SUBMODULE B-6





THE SKIN, BONES JOINTS AND EYE INFECTIONS*


* Includes wound infections





Read Robbins Ch. 27, 1230-2; Sherris 59 (realize that table 59.1 is important); also Sherris Ch. 60 (tables 60.1 and 60.2).  Alternatively, Schaechter, Ch. 60 and 61 with case histories.  For eye infections, read Sherris 741-3.	





I.	Introduction


A.	Skin Infections


	1.	Folliculitis


			*	Minor skin infection of the hair follicles and is usually caused by S. aureus.


			*	Most frequently in areas of friction, including neck, axillae, face, buttocks.


			*	Acne predisposes to this condition.


			*	Pseudomonas aeruginosa is a common cause from inadequately cleansed and 				chlorinated hot tubs.


			*	Occasionally caused by Candida albicans especially in immunocompromised.





	2.	Acne vulgaris


			*	Involves inflammation of the hair follicles and is associated with sebaceous glands.


			*	The comedo (this is a "blackhead") results from the multiplication of Propionibacterium 				 acnes, the predominant anaerobe of normal skin, behind and within sebum.


			*	Organic acids from this organism has a role in inflammation.





	3.	Furuncles (a.k.a. boil)


			*	Small staphylococcal abscesses that develop in the region of a hair follicle.


			*	Frequently, the offending staph comes from the patient's anterior nares.


			*	Can spread into dermis and subQ CT to form a carbuncle, this situation could lead to 				bacteremia.


			*	Frequently, these boils form as a complication of acne vulgaris.  We can extend this back 				 to something we reviewed in the respiratory submodule, recalling that boils can cause 				 cavernous sinus thromboses.  So, I guess that a big pimple really can kill you...big set 				 up for a bad joke...


			


		*	Folliculitis and individual furuncles are normally treated locally by measures designed to 			establish drainage without antibiotics.  Antimicrobics are required only if surrounding 			cellulitis develops.





B.	Infections through Minor or Inapparent Skin Lesions


	1.	Infections of Keratinized Layers


			*	Only dermatophyte fungi can utilize the keratin on cells, hair and nails.


			*	These cause hypersensitivity and inflammatory responses, leading to desquamation and 				subsequent elimination of infection.


			*	Candidiasis is controlled by cell-mediated immunity.





	2.	Infections of Other Skin Layers


			*	Impetigo


					*	Discussed at length in the respiratory submodule


					*	Be aware that Strep lesions are sometimes superinfected by Staph.





			*	Erysipelas


					*	Also discussed in the respiratory submodule


					*	As mentioned there, this is a very serious condition that requires immediate 						treatment.


					*	Be aware that this strain of group A strep is frequently resistant to erythromycin.


	


			*	Cellulitis


					*	Also covered in the respiratory submodule.


					*	Causes besides Staph. aureus and Strep. pyogenes include enteric Gram-negative 						rods, clostridia and other anaerobes, usually as a complication of wound infection, 						especially in the immunocompromised host and the uncontrolled diabetic.


					*	A rare yet important type of cellulitis is caused by Hib.  This form involves the 						dermis and is seen most often in children.  Warm, painful, bluish swelling that 						advances rapidly and is associated with fever, bacteremia and considerable 						toxicity.  Sepsis or meningitis may develop subsequently.





C.	Skin Ulcers and Granulomatous Lesions


	1.	Herpes simplex virus


			*	Can invade through the skin to produce a local vesicular lesion followed by ulceration.


			*	Can mimic Staph infections.





	2.	Skin diphtheria


			*	This infection is common in some tropical areas.


			*	Gains access through wound or insect bite and causes chronic erosion and ulceration of 				the skin, sometimes with systemic effects of diphtheria toxin.	





D.	Wounds


	* Sources of wound contamination:


			(1)	Patient's own normal flora


			(2)	Infectious material from carriers or other infectious individuals


			(3)	Pathogenic organisms from the inanimate environment





	* Definitions of different types of wounds


			(1)	Clean wounds:  surgical wounds made under aseptic conditions that do not transverse 					infected tissues or extend into sites with a normal flora.


			(2)	Clean, contaminated wounds:  operative wounds that extend into sites with a normal 					flora (except the colon) without known contamination.


			(3)	Dirty and infected wounds:  include old, infected traumatic wounds, wounds 					substantially contaminated with foreign material, and wounds contaminated with 					spillage from perforated viscera.





E.	Factors Contributing to Infection Probability


	*	Contaminating dose of organisms.


	*	Vascular integrity of wound.


	*	Nutritional (take Vitamin C and eat a lot of protein while you are healing!) and immunologic 		status and inflammatory response.


	*	Critical period:  first 3 hours after contamination - now is the time to give prophylaxis.





F.	Etiologic Agents


	* Please see Sherris Table 59.1 for a complete list of causative agents.  It is quite good.


	*	Staph. aureus is the single most common source of infection of clean, surgical wounds, 		though there is an increasing number of opportunistic Gram-negative infections.


