas.  Risk factors include broad spectrum antibiotics, intestinal surgery, and increased age.  
· The toxin it produces triggers an inflammatory response, but its exact mechanism is unknown.  

· To diagnose, you can do assays for the toxins (toxin A and/or toxin B).  Visualization of psuedomembrane by endoscopy also works.  Stool culture isn’t good because of the frequency of asymptomatic colonization.

· Changing antimicrobials is an important part of treatment, often changed to Metronidazole or Vancomycin.  Because it forms spores, relapses are common and may require prolonged therapy.  

· Prevention would be ideal.  Choosing antibiotics that are more likely to affect this (macrolides, doxycycline, aminoglycosides, fluoroquinolones) or just general infection control practices will help.

· Listeria monocytogenes: Small, intracellular, gram (+) rods.  May be part of the normal GI flora and are also found in soil and animals.  Listeria are transmitted by ingesting contaminated foods (soft cheese, pork, milk).  

· These bacteria have a long incubation period, or may even be carried asymptomatically.  But, they can also result in life-threatening disease.  Gut microbes can invade the blood and get into the CNS causing meningitis, especially in immunocompromised patients.  Pregnant women are susceptible and may have a spontaneous abortion as a result of infection.  

· Dianosis is made by blood or CSF culture, or serology can be done.  Treatment is with gentamicin or ampicillin.  Prophylaxis is best, and can be achieved by choosing food carefully for immunocompromised patients, administering TMP-SMX in AIDS patients, or treating food with a lytic bacteriophage.  

· Yersinia enterocolitica:  a gram (-) coccobacilli that is intracellular.  It’s widely present in the environment, particularly in pigs.  It can grow even at refrigerator temperatures.  Transmission occurs by contaminated food, water or pig tongues.  It’s found mostly in colder climates.  

· Clinical symptoms include gastroenteritis (mild diarrhea), mesenteric adenitis which may appear as pseudo-appendicitis (fever, abdominal pain, vomiting, bloody diarrhea).

· It can be diagnosed by blood or stool culture.  Treatment is with antibiotics only in severe cases (gentamicin or fluoroquinolones).  Again, prophylaxis is ideal by avoiding undercooked meat (esp pork) and unpasteurized milk.  

· Helicobacter pylori:  small microaerophilic gram (-) bacilli.  Grows in the stomach, and it doesn’t cause diarrhea, but is responsible for most peptic ulcers and is a risk factor for gastric cancer.  It may cause life-long asymptomatic infections and is very common in developing countries.  

· You can diagnose it with antibodies or a C14 urea breath test.  It can be effectively treated with antibiotics and proton pump inhibitors.

· Vaccines:  typhoid vaccines are available orally or IV.  Oral vaccines are in development for V. cholerae, ETEC, Shigella, Campylobacter, EHEC, and Helicobacter.

Fever and Sepsis 9/19:

· Fever is an elevated core temperature, often a defensive response of a host to invasion of something pathogenic or alien.  

· Observer, anatomic (oral/rectal/tympanic), and physiologic (age, ovulation, circadian, exercise) variability all affect temperature measurements.  Normal body temperature is widely distributed, and may be between 35.6 (96) and 38.2 (100.3).  

· Body heat is derived from internal/external work and biochemical reactions your body performs.  Core heat is distributed by the circulatory system, so you may increase cutaneous flow to dissipate heat with an elevated core temperature.

· Thermoregulation is mediated by the preoptic area.  Drugs and endogenous pyrogens can affect temperature regulation.  Endogenous pyrogens include the cytokines IL-1, IL-6, TNF and IFN.  Macrophages are the major source of these and may secrete them in response to endotoxin, peptidoglycan, fungal cell walls, other bacterial toxins, or even some drugs.  

· Non-infectious febrile diseases are due to pyrogens produced during immune reactions.  Indicators of infection like Ab-antigen complexes or complement may also induce the release of pyrogens.  Some tumors (Hodgkins lymphoma) may have malignant cells that spontaneously produce pyrogens.  

· Fever can be bad because it consumes a lot of energy, increasing basal metabolic rate 10% for every 1 degree C.  This is a big deal in developing parts of the world.  You can get into a vicious cycle of infection and fever inducing malnutrition, which worsens the infection, etc.  This is also a big problem in US hospitals where patients are frequently malnourished. 
· But fever is also a good thing, because it seems to stimulate the immune system.  T-cells secrete 10x more with IL-1 stimulation when there’s a 1 degree C increase in temperature.  And, as long as it’s not over 105, it’s not really dangerous.  

· We give antipyretics for analgesic effects and to reduce the metabolic demands of fever.  They can also reduce the fever-induced mental alterations in older adults.  If you’re going to give antipyretics though, you should give them consistently and continuously, because having your temperature oscillate all over the place is pretty miserable.  
· The acute phase response (APR) is a constellation of physiologic reactions mediated by pyrogenic cytokines (mostly IL-6).  APR may be stimulated by bacterial or viral infection, trauma, cancer, burns, autoimmunity, childbirth, strenuous exercise, etc.  

· In addition to fever, you see these things in the APR:  The liver stops making albumin and makes other proteins instead.  These include increased levels of fibrinogen and haptoglobins (normally in serum), as well as C-reactive protein and serum amyloid A associated protein (not normally in serum).  Also, serum zinc and iron levels fall, which is good because bacteria need these.  You may accomplish this my producing more ferratin which binds iron and leaves less free iron present.
· C-reactive protein binds microorganisms and damaged host cells and activates compliment and promotes phagocytic adherence to clear the organism and damaged stuff.

· Serum amyloid A increases the adhesiveness and chemotaxis of phagocytic cells and lymphocytes to help with the immune response.  

· One manifestation of APR is anemia of chronic disease.  In this case you have low free iron levels and a reduced number of RBCs.  

· Sepsis:  When you get SIRS, a systemic inflammatory response syndrome (general inflammation with fever, tachycardia, leukocytosis), in a patient with suspected or proven infection.  Severe sepsis = sepsis + hypotension.  Septic shock = severe sepsis + organ dysfunction that can’t be reversed by fluids.  

· So sepsis is a syndrome, and it can be caused by infectious or non-infectious agents.  But 85% is due to bacteria (gram (-) is most common).  Sepsis occurs when the host reacts to the agents by producing TNF and IL-1 and you get inflammation in capillaries throughout the body.  The exaggerated host response is what leads to the problems.  So you see vasodilation, obstruction of vessels with plugs of platelets and PMNs, shunting of blood around tissues, steady loss of fluid and protein from the circulation, cell ischemia and organ dysfunction.  We have no good way of reversing generalized inflammation.  All we can do is give antibiotics and support vital functions in hopes that patients will get better.  

· Steroids not shown to be helpful.  They may decrease inflammation a little, but make really inhibit the immune response to the bacteria.

· Lysed bacterial cells release LPS, which is bound by our LPS-binding-proteins.  This brings the LPS to macrophages, which internalize the complex and secrete lots of cytokines in response.  These cytokines:

· activate complement to help battle the infection

· cause the release of prostaglandins and leukotrienes which increase vascular permeability and expressing PMN-binding membrane proteins to help immune cells get out.  But they also lead to edema which can contribute to occlusion of small vessels, and may also damage endothelial cells, which together promote multiple organ system failure.  Tightly bound PMNs may degranulatre directly onto the vessel walls and damage them.  

· Other released factors promote vasodilatation and leakiness of vessels leading to edema.

· cause endothelial cells to express “tissue factor” which activates the coagulation cascade which increases the chance of thrombosis, especially in small arterioles, and can result in disseminated intravascular coagulation (DIC) and kill tissues.  You also use up a lot of platelets, so may be prone to hemorrhage. 

· With sepsis, blood pressure falls initially.  Fluid and albumin leak and it falls more.  Lungs fill with fluid and oxygen uptake fails.  The resulting acidotic, ischemic heart eventually fails (release of NO and other stuff facilitates this too)
· Overall, sepsis is a syndrome of injury to small vessels.  

· When everything dilates and stuff leaks, there’s not enough blood to fill the vessels.  
· Really what we can do for septics includes give fluids, give antibiotics (may not do a whole lot), keep BP up, and help them oxygenate.  

· Sepsis causes the expression of tissue factor, which promotes coagulation cascade, which leads to increased fibrin clots (no longer soluble, so it binds platelets and forms a clot).  So you get consumption coagulopathy (platelets used up) and thrombosis and impaired tissue perfusion.  Normally, an anticoagulation pathway that leads to fibrinolysis.  With sepsis, plasminogen activator inhibitor I (PAI-1) increases, decreasing the activity of the anticoagulation pathway, effectively increasing coagulation.  

· There one final regulator:  protein C.  This blocks the coagulation pathway and also inhibits PAI-1 to stimulate the anticoagulation pathway (really good for sepsis).  Its gets used up in sepsis, leading to further coagulation promotion and anticoagulation inhibition.  

· Administering protein C can be a good therapy for sepsis, since coagulation is a huge part of the problem with sepsis.  Reduced protein C levels predict mortality from sepsis
· Clinical features of sepsis include high cardiac output, low systemic vascular resistance, AV shunting with poor tissue oxygenation, acidosis and high tissue lactate, and increased gut permeability.  
· With sepsis bp may be around 80/50, cardiac output may be ~17 (versus a normal of 5), and the systemic vascular resistance may be around 400 (versus a normal of 1400).  REMEMBER THIS!

· With sepsis, antibiotics can usually control the infection, fluid infusion can restore volume and pressure, but the fluid doesn’t stay in the vessels and worsens the edema.  Ventilator support can address oxygenation, but may cause oxygen toxicity.  People will survive a few days, but eventually die from multi-organ system failure.    

· Treatment of sepsis:  Used to just be antibiotics and 30% of people died in three days, then fluid/vasoconstrictors/oxygen extended this to 28 days but 30% still died.  Anti-TNF and anti-IL-1 therapy didn’t really improve things.  Now, protein C repletion has very slightly reduced mortality (25%).  

Anaerobic Gram (-) Bacteria 9/23:

· These require reduced oxygen levels for growth.  They are the major constituents of the normal human flora and the commensal ones usually reside on mucous membranes.  Most of the ones that cause disease are aerotolerant, meaning they can survive but not grow in an oxygenated environment for up to three days.  To achieve this, they usually express superoxide dismutase, or they may co-infect with aerobic bacteria that use up the oxygen, or the may occur in a walled-off abscess or ischemic places or necrotic places.  
· Anaerobes usually don’t cause disease alone.  They usually take advantage of a breach in the mucous membrane, and their pathogenesis depends on virulence factors, abscess formation and bacterial synergy.  Anaerobic conditions may impair immunity and permit their survival.  Anaerobic conditions impair phagocytosis and intracellular killing, inhibit chemotaxis, and cause the production of leukotoxins.

· A lot of these colonize the mouth and colon.  A moderate amount are in the vagina, and few are in the stomach or upper intestine.  

· Anaerobic bacteria cause abdominal infections (peritonitis, abdominal abscess, appendicitis, biliary tract infection), head/neck infections (sinusitis, otitis, peridontitis), lung infections (empyema, abscess, aspiration pneumonia), skin/soft tissue infections (diabetic foot infections, cutaneous abscesses, gas gangrene, bite wounds), and CNS infections (abscesses).  

· Bacteroides fragilis:  gram (-) anaerobic bacilli.  They are part of the normal GI flora and predominate in intraabdominal abscesses and decubitus ulcers.  Bacteroides fragilis have a capsule that alone provokes abscess formation if injected subcutaneously, so it’s very virulent.  They produce beta-lactamases, so are penicillin resistant.  

· Prevotella species are anaerobic gram (-) bacilli.  They are part of the normal oral and vaginal flora.  They can be isolated from respiratory infections (aspiration pneumonia, lung abscesses, sinusitis), bite wounds, and brain abscesses.  P. bivia and P. disiens are associated with genital tract infections.  

· Fusobacterium species are anaerobic gram (-) rods.  F. nucleatum and F. necrophorum are part of the normal flora, but can be associated with oral, pulmonary and intracranial infections.  They show increasing penicillin resistance.

· Virulence factors for Bacteroides, Prevotella, and Fusobacterium, include superoxide dismutase to defend against oxygen radicals, proteases to promote spread, and a capsule to inhibit phagocytosis and promote adherence.  Prevotella have a quite benign version of LPS, whereas Fusobacterium is more virulent.

· Host risk factors that predispose to anaerobic infections include diabetes, broad spectrum antibiotic use, malignancy, immunodeficiency, or previous surgery (leading to poor vascularization and empty spaces for bacteria to colonize).

· The diagnosis of anaerobic infections is primarily based on symptoms, history and location of the infection.  A foul-smelling infection or drainage is diagnostic, but is a late feature so may not always be present.  Other clues include tissue necrosis or gas production.  Also, if you see lots of bacteria on a gram stain but nothing grows in culture, it’s likely to be an anaerobe.  
· Anaerobes aren’t seen with great frequency in clinical lab, possibly due to contamination of samples by normal flora, possibly because the anaerobes are simply hard to grow, and possibly because antibiotic therapy may substantially reduce their yield.  Specimens for anaerobic culture must be devoid of normal flora, ideally aspirates or biopsy, and must be sent to the lab ASAP.  

· For treatment, antibiotic therapy is largely empiric.  Administer drugs that will cover likely aerobes as well as anaerobes.  Commonly used antibiotics for anaerobic infections include clindamycin and metronidazole.  Surgery may be needed in conjunction for anaerobe infections.  Surgery is needed to drain abscesses, debride necrosis, or amputate.  Infected wounds should normally be left open and reassessed daily until they are sterile and ready to be closed.  

· Fournier’s gangrene is a mixed aerobic/anaerobic infection of the skin around the gential and perineum.  It develops from infection of a wound or abrasion, and one of the primary anaerobes is Bacteroides.  This infection produces proteases and rapidly spreads.  It is definitely a medical emergency.

· Ludwig’s Angina is a progressive cellulitis of the CT of the floor of the mouth and neck that begins in the submandibular space.  Over half of these cases are due to polymicrobial infection, with Fusobacterium and Prevotella playing a role.  This condition may compromise the major vessels in the neck and it has a high mortality.  

· A man with necrotic colon mucosa and peritoneal abscesses might be expected to have B. fragilis, E. coli, and/or Eneterococcus in his infection.  He should be treated with broad spectrum antibiotics.  

· Pseudomonas aeruginosa, a gram (-) facultative anaerobe (most pseudomonas do not fall in this category), commonly colonizes the soles of shoes and can infect a wound that penetrates a shoe and foot.  

· Gram (+) anaerobes are also important, so don’t forget about them.  

STIs with a focus on Syphilis 9/23:

· STIs cause genital ulcer diseases, urethral/vaginal/cervical inflammation and discharge, proctitis, and pediculosis pubis (crabs, lice, etc).  

· Genital ulcer diseases are mostly (99.9%) cause by syphilis (Treponema palidum) and herpes (HSV 1&2).  Syphilis is characterized by a single, deep, painless (relatively) ulcer, whereas herpes is characterized by multiple, superficial, painful ulcers.  Other organisms that can cause genital ulcer diseases include Haemophilus ducreyi (chancroid), Chlamydia trachomatis (lymphogranuloma venereum), or Klebsiella granulomatosis (granuloma inguinale or donovanosis).  
· Syphilis is the great imitator or great imposter.  Treponema pallidum is a spirochete, and it cannot be cultured in vitro.  The only way to test for it is to inject suspected material into a bunny and see if it gets orchitis (inflamed testes).  T. pallidum has few proteins on the outer membrane, has little genetic diversity and is penicillin susceptible.  It can be acquired by sexual contact, kissing, transfusion, or in utero.  