	*	Strep. pyogenes infection of wound is rare, but it can be very serious, resulting in septicemia


	*	Bacteroides and anaerobic Gram-negative coccal infections, most often derived from the 	 		patient's own normal flora, tend to be associated with necrosis and with thrombophlebitis.  		Postpartum uterine infections and human bite wounds (uh-oh, someone better tell Marv's 		partners).


	*	P. aeruginosa causes serious infections in burns and areas of necrosis resulting from 		vascular stasis or insufficiency.


	*	Clostidial infections are a threat to unimmunized patients with heavy contamination or 		puncture wounds or foreign bodies.  Patients are at increased risk for tetanus and gas 		gangrene.





G.	Bone and Joint Infections


	*	Local infection can be devastating if inadequately treated because inflammation and resultant 		tissue necrosis may produce irreparable damage.  The presence of pus under pressure can 		compromise normal blood flow and even cause destruction of blood vessels with avascular 		necrosis of tissue.  When this conditions develops, a sequestrum can result, in which part of 		the cartilage or bone becomes totally separated from its blood supply and cannot be 		incorporated into the healing process.  This can lead to loss of function and impairment of 		normal growth in children.  Sinuses may develop with abscess drainage to the surface.





	1.	Osteomyelitis


			*	I mentioned this briefly back in the respiratory submodule, along with a list of causes.


			*	Abrupt onset usually, but can be insidious.


			*	Localized pain, fever, tenderness to palpation over site and, over time, heat, redness and 				swelling are classic presentations.


			*	Presence of local findings of soft tissue infection, such as skin abscesses and infected 				wounds.


			*	Multiply bones or joints may be affected.


			*	When infection occurs near a joint, septic arthritis may develop by direct spread through 				the epiphysis (usually in babies) or by lateral extension through the periosteum into the 				joint capsule (common in hip and elbow infections).  


			*	Most cases are caused by Staph. aureus.  Can you think of why this makes sense?  


			*	Can also be caused by chronic granulomatous processes, usually from systemic 				dissemination (e.g., miliary TB, coddidiomycosis, histoplasmosis, blastomycosis).


			*	Please look at Table 60.1 in Sherris (738) for a list of causes.


			*	General diagnostic approaches include:


					(1)	Blood cultures (to P for bacteremia)


					(2)	Radionucleotide scanning or MRI to look for localized infection


					(3)	Direct staining, culture and histology of needle aspirates or biopsies of periosteum 							or bone.


					(4)	X-rays of affected sites (note that these may appear normal early in the infection). 


			*	Treatment is vigorous with antimicrobics and surgery for chronic disease.





	2.	Septic Arthritis


			*	Characterized clinically by abrupt onset of pain with fever.  There is often tenderness


	 			and swelling of the joints along with other signs of local inflammation.


			*	There may be severe pain in moving the joints (either passively or actively...don't hurt 				your patients!)


			*	Infants may show "pseudoparalysis" of infected joints because of their unwillingness to 				move due to pain.


			*	Please look at Table 60.2 in Sherris (739) for a list of common etiologic agents.


			*	The quick rundown of the causes is:


					(1)	Staph. aureus at any age


					(2)	Group B strep in neonates


					(3)	H. influenzae type b (Hib) 1mo-4yr (75% of cases...recall this is the troublemaker 							for kids)


					(4)	N. gonorrhoeae in most cases in young adults (2o to disseminated infection)


			*	In addition, subacute or chronic infective arthritis can be caused by TB, Lyme disease, 				syphilis and deep mycosis.


			*	Viruses and Mycoplasma can cause acute arthritis (self-limiting); these include the 				following:


					(1)	Rubella


					(2)	Hep B


					(3)	Mumps


					(4)	Parvovirus B19


					(5)	Varicella


					(6)	EBV


					(7)	Coxsackievirus


					(8) 	Adenoviruses


					(9)	Mycoplasma pneumoniae and M. hominis


			*	Some bacteria, including Yersinia enterocolitica, Campylobacter jejuni, and some 				Salmonella sp. can cause a noninfectious (reactive) arthritis.  This is secondary to 				deposition of immune complexes in joints (similar to rheumatoid arthritis, an 				autoimmune syndrome). 


			*	It is important to consider noninfectious causes of arthritis in the differential diagnosis 				(e.g., gout).	


			*	Please look at Sherris Table 60.3 (740) for diagnostic criteria for septic arthritis.


			*	Treatment usually involves prompt and vigorous antimicrobial therapy, usually lasting 				 3-6 wks.  Drainage of pus may be necessary.





II.	Organisms That Frequently Cause Disease in the Skin, Bone, Joints and Eye


A.	Bacteria 


	*	See Sherris Table 61.1 for a rundown of causes of eye disease


	1.	Staphylococcus aureus


			*	Read Sherris, 258-263 


			*	Pay attention to osteolmyelitis (discussed above) and S. aureus in nosocomial infections 				(Color Atlas, 46-55)


			*	In your reading, please pay attention to the coagulase (-) staph, which are becoming 				more important in the hospital environment.