· The spirochete penetrates abraded skin and disseminates through the blood or lymphatics within hours.  It divides every 30 hours, so needs ~3 weeks to incubate before it can produce clinical signs or symptoms.  As few as 10 spirochetes can establish an infection.  

· T. pallidum produces MMP-1 to help it access deep tissues.  It appears in lymph and blood in minutes, and systemically in hours.  It induces endothelial expression of adhesion molecules to induce leukocyte migration into tissues.  PMNs respond first.  Cell based immunity may be activated and T cells reach peak concentrations in 13-18 days and the number of organisms declines (and the lesion goes away).  

· Primary syphilis is the result of the immune system trying to get rid of the spirochete.  You see a chancre, which is a single papule at the site of inoculation that develops into an ulcer.  The ulcer is painless, well demarcated with heaped up edges, and the base is smooth.  It will heal within 3 to 6 weeks without therapy.  Men present more with chancres, since they’re easier to see on the external genitalia.  
· Secondary syphilis occurs 2 to 8 weeks after the appearance of the chancre in primary syphilis if the patient isn’t treated.  The spirochete has multiplied and disseminated, and you most commonly get skin manifestations that can look like anything.  It can look like any skin condition, but it classically affects the palms of the hands and soles of the feet.  Secondary syphilis may also include fever, lymphadenopathy, meningitis (usually only in immunocompromised people), optic neuritis, gastritis, hepatitis, glomerulonephritis, arthritis, anemia, etc.  No organ system is immune from its effects.  

· Once the immune system controls the secondary manifestations, patients will become asymptomatic and enters the latent phase of syphilis.  

· Early latency:  In the first year patients can have relapses of secondary syphilis and the patients are still infectious.  But unless they relapse, they’re asymptomatic.  Sexual transmission of syphilis occurs in the primary, secondary and early latency phases.  
· Late latency:  The host is immune to relapse and to reinfection, and is still asymptomatic.  If you treat it, you’ll lose this immunity.  Now, syphilis can only be transmitted through transfusion or in utero.  30-60% will never have another problem with the diease.  30-60% of patients who are still untreated will develop late manifestations (tertiary syphilis) that include cardiovascular syphilis, gummatous syphilis and late neurosyphilis.  
· Gummatous syphilis (late benign syphilis) is characterized by benign granulomatous-like lesions that can affect any organ, but most often the skin and bones.  They cause local destruction, but the body responds and the immune system walls it off.  This is very rare now, because most people are treated.  It’s very tough to distinguish from TB granulomas, you need an immunostain to see it.  
· Late manifestations can happen 5-40 years later.  These are not so benign:

· Cardiovascular syphilis is characterized by endarteritis obliterans of the vasa vasorum of the aorta, leading to aortitis and secular aneurysms.  Usually involves the ascending aorta.  These can rupture and kill you.  This is very rare now.
· Late neurosyphilis can be asymptomatic or symptomatic.  It usually occurs over 10 years after the primary infection.  It may be meningovascular (endarteritis of small vessels in brain, meninges and spinal cord which manifests as MCA stroke or seizere) or parenchymatous (destruction of nerve cells that can affect the spinal cord to produce tabes dorsalis with shooting pain, ataxia and cranial nerve abnormalities, or it can affect the brain and produce general paresis with dementia, slurring speech, hallucination, psychosis, etc)

· Once damage occurs in syphilis, you can prevent things from getting worse, but may not be able to recover function or get better.  

· Diagnosis may be by immunostain, darkfield microscopy (gold standard, only useful when you have a genital lesion to sample and visualize…non-pathogenic spirochetes are normal in the mouth, so you can’t tell).  

· Serological tests may be negative in up to 30% of cases of primary syphilis (poor sensitivity), but has nearly 100% sensitivity in secondary syphilis  Diagnosis may still be useful serologically. 
· Non-treponemal tests for RPR and VDRL.  These antibodies are not treponeme specific, but they go into cells and expose parts of the cell and allow you to develop antibodies to these.  So the antibodies are host-specific, but occur in patients who have syphilis.  This is the first tests you get one someone suspected of having syphilis.  If positive, you should confirm with a treponemal test.  This test is very sensitive (if you have it it’ll show up), but not very specific (if you don’t have it, you may still show up positive).  Pregnancy, old age, other viral infections, etc. can give you a false positive.  With this test, the higher the titer, the higher the disease burden and the more antibody you have.  You follow this after you treat someone, and you hope to see it drop by a factor of 4 (then you can consider the patient cured).  This test can eventually become negative.  Then it can be used in the future to assess reinfection.  
· Treponemal tests for MHA-TP, FTA-ABS.  Tests for treponemal specific antibodies, so once you get them, you’ll always be positive for these.  These antibodies are made in response to the organism, but don’t seem to have activity in stopping it (they’re not protective and won’t keep you from getting syphilis again).  These are highly specific to syphilis.  It’s good for seeing if a primary infection is syphilis.  But if someone comes in with recurrence of lesions and they had syphilis in the past, this test won’t tell you if the new thing is syphilis.  This test is more specific.  
· Congenital syphilis:  infection of the fetus can occur at any stage of syphilis.  It tends to infect the fetus after the 4th month of gestation, and may lead to abortion.  It manifests in the perinatal period as:  rhinitis, diffuse rash, splenomegaly, anemia, jaundice, thrombocytopenia, otseochondritis, and more.  Late manifestations include neurosyphilis, deafness, keratitis, recurrent arthropathy (bowing of tibia at the ankle), or Hutchinson’s teeth (widespread incisors).

· The treatment of syphilis is penicillin.  All sex partners must be tracked down and treated.  With these patients, always test them for other STIs.  

· Granuloma Inguinale (Donovanosis) is caused by Klebsiella granulomatis.  It’s rare in the US and shows as painless, progressive ulcerative lesions. 

· Chancroid is caused by Haemophilus ducreyi and causes painful genital ulcers.  Can occur in the South in the US.

· Urethral vaginal and cervical inflammation:  Causes include Neisseria gonorrhoeae, Chlamydia trachomatis, and Trichomonas vaginalis.  Symptoms include painful urination with high frequency, a urethral/cervical/vaginal discharge.  

· 20-90% of patients will be asymptomatic when they are infected with gonorrhea, Chlamydia, trichomonas, etc.  Ask explicitly about unprotected sex, not discharge, etc.

· PID:  infection of the upper genital tract in women (ovaries, uterus, fallopian tubes).  This can result in sterility and pain.  
· Proctitis is inflammation of the rectum.  Patients present with pain/bleeding on defecation.  Caused by Neisseria gonorrhoeae or Chlamydia trachomatis or HSV 1 or 2. 

· STI management:  try to help your patients, and things like openness, body language, communication, respect, and empathy/humor can really help you get info and help your patient.  

Non-Tuberculous Myobacteria and Nocardia 9/24:
· Myobacteria and Nocardia are both of the order Actinomycetales.  M. tuberculosis and M. leprae are obligate human pathogens, but the rest of the order is made up of organisms that are present in the environment and may cause opportunistic infection.  

· Non-tuberculous Mycobacteria are found in the soil and water, have a large host range, can be inhaled/ingested/inoculated, primarily infect the lungs/skin/GI tract, have long lipid mycolates in the cell wall, are acid fast aerobic rods, are attacked by host cellular immunity and evade by preventing phagolysosomal fusion.  M. bovis is found in cattle and can cause GI TB if milk is unpasteurized.  M. bovis is the source of the TB vaccine.  
· Nocardia are very similar.  The differences are that they are generally not present in water, not ingested, infect the lungs/skin but may also be disseminated to the CNS are rest of the body, have shorter cell wall mycolates, and are weakly acid fast branching filamentous rods.

· The mycobacterial cell wall contains mycolic acid and lipids that take up the lipophilic carbol-fuschin dye as part of the Ziehl-Neelsen staining.  It doesn’t wash out of these cells, as it does with most bacteria, and this is the basis of these organisms staining ‘acid fast.’  This is a relatively unique property of Mycobacteria (Nocardia stain weakly too).  You can also use a fluorescent Auramin-rhodamine procedure to enhance the sensitivity of the stain.  

· Mycobacterial infections are, in part, diagnosed by the AFB (acid fast bacilli) smear.  It’s a rapid diagnostic specific for mycobacteria.  But, the sensitivity is low because you need a lot for a positive smear…so a negative test can’t rule out mycobacterial infection.
· Mycobacteria also grow very slowly, with a doubling time of 20 hours or more.  Their samples can easily be overgrown with other bacteria or fungi.  So sterile samples of blood/CSF can be directly inoculated, but non-sterile specimens require decontamination.  Decon may affect mycobacterial growth too, so you have to reach a careful balance.  

· Culture is more sensitive than a smear for mycobacterial diagnosis, but it takes them weeks to grow and they require very special growth conditions.  Culture is important for species identification and drug susceptibility testing, though this takes even more time.  Newer liquid cultures may help speed things up.

· Speciation can be done with growth characteristics and biochemical tests, and it’s important for mycobacteria, particulary to discriminate among M. tuberculosis, MAC, M. kansasii, and M. gordonae.  DNA probes are commonly done now, and some other less common tests look at mycolic acid or ribosome sequence patterns to very accurately determine species.  Often M. TB, MAC, and M. kansasii cause disease, but M. gordonae may just be a sample contaminant.  
· Rapid diagnosis can be done with good specificity by nucleic acid amplification (PCR).  It’s more sensitive than smear, but not as good as culture.  So a positive test strongly supports TB, wheras a negative test can’t exclude it.  

· Leprosy is caused by M. leprae.  It is disfiguring and had a strong historical stigma.  There are still lots of new cases, but they’re restricted to a few countries (Brazil and India have the most).  M. leprae is an obligate intracellular parasite and cannot be cultivated in lab, which makes it tough to study.  Armadillos are a natural reservoir, perhaps because of a low body temperature which M. leprae favors, but they make valuable research tools.  Over half of its genes are pseudogenes.  

· M. leprae is inefficiently transmitted from the upper respiratory tract by aerosolization or nasal secretion.  Most lesions remain closed, so it’s unclear if skin contact promotes infection.  The bacteria infect and multiply in macrophages and Schwann cells.  It prefers low temperatures, so tends to colonize the skin and not invade deep tissues.  Peripheral nerves are also commonly affected.  The effects of the disease are caused by bacterial multiplication and/or host cell-mediated immune responses. 

· Tuberculoid leprosy – aka ‘paucibacillary’ is characterized by an active host immune response.  You see granulomatous, circumscribed lesions with few bacilli present due to the host response.  The inflammatory response also causes enlargement of cutaneous nerves.
· Lepromatous leprosy – aka ‘multibacillary’ is characterized by a weak host immune response.  Lesions have lots of bacteria, and you don’t see granulomas.  Rather, you see foamy macrophages full of bacteria.

· In between these two are borderline cases, which will eventually go one way or the other.  You can treat in hopes of increasing the immune reponse and making it more tuberculoid.  But, treatment may cause a delayed-type hypersensitivity with inflammation of existing lesions and make things a little worse.  This requires treatment with steroids to prevent further motor/sensory loss.  
· Patients with borderline or lepromatous leprosy may develop fever, eruption of nodules and other inflammatory manifestations due to immune complexes.  This may also be treated with corticosteroids.  

· Diagnosis is made in the developing world by clinical presentation.  You see erythematous or hypopigmented skin lesions with sensory loss, and also palpably enlarged peripheral nerves.  Diagnosis may also include skin smear or biopsy.  PCR based techniques are not widely available.  

· Leprosy has neuropathic effects, and with loss of sensation you can get repeated trauma and lack of trophic signals that end in autoamputation.  It can also cause destruction of cartilage in the nose, leading to saddle nose.  

· Non-tuberculosis mycobacteria can be divided into slow growers and rapid growers (still very slow compared to most other microbes).  This distinction is reflective of phylogeny.  These are free-living environmental organisms that act as opportunistic pathogens.  One challenge is deciding if presence in a sample indicates infection or contamination.  They present as lymphadenitis, inhalational pulmonary disease, disseminated disease, or skin infection.  
· Mycobacterium avium complex (MAC) is temperature resistant, so can survive in places like hot tubs.  It is in the soil or water and produces three main syndromes:

· Cervical lymphadenitis is most commonly caused by MAC, but may occur with TB too.  You get a slowly enlarging neck mass that may eventually create a sinus tract and drain its contents out the skin.  When this occurs in TB, it’s called a scrofula.  

· Pulmonary MAC is common in patients with underlying lung disease.  It may present with innocuous solitary pulmonary nodules, or more problematic fibrocavities or nodular bronchiectasis (common in middle-aged women, includes dilated bronchioles with nodules that manifests as persistent cough and malaise).  Diagnostic criteria for NTM lung disease requires clinical symptoms and 2 positive sputum cultures or one bronchoscopy or biopsy specimen.  Hot tub lung is a hypersensitivity reaction to MAC in water, and just requires anti-inflammatory treatment.  

· Disseminated MAC infection usually occurs in immunocompromised patients.  It enters via the GI tract and presents as fever, abdominal pain, diarrhea, weight loss, hepatosplenomegaly, adenopathy, etc.  You diagnose with blood culture and biopsy.  

· M. kansasii is a TB mimic occurring commonly in smokers with COPD or lung disease

· M. marinum inhabits aquatic and marine environments as a natural fish pathogen.  When inoculated in the skin, it can cause chronic ulceronodular skin disease (‘fish tank granulomas’).  It grows well at 28-30 degrees C.

· M. ulcerans is a presumed aquatic organism.  It is the only toxin producing mycobacterium.  It is the agent responsible for Buruli ulcer, an emerging disease in Sub-Saharan Africa with chronic painless cutaneous ulcers that can cause disability as a result of scarring.  Buruli ulcer is treated with streptomycin and rifampin.  
· Rapidly-Growing Mycobacteria (RGM) form colonies in less than 7 days.  M. abscessus, M. chelonae, and M. fortuitum make up 90% of clinical isolates.  They are ubiquitous in home and hospital environments and commonly contaminate fluids or devices (often as biofilms).  There was a pseudo-outbreak here from the ice machines being colonized.  Infections are opportunistic, occurring at surgical sites, in diseased lungs or in immunocompromised patients.  
· These may be cultured on blood agar.  But, you still need to tell a lab if you suspect them, because they are weakly acid fast staining, more susceptible to decontamination, and require cooler growth temperatures.  

· Nocardia are aerobic, gram (+) filamentous rods.  They are in soil and decaying vegetation.  Infection can occur by inoculation or inhalation, but not by person-to-person transmission.  

· Cutaneous Nocardiosis occurs in normal hosts and may show up as cellulitis, abscesses, lymphocutaneous nodules on the skin/lymph nodes, or mycetoma (cuteaneous growths).  