			A.	Some clinical infections causes by Staph include:


					(1)	Carbuncle and Furuncles (we've gone over these)


							* Realize that often acne vulgaris can predispose to boil formation





					(2)	Chronic Furunculosis (due to chronic attacks of boils)


							* Delayed-hypersensitivity to staph products appears to be responsible for much 								of the inflammation and necrosis that develops.


							* This is seen more often in patients with depressed host immunity, especially 								patients with diabetes or congenital defects of PMN function.





					(3)	Impetigo (we've gone over this before too)


							* Superinfection of a Group A infection by Staph occurs in ~ 30% of cases


							* Strains of S. aureus that produce exfoliatin can cause bullous impetigo, which is 								highly communicable.  


							* Bullous impetigo is considered a localized form of scalded skin syndrome.





					(4)	Deep lesions


							* Acute osteomyelitis is a good example


							* Staphylococcal pneumonia occurs secondary to some insult to the lung.


							* Bacteremia and acute endocarditis can result (esp. common in IV drug 								abusers).


							* In all of these situations, diabetes, leukocyte defects or general reduction of 								host defenses by alcoholism, malignancy, old age and/or steroid or cytotoxic 								therapy can be a predisposing factor to Staph infections.


	


					(5)	Wound Infections


							* Staph is always an important cause of wound infections, from the patient's own 								flora and from other carriers (including health care workers).


							* Pay special attention to the possibility of cross-infection of the neonate's 								umbilical stump, which can lead to extensive contamination of the infant and its 								environment.





			B.	Disease caused by Staphylococcal Toxins


					(1)	Scalded Skin Syndrome


							* Due to the production of exfoliatin by S. aureus


							* The toxin is absorbed into the bloodstream and erythema and intraepidermal 								desquamation may occur at remote sites from which S. aureus cannot be 								isolated.


							* Most common in neonates and children under 5 yr old.


							* Disease usually starts in face, axilla and groin, then the erythema, bullous 								formation and subsequent desquamation of epithelial sheets spreads to all parts 								of the body.





					(2)	Toxic Shock Syndrome (TSS)


							* See Figure 15.4 in Sherris (260) for the pathogenesis of TSS


							* TSS is life-threatening.


							* TSS is characterized by the development of high fever, vomiting, diarrhea, sore 								throat and muscle pain.  Within 48 hours, it can progress to severe shock with 								evidence of renal and hepatic involvement.


							* There is some association between TSS and tampon use in women.  This is not 								because the tampons are contaminated, but rather because menstrual conditions, 								together with the use of high absorbency tampons, favor the production of TSS 								toxin (TSST-1) by S. aureus that is already part of the normal vaginal flora in < 								5% of women.  Note that only 20% of these women carrying S. aureus in their 								normal vaginal flora are even capable of producing TSST-1.  This is still enough 								to translate into hundreds of cases of TSS.


							* Some cases of full-blown staph TSS are associated with strains that do not 								produce TSST-1.  This is especially relevant in nonmenstrual cases.  In these 								cases, other enterotoxins appear to be involved.





					(3)	Staphylococcal Food Poisoning


							* If you need a review of this, turn back to GI submodule.





			C.	Laboratory Diagnosis


					*	Quite simple, involving Gram stain and culture (and Staph is quite easy to grow up 						in media).


					*	Coagulase tests can be performed on colonies directly.


							* Recall that S. aureus is coagulase (+) and S. saprophyticus and S. epidermidis are


								coagulase (-).  This is relevant for skin infections and decisions regarding course 								of treatment.





			D. Treatment


					*	Most strains of S. aureus are susceptible to penicillinase-resistant penicillins and 						cephalosporins, but resistance to other antistaph antimicrobics is common.


					*	It is these resistant strains that are responsible for epidemics of hospital infection in 						many parts of the world.  These strains are referred to methicillin-resistant S. aureus.


					*	Resistance to vancomycin is rare.





			E.	Coagulase-Negative Staphylococci


					*	S. epidermidis is increasingly associated with nosocomial infections involving 						implanted catheters and prosthetic devices. Immunosuppressed and neutropenic 						patients have been particularly affected.


					*	Polysaccharide slime production enhances attachment and survival of bacteria.





					*	S. saprophyticus is an opportunist in the immunocompromised.  It causes 10-20% 						of primary UTIs in young women.


					*	There is much antibiotic resistance seen, including resistance to vancomycin!


					*	Infection of prostheses usually necessitates removal of the devices, in addition to 						chemotherapy to prevent recurrence of infection.





	2.	Streptococcus pyogenes


			* We studied this bacterium in detail in the respiratory submodule.





	3.	Pseudomonas aeruginosa, Acinetobacter baumanii, Burkholderia (Pseudomonas) 			cepacia, Stenotrophoromonas (Xanthomonas) maltophila


			* Read Schaechter, Ch. 19.  We talked about Pseudomonas sp. earlier in the notes, so you 				might want to go back and review.  Also, in Ch. 19 there are some nice case histories 				you should at least skim.


			* You definitely must look at Tables 19.1 and 19.2 in Schaechter (285) for a review 				of the virulence factors and antibiotic resistance of Pseudomonas.


			 *		P. aeruginosa and friends are pose a particular problem in the environment.  Witness 					that P. aeruginosa can be cultured from handwashing sinks, skin lotions and even 					some cleaning solutions.


			*	You may recall reading in Katzung during your study of pharm that neither chlorinated 				phenols nor cationic surfactants used in routine hospital scrubs and instrument 				cleaning, respectively, are effective against Pseudomonas (baby Katzung, 4th ed., 345)


			*	Further complicating the situation is that Pseudomonas can grow in tap water. 


			*		With Pseudomonas everywhere it seems, we can infer that it must be an opportunistic 					organism rather than a constant threat, per se (otherwise, everyone would be coming 					down with meningitis, pneumonia, UTIs and everything else that this bug causes!)


			*		In fact this is correct.  Opportunistic infections occur in the immunocompromised, 					especially in people with cystic fibrosis, burns and cancer.


			*		Let's take a look as the relationship between certain predisposing factors and varieties 					of Pseudomonas infections (most of this material can be found in Schaechter, 282).





			Predisposing Factor				Type of Infection


	I.	Local breach of the immune system	


			Cystic fibrosis				Pneumonia, chronic recurrent


			Trauma						Osteomyelitis


			IV drug abuse				Endocarditis, septic arthritis, osteomyelitis


			Neurosurgical operations			Meningitis


			Surgical operation				Pneumonia


			Tracheostomy					Pneumonia


			IV lines						Cellulitis, suppurative thrombophlebitis


			Corneal injuries				Panophthalmitis


			Kidney stones				UTI


			Catheterization				UT colonization and UTI


			Abrasions					Folliculitis (picked up in hot tubs)


	II.	Systemic


			Neutropenia					Septicemia, pneumonia, abscesses


			Diabetes						Malignant otitis externa


			Premature infants and neonates		Septicemia, meningitis, enteritis


	III.	Both systemic and focal 


			 Burns							Burn wound infection, septicemia


	


	Spread and Multiplication of Pseudomonas 


	*	Ability to grow in tissue depends of the organisms ability to resist ingestion by neutrophils.


	*	Many strains do this with an antiphagocytic slime layer and by making cytolytic exotoxins.


	*	Patients with decreased neutrophils are at risk for infection, but normal, healthy people are 		usually able to mount an effective defense response against Pseudomonas.


	*	Pseudomonas obtain nutrients by a variety of mechanisms:


			(1)	Siderophores, which compete with transferrin for iron


			(2)	Elastase and exotoxin A can cause cell damage and make the cellular conditions more 						favorable (e.g., more acidic) that make iron more accessible to the organisms.


			(3)	PC-PLC that cleaves cell membranes for phosphate.


	*	The mucoid exopolysaccharide or alginate produced by Pseudomonas in chronic infection of 		the cystic fibrotic lung may help protect the organism from the immune system.


	*	Elastase cleaves complement and immunoglobulins and alkaline protease inhibits the 		activities of g-IFN.


	*	As mentioned, the immunocompetent host can mount an effective response against 		Pseudomonas, but pseudomonal infections are very serious in the neutropenic patients:  A 		high-grade bacteremia in such a patient carries a 50-70% mortality rate.  Pseudomonas 		endocarditis likewise carries a high mortality, up to 50%.





	Diagnosis, Prevention and Treatment


	*	Culture bacteria from specimen (CSF in meningitis, sputum in pneumonia, pus in folliculitis, 		 etc.)


	*	Identification is easy; recall from microbiology that Pseudomonas produces pyocyanin 		(blue) and pyoverdin (green and it fluoresces) pigments.


	*	Often, empirical therapy is administered when prevailing patterns of susceptibility and 		 resistance are known while awaiting culture and antibiotic sensitivity results.


	*	Because Pseudomonas is frequently antibiotic-resistant, combined therapy is often employed 		 to stave off developing resistance.





	4.	Neisseria gonorrhoeae


			*	We've studied this under STD submodule.


			*	Relevant to this module, be aware that N. gonorrhoeae can cause ophthalmia 				neonatorum, which is an acute, sometimes severe, conjunctivitis or 				keratoconjunctivitis of newborn infants.


			*	This can be prevented by the administration of erythromycin or tetracycline ointment.


			*	N. gonorrhoeae can also cause septic arthritis.





	5.	Anaerobic bacteria


			*	Infections occur in necrotizing soft tissue, e.g., those associated with arterial 				insufficiency of extremities (no blood flow = no O2), such as the so-called "diabetic 				foot" infection.