· Pulmonary and disseminated nocardiosis are associated with immunocompromised patients.  You get nodules or cavities that can disseminate to the brain or skin.  It’s tough to diagnose because it doesn’t have pathognomonic features and is often not suspected, but it may be at least partially treated with empiric antibiotics. 

· Diagnosis of nocardia can include gram stain or modified acid fast stain (so you have to let lab know what you suspect).  

· M. tuberculosis vs. Nocardia:

· Both are the same order and form cavitary lung disease with risk for dissemination in immunocompromised patients.  They are both acid fast staining, and they affect people with impaired cell-mediated immunity.  

· They are different in that Nocardia is filamentous and can be cultured on blood agar.  Nocardia is ubiquitous in the environment.  M. TB causes latent infection and gives a positive skin test, divides more slowly, and is more acid fast due to longer mycolates. 

Chlamydia and Mycoplasma 9/25:

· Chlamydia (Chlamydia trachomatis) is an obligate intracellular organism.  It has its own DNA, RNA and ribosomes, but can’t make its own ATP.  It also has an inner and outer membrane like a gram (-) bacteria, but lacks peptidoglycan.  

· Chlamydia has a unique, biphasic life cycle.  C. trachomatis may be present as elementary bodies, which are small infectious forms with a rigid membrane that is resistant to environmental conditions.  Elementary bodies are ingested, and in phagolysosomes they reorganize into reticular bodies.  These are non-infectious but metabolically active.  The reticular bodies multiply and then condense back into elementary bodies.  They then form an inclusion that fills the cells and eventually releases infectious elementary bodies.

· There are three important species of Chlamydiaceae:  C. psittaci, C. pneumoniae, and C. trachomatis (A-C serovars = trachoma, D-K serovars = oculogenital (most common), L 1-3 serovars = lymphogranuloma venereum).  

· C. trachomatis infects non-cliliated columnar epithelial cells.  Infection with C. trachomatis confers very little protection against reinfection.  This is the most frequently reported STD in the US with over a million cases per year.  Rates are higher in females (probably an artifact of reporting) and coinfection between partners occurs in over 50% of cases.  Perinatal transmission resulting in neonatal conjunctivitis occurs in 30-50% of exposed babies.  Untreated infections may develop PID, sterility, ectopic pregnancies, etc.

· C. trachomatis (serovars D-K) are the oculogenital form, the common STD.  In men, this can cause urethritis (may have discharge) or epididymitis.  In women, it causes urethritis, mucopurulent cervicitis, PID, or ectopic pregnancy.  In either gender, pharyngitis, pneumonia, proctitis (due to anal sex) and conjunctivitis are potential sequelae.  This is more common in women than men, in blacks than other races, in 15-19 year old females, and in 20-24 year old males. 

· The majority of infections have no signs or symptoms.  

· This is a notifiable disease, and all partners in the last 60 days must be treated.  The reinfection rate is high.  All women under 25 who are sexually active should be screened annually, and those who are positive should be rescreened every 3-6 months.  

· C. trachomatis (serovars L1-L3) is more prevalent in tropical areas and characterized by swollen lymph nodes.  This is fairly invasive and replicates in macrophages.  It causes thrombolymphangitis.  It also produces lymphogranuloma venereum (LGV), which is an aggressive systemic disease with three stages:

· The primary stage is a genital or anal lesion (papule or superficial ulcer).  Most often, these are undetected because the lesion is painless.  It may heal without scarring.

· The secondary manifestations happen 2-6 weeks later and are highlighted by painful lymphadenopathy.  These may coalesce to form buboes, which may rupture or harden.  Inguinal LAD occurs in 20-30% of females, so most aren’t diagnosed here.  Most men are diagnosed at this stage.  

· Tertiary manifestations are more common in women.  This is characterized by elephantiasis, strictures and fistulas.  

· C. trachomatis (serovars A-C) produce trachoma, a chronic keratoconjunctivitis.  It’s the leading cause of preventable blindness.  Disease transmission occurs mostly between children and the women who care for them.  Transmission occurs from hand to eye, and may also occur by flies.  There aren’t many cases in the developed world.  

· Repeated episodes of reinfection cause chronic follicular conjunctival inflammation (active trachoma), which leads to tarsal conjuctival scarring.  This distorts the upper tarsal plate and leads to entropion (eyelid folds in) and trichiasis (ingrown eyelashes) which result in corneal abrasion, scarring, opacification and blindness.  

· Chlamydia trachomatis doesn’t grow on routine lab media.  It must be grown in tissue culture, but only has a sensitivity of 60-70% for diagnosis.  Nucleic acid tests (PCR) are the diagnostics of choice, though the diagnosis is usually made clinically.  

· Chlamydia pneumoniae has the same life cycle as C. trachomatis.  It commonly infects the upper and lower respiratory tract.  It is a bacterial cause of atypical pneumonia.  7-10% of community pneumonia cases are due to this organism.  It is also associated with coronary heart disease.  

· Chlamydia psittaci is common in birds, so pet owners and poultry farmers are at risk.  It manifests as a severe atypical pneumonia or fever of unknown origin (FUO).  It may also present as typhoidal form-fevers, splenomegaly and malaise.  

· Culture of this organism is very dangerous, so serological or PCR diagnosis is preferred.  

· Even with treatment this infection is 10% fatal.  

· Chlamydia in general is treated with doxycycline and/or azithromycin.  Resistance is extremely uncommon.

· Mycoplasma are prokaryotes that lack a cells wall.  They are bound only by a cell membrane.  They are very small and can’t be seen by light microscopy.  They are fairly difficult to grow and require specialized agar.  Disease causing species include M. pneumoniae, M. genitalium, M. hominis, and Ureaplasma urelyticum.  

· M. pneumoniae causes upper respiratory tract infections and atypical pneumonia.  It is spread by respiratory aerosols.  Rarely, it can cause dermatologic involvement, cardiac symptoms (arrhythmias, congestive heart failure) and neurological complications (meningitis, encephalitis).  It’s not diagnosed often because there are no commercial tests for it. 

· M. genitalium is associated with urethritis and cervicitis.  These represent the smallest prokaryotes capable of self-replication, but they are difficult to culture so are often identified by PCR.  Culture often misses the infection.

· Mycoplasma infections are treated with doxycycline, macrolides and fluoroquinolones.

Antibiotic Stewardship 9/26:

· Hundreds of millions of antibiotics are prescribed annually, with high percentages of hospital inpatients receiving them.  But stewardship is important, because antibiotic use in one patient can compromise efficacy in another.  
· Resistance is increasing over time, and drug-resistant strains really increase the risk of death, length of stay, and cost of hospitalization.  It takes about 9 years to develop a new antibiotic.  There have been decreasing numbers of new antibacterial agents released, and no new ones are in development against gram (-) bacteria.
· Antibiotics may be used as prophylaxis (pre-exposure as in surgery, or post-exposure as in N. meningitidis exposure), empiric treatment (used where infection is suspected but the organism is unknown), or pathogen-directed treatment where agents are used to treat a proven infection.  

· When using antibiotics, you need to effectively develop a differential diagnosis, determine if antibiotics are necessary, choose an antibiotic, refine the choice, and have a plan for length of therapy.  
· When developing a differential, you determine the most likely disease states based on history and physical exam.  Infectious diseases tend to have relatively fast onset.

· Antibiotics may not have an effect on mild bacterial infections like acute bronchitis, sinusitis, otitis media and infectious diarrhea.  Since they don’t alter the course of the disease, they shouldn’t be used.  In cases where they may be helpful, they may not be required immediately.  Deferring therapy may allow you to confirm the diagnosis by culture or other means, so may be more beneficial in the end.  
· Antibiotics should be administered when there is a known focus of infection that requires antibiotics to prevent the patient from getting sicker (acute meningitis, pneumonia, acute endocarditis, epideural abscesses with spinal compromise…basically stuff there you risk diability or death by waiting) or where there is an unknown focus of infection and immunocompromise (neutropenia and caner with fever, asplenia or functional aspelnia with fever, immunosuppression with fever, toxic-appearing signs or unstable vitals).  

· Antibiotics should not be administered when there is a stable patient with subacute process in whom culture data may be hard to obtain, but is critical to management.  This includes cases like fever of unknown origin, suspected vertebral osteomyelitis without neurological symptoms, or a patient admitted with weight loss and mass-like lesion of the lung.  
· Don’t prescribe antibiotics for every fiver.  Every fever is not an illness, rather a sign of illness.  It may just be inflammation, not necessarily in response to infection.  The same is true for increased WBC.  

· When choosing an empiric therapy, think about what bacteria are likely involved and what antibiotics would be best for them.  Remember, covering the most likely cause is the goal, not covering every possible organism.  The degree of coverage needed is dictated by the sickness of the patient.  

· When choosing an antibiotic for pathogen directed therapy use the susceptibility results to choose the antibiotic with the narrowest spectrum that will treat the organism.  

· Every positive culture doesn’t require antibiotics.  Again, the decision depends on the clinical status of the patient, in addition to the site and quality of the culture (may be contaminated).  

· S. aureus (coagulase +), Gram (-) rods and yeast are never contaminants, so always treat them.

· Coagulase (-) Staph and Gram (+) rods are usually contaminants, and should only be treated with there is indwelling hardware, signs of infection, or more than 1 positive culture.

· Strep viridans or Enterococcus aren’t as clear and require evaluation of the clinical picture, signs of infection, and the number of positive cultures.  

· For urine cultures, you need to consider if the source of urine is likely to be contaminated.  You should also see if the patient has symptoms of UTI, like dysuria, frequency, suprapubic pain, or fever.  The results of urinalysis should be considered (epithelial cells may indicate contamination, and WBC>10/microL may indicate UTI).  Finally, you should consider what organisms grow.  
· For wound cultures, superficial cultures and those from drains are usually polymicrobial and represent contamination.  Cultures taken from newly incised or drained abscesses are more reliable.  Significant pathogens like S. aureus and gram (-) rods usually show heavy growth.  And don’t forget that anaerobes may be likely, and they might not grow in culture.  

· For sputum cultures, the fewer epithelial cells and more neutrophils the better.  Endotracheal tubes are often colonized, so be aware of that when assessing cultures taken from the tube.  Patients need to have clinical evidence of pneumonia before being given antibiotics.  

· Keep an open mind about the antibiotics you have prescribed, and reassess your differential if things aren’t going as you’d expect.  

Introduction to Virology and (+) RNA Viruses 9/26:

· There are three main types of viruses:  bacteriophages, DNA or RNA viruses, and retroviruses (RNA → DNA → RNA).

· A virion is a virus particle, including the viral nucleic acid and the viral structural proteins.  These two components make up the nucleocapsid, and to complete the virion some viruses have an envelope.  Alpha viruses (cause encephalitis), for example, have a host-derived envelope around their structural proteins.

· Viruses are small, infectious, obligate intracellular parasites.  Their genome can be RNA or DNA.  It is replicated in host cells and directs synthesis of other virion components.  
· Structural proteins are encoded by the viral genome and provide a protective coat for the nucleic acids.  Structural proteins make up the capsid and contribute to the lipoprotein (cell membrane + protein) envelope.  

· Non-structural proteins are not necessarily packaged in the virion and are enzymes or transcription factors necessary for viral replication in the host.  

· Viral genomes are organized so that non-structural proteins are at the 5’ end and must be expressed first.  Structural proteins are usually expressed later when it’s ready to leave the host cell and occur nearer to the 3’ end of the genome.  

· Viruses are classified by the type of nucleic acid they carry, the symmetry of the capsid, the presence/absence of an envelope and the dimensions of the virion.  Basic viral structures are icosahedral or helical and they may be enveloped or not.  

· Adenovirus = icosahedral with protein fibers sticking out

· Influenza = helical with an envelope including hemagglutinin and neuraminidase 

· Picornavirus = icosahedral with 20 triangular faces and 12 vertices

· Viral genomes can be (+) ssRNA, (-) ssRNA segmented or non-segmented, dsRNA segmented or non-segmented, ssDNA, dsDNA circular or linear.  

· Viruses can evolve rapidly because with each generation, large numbers of progeny are produced and their RNA polymerases lack proofreading for higher fidelity.  This results in quasispecies appearing in a population of viruses.  
· Viruses can evolve by mutation, recombination (if two similar viruses infect the same host cell), or reassortment (mix segments of segmented genomes).  

· The viral replication cycle includes attachment to host cells, penetration, uncoating, transcription and translation of early mRNA/proteins, replication of viral genome, transcription and translation of late mRNA/proteins, assembly of virions, and virion release.

· Viruses use a variety of surface molecules for adhesion.  These include carbohydrates linked to proteins or lipids (sialic acid, glycosaminoglycans), lipids (glycolipids, proteolipids), and proteins (Ig superfamily, complement regulatory proteins, integrins or TNF receptor superfamily proteins).  

· The receptor binding sites on viruses can be depressions (canyons) or projections (fibers).  

· All viruses need a strategy to make mRNA.  (+) RNA viruses need to be copied to (-) RNA before they can remake (+) RNA to amplify transcription.  With RNA viruses, most of this activity occurs in the cytosol.

· DNA viruses needs to get the genome to the nucleus, then transcribe genes so that proteins can be translated in the cytosol.  Assembly of virions may occur in the nucleus or cytosol.  
· Viruses pack a lot of information into a small genome by having overlapping reading frames, coding off of both strands, alternative RNA splicing, frame shifting, and RNA editing where they seem to add nucleotides to their genome(?)

· To maintain themselves in a population, viruses are transmitted among humans and may maintain reservoirs in animals/insects.  These viral infections may be acute, persistent (not cleared and still causes symptoms), or latent (not cleared, may be asymptomatic for periods).  Persistence requires not killing the host, not killing the cells in which the virus replicates, and not being eliminated by the host immune system.  

· A virus-infected cell may be killed, transformed, have no pathological effects, or become chronically dysfunctional.  Histologically, this may appear as lysis, clumping (hemadsorption), rounding of cells, or fusion to form syncitia.  Lysis results in plaques on plates of tissue culture cells.  
· To enter and uncoat themselves, both enveloped and non-enveloped viruses may be endocytosed in clathrin-coated pits.  With acidification, viral proteins change conformation and fuse with endosomes releasing the genome.  Alternately, enveloped viruses can enter and exit cells by fusion/budding.  
· Some viruses cause local disease at the site of entry, while others spread to more distant target organs and may manifest as viremia.  Local disease tends to occur much sooner after infection than systemic disease.  Incubation periods range from a few days (influenza, adenovirus) to over a hundred days (rabies, serum hepatitis).

· In some cases it is the virus that makes you feel sick, in other cases it may be your immune response (fever, rash, etc), particularly if the virus is systemic.  One important immune response to viruses is the stimulation of interferon synthesis/release by dsRNA.  IFN signals through a JAK/STAT pathway to induce the production of antiviral proteins.  These lead to MHC-I expression and inhibition of viral protein synthesis and growth.  IFN production is induced early after virus infection, controlling spread before cell-mediated immunity can respond.  Most flu symptoms are due to IFN, since you haven’t made antibodies yet.
· Immune responses to viral infections seek to eliminate the virus in blood/fluids to prevent spread, eliminate virus-infected cells and provide immunity to reinfection.  Serological tests for antiviral antibodies are often done to see if an infection was present.  Biological activity tests can also tell you about the function of the antibody.  It may act to neutralize by blocking endocytosis, causing aggregation, blocking uncoating, or blocking attachment.  Antibodies function to protect against reinfection, clear virus from fluids, and downregulate intracellular viral replication.  
· MHC-I is involved in killing infected cells.  The MHC-I class of the infected and cytotoxic cells must be matched (MHC restriction).  

· Cell mediated immunity clears infected cells, but it also recruits other effector cells, activates macrophages and provides for antibody production by B-cells.  Much of this is mediated by Th cells after ACPs activate them.

(+) Strand RNA viruses:  The genome must be replicated into (-) RNA before it can be made back into (+) strands for protein synthesis and virions.  
· Picornavirus family:  Include Rhinoviruses, Enteroviruses (including polioviruses, enteroviruses, coxackie virus), Hepatitis A virus.  The structure of these viruses is icosahedral with subunits made up of 4 proteins (3 surface, 1 interior).  Picornavirus receptors (ex: ICAM1) or neutralizing antibodies bind into a ‘canyon’ on the surface of the virus.  Binding causes a change in the viral protein that allows it to extrude the genome into the host cytosol when exposed to the acidic environment of the phagosome.  
· Picornavirus RNA is translated into a single polyprotein that can be processed into individual proteins.  

· Picornaviruses hijack cell structures via an IRES (internal ribosome entry site) that allows translation of viral RNA to begin without the presence of 5’ cap.  

· Rhinoviruses cause local upper respiratory disease.  Rarely they may reach the lungs.

· Enteroviruses are typically ingested (fecal-oral transmission) and replicate in the gut.  From there, they can cause disease in many organ systems.  Many people just clear the infection, but others may get hand-foot-and-mouth disease (rash), myocarditis/pericarditis, pleurodynia (lung pleura, causes chest pain), meningitis, and poliovirus may cause parlysis or encephalitis.

· With polio, longer nerves are more prone to damage, so legs and arms are preferentially affected.  Poliovirus replicates in and damages motor neurons of the spinal cord.  It is cleared by the immune system, and this reaction disrupts/kills nerves producing the associated sequelae.  Poliovirus can shut off host protein synthesis and facilitate viral protein synthesis by producing a protease that cleaves cap-binding proteins so that host proteins can’t make 5’ caps anymore.  

· So poliovirus produces a cytopathic effect, and cells look round and/or dead.  The virus is spread by fecal-oral routes.  It can be spread through water, and ultimately by shellfish, water supply, crops, etc.  

· Polio shuts off host protein synthesis, and you see histological cell rounding and death.  Poliovirus is transmitted by the fecal-oral route through water, crops, etc.  

· Over 98% of people infected with poliovirus made antibodies and became immune.  Polio is seasonal, with high incidence in Fall.  In developing countries, infections occur earlier.  

· Around the turn of the 20th century, polio epidemics began to appear.  Cases in the US really rose after WWII.  Wards filled with people in iron lungs.  Salk developed the first inactivated vaccine, which is currently used because it doesn’t revert to wild type, and Sabin later developed a live attenuated oral vaccine that occasionally reverts.  The live vaccine was used in the US, but discontinued.  

· Polio has been eradicated from the western hemisphere, but is still in India, Africa, etc.  It’ll be tough to eradicate, because it is currently being brought from epidemic areas to polio-free areas, present use of live vaccine in other countries leads to occasional virulent strains, many cases are asymptomatic, and immunodeficient individuals shed the live vaccine for a long time giving it lots of chances to mutate.

· Togavirus (aka arboviruses) are enveloped, (+) RNA, icosahedral viruses.  There are two main types, alphaviruses and rubella.

· Alphavirus is a togavirus.  It encodes non-structural proteins (enzymes) first, has a stop codon, then the coding for structural proteins.  So the proteins are produced in two separate pieces.  This virus is spread by mosquitoes and causes encephalitis, rash, and arthritis.  This may be transferred from horses or birds via mosquitoes. 
· Rubella virus produces the disease rubella (a rash called “German measles”).  It is transmitted by respiratory routes.  It causes mild rash illness in children and adults, but also causes ‘congenital rubella syndrome’ in fetuses that results in mental retardation, heart defects, and cataracts.  For this to occur, the mother has to be exposed, have blood invasion, placental infection, entry into the fetus’s blood, and fetal invasion.  If it occurs, this infection usually takes place in the first trimester.  
· Flaviviruses:  They include tick borne viruses, hepatitis C virus, and mosquito borne viruses (yellow fever virus, dengue virus, Japanese encephalitis virus, and West Nile virus).  West Nile is, like alphavirus, spread by mosquito mostly from birds to horses/humans.  

· Coronaviruses cause the common cold and SARS.  SARS was basically pneumonia with really high mortality, but there haven’t been any cases since 2003.  These viruses have multipole reading frames on their genomes.  

Small DNA Viruses:  Parvovirus and Papillomavirus:

Parvovirus:

· Parvovirus is a class of small, icosahedral, ssDNA viruses.  

· Erythrovirus (parvovirus B19) causes erythema infectiosum (5th disease, or slapped cheek rash).  Bocavirus is associated with respiratory disease in infants.  Dependovirus is an adenovirus associated virus (AAV) and is being developed for use as a gene therapy vector, because it integrates at a specific site on chromosome 19.  

· The parvovirus genome is a hairpin structure with an open reading frame for replication genes/proteins and a second ORF for capsid proteins.  The genome is too small to code for replication enzymes, so it must autonomously infect a dividing cell with active machinery, or it must coinfect with a virus that induces s-phase (AAV) or a virus that encodes replication enzymes (herpesvirus).  

· Parvovirus virions are produced in the nucleus.  

· These viruses are transmitted from the respiratory tract, and from there they m ay spread via the bloodstream to the skin (causing erythema infectiosum), to the bone marrow where they affect RBC precursors (hemolytic anemia), or to the fetus.  All of these have replication at fairly high rates. 

· After inoculation, the virus replicates and produces viremia, and when the immune response kicks in the virus is cleared.  An anemia (usually not clinically significant) correlates with the viremia.  Hemoglobin also falls, but lags a little.  This anemia is usually transient.  Clinically, fever correlates with the onset of the immune response.  

· In a normal host, antibodies form immune complexes with the virus and lead to erythema infectiosum. 

· In a host with underlying hemolytic anemia, there are a lot more RBC precursors and the virus is produced in excess of antibodies.  You lose even more RBC production, and these patients need it particularly badly, so you end up with transient aplastic crisis.  

· In an immunodeficient host, you don’t get a good antibody response and can’t clear the infection.  With RBC precursor depletion, you get pure red cell anemia.

· In a fetus with little immune capability, the virus replicates and spreads leading to severe anemia and hydrops fetalis.  You can treat with transfusion, but treating may lead to immune tolerance and virus persistence.  There is no reservoir other than humans for parvoviruses.  Prevalence of infection gradually increases with age, so pregnant women may be at risk for contracting it and passing it to a fetus.

Papillomavirus:

· HPV causes warts and may lead to cancer.  It has a circular, dsDNA genome with 2 overlapping ORFs.  1 is for early genes for genome replication, the other is for late genes for making virions.  

· The E6 and E7 genes induce host DNA synthesis and transformation, and the expression of these genes is controlled by E2.  The L1 and L2 genes make the capsid proteins.  

· There are lots of types of HPV that have variable antigenicity, sites of infection and malignancy potential.  #s 16 and 18 are associated with cervical carcinoma.  

· Papillomavirus can be inoculated in many different places and cause local disease there.  Infection/warts may resolve or progress toward carcinoma.  Inoculation requires minor trauma of the skin, because papillomavirus infects the dividing cells at the basal layer.  Early proteins are expressed in the basal cells as they proliferate and create the papilloma.  Late proteins are expressed closer to the keratinized surface layers where virions are shed.  There is a huge amount of virus present at the surface where hyperkeratosis occurs.  

· HPV infection is very common, but is also usually cleared within a few years in healthy individuals.  Immunocompromised people have more trouble clearing it.  

· HPV 16 and 18 can just infect and produce more virus, or they may integrate into the host genome and promote transformation.  In the progression to cervical carcinoma, you have infection, loss of regulation, and increased proliferation makes cells more susceptible to cancer-inducing mutations.  HPV 16 and 18 are more commonly found in more invasive HPV infections.

· It takes 15-30 years for cancer to develop (infection, viral persistence/progression, precancerous lesions, invasion/cancer).  We screen via pap smears in hopes of catching precancerous disease and preventing invasion.  

· Essentially all cervical carcinomas are HPV.  HPV 16, 18 and a couple others account for 80% of them.  Pap smear abnormalities and premalignant lesions are associated with the type of persistent infection that may lead to cancer.

· E6 and E7 from high risk HPV are more potent at conferring immortality to cell lines.  E7 binds RB and frees E2F to activate the cell cycle.  E6 targets p53 for proteolysis, preventing its induction of apoptosis or inhibition of the cell cycle.  

· When HPV integrates, it may (by chance) do so in the E2 gene that normally regulates E6 and E7.  Loss of control of these genes may lead to cell cycle promotion and inhibition of apoptosis, which contribute to neoplastic changes.  

· Cervical cancer is a leading cause of cancer deaths in developing countries. 

· The HPV vaccine is just the L1 capsid protein, which self assembles into capsid-like structures that are empty inside.  This is highly immunogenic and makes for a 100% efficacious vaccine. 

GI Viruses:

· Viruses must be pH resistant, detergent resistant (bile) and/or protease resistant to infect the GI tract.  These viruses will be ingested and colonize the mucosa, and from there they may stay local or spread systemically.  Interestingly, different microorganisms colonize only specific parts of the mucosa (crypts, villi or Peyer’s patches).  
· Many viruses replicate in the GI tract, but don’t cause GI disease (diarrhea).  These include adenoviruses, reoviruses and enteroviruses (polio, caxsackie, ECHO, hepatitis A, enterovirus 68-71).  

· The most two we will consider here are Norovirus (aka Calicivirus, a +ssRNA unenveloped virus) and Rotavirus (a –dsRNA that is segmented and unenveloped). 

Rotavirus (in the Reovirus family):

· Rotavirus diarrhea is very common in young children and severely dehydrating.  The rotavirus genome has 11 segments of dsRNA.  Each segment codes 1 protein, but the RNAs alone aren’t infectious.  They can be typed by their segments, and these may reassort with dual infection of a host cell.  Purified RNA segments along are not infectious.  

· Rotavirus structures includes a core of dsRNA + inner capsid proteins.  This is surrounded by an outer capsid, and is then called the intermediate subviral particle, which contains the surface proteins VP4 and VP7.  VP4 and 7 are used for attachment/entry, but are also recognized by antibodies.  For the virus to be an active virion, the VP4 must be cleaved by trypsin into VP8 and VP5. 
· Rotaviruses enter cells by endocytosis in lysosomes.  They uncoat and replicate their genomes and make proteins in the cytosol.  There they form a single coated particle.  They enter the ER and are transiently enveloped before they are given a second shell and released from the cell.  

· The rotavirus RNA is in a spherical structure with viral proteins.  The complex of RNA and protein allows RNA to by synthesized, extruded from the complex, copied/translated, packaged into a new complex with viral proteins, and inside this new viral complex of RNA/protein it makes the (-) strand and assemble into double strands.  So, the dsRNA is made in a ‘transcriptionally active particle.’  

· Within hours of these infections, diarrhea occurs.  In 1-3 days you get atrophy of villi, other cytological changes and lots of diarrhea.  By 7 days after infection, your tissues and function are back to normal.  

· One important protein the virus produces is NSP4.  In addition to the osmotic effects created by cell killing, NSP4 increases intracellular calcium levels and stimulates Cl- secretion from crypt cells.  These are two mechanisms that contribute to diarrhea.  Rotavirus may also manifest with vomiting, fever, dehydration, and irritability.  The combo of vomiting and diarrhea severely dehydrates a person.

· Rotavirus diarrhea is largely a disease of infants.  More NSP4 is produced at a younger age, and it causes comparable levels of disease in developed and developing nations.  There is also an antigen specific enzyme immunoassay for stool specimens, so viruses can be identified despite being hard to culture.  

· It is most common during the winter.  There are a million cases and 150 deaths in the US per year, with 150 million cases and almost a million deaths worldwide.  You can reassort segments with monkey or bovine viruses to get an attenuated strain, and this is currently used as a vaccine (no longer has the intussusception risk of the older vaccine).  

Norovirus (aka Caliciviruses):

· This is a common food-borne infection.  The virus particles may be seen by EM, and they include Norwalk virus and related viruses (small rounded structure viruses – SRSVs).  

· The viral structure includes cup shaped indentations on the surface.  

· The receptor for Norwalk virus is dependent on the FUT2 gene.  FUT2 encodes an enzyme that helps produce a surface marker to which Norovirus attaches.  These FUT2 (+) individuals are termed secretors.  Another gene, FUT3, acts similarly and is related to blood groups (more in O).  FUT2 and FUT3 expressing cells are more susceptible to Norovirus infection.  
· Norovirus can cause diarrhea or vomiting, in addition to constitutional signs.  It may induce vomiting by slowing gastric emptying.  It only lasts a couple of days though.  

· These viruses affect all age groups.  They are mostly transmitted by food, and some by person-to-person contact.  Stool and vomit are infectious, and outbreaks seem common around kids (possibly due to hygienic habits).  There are many strains, little durable immunity, and no routine tests for this virus.

· Gastroenteritis outbreaks on cruise ships, nursing homes, banquets, etc. may be common.  Norovirus is the most common agent of these outbreaks.  

Retroviruses:

· AIDS was described in 1981 with the appearance of previously rare Pneumocystis carinii and mucosal Candidiasis.  

· The key immunological feature is CD4 depletion.  The resulting % of CD8 T-cells is increased.  HIV targets both CD4 T-cells and monocytes/macrophages, the key mediators of lots of host immunity.  These cells are prevalent in peripheral lymph organs, but blood cells can spread everywhere through the circulation and you get systemic infection.  CD4 T-cell levels in the blood give a good indication of their whole concentration.  

· Primary infection drops CD4 counts, but then it rebounds into an asymptomatic phase and CD4 counts reach a set point.  At some point, viral titers increase, CD4 counts drop, and you get AIDS.  CD4=1000 normally, but if CD4<200 then it’s AIDS.  
· HIV is a retrovirus.  Retroviruses (HIV, HTLV) and hepatitis B are the viruses that use RT that affect us.  HIV is enveloped, and its RNA genome is copied into DNA via RT and integrated into the host genome.  There, it can remain latent.  The retrovirus genome has three major genes:

· Gag encodes structural proteins, pol encodes enzymes (protease, RT, integrase), and env encodes coat proteins.  There are also some regulatory genes.

· HIV-1 is a lentivirus, as is HIV-2.  They aren’t related to HTLV1 or 2, which are the only other retroviruses that affect us.  There appear to have been multiple introductions of SIV strains into humans.  These produced separate HIV-1 (from chimps) and HIV-2 (from sooty mangabeys) strains.  HIV-2 doesn’t spread or cause as much disease.  SIV doesn’t cause much disease in primates.