	


		(a)	Bacteroides fragilis and Fusobacterium (already assigned in microbial mechanisms)


				*	Often theses two bacteria cause mixed infection





		(b)	Clostridium perfringens (Sherris, 298-300)


						*	Gas gangrene


							Can develop in severe traumatic open lesions contaminated with Clostridial spores.


							Most often seen in war wounds


							Low redox potential is required for the spores to germinate and elaboratea-toxin, 							which just kills all cells in its path.


							The utility of this killing spree is that it furthers the favorable environment for 							the bacteria to thrive.


							Fermentation of muscle carbohydrate results in gas production, which can be 							felt when the wound is palpated and seen in radiography.


							As disease progresses, vascular permeability increases, due to the activity of 							q-toxin (works similarly to streptolysin O), and the bacteria spreads.  Shock 							can develop in systemic disease.


							Primary treatment should include surgical debridement of the wound, including a 							thorough cleaning, removal of all of the dead tissue and foreign bodies and any 							hematoma drainage.


							Treatment must begin immediately, including excision of all devitalized tissue 							(this can be as extreme as limb amputation) and administration of massive 							doses of penicillin.


							Placement of patient in hyperbaric oxygen chamber has been shown to slow 							the spread of the disease, probably by inhibiting bacterial growth and toxin 							production and by neutralizing the activity of the oxygen-labile q-toxin.





				*	Anaerobic cellulitis


							Also a clostridial infection of wounds and surrounding subQ tissue in which there is 							gas formation, but, unlike gas gangrene, there is no pain, swelling or toxicity.


							This is much less serious than gas gangrene and treatment need not be so 							aggressive.


			


			*	Clostridial Endometritis


							Septicemia and intravascular hemolysis associated with nonsterile abortions.


	


			*	Clostridial Food Poisoning


							Occurs after ingestion of tainted food, usually meat dishes such as stew, soups and 							gravy.


							Produces diarrhea without fever ~ 8-24 h after the meal.





	*	Diagnosis of infection


							Diagnosis is based ultimately on clinical observation.





			(c)	Clostridium tetani (Sherris, 300-302)


						*	You can read about this in Sherris or you can turn back to the CNS submodule and 							read about it there (I'm not quite sure why it is there because it more directly 							affects the PNS, but there it is!)





			(d)	Actinomyces israelii 


						*	The module handout says this was assigned in microbial mechanisms.  It was also 							assigned earlier in this module...check it out in the respiratory submodule.


						*	Recall that this is the one with the sulfur granules in the oral/facial abscesses.


	


	6.	Mycobacteria other than TB


			*	You can read all about M. leprae in Schaechter, 330-1.


			*	Did you know that TB is actually more contagious than leprosy?  


			*	Leprosy is rare in the U.S. today, but there are mainly 2 million patients worldwide, 				mostly in tropical Third World countries.


			*	The incubation period for M. leprae is quite long, some 3-6 yrs.


			*	M. leprae grows best as low temperatures, thus, it grows most rapidly in the skin and 				appendages of humans (cooler temperatures).


			*	In vivo, M. leprae grows within skin histocytes and Schwann cells.  


			*	In the lab, M. leprae can be grown on the mouse footpad and can cause infection in 				the nine-band armadillo (little leprosy factories for research).


			*	There are two forms of leprosy:


					(1)	Lepromatous leprosy, which causes loss of eyebrows, and thickened and 								enlarged nares, ears and cheeks, resulting in a lion-like appearance (leonine 								facies).


								*	Skin and nerves may be involved, ultimately leading to loss of sensation.


								*	This loss of sensation can lead to inadvertent lesions of the face and extremities, 									which may become secondarily infected, eventually resulting in bone resorption, 									disfigurement and mutilating lesions.


								*	Associated with diminished delayed hypersensitivity to lepromin, which is a 									preparation of antigens of the leprosy bacilli extracted from human lepromatous 									tissue.  Do you get that?  The skin test is negative.


								*	Lepromatous leprosy is a progressive and chronic disease which usually kills 									the patient.  Compare to miliary TB.  This is because the host does not elicit a 									strong cellular immune response.


								*	Recall the paradigm that we looked at back in the respiratory submodule, 									regarding the modulation of the cellular immune response in mycobacterial 									infections?  Well, this is another example of that.  Somehow the 									mycobacterium stifles the host's immune system so that the mycobacterium can 									continue to grow.


								*	There is some evidence that people with the HLA haplotype MT1 are more 									 susceptible to lepromatous manifestations.





					(2)	Tuberculoid leprosy, appears with red, blotchy lesions with anesthetic areas on 								the face, trunk and extremities. 


								*	Causes peripheral thickenings of peripheral nerves, which are damaged by the 									cellular immune response.  This causes areas of anesthesia on the skin.


								*	Is often a self-limiting disease, due to host's normal cellular immune response.


								*	Because the host does mount an immune response, you might be able to guess 									that the lepromin skin test is positive.