· In 1985, a blood test for antibodies to HIV was developed.  It was just a western, but gave them a way to associate HIV with AIDS and assay HIV.  Now, our assay first assay is an ELISA and this may be used to confirm a positive ELISA result.  
· RT-PCR is the most sensitive technique for detecting HIV, and it can be used quantitatively too.  Plasma RNA levels are the other measure (in addition to CD4 counts) of viral load

· Life cycle:  attachment, fusion, reverse transcription to DNA, integration, gene expression, assembly and budding, and maturation.  

· The virus has 2 copies of the genome, reverse transcriptase, integrase, and protease inside the virion.  On the outside are fusion proteins, which have a surface glycoprotein for attachment on their outside surfaces.  The attachment protein gp120 is attached to the outside of the fusion protein gp41.  

· The virus contacts a CD4 T cell or a monocyte.  CD4 on hosts is necessary but not sufficient for binding.  You also need a chemokine receptor (CCr5 on monocytes or CCr5/CXCR4 on T-cells).  Which chemokine receptor the virus binds determines tropism of the virus.  Viruses that infect and are transmitted from person to person have CCr5 on the surface (on CD4 T-cells and monocytes).  Some patients’ viruses can also bind the CXCR4 receptor on lymphocytes.  These patients have more rapid infection and more thorough depletion of T-cells.

· A small fraction of the Caucasian population is CCR5 -/- and it’s very unlikely they’ll get infected.  CCr5 antagonists are now on the market.

· HIV gp120 binds CD4 on target cells.  Binding causes a conformational change in gp120 so that it interacts with the co-receptor.  This interaction allows the fusion glycoprotein to interact with the membrane and cause fusion.  The gp120 falls away and exposes the fusion protein shortly before fusion.  So, people developed peptides that bound to the exposed fusion protein and prevented fusion.  This drug is called fuseon.

· After attachment and fusion, reverse transcription occurs.  Retroviral RT requires 2 copies of the viral genome.  A tRNA primer attaches near the 5’ end of the genome and makes a short piece of DNA at a repeat sequence.  This sequence is also present at the 3’ end.  When it’s copied at the 5’ end, it is complementary to the 3’ end, so it will form a short DNA sequence that can attach to the 3’ end of the same RNA genome or the other RNA genome, and replication can proceed from there.  
· RNA viruses have high mutation rates, in part because RT has no editing or proofreading.  As a result, during acute infection very base in the virus is mutated every day.  

· The next step in the HIV life cycle is integration.  Viral integrase cleaves the newly synthesized viral DNA and the host genome with the same sticky ends, and cell repair enzymes will ligate them together (this can be blocked).  Now the HIV is a stable part of the host genome and it can become permanently latent in many cells.  The activation state of the T-cell/macrophage determines latency vs. productive replication.
· Transcriptional activation of HIV requires cellular factors in active cells, like NF-kB.  The full length genome is transcribed and it may be encapsidated to make virions or spliced to be translated and make proteins.  Some of the regulatory proteins produced play a big role in regulating disease.

· Proteins from retroviruses are made as polyproteins.  The structural proteins are produced as a polyprotein and remain uncleaved in the cell.  1/10 of the time, the ribosome will read through the end of the ‘gag’ structural protein reading frame and into the ‘pol’ enzymatic protein gene.  So you make lots of polyprotein with just structural protein, and some with enzymes which are only needed in catalytic amounts.  The ‘env’ envelope and capsid proteins are made separately by spliced mRNA.  

· Next you have to assemble viruses.  Envelope proteins are directed to the ER, golgi and cell membrane.  Structural proteins (polypeptides) have a myristylation site that traffics the protein to the plasma membrane where the envelope proteins are.  Nucleocapsid proteins have affinity for the viral RNA, and attach to it en route to the plasma membrane.  Budding then occurs and the virus leaves.  But, it’s still not infectious yet, because all of the proteins are still in a polypeptide form.  HIV protease cleaves itself out of the polyprotein and must cleave the rest of the polyprotein to allow the virion to become mature and infective.  If this doesn’t happen (if you administer protease inhibitors), the virus won’t be infective.  Immature forms look like donuts, with a ring around the outside.
· 6 classes of antiretrovirals:  target the attachment (CCR5 antagonist), fuseon (fusion – binds gp 41), RT inhibitors (NRTI, NNRTI), integrase inhibitor, and protease inhibitor. 

· Resistance arises when there is partial suppression of growth, still allowing rapid mutation and the selective pressure to let resistant strains flourish.  You can’t give just one drug when mutations accumulate that fast.  HAART gives 3 drugs, which makes it highly unlikely any one genome will mutate in all of the right places.  The key to success is avoiding sequential accumulation of mutations, so you should never treat with one drug or add one drug to a failing regimen.  

· HIV requires direct inoculation, via sex, IV drugs, from other to child, or needle sticks.  If you’re stuck, there’s a .3% chance you’ll get HIV if the source is HIV positive.  Antiretrovirals need to be given within hours to be effective.  Mother-child transmission in utero, during delivery or during breastfeeding can be prevented with antiretroviral treatment in the mother and infant.  The probability of transmission depends on the viral load.  

· Viruses using CCR5 receptor are transmitted sexually.  Some people have a CCR5 deletion and are rarely infected.  CXCR4 may also be used as a co-receptor, and it’s associated with rapid disease.  

· Macrophages/T-cells are initially infected and go to lymph nodes where more of them are infected.  A viremia in the blood follows, and it can spread to the tissues or CSF.  Long-lived infections can establish in resting lymphocytes in blood and tissues.  

· The primary (acute) phase is characterized by rapid viral replication, and antibody tests may still be negative.  Viral load, though, can be very high.  Patients may get acute retroviral syndrome (fever, adenopathy, pharyngitis, rash).  CD4 depletion begins and may become permanent in the GALT.  Viremia falls and CD4 cells increase back up to a set point.  During acute inflammation, lymph nodes are viral factories and the DCs there trap virus.

· In the asymptomatic phase, virus is trapped in the lymph node, and the immune system is being exhausted.  The virus continually activates lymph nodes, spleen, and immune cells and spreads in the body.  The average length of this phase is 8 years.  As soon as CD4<350, treat with anti-retrovirals.

· The terminal (AIDS) phase, the CD4<200 and the patient is susceptible to opportunistic infections.  They give patients anti-retrovirals and patients may recover or just stabilize at that CD4 level.  Lymph nodes have been so active for so long, they begin to waste and become non-functional.  So you really can’t handle infections.  

· Immune activation is thought to be a big cause of AIDS.  In monkeys that don’t get disease, you don’t see much immune activation. Viral load predicts rapidity of disease progression.  

· HAART produces a biphasic decay in viremia, with a rapid decay of many T-cells, followed by a slower decay of a second population.  Then, there’s a third phase that’s almost like a plateau.  This is because there are latently infected cells where the DNA is completely quiescent.  

· Latency is a consequence of a small portion of CD4 cells forming memory cells that are quiescent.  After HIV infection, some memory cells are infected.  When they’re activated, they can turn on HIV and trigger spread of the virus.  In people treated with HAART, the number of latent cells doesn’t really decrease.  Half-life is about 44 months, so it’d take 73 years to eliminate the infection.  

· Most viral vaccines don’t prevent infection, they just help you respond better.  But here, you need to prevent it completely because it will establish latency if you don’t.  A sterilizing vaccine.  We don’t understand what protects people from HIV; there’s no 1 correlate of protection.  This makes vaccination difficult.

Influenza:  Epidemics, Pandemics and Prevention Strategies

· Wild birds are the natural reservoir for influenza.   The A (and some B) influenza viruses are predominant causes of human disease.  There are 16H and 9N subtypes that characterize influenza strains.  Only H1N1, H1N2, and H3N2 are circulating among humans.
· There is a strong association between antigenic shift and pandemics.  The 1918 Spanish flu (H1N1) killed 20 million.  The 1957 Asian flu (H2N2) killed 70,000 in the US.  The 1968 Hong Kong flu (H3N2) killed 34,000 in the US.  

· Influenza causes an annual epidemic during the late fall, winter and early spring.  Most influenza occurs in January and February.  All ages are affected, though higher rates are among children and serious infections are most common in those over 65 or under 2.  It annually leads to 36,000 deaths in the US, most of which are over 65.  50% of pediatric deaths have no underlying high risk condition, so it’s a little scary for them.

· The signs/symptoms include abrupt onset of constitutional and respiratory symptoms/signs:  malaise, myalgia, headache, fever, non-productive cough, rhinitis, sore throat, otitis, etc.  The uncomplicated disease resolves in 3-7 days with lingering cough and malaise.  

· Infection may be exacerbated by underlying medical conditions, it may result in secondary bacterial pneumonia/sinusitis/otitis, may lead to co-infection with other viral or bacterial pathogens, or may rarely cause encephalopathy, transverse myelitis, myocarditis, or pericarditis.

· Influenza is difficult to distinguish from other respiratory viruses.  The absence of symptoms doesn’t rule it out, so lab diagnosis and high levels of suspicion are needed.  Diagnosis is by culture, PCR, immunostain, or serology.  Nasopharyngeal aspirates are the best samples, and they must be put in viral transport media and processed within an hour.

· Transmission is person-to-person via respiratory droplets, coughs/sneezes.  Droplets stay aloft 3 feet away.  Close contact, contaminated surfaces and maybe even airborne spread of suspended particles also play roles.  Contact at droplet transmission are the main ways.   
· Influenza has a 1-4 day incubation period, and adults may be infectious before symptom onset through 5 days after symptom onset.  Kids can shed virus for several days before symptoms start and more than 10 days after.  Immunocompromised patients may shed virus for months.

· Vaccination is the most effective preventative treatment we’ve come up with.  There is an inactivated injection and an attuated nasal spray vaccine.  

· Trivalent inactivated vaccine (TIV):  Injected, grown in eggs, includes their best guess at the strains of H3N2, the strain of H1N1 and the strain of influenza B that will be out that year.  It is inactivated, killed virus, including subunits, subvirion, and purified surface antigen.  It cannot cause influenza.

· Live attenuated intranasal vaccine (LAIV):  Also grown in eggs with protection against the same strains.  It is live, so you can’t give it to pregnant or immunocompromised patients.  It has the potential to cause mild signs and symptoms of attenuated flue.  

· Efficacy depends on age, immunocompetence, etc.  It’s pretty low in the elderly.

· It’s recommended that people over 50, kids 6 mo-18yr, persons with high risk, kids on aspirin, pregnant women, and health care people should get vaccinated.  Medical conditions at high risk include chronic pulmonary disease, cardiovascular disease, renal/hepatic/hematologic/metabolic disorders, immunosuppression, cognitive or neuromuscular dysfunction that compromises respiratory function, etc.
· To make the flu, they predict the strains 6-8 months in advance, hand pick millions of chicken eggs and inject them with virus.  The whites are then extracted and purified.  Most people stop getting vaccinated after Thanksgiving, but the season continues until February, so you should still get vaccinated toward the end of the year.  

· Influenza is very common among healthcare workers, and you should think of vaccination as a measure for your patients, more than for yourself.  It really decreases patient mortality, more than vaccinating the patients themselves.  

· An RCT was done showing that the flu vaccine doesn’t make you sick.  One of the healthy people 2010 initiatives was to get vaccination over 90% for people over 65 and to 60% of other younger people at high risk.  

· There was a vaccine shortage in ’04-’05, and we’re now back to the % vaccine coverage of before that year.  We need to raise public awareness and vaccinate throughout the season though.  

· Antivirals may be an adjunct to vaccination, not a replacement for it.  This can be used as prophylaxis, or as treatment.  Neuraminidase inhibitors (oseltamivir, zanamivir) work reasonably well, preventing infection in ~83% of patients who had a household contact with influenza.  May also be useful for protecting high risk individuals, or people in whom vaccine in contraindicated (egg allergies).  Adamantases (adamantidine, rimantadine), another retriviral group, are mostly inactive against resistant bacteria.  
· Hand hygiene, respiratory etiquette, and community mitigation (close school, wear masks) can also help. You should cover nose/mouth when coughing/sneezing.  Use tissues to contain secretions and dispose of them.  Perform hand hygiene after contact with secretions or contaminated materials.  We should have available tissues and no-touch receptacles, alcohol rubs, masks and separation of patients with respiratory symptoms, and take precautions against droplets.

· Current isolation recommendations for flu cases:  private room or cohort, healthcare workers should wear surgical masks in rooms and use droplet precautions (gown/glove if within 3 ft).   If possible, house patients in negative pressure.

· In 1997 there was a Hong Kong outbreak of H5N1, the first evidence of direct transmission from birds to humans.  It was very lethal, but bird vaccination and screening has kept Hong Kong free of cases.  But, poultry outbreaks have now occurred throughout Asia and Europe where poultry and people are close to each other.  Now, lots in Vietnam and Egypt.  

· Half of the cases were in people under 20, with highest case fatality among the young.  Peaks in the winter/spring.  There’s really not that much data about it.  There doesn’t seem to be a big human reservoir.  There does seem to be person-to-person transmission, though.  
· For it to cause a pandemic, it’s already been shown to have a susceptible population with bird to human and human to human spread.  All it needs now is to be able to sustain human to human transmission and it may become pandemic.  

· To control H5N1 infections, patients with acute respiratory illness should be asked about travel, precautions should be taken against contact, and healthcare workers must be vaccinated.  Hemagluttanin inhibitors amantadine and rimantadine have little activity.  It may be able to be treated with neuraminidase inhibitors oseltamivir and zanamivir, though data in humans are lacking.  The antiviral stockpile is estimated to be able to treat 20-25% of the population.  

· It’s recommended that travelers should avoid contact with live animal markets and live poultry.  They shouldn’t eat raw or undercooked poultry.  Travelers don’t need to take oseltamivir with them.  

· A study was published with a presumptive H5N1 flu vaccine.  Antibody responses are better in people getting a smaller dose with an adjuvant.  Switzerland plans to vaccinate its entire population.  H5N1 is lethal to eggs, so it has to modified to grow.  This produces a smaller yield.  But, they’re working on ways to improve it (adjuvants, other targets).

· To prepare for an outbreak, there is a WHO plan.  Primary containment involves prophylaxis,  treatment, vaccination and quarantine.  But, to actually carry it out is exceedingly difficult.  
· Healthcare preparedness requires improving the surge capacity in event of an emergency.  There would need to be huge coordination.  You’d have to vaccinate health care workers and their families and provide protective equipment, incentives, etc. for them to come to work.

· H5N1 may cause a pandemic, because it goes among humans, has sequences from the 1918 pandemic, and can multiply in an avian reservoir without getting ducks sick.  But it hasn’t become infectious, so hopefully doesn’t start.  
Gamma Herpesviruses (cause cancer) – EBV and KS:
· Burkitt noted 3-6 y/o boys in African with jaw tumors not seen elsewhere.  It closely corresponded to malarial distribution, and he guess that it was due to an infection.  Epstein looked at his samples and saw no viral particles produced in the tumor.  But, the virus grew in tissue culture.

· Burkett's lymphoma is characterized by small cells with huge nuclei and very little cytoplasm.  Butkett's translocation occurs in B-cells, where the c-myc gene on chromosome 8 joins with the heavy chain regulatory region on chromosome 14.  This hyperactivates c-myc and somehow leads to cancer.

· Epstein Barr Virus immortalizes B cells, causing them to proliferate.  In SCID mice, it produces tumors that quickly overwhelm the organism.

· These herpesviruses are very large and have two classes of genes.  They have latent genes that are expressed in tumor cells.  When it's latent, the chromosome is circular and doesn't integrate into the host chromosome.  Very few genes are expressed.  But, when it's lytic, lots of genes are expressed, it is a linear chromosome and integrates into the host genome.  Thymidine kinase and DNA pol are targets of antiviral drugs, and these genes are only expressed in the lytic stage.  So the drugs are pretty ineffective for latent disease.

· EBV can cause infectious mononucleosis.  Symptoms and signs include sore throat, fever, generalized lymphadenopathy, atypical lymphocytes (lots of T/NK cells), and lots of polyclonal IgG in response to everything.

· EBV produces two important antigens that we can test for: viral capsule antigen (VCA) and Epstein Barr nuclear antigen (EBNA).  With primary infection, levels of these antigens rise and are maintained.  This is used to study who has been infected.  IgM will rise initially, then go back down.  95% of adults in the world have this infection. 

· Heterophile antibodies somehow work to detect this.  They are directed against sheep RBC antigens, and are a specific test for acute mononucleosis and will disappear when the disease resolves.  They are used in the MonoSpot test.

· EBV is very prevalent and is transmitted in saliva.  It penetrates the mucosa and infects B-lymphocytes.  It is usually asymptomatic, but may produce infectious mono.

· Immortal EBV-infected B-cells are present in normal people.  If you separate out WBCs and add an antibiotic to inhibit T-cells, B cells will mostly die off in a few weeks.  But, EBV-infected cells will continue to grow.  Normally, T cells kick in and kill cells expressing the viral antigens.

· In lytic infection, spread involved infectious virions passing among cells.  This is required for infection spreading between patients.  In latent infection, the virus is spread by cellular proliferation, with the virus genome being passed to daughter cells.  In the latent phase, it's not susceptible to many antiviral drugs.  Latent spread mechanisms confine spread to within the patient.

· Many of the proliferating infected B-cells express distinct antigens and may be taken out by the T-cell response, but some resting, quiescent B-cells have fewer antigens and survive.  So the T-cells are always trying to chase down B-cells.  Normally there’s a balance between the relatively rare EBV B-cells that are hyperproliferative and the many EBV-specific T-cells.  
· Notably, latent EBV causes proliferation and may lead to tumors, whereas alpha and beta herpesviruses do not.
· EBV associated tumors include Burkitt’s lymphoma, Hodgkin’s disease, and nasopharyngeal carcinoma.  It’s pretty useless to test for EBV in cancer patients, since almost everybody has it.  But, you can test for EBV nucleic acids or proteins in tumor cells.

· You can get post-transplant lymphoma, in which immunosuppression allows immortal EBV infected B-cells to proliferate.  Bone marrow transplant can result in graph vs. host disease, where a bone marrow transplant introduces T-cells that attack the new host.  To prevent this, they tried to deplete all the T-cells in the donor marrow, but then this lymphoma showed up because nothing stopped the EBV B-cells.  Finally, the only T-cells they transplanted were specific for EBV B-cells, and it worked well.

· Virually all nasopharyngeal carcinomas are EBV related.  1/3 of all Hodgkin’s tumors in the US shows EBV protein/DNA in all tumor cells.  This fraction varies widely throughout the world.  Having had mono increases your risk of getting Hodgkin’s lymphoma by 20x, because both are associated with EBV.
· HIV (immunosuppression) drastically increases the risk of getting EBV lymphoma.  

· EBV binds to the receptor CD21 to get into cells.  There are lots of different surface markers associated with different cancers, and it makes them vary in their response to immune cells.  Post-transplant lymphoma is easy to treat because it has lots of surface antigens, whereas Burkkit’s has cells with very few and is very tough to get rid of via T-cells.  

· X-linked lymphoproliferative syndrome is very rare, and it is a primary EBV infection associated with fatal mono, B-cell lymphoma, or aplastic anemia.  It may result from very simple deletions or point mutations.

· The vast majority of EBV is asymptomatic.  

· Kaposi’s sarcoma is a tumor or skin vessels.  KSHV produces scattered purplish spots on skin, GI tract, and lungs.  You need to have this virus to get the KS tumors. It was common in African kids, organ transplant recipients, and AIDS patients, and MSM.  

· KSHV is also known as HSV8.  This herpesvirus isn’t widely spread among the human population, as opposed to over 98% in other herpesviruses.  Less than 1% of blood donors in the US have it.  Mostly seen in AIDS patients and MSM.  

· KSHV is detected by PCR, and it also lives in B-lymphocytes.  But, this herpesvirus doesn’t immortalize B-cells.  

· KSHV is transmitted in early childhood, probably in saliva.  In the US, seems to be transmitted sexually among MSM, possibly between IV drug uses or people getting transfusions.

· To get KS, you need to have KSHV.   Failing immunity may contribute, because in transplant patients if you withdraw immunosuppressants, tumors will regress.  HIV immunosuppression can make you much more susceptible.  Other unidentified factors exist.  

· To treat KS, correct the underlying immunodeficiency.  Cytotoxic or anti-herpesviral therapies are good approaches.  Anti-herperviral drugs can stop shedding of virus, but won’t impact an established tumor.  

· It’s debated whether this should be screened for in donors.
· Primary effusion lymphoma results from B-cells in the pleural or peritoneal fluid.  It occurs in AIDS patients, and occurs in cells dually infected with both EBV and KSHV.  These are terrible tumors, almost never successfully treated.  

Hepatitis:

· Hepatitis is inflammation of the liver.  There are non-infectious, non-viral, and viral causes.  We’ll just consider the viruses.  These include CMV, EBV, HIV, adenovirus, and hepatitis viruses.  

· There are 5 hepatitis viruses, A-E.  The typical course of hepatitis includes an exposure (injection, ingestion, transfusion, mom to child, sexual).  This is followed by an incubation period of several weeks, then appearance of symptoms and jaundice.  After this, you may either recover or have persisting disease.  

· Hepatitis A is the most common cause of acute viral hepatitis in the US.  Hep B is next most common, followed by Hep C and non-ABC Hep.  

· Hep A&E:  transmitted by fecal-oral route.  This is because they lack an envelope, so they are stable in bile and emerge from the GI tract still infectious.  They have a short incubation period, cause more jaundice, induce a vigorous immune response, and doesn’t persist.

· Hep B&D:  transmitted sexually, through blood or perinatally.  Sexual transmission is the leading cause.  Have a medium length incubation period, medium amount of jaundice, and small amount of persistence.  

· Hep C:  transmitted through the blood, and little bit of perinatal and sexual transmission.  

· Hepatitis B is globally distributed, and focal areas of high prevalence in SE Asia and sub-Saharan Africa.  This have large incubation periods, less jaundice, a weaker immune response, and a high rate of persistence.  

· The healthy liver is the largest organ in the body.  It stores vitamins, metabolizes lipids, makes cholesterol and stores glycogen.

· Fibrosis of the liver may occur because the viruses replicate, cause an immune response and over time lead to fibrosis and cirrhosis (nodules of fibrosis).  Hepatic fibrosis is the overgrowth of CT within the liver, which restricts its ability to function normally.  Hep B and C can cause cirrhosis and liver failure over the long-term.  If this immune response is chronic, it can result in a hepatocellular carcinoma.  Hepatocellular carcinoma is very common in the world.

· Diagnosis:  Find DNA/RNA/protein in ongoing infection, find antibodies to the microbe (shows that you either had it before, or have it now), and if IgM is elevated it indicates a recent infection, within about 6 months (true for many infections).  Transaminase levels in the liver are also usually elevated.  
· Hepatitis A is always self limited.  After exposure, there is an incubation period, you first see a rise in ALT (a transaminase) as inflammation and symptoms occur, then a rise in anti-hepatitis A IgM occurs.  This IgM falls off as the acute infection resolves, but total anti-Hep A antibodies stay high.  

· Hepatitis B may be acute or may become chronic.  With acute infection, the same thing happens as above.  Viral antigens are present as you get sick, IgM is transiently produced, but more permanent antibodies are also produced that last a long time.  With chronic infection, both the antigen and non-IgM antibodies persist.  But, IgM still falls off soon after infection.  So, if you have viral antigen, but not IgM, you have a chronic infection.  If you have both.  

· In diagnostic tests, whenever infectious agent or its nucleic acids are detected, it indicates ongoing infection.  

· You can vaccinate against hepatitis A and B, or you can give pooled or specific Ig to prevent hepatitis A or B.  But, you can’t vaccinate against C.  

· Acute hepatitis doesn’t need to be treated.  Chronic HBV or HCV may be treated with medicines.  

· HAV is a picornaviridae with an RNA genome.  It is unenveloped, making it bile-stable.  Capsid proteins elicit a neutralizing antibody response, both naturally and when given as a vaccine.  
· HBV is a dsDNA virus with a small genome with overlapping ORFs that gets into the nucleus and resides there as stable cccDNA.  It has an envelope with antigens that neutralizing antibodies may bind.  The S gene makes surface antigen to which neutralizing antibodies bind.  The S gene was put into yeast to make the first recombinant vaccine.  HBV is pro-carcinogenic because it acts in the nucleus and can affect gene expression.  We can stop viral replication with pharmaceuticals, but they must be continued because the DNA is stable in the nucleus and will reactivate as soon as treatment is stopped.  

· HDV requires the presence of HBV.  It needs HBV’s surface antigens to move its RNA genome among cells.  HDV can only infect people with HBV.  You can prevent this by preventing HBV.  

· HCV has no vaccine due to its genetic variability.  It has a very high turnover rate with very error-prone replication, so when it’s replicating every base in its genome changes every day.  Changes may be silent/synonymous or non-synonymous.  These non-synonymous changes can change protein structures or the outer covering/surface antigens.  With so many variants, it is difficult to make a vaccine that HCV can’t evade.  Over time, increasing variety is seen in the clonotypes of HCV, and it’s far more diverse even than HIV.  HCV is persistent 80% of the time and is very resistant to treatment.  

· HEV kills a significant percentage of the pregnant women it infects, for unknown reasons.  It is extremely rare here, and probably not worth testing for unless a patient has traveled.  

Host Genetics and Infectious Diseases Outcomes:

· One study shows that, in adopted kids, if a parent died of an infectious disease, they’re 6x more likely to die of one, with no change in risk if an adoptive parent dies of one.  Twin studies also show much more concordance between monozygotic twins than dizygotic twins, supporting a genetic link.  

· Polygenic differences or differences in a major gene may alter your susceptibility to one disease.  Some newer primary immunodeficiencies may make you susceptible to a few diseases.  Primary immunodeficiencies make you much more susceptible to a lot of diseases.  

· Malaria, due to Plasmodium species, is transmitted by mosquito, causes 1 million deaths per years, and the agent invades RBCs.  Different variations of hemoglobin confer some resistance.  Patients with hemoglobin S (sickle-cell heterozygotes), C, and E all confer resistance.  P. vivax uses the DARC receptor to enter cells, so its absence due to a promoter polymorphism is protective.  Thalassemia major and minor, as well as G6PD deficiency are also protective.  

· Host genetics lend understanding to infectious disease pathogenesis.  With HIV, you could look for differences in people who do and don’t get infected upon exposure.  Or you could compare who progresses most rapidly and who is a long-term non-progressor.  With continuous things, it’s easiest to find differences at the ends of the spectrum.  

· CCR5 is a co-receptor for most HIV strains (some can also use CXCR4).  CCR5 -/- individuals are resistant to infection due to a ∆32 deletion.  These homozygotes occur rarely in white populations, and almost never in black or Asian populations.  They studied this in high risk cohorts (HIV infected, hemophiliacs who got HIV from transfusions) and no HIV+ individuals with this mutation, compared with 17 HIV- people (p<.0001).  CCR5 also slows the progression of HIV to AIDS in European Americans.  So, they developed Maraviroc, a CCR5 inhibitor that reduces HIV RNA titers and increases CD4 counts.  

· In mice, CCR5 -/- is associated with more robust T-cell responses.  So, they hypothesized that the CCR5 ∆32 deletion may be associated with recovery from acute hepatitis B virus.  They found that HBV persistence was much lower in homozygotes for the deletion, corresponding with more T cells, upregulation of NK/NKT cells, and alteration of chemokines.  It was found that CCR5 ∆32 and an increase in 403A, the promoter for CCL5 (the CCR5 ligand), together lead to a significantly reduced risk of HBV persistence.  403A leads to increased CCL5 production, and because there is no CCR5 for it to bind, it binds an alternate receptor CCR1.  This triggers T & NK cell activation and chemokine production.

Malaria:

· There was an attempt to eradicate malaria in the 50s, with DDT (insecticide) and chloroquine.  No serious attempts were made in African, and drug resistance, social, political, economic factors made it fail.  

· Today, very little chloroquine-sensitive malaria remains.  

· Malaria is transmitted by Anopheles mosquitoes, and it causes 1-2 million deaths per year (mostly in sub-saharan Africa, and mostly in children under 5 or pregnant women).  It’s been increasing due to drug resistance, among other factors.

· The four species include Plasmodium faciparum (most prevalent, most resistant, most severe/lethal, major player in African), P. vivax (major contributor to M&M in Asia), P. ovale (only in Africa) and P. malariae.  

· The epidemiology of malaria is highly variable, both around the world and in different countries.  Its rate may be hypoendemic, mesoendemic, hyperendemic, or holoendemic.  Hypo or meso may be considered unstable, but hyper and holo are considered stable.  

· In places where malaria is very common (stable – often in Africa), there is heavy perennial transmission, so after age 5 most people are protected from severe disease.  In places where malaria is less common (unstable – often in SE Asia) transmission is less intense and protective immunity is acquired at a later age or not at all.  
· Hosts have a humoral and cellular immune response to malaria.  Initially the spleen helps get rid of infected RBCs.  In neonates, maternal antibodies may persist for 3-6 months and confer immunity.  In highly affected areas, protection from the disease (not protection from infection) is acquired slowly with repeated exposure.  Immunity is lost in absence of exposure.  Immunity is diminished in pregnancy, and if it occurs it can lead to complications with pregnancy.  In HIV, you have a loss of protection.  

· RBC polymorphisms and HLA types may provide some level of innate immunity against malaria.  Hb structure, synthesis, RBC enzymes (G6PD), and cell surface markers (Duffy) can all play a role.  Duffy is a chemokine receptor (a glycoprotein) present in endothelial/kidney/lung/cerebellar cells.  P. vivax requires the presence of Duffy to infect a host cell.  Duffy-negative individuals (common in Africa) are resistant to infection, so the dominant species in Africa is P. falciparum. 

· Life cycle:  The female mosquito bites and transmits sporozites.  These get to the liver, mature and multiply.  Hepatocytes will be full of merozoites and eventually burst.  In P. ovale or vivax, a dormant hypnozoite may form in the liver.  Merozoites in the blood invade RBCs and multiply/burst in RBCs; the protozoa-full RBC becomes sticky, and is called a schizont.  This cycle can occur repeatedly.  Some small fraction of the merozoites differentiates into sexual male or female forms (gametocytes).  Mosquitoes that feed on humans can take up this and transfer them to another host.
· The different species vary in the duration of time in each phase.  Only the asexual blood cell stage produces clinical symptoms.  