								*	People with the HLA haplotype DR3 appear to be more susceptible to 									tuberculoid leprosy than the lepromatous form.


								* 	The bacilli are rarely found in granulomatous lesions. 


				*	Diagnosis is serological by ELISA (in addition to the lepromin skin test).


				*	Treatment is a combination of dapsone, clofazimine and rifampin (you want to use a 					combination to avoid emergence of resistant bacilli).





	Other Mycobacteria causing skin infections


		1.	Mycobacterium marinum


			*	Produces a self-limiting, draining granuloma, usually of forearms and knees.  These can 				be sites of trauma or abrasion, which is a new portal of entry for the organism.


			*	Usually enters through superficial abrasions from rocks or swimming pools (swimmer's 				granuloma).


			*	M marinum is a photochromogen that produces a yellow pigment when grown in the 				light.  It is a slow grower.


			*	Infections can be treated with tetracycline.


			*	M. ulcerans lesions are more serious and produce progressive ulceration (limited to 				tropical areas).


		


		2.	Mycobacterium fortuitum complex


			*	Wound infections present as skin abscesses or deeper infections.


			*	Infection may occur following surgery.


			*	The organisms, including M. fortuitum, M. chelonei and M. abscessus, are found in 				soil and water.


			*	These are rapidly growing organisms	





	7.	Chlamydia trachomatis


			*	Causes eye infections in neonates (can cause them in adults too, but how does the bug 				get there...) 


			*	You may recall that we talked about this way back in the respiratory sub-module 				(don't you love the organization?) 


			*	Dr. Ayers writes in the module handout that this infection can be treated like a N. 				gonorrhoeae infection.  This is partially correct; silver nitrate is not effective against 				chlamydia (remember that it is intracellular!), but erythromycin can be used with some 				efficacy.





B.	Fungi


 	1.	Sporotrichum schenckii


			*	Read Sherris, 613-4.


			*	The mold is presumably the infectious form of this dimorphic fungus (in vivo it 				multiplies as a characteristic cigar-shaped yeast).


			*	It is a ubiquitous saprophyte found in soil, in decaying organic matter and on the 				surfaces of various plants (e.g., roses, sphagnum, etc.).


			*	Infection is acquired by traumatic inoculation through the skin by material containing 				the organism (e.g., pricking yourself with the thorn of a rose).


			*	Inoculation is an occupational hazard for farmers and gardeners.


			*	The local multiplication of the organism stimulates both acute pyogenic and 				granulomatous inflammatory reactions.


			*	Infection spreads along lymphatic drainage routes and reproduces the original 				inflammatory lesions at intervals.


			*	Organisms in the lesions are sparse.


			


	  Clinical Aspects of Sporotrichosis ("Rose Gardener's Disease")


			*	Skin papule, at first painless, develops a few weeks to a few months post-inoculation.


			*	Papule grows and eventually ulcerates, leaving an open sore.


			*	Sites may also occur along the lymphatic drainage, but systemic involvement is rare; 				sporotrichosis is basically a subQ infection.


			*	When systemic infections do occur, the organism may settle in the CNS, bones and/or 				lungs.


			*	Without treatment, the lesions may become chronic.





	  Diagnosis


			*	Diagnosis is by tissue culture (acckk!) or culturing yeast from infected pus.


			*	Growth takes 2-5 d and positive identification requires the presence of the 				characteristic delicate hyphae and conidiophores bearing fingerlike clusters of condidia.





	  Treatment and Prevention


			*	Treatment for cutaneous infections is with oral KI.


			*	Treatment for systemic infections is with amphotericin B.


			*	Eradication of the mold from the environment is pretty much impossible (recall that it 				is ubiquitous!), so be sure to wear thick gloves when you are farming or picking flowers.





	2.	Candida albicans


			*	Can cause diaper rash in babies, as well as vaginitis in women (haven't I said this 20 				times already?!).


			*	Very rarely, Candida sp. can cause endophthalmitis, which is an infection of the 				aqueous or vitreous humour.  This is a very serious infection that can result in blindness, 				even when treated aggressively.


			*	Can also cause chorioretinitis.





	3.	Dermatophytes


			*	I'm not sure how much we should know here (like this is any different from the rest of 				the module...).  The module handout says to know the genera involved.


			*	As I am sure you have guessed from the name, this class of fungi causes skin infections


			*	Include the following genera:


					(1)	Epidermophyton


					(2)	Microsporum


					(3)	Trichophyton


			*	These organisms require keratin for growth; therefore infections only occur in 				superficial, keratinized structures (i.e., the skin, hair and nails).  


			*	SubQ infections do not occur.


			*	Infection begins in the skin and spreads in a radial fashion, producing a ring of 				inflammation (so-called ringworm).  Remembering your Latin, tinea is worm, hence 				the names of the infections.