· Recrudescence occurs when parasite of P. falciparum and P. malariae re-appear in the blood after being below detectable levels.  Relapse occurs when the parasite of P. vivax or P. ovale is revived from hynozoites.  

· P. falciparum can have a hepatic phase of a few days to a few weeks.  This may make diagnosis a little trickier.  P. falciparum is the only type of malaria to infect all types of RBCs.  P. falciparum invades all RBCs and requires a much higher threshold to cause fever.  Falciparum causes severe anemia, cerebral malaria, respiratory failure and death.  Resistance to chloroquine is commone.  It cycles in two days and doesn’t relapse.
· P. ovale and P. vivax have an 8-9 day hepatic phase, and can form hypnozoites which may lead to relapse.  P. vivax invades mostly reticulocytes, and requires a low threshold of parasites to cause a fever.  P. vivax can induce splenic rupture.  It also cycles in two days in the asexual form. 

· P. malariae has a 15 day hepatic phase and has a slightly longer (3 days vs 2) erythrocytic cycle.  It may persist for years and produce nephritic syndrome.  

· Because all types of malaria have a 2 or 3 day erythrocytic cycle, you can often see a period spiking fever in malaria.
· Most cases of malaria are uncomplicated.  A small fraction get severe disease with high mortality.  
· Malaria presentation in the sporozoite or hepatic stage is asymptomatic.  Disease responses are a periodic fever, chills/rigor/fever, sweating.  Signs include fever, anemia, jaundice, hepatosplenomegay, etc.  In lab work-ups, WBCs, plaelets and RBCs are all low.  

· Uncomplicated malaria should be treated, speciated and tested to confirm drug susceptibility, and followed through its decline in the patient.  Severe malaria can cause anemia, seizure, coma and death.  Progression may be rapid with high mortality, so treatment should be via IV drugs and intensive care monitoring.
· P. falciparum infection is a medical emergency.  It progresses rapidly, produces severe anemia, has very high multiplication capacity, and can lead to sequestering and end organ failure (seizure, liver, kidneys, etc fail).  

· Cerebral malaria can result from sticky RBCs occluding a capillary (sequestration) and cause altered consciousness, seizure, etc.  It’s rapid onset, but if it’s not fatal, you’ll recover rapidly.  

· Severe anemia involves RBC destruction in the bone marrow, spleen, and ineffective erythropoiesis due to low iron levels.  This is most common in young African kids.  Transfusion may be life saving.

· With malaria, you’ll eventually get low tissue oxygen, metabolic acidosis, cytkokine release, organ dysfunction/failure.  

· Malaria should be suspected whenever there’s a fever in an exposed person or fever of unknown origin in a supposedly unexposed person.  With testing, often presence of malaria may not mean malaria is causative (esp where it’s endemic), and a negative smear for malaria may not exclude it (multiple negative smears will).  Diagnosis and treatment need to be done fast.

· Histologically, parasites look like a ring (maybe with a diamond on it) in an RBC.  More mature schizonts are usually stuck in capillaries, because they express adhesive Knob proteins on the host surface.  P. falciparum and malariae get sequestered (bound to capillary endothelium), undergo rosetting (binding of uninfected red cells to infected RBCs).  These processes cause the pathophysiology of malaria.  

· In placental malaria, you see heavy placental sequestration and lots of inflammatory exudates.  This disease can cause severe M&M in the mom, but also pregnancy/birth abnormalities in the child and low birth-weight (the most important predictor of fetal mortality).  It’s more common in primigravida.  Those with immunity from constant exposure have abortion, stillbirth or low birthweight, whereas those who aren’t immune may have maternal death too.
· If you suspect malaria, you need to do thick and thin smears for it with the appropriate stains (Giemsa, Wright’s).  Thick is more sensitive, but has less morphological info.  Thin is clearer and helps you speciate it.  Quantification is also done (on thick smears) to determine risk and response to a treatment as you monitor them serially.  One negative smear doesn’t rule it out, and delayed diagnosis can be fatal.  

· P. vivax and P. ovale are in large RBCs with large, irregular rings.  They have Schuffner’s dots in the cytoplasm.  There are more merozoites in the shizont in P. vivax.  

· P. vivax has amoeboid trophozoites.

· P. ovale has oval RBCs, and only occurs in samples with exposure in Africa.

· P. falciparum is in normal sized RBCs with many merozites in the schizont.  They have Maurer’s dots in the cytoplasm.  Gametocytes may be sickle shaped.  Their rings are fine.  

· P. malariae has band-looking rings and no dots in the cytoplasm of RBCs. 

· Newer diagnostics include antigen detection (may not detect well when live parasites aren’t circulating).  Or PCR, which is highly sensitive, but remains positive for a little while after the infection is cleared, making it useless for serial follow-up.  It’s mostly used in research.

· Treatment:  Falciparum (chloroquine resistance is common, mefloquine and atovaquone/proguanil are expensive but effective, quinine works), Vivax (chloroquine and primaquine – to kill hypnezoids).  Complicated or severe malaria is treated with IV quinine, or artemisinin derivatives which aren’t yet approved in the US.  
· Prevention and control are really the way to deal with this.  

Protozoa Other Than Malaria:

· Leishmania is not big in the US.  It’s transmitted by sandfly (reservoir in mammals like dogs) or needle sharing, and causes a wide spectrum of disease.  In humans it’s intracellular in macrophages and reticulo-endothelial system cells (liver, spleen, bone marrow).  In the vector (fly) it’s a promastigote form.  

· Leishmania causes three major syndromes:

· Cutaneous ulcers require an incubation period of weeks to years, and present as non-healing ulcers on exposed skin.  

· Mucosal leishmaniasis cuases involvement of the nose, oral cavity, pharynx, and larynx.  This is commonly seen in S. America.  

· Visceral leishmaniasis occurs with dissemination into the liver, spleen, and/or bone marrow.  You see hepatosplenomegaly (causes abdominal distension), gray discoloration of extremities (kala-azar, or black fever), with fever, weakness and weight loss.  Can result in secondary bacterial infections and death.

· Toxoplasmosis (Toxoplasma gondii) is transmitted by ingestion of cysts in undercooked beef/pork or through cat feces.  It mostly affects immunocompromised patients and pregnant women.  Primary infection is usually subclinical in healthy people, but may cause mild mono-like syndrome with painless lymphadenitis.

· In immunocompromised people, reactivation of dormant infections leads to encephalitis, brain lesions, myocarditis, pneumonitis.  If a pregnant women gets primary infection, it can lead to severe CNS sequelae for the fetus.  

· Diagnosis is serologic.  If it’s acute infection, you’ll see IgM, but if it’s chronic you’ll see IgG.  

· Trichomoniasis (Trichomonas vaginalis) is a pear-shaped flagellated parasite that only has a trophozoite stage.  It’s mostly an STI, and is largely curable.  Despite this, it’s quite prevalent in the US.  Most infections are asymptomatic.  In women (more common) it causes PID, vaginitis.  In men, it causes epididymitis or prostatitis.  It may rarely be transmitted by surviving on a washcloth, in bath water, or on clothing.  

· Entamoeba histolytica is mostly transmitted as cysts in water, food, or soil that gets ingested.  In the GI tract it develops into a trophozoite.  It occurs mostly in developing countries, but occurs here in immigrants, travelers, and MSM.  It causes dysentery (bloody diarrhea).  It can also lead to liver abscesses that may rupture to produce lung and pericardial infection.  It can also be transported via the blood to the brain and cause brain abscesses.  Diagnosis is by stool sample.  

· Crytposporidium is an intracellular parasite.  It causes epidemic diarrhea from contaminated water, and may cause severe diarrhea in AIDS patients.  In healthy individuals, diarrhea may be seen among kids at day care, travelers, or backpackers, hikers or swimmers.  May be due to contaminated water wells.  You ingest it as a cyst.

· Symptoms include large volumes of watery diarrhea, though fever is only present in 1/3 of patients.  This can be severe in AIDS patients

· Giardia lamblia causes diarrhea, bloating, flatulence, which may become chronic and lead to malabsorption and weight loss.  It’s the most commonly identified fecal parasite in the US responsible for diarrhea.  It occurs among day care kids, ingesting unfiltered water (camping), fecal-oral sex contact, etc.

· Typically presents as acute onset symptoms, sometimes with ‘sulfuric belching.’  Stools may start watery and later become greasy and foul-smelling.  

Helminth Infections:

· Up to ½ of the world’s population has a helminth infection at any time.  They may be broken down into nematodes (roundworms – GI or tissue dwelling), trematodes (flatworms/flukes), or cestodes (tapeworms).  

· General features:  Adults don’t multiply in the host, but they may produce transmission stages.  Most infected people have low/medium burdens, and disease usually correlates with parasite load.  Expatriates (people who didn’t grow up in an area) usually have more severe responses.  Without therapy, these infections persist for a long time.  Most induce an eosinophilia via Th2 mediated response.  There is usually a week-months incubation period.

· Elevated eosinophil counts often occur with tissue-dwelling helminth infections, whereas they tend to be lowered with bacteria, viruses and protozoa.  These cells have receptors for IgG, IgE and complement.  They are less phagocytic than neutrophils, but still participate.  And, they produce a lot of cytokines for inducing immune responses.  Travelers or visitors who get these parasites show more eosinophilia than residents of endemic areas.  Helminth infections with eosinophilia are often asymptomatic.  Sustained eosinophilia can cause endomyocardial fibrosis.  

· Helminths may cause disease by mechanical mechanisms (blocking organs, pressure, or migration), depleting nutritions (iron, vit B12, macronutrients), metaplastic changes (liver flukes and hepatoma, schistosomes and bladder cancer), or immunopathology (immune complexes, anaphylaxis, cell mediated reactions leading to fibrosis)

Roundworms/Nematodes:

· Pinworms are the most common worm in the US, very prevalent in children.  They cause anal itch, disturbed sleep and can emerge at night from the anus to spread.  They are diagnosed with a scotch tape test of the anus, which looks for eggs.  

· Hookworms (unholy trinity) penetrate the skin usually through bare feet.  They go to the lungs, up the respiratory tract and get swallowed to infect the intestine.  There, they attach to the walls and suck blood.  These worms are most common in tropical/subtropical areas and are serious problems for women, children, or malnourished people.  Hookworms require development in the soil, so can’t be spread person-to-person.  

· The hookworm burden increases with age, unlike most helminthes that peak in childhood.  

· Symptoms of hookworm include itching/rash where larvae penetrate the skin, and nonspecific stuff (anemia, abdominal pain, diahrrhea, lethargy, weakness,).  With severe infection, you may see anemia and protein deficiency due to blood loss to the parasites.  This can retard growth and impair mental development, and among infants may be fatal.  

· Ascaris lumbricoides (unholy trinity):  the eggs are ingested, hatch in the intestine, travel via the blood to the lungs, ascend, get swallowed and reinfect the intestine.  Females produce ¼ million eggs/day.  Infection is very prevalent and most common in the right climate, population density and sanitation conditions.  

· Symptoms include intermittent abdominal pain, flu-like symptoms, coughing when they migrate to the lungs, vomiting, blockage of intestine.  Large infestations may produce ascaris pneumonia, which potentially fatal.  Adult worms will wander if you get a fever.

· Whipworm (Trichuris trichiura) (unholy trinity):  eggs are ingested, hatch in intestine and thread themselves into the intestinal wall.  Found in the right climate, population density and sanitation conditions.  Not common in the US.  

· A light infection produces flatulence, lower abdominal pain, and constipation or diarrhea.  A heavy infection can result in trichuris dysentery syndrome with bloody mucoid diarrhea, anemia, painful straining, retarded mental and physical growth.  Intestinal blockage may occur.  Irritation from the burrowing of worms may cause irritation and rectal prolapse. 

· Strongyloides stercoralis:  has a lifecycle similar to hookworms (penetrate the skin, go to the lungs, up the respiratory tract and get swallowed to infect the intestine where it feeds on blood).  Larvae in the intestine can auto-infect immunocompromised individuals.  So, infection is associated with HIV and cancer, though it’s relatively uncommon in the US.  

· Moderate infection produces nonspecific symptoms like rash, coughing when in lungs, abdominal pain, nausea, vomiting, diarrhea, constipation, GI bleeds

· Severe infections can cause chronic colitis, anemia from blood loss, chronic diarrhea, and weight loss.

· Trichinellosis (Trichinella spiralis) is caused by eating raw or undercooked pork or game (bears) infected with larvae.  Normally this cycles in rates, but may be passed into pigs and subsequently into us.  

· Initial symptoms are vague, and include nausea, fever, diarrhea, vomiting, etc

· This is followed by headache, fever/chills, eye swelling, joint and muscle pain, itchy skin, diarrhea or constipation

· Heavy infection may cause difficulty coordinating movement and heart or breathing problems, since the worms colonize skeletal muscle like the diaphragm and cause muscle cells to de-differentiate.  

· Toxocariasis (Toxocara cani or cati – dogs or cats).  Larvae may infect humans and since we’re not the normal host, they migrate around looking for a suitable environment.  It may produce:

· Ocular larva migrans where they enter the eye and cause inflammation and scarring, leading to permanent partial vision loss.

· Visceral larva migrans where worms move throughout the body and can cause swelling of organs or CNS, and cause fever, cough, asthma or pneumonia

· Filariasis (tissue/lymphatic dwelling worms):  all of these infect in the L3 stage of their life cycle.  They are transmitted by vectors, and adults populate tissues/lymphatics and eggs circulate in the blood for transmission back to vectors.  

· Lymphatic pathology:  Wuchereria bancrofti, Brugia malayi, Onchocerca volvulus – resides in lymphatics and causes elephantiasis.  Wuchereria and Brugia are absent during the day and abundant from midnight to 2am.  Results in fluid filled regions that may eventually fibrose and become vascularized.

· Dermal pathology:  Onchocerca volvulus – migrates under the skin and produces elephant skin, papular eruptions, exfoliating dermatitis or leopard skin.

· Ocular pathology:  Onchocerca volvulus, Loa loa – migrates into the eyes, producing river blindness.  Loa loa can also cause Calabar swelling, which is an inflammatory reaction to the dead worms.

· These filarial worms have the bacteria Wolbachia present in them, and require its presence.  Eliminating with abx will sterilize the parasite, so is a new chemotherapy target.  

Treamtodes (flatworms):  

· Schistosomiasis is transmitted with snails as an intermediate host.  From water, the organisms penetrate the skin, enter the circulation, go to mesenteric veins and lay eggs that can be shed in the stool.  They may go to the liver where they cause granulomas, fibrosis and hepatosplenomegaly.

· This may be caused by Schistomsoma mansoni or Schistosoma haematobium.  S. haematobium also causes bladder infection with eggs, leading to hematuria and chronic inflammation that can lead to bladder cancer.  

· Schistosomes may also cause swimmer’s itch, which is pretty innocuous.  

· Fascioliasis is caused by the liver fluke Fasciola hepatica.  It is ingested from contaminated water, and may colonize other mammals too.  It migrates through the hepatic parenchyma causing abdominal pain, hepatomegaly, vomiting, diarrhea, eosinophilia, etc.  In the chronic phase, adult flukes in the bile ducts cause biliary obstruction and inflammation.  