			*	The infections are named according to their location on the body and may be caused 				by any of the three genera of Dermatophytes.  Infections include:


						*	Tinea pedis (athletes foot)


						*	Tinea cruris (jock itch) - occurs most frequently in the inguinal areas of obese men 							during warm weather.


						*	Tinea corporis (ringworm of the body)


						*	Tinea capitis (ringworm of the scalp)


						*	Tinea unguim (nail infection)


						*	Tinea barbae (hair infection) - this can lead to hair loss, but it is very rare, usually 							affecting men's beards.


				*	Diagnosis involves microscopic examination of material taken from the lesions to 					detect the fungus.  KOH or calciflor white preparations of scales scraped from the 					advancing edge of a dermatophyte lesion demonstrate septate hyphae.


			*		Treatment is with topical antifungals, such as tolnaftate (OTC tough actin' 					TinactinTM), naftinfine or azoles and/or oral antifungals such as griseofulvin or 					ketoconazole.  You will recall from the pharm module that griseofulvin is 					incorporated into keratinized tissues and imparts resistance to fungal infection.


				*	Treatment should be continued over weeks to months.  Relapses are common.





	4.	Fusarium sp. 


			*	This fungus causes keratitis (inflammation of the cornea).


			


C.	Viruses


	* Most of these viruses cause generalized infections, but frequently they are first recognized 		by their cutaneous manifestations.


 	1.	Measles (Rubeola)


			*	Classified in the paramyxovirus family, genus Morbillivirus.


			*	Incubation period is 7-18 days.


			*	Manifestations include cough, coryza, conjunctivitis and fever, followed by pinpoint 				gray-white spots surrounded by erythema appearing on mucous membranes, the 				so-called Koplik's spots.  


			*	Typical rash begins about 1 d after the appearance of the Koplik's spots, first on the 				head, then on the trunk and extremities.


			*	Rash is maculopapular and semiconfluent, persisting 3-5 d before fading.


			*	Fever and severe systemic features gradually diminish as the rash progresses to the 				extremities.


			*	Lymphadenopathy is common, especially in the cervical nodes.


			*	Measles can be very severe or even fatal.


			*	Bacterial superinfection is the most common infection.  Can cause acute otitis media, 				mastoiditis, sinusitis, pneumonia and sepsis.


			*	Encephalitis develops in 1/500-1000 cases.


			*	Acute thrombocytopenic purpura may develop during the acute phase of illness, 				leading to bleeding episodes.


			*	Immunity is lifelong, whether you receive the vaccine or have measles.


			*	Highest attack rates have been in childhood, usually after 6 months in bottle-fed babies 				(this is around the time that the maternal antibodies are wearing off, but before the 				child can receive the vaccine in the first year of life).


			*	There has been a recent increase in infection in young adults.


			*	Epidemics tend to occur in the winter and spring in 1-3 yr cycles.


			*	The live, attenuated vaccine is highly immunogenic and is administered after the first yr 				of life, together with the mumps and rubella vaccines.


			*	Subacute sclerosing panencephalitis is a progressive neurologic disease of children, 				occurring 2-10 yr after initial measles infection.  Recall the case history and analysis 				from the CNS submodule of the young boy with SSPE.  SSPE is uniformly fatal.





	2.	Rubella (German measles or 3-day measles)


			*	ss (+) RNA, so the genome itself is infectious (it is just like mRNA)


			*	Envelope contains hemagglutinin spikes.  Antibodies against hemagglutinin are 				protective.


			*	Transmission of the virus is by aerosol droplets.


			*	Incubation is 14-21 days (mean 16 d).


			*	Illness is usually mild, presenting with fever, upper respiratory symptoms, malaise and 				a maculopapular rash which begins on the head and moves down the body, lasting ~ 3 d.  				There is also lymphadenopathy, especially prominent in the posterior cervical and 				postaurticular areas.


			*	The most common complication is arthralgia or overt arthritis, especially in women., 				rarely lasting more than a few days to 3 wks.


			*	Very rare complications include thrombocytopenic purpura and encephalitis.


			*	Major significance of rubella is the damage that it can cause to a fetus, especially when 				a pregnant woman contract a symptomatic or subclinical primary infection during the 				first trimester.	


	


		*	Congenital rubella syndrome can include:


					(1)	patent ductus arteriosus and pulmonary valve stenosis	


					(2)	eye defects such as cataracts, choiroretinitis, glaucoma, colomboma, cloudy 								cornea and microphthalmia.


					(3)	nerve deafness


					(4)	hepatosplenomegaly


					(5)	thrombocytopenia


					(6)	CNS defects can include mental retardation, cerebral palsy, microcephaly


					(7)	interstitial pneumonia


					(8)	ultimately can result in fetal death


			*	A child with rubella can shed the virus for up to 2 yrs after birth, becoming a health 				threat to pregnant women and a reservoir of disease.


			*	IgM antibodies indicate recent infection.  If found in a pregnant woman she should 				undergo amniocentesis to check for virus in the amniotic fluid.


			*	IgG antibodies indicate protective immunity from either past infection or 				immunization.