Cestodes (tapeworms – Taenia sp.):

· These cause cysticercosis.  Taenia solium infects pigs, and Taenia saginata infects cows, and ingestion of undercooked meat leads to cysticercosis.  Of greatest concern is cerebral cyticercosis, which can lead to diverse CNS manifestations.  Death can occur suddenly.  Extracerebral cysticercosis can cause ocular, cardiac, or spinal lesions too.  

Intro to Fungi:

· Fungi are eukaryotes, making them a challenge for treatment.  They are polymorphic.  Their cell walls (mostly polysaccharide, some protein) and cell membranes (contain sterols like ergosterol) are potential drug targets.  All fungi reproduce asexually, and 75% have known sexual cycles.  

· There are four classes of fungi:  Zygomycetes (sexually by zygospores - rhizopus), Ascomycetes (sexually by asci – histoplasma, aspergillus), Basidiomycetes (sexually by basidia - cryptococcus), and Deuteromycetes (no sexual stage – candida).

· Fungi may be present as yeast (unicellular, reproduce by budding) or hyphae (filaments, form a mold).  Hyphae may branch dichotomously (at an acute, y-shaped angle) or at right-angles (T-shaped).  They may also be septate or aseptate. 

· Septate hyphae with dichotomous branching – aspergillus

· Aseptate hyphae with right angled branching – zygomycetes (rhizopus)

· Candida is indicated by the presence of hyphae, yeast, and pseudohyphae.  Candida albicans forms a germ tube when put in serum.  

· Dimorphism may occur in fungi.  Classic dimorphism is when a fungus is a filament at room temp and converts to yeast in tissue or lab at 37 degrees.  Clasically dimorphic fungi include Blastomyces, Histoplasma, Coccidioides, Paracoccidioides, Penicillium and Sporothrix.  These can be distinguished morphologically, and are endemic in different regions.

· Candida displays the opposite dimorphism.  It is present as yeast in lab, but may be both filamentous and yeast in tissue infections.

· Coccidioides is unique in that it forms spherules in vivo.  

· Cryptococcus is the only encapsulated fungus, and it targets the CNS.  It has a heteropolysaccharide capsule of glucuronoxylomannan that protects it from host responses.  This antigen is how Cryptococus is detected.

· Most fungi lack a true capsule.  Fungi have rigid cell walls that resist hydrolysis and confer shape.  The cell wall (mostly polysaccharide, some protein) is multi-layered with inner and outer glycopeptides layers, and it includes 1,3-beta-glucans in the wall.  The wall has more chitin in filamentous forms, giving them rigidity.  Immune responses are often directed at the wall, and wall components may be tested for detection of fungal infections.

· The cell membrane of a fungus is the real barrier between the organism and the environment.  It includes ergosterol to help maintain membrane fluidity.  This is a drug target.  

· Sexual reproduction between fungi may occur between two strains (heterothallism) or one (homothallism).  The type of sexual spore depends on the taxonomic group.  

· Fungi may also reproduce via asexual spores, which are much more resistant and a response to environmental stress.  Sporangiospores are produced in sporangia in zygomycetes like Rhizopus.  Conidia are produces in all other fungal groups.

· Fungi vary in virulence, and host immune competence is an important factor in infection susceptibility.  Some fungi are endogenous (candida) and others are not (aspergillus).  Most aren’t transmitted person-to-person.  

· Virulence factors:  surface receptors, hydrolytic enzymes, host mimicry, capsule (inhibits phagocytosis), melanin production (inhibits oxidative killing)

· Distinguishing fungi morphologically:

· Yeast only – Cryptococcosis, Histoplasmosis, Blastomycosis, and Sporotrichosis.

· Yeast and hyphae – Candida (invasive, also have pseudohyphae), Tinea versicolor (non-invasive).

· Hyphae – Aspergillosis, Zygomycosis, Dermatophytosis

· Spherules (contain internal spores) – Coccidioidmycosis

· H&E stains don’t detect fungi (but can show a host response).  So, PAS (preserves background cellular features) and GMS (silver – very sensitive for fungi) can be used.

· Fungal infections may be (by location):

· Superficial – no inflammatory reaction, manifests as tinea versicolor (hyper/hypopigmentation) due to Malassezia furfur infection.

· Mucocutaneous – inflammation occurs, but fungi don’t invade deep tissues.  Includes dermatophytes (Microsporum, Epidermophyton, Trichophyton).  

· Subcutaneous – localized infection following trauma, caused most importantly by Sporotrichosis, but less notably by Chromoblastomycosis or Mycetoma.  Sporotrichosis is associated with woody plants (rose thorns, for example).

· Deep mycoses – these may be life threatening.  Causes may be opportunistic (Candida, Apergilla, Zygomycetes) or pathogenic (more virulent and mediated by cellular immunity – Histoplasmosis and other endemic mycoses).

Mucosal and Cutaneous Mycoses:

Superficial mycoses are fungal infections of the superficial stratrum corneum that don’t elicit a host response.  Malassezia furfur (hyphae and yeast present…spaghetti and meatballs appearance) produces this syndrome ‘tinea versicolor.’  It’s only at the superficial layer and doesn’t induce inflammation.  

Cutaneous mycoses are fungal infections of the epidermis and dermis that evoke a host inflammatory reaction.  The dermatophytes (Microsporum, Epidermophyton, Trichophyton) cause most cutaenous mycoses.  

· Dermatophyte infections are usually designated by the region of the body the inhabit:  Tinea pedis (foot), tinea capitis (head), tinea corporis (body), tinea barbae (beard), tinea cruris (groin, invasion of hair follicles), tinea unguium (nail), tinea manuum (hand).  

· Dermatophytes are also classified by their environmental reservoir:  anthropophilic (humans – Trichophyton tonsurans – little inflammatory response in humans), zoophilic (animals – Microsporum canis – strong inflammatory response), or geophilic (soil – Microsporum gypseum – medium inflammatory response).  

· These cutaneous fungi use keratin a nutrient and aren’t invasive, though they may induce an allergic response in adjacent tissue.  The relevant host defense mechanism is cellular immunity.  Iron metabolism is also involved. 

· Hair invasion is an example of tinea capitis.  It may be caused by an ectothrix invasion (Microsporum canis/gympseum or Trichophyton equinum forms arthroconidia – asexual spores – on the outside of the hair shaft and the cuticle is destroyed.  Or it may be caused by an endothrix invasion (Trichophyton tonsurans forms arthroconidia within the hair shaft and the cuticle is left intact).

· Tinea capitis is most often caused by Trichophyton tonsurans in the urban US.  It shows up as papules, pustules, plaques or nodules in the scalp, and can result in scaling, alopecia, erythema, exudate, and edema.  Breakage of hairs leads to ‘black-dot’ alopecia, and kerions can form from cell-mediated immune responses with inflammation and cervical lymphadenopathy.  

· The ‘tinea’ of cutaneous mycoses, particularly tinea corporis, arises from the ring-like appearance, and these used to be called ring-worms before the etiology was known.  

· Most dermatophytoses in the US involve Trichophyton species.  Microsporum is more common worldwide, and doesn’t cause tinea unguium.  The only medically important Epidermophyton is E. floccosum (tinea cruris).  

· Tinea pedis (athlete’s foot) is most often caused by Trichophyton rubrum.  It can have interdigital, moccasin (severe) or vesiculobullous forms.  Sometimes, the feet and one hand will be afflicted, and this is termed tinea pedis et manuum.  Onchomycosis may be present.

· Trichophyton tonsurans is the most common urban cause of tinea capitis in the US.  Worldwide, Microsporum canis predominates.  Tinea capitis mostly affects infants and children, and unlike most mycoses it can be passed from child to child.  

· Dermatophytes are diagnosed by KOH or calcofluor preparations from edges of lesions.  Culture can confirm the diagnosis, and is best done at room temperature (they prefer cooler temperatures, which is why the only colonize the skin).  

· Treatment of dermatophytes is mostly topical.

· Onychomycosis is an infection of the nail plate/bed that interferes with normal nail function.  There is increased risk in elderly or immunocompromised individuals, and it may cause pain and ambulatory dysfunction.  

· Proximal subungual onychomycosis (PSO) – Most commonly caused by Trichophyton rubrum.  Occurs in the immunocompromised when infections enters at the cuticle, spreads distally and involves the whole nail.

· Distal subungual onychomycosis (DSO) – Most common in general, and usually caused by Trichophyton rubrum, tonsurans, mentagrophytes and Epidermophyton floccosum.  Here, the hyphae enter distally and spread proximally.  Hyperkeratosis occurs as it spreads. 

· White superficial onychomycosis (WSO) – Is fairly uncommon and is mostly caused by Trichophyton mentagrophytes.  The dorsal surface of the nail is attacked with minimal inflammation.  

· Onychomycosis is diagnosed with KOH or calcofluor by direct exam, and confirmed by culture.  It is treated orally.
Deep, Opportunistic Mycoses:

· The major, deep mycoses may be categorized as either opportunistic or pathogenic/deep/systemic.  

· Opportunistic mycoses – occur in immunocompromised hosts only

· Altered T-cell function: Mucocutaneous candidiasis, Cryptococcosis, Pneumocystosis

· Altered phagocytic activity (neutrophils):  Invasive candidiasis, Aspergillosis, Zygomycosis

· Candida:  Candida albicans is the most virulent and most common.  It is identified by being the germ tube positive.  Candida in general are part of the normal flora, and treatment with antibiotics may allow them to flourish.  Infections may be mucocutaneous in people with altered T-cell function due to HIV, diabetes, age, antibiotics, etc (oropharyngeal candidiasis, or thrush).  Or they may be deep and invasive in patients with altered neutrophil function, due to altered barriers in surgery, transplant, etc.  Whenever you see candidemia (in the blood), it’s significant. 
· Mucosal candidiasis presents as lesions on mucosal surfaces, with production of a white pseudomembranous plaque.  It includes hyphae, pseudohyphae and yeast.  May commonly afflict the oropharynx, esophagus (substernal pain), or epiglottis.  It is common in diabetic patients, and it manifests as erythematous lesions with punctate satellite lesions.  It is also a common cause of diaper rash.  
· Chronic mucosal candidiasis is an inherited disorder that also involves endocrinopathies.  The candidiasis is often in the face, fingers and toes, and you see adrenal insufficiency or hypoparathyroidism too.  It’s autosomal recessive, and called APECED (autoimmune polyendocrinopathy-candidosis-ectodermal dystrophy).  
· Invasive candidiasis occurs in hosts with neutropenia, since neutrophils and chronic inflammatory responses normally prevent this spread.  It manifests as candidemia (in blood), endocarditis, and disseminated candidiasis.  It can adhere (surface receptors), penetrate mucosal barriers and angioinvade (drypolytic enzymes), and disseminate hematogenously.  There is some host mimicry for protection.  
· A very serious complication can be candida endophthalmitis, in which it invades the retina and virtreous humor.  You see cotton-ball like lesions in the eye, and this can quickly compromise someone’s vision.
· Cryptococcus:  C. neoformans is the only encapsulated fungus we’ll deal with.  It causes meningoencephalitis.  It has pulmonary, CNS, and disseminated manifestations.  Patients at risk are T-cell compromised from HIV, immunosuppression, etc.  Cryptococcus gets inhaled, divides in the lung, and may progress and undergo hematogenous dissemination and cross the BBB.  It can also cause massive edema in the brain.  It produces gelatinous lesions, due to the capsule.  The capsule is the source of antigen for which the Cryptococcus assay is specific.  The capsule is beneficial in preventing phagocytosis.  It’s also resistant to oxidative killing mechanisms because it has phenoloxidase that produces melanin, which inhibits the oxidative damage.    
· Pneumocystis carinii/jiroveci:  an opportunistic pneumonia, which is predominantly alveolar/interstitial (unlike the focal and angioinvasive pneumonia of Apergillus ro Zygomyces).  HIV, age, corticosteroids and T-cell impairment are risk factors.  Dense, proteinaceous stuff fills alveoli and blocks oxygen saturation.  This cannot be cultured, only observed in specimens.  Histologically, you see cysts filled with trophozoites.  
· Aspergillus:  Seen in neutrophil-impaired patients (CGD, post-bone marrow transplant, advanced HIV).  Filamentous fungus present in the environment.  Produces aflatoxin, a potent toxin and a hepatic carcinogen common in stored grains.  It can colonize cavities (ex: from old TB) or the sinuses with a fungus ball.  It may produce keratitis after corneal trauma.  Conidia (asexual spores) are inhaled and germinate in the lungs.  Angioinvasion occurs with thrombosis, ischemia and infarction.  You may get hematogenous spread.
· Dichotomous (Y-shaped) branching with septate hyphae.  Angioinvasion (shows as a halo on x-ray) is very common, particularly in neutropenic patients.  Immunosuppressed patients may have inflammatory necrosis and local invasion.  X-rays may also show a ‘crescent sign’ as the host tries to clear the fungus. 
· A. fumigatus is the most common.  Virulence factors include adherence receptors, hydrolytic enzymes, complement inhibitors and toxins.  
· Zygomycosis:  Rhizopus species are the most common.  Spores are inhaled and infect the paranasal sinuses, or oral/nasal mucosa.  They can invade old lung cavities, but can’t invade the lung parenchyma.  From there they may disseminate.  They can invade the sinuses (Rhinocerebral zygomycosis) and potentially infect the brain in diabetics with ketoacidosis.  This can go via the cavernous sinus, where lots of cranial nerves pass, to get to the brain. 
· Broad, non-septate hyphae that branch at right angles.  It can invade vessels (they are pro-thrombotic) and nerves with extensive necrosis.  They can cause serious infarcts.  Cultured colonies grow very fast and show sporangiophores with sporangia.  
Deep, Pathogenic Mycoses:

· These mycoses cause disease in normal hosts.  All are classical, endemic, dimorphic (yeast in us, hyphae in the environment) fungi.  They enter by inhalation of asexual spores from the environment, and are not transmitted person-to-person.  Most exposures are asymptomatic, with dissemination being 1/1000.  
· Dissemination happens in normal individuals, but is more common in T-cell compromised hosts.  The pathology is usually chronic inflammation or granulomas.
· Histoplasma capsulatum – found in soil and caves with bat/bird feces in Ohio/Mississippi regions.  May be life-threatening.  It causes disease of the reticuloendothelial system (liver, spleen, lymph, bone marrow).  It is an intracellular infection of macrophages and monocytes (neutrophils are uninvolved), and it usually produces granulomas (old lesions may become fibrotic of calcified).  Immunocompromised people will have poorly formed granulomas.  Acutely, it produces pulmonary infiltrates, and chronically it may cause cavitation.  The hyphae produce macro and micro-conidia, and it is believed that the microconidia are the infective ones.  
· Molecular diagnosis is preferred (or by antigen in urine), as growth is slow.  Must be careful with transmissible forms in the lab. 
· Virulence factors include evasion of killing and ability to replicate in phagolysosomes.
· Coccidioides immitis – found in desert soil in the south-west US.  These may cause pulmonary, bone, or cutaneous lesions.  They can occasionally involve the brain and produce meningitis.  These form SPHERULES (large, filled with endospores), or in the hyphae transmissible form they are arthroconidia that look like box-cars.  
· Blastomyces dermatitidis – found in water of the north-central and south-east US.  Enters via the lungs and goes to the bone/skin.  They are large, thick-walled, extracellular yeast in us.  
· Paracoccidioides bariliensis – found in South America.
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