	3.	Herpes simplex viruses 1 and 2


			*	This was assigned in STDs.  Be sure and know the mechanism for latency.  This is not 				really known, so I think maybe Dr. Ayers means to know that the virus can integrate 				and lie latent in neurons.





	4.	Varicella-zoster virus


			*	Also a herpes virus


			*	VZV is covered under CNS infections.





	5.	Herpesvirus Type 6


			*	Associated with roseola infantum (exanthema subitum).


			*	The virus replicates in lymphoid tissue and is cytopathic for T cells in cell culture.


			*	In vivo, latent infection is established in T cells (so cell-mediated immunity must be 				important in controlling infection).


			*	Virus is ubiquitous; most children are infected by age 5.


			*	Illness is characterized by abrupt onset of high fever, sometimes accompanied by brief, 				generalized convulsions and leukopenia.


			*	After 3-5 d, the fever diminishes rapidly, followed in a few hours by a faint, transient, 				macular rash.


			*	Most likely spread by close personal contact or by the respiratory route.





	6.	Poxviruses (no readings assigned, so I am not sure if we need to know this or not)


			*	Variola and Vaccinia viruses - Smallpox has been wiped off the face of the Earth.


			*	Orf virus - I'll tell you about it anyway.  You can get this from close contact with 				infected sheep or goats, hmmmm... Syndrome includes contagious dermatitis, ecthyma 				contagiosum pustuala ecthyma and "scabby mouth."





	7.	Papovaviruses


			*	Papilloma virus - we've discussed this already.  Causes warts.





	8.	Parvovirus


			*	B19 causes erythema infectiosum (Fifth disease), with the "slapped cheeks" appearance


					* 	In case you are wondering, the four diseases before the 5th are measles, rubella, 							scarlet fever and roseola.


			*	A good way to remember the microbiology of the parvovirus is that "parvo" is poor in 				Latin; this is the poorest virus, it is the smallest icosahedral virus, ssDNA that may 				code for only 3 proteins.


			*	Transmission of the virus is by respiratory droplets; the virus is very hardy, surviving 				chloroform and ether treatment and extreme heat (132 F for hours).


			*	Erythroid precursor cells are a favored target of B19.  The virus can lyse these cells, 				resulting in an transient aplastic crisis in persons with chronic hemolytic anemia.  This 				is because the person with hemolytic anemia have RBCs with a shorter life span, so 				RBC precursor destruction results in a situation in which the person cannot keep up 				with the demand for new RBCs.


			*	Chronic anemia may develop in immunodeficient persons.


			*	Spontaneous abortion has been attributed to B19.





D.	Chlamydia


	*	We've already covered this; Chlamydia causes trachoma (chronic inflammation of the 		conjuctiva) and inclusion conjunctivitis (an acute infection of the conjunctiva of the 		newborn).  How many more times can we mention this is the same submodule?





E.	Parasites (Protozoa)


	1.	Toxoplasma gondii


			*	A common delayed manifestation of congenital infection is chorioretinits, which causes 				vascular changes in the retina and may lead to blindness.





	2.	Acanthamoeba


			*	Can cause keratitis, a potentially sight-threatening inflammation of the cornea that can 				occur due to improper cleansing of contact lens (I think this is why you should not 				clean your contacts in tap water). 





III.	Other Organisms


A.	Bacteria


	1.	Haemophilus aegyptius


			*	Can cause eye infections, especially conjunctivitis in children.


			*	Can also cause Brazilian purpuric fever, a life-threatening childhood infection 				characterized by purpura and shock.





	2.	Salmonella sp.


			*	Most common cause of osteomyelitis in patients with sickle cell disease.





	3.	Gram-negative rods complicating wound infections (e.g., E. coli)





	4.	Corynebacterium xerosis


			*	Can, on occasion, cause eye infections.





	5.	Mycobacterium bovis


			*	Causes Pott's disease, this is rare in developed countries, but is still common where 				pulmonary and GI TB are common.


			*	Insidious in onset, much more destructive and resistant to control that its 				counterpart suppurative diseases.


			*	It is when this TB osteomyelitis strikes in the spine that it is called Pott's disease.


			*	M. bovis is transferred to humans by infected cow's milk.  Spread can be prevented by 				pasteurization of milk.


	


B.	Viruses


	1.	Contagious pustular dermatitis virus


			*	A pox virus





	2.	Milker's nodule virus


			*	Also a pox virus; also known as pseudocowpox


			*	Normally a cutaneous poxvirus of cattle, distinct from cowpox


			*	Can cause local skin infections similar to orf in exposed humans.


			*	Skin lesions take 4-8 wks to heal.





	3.	Molluscum contagiosum virus


			*	Also a pox virus


			*	Causes a benign, cutaneous poxvirus disease of humans, spread by direct contact with 				infected cells (often sexually transmitted or by fomite spread).


			*	Incubation of 2-8 wks, then nodular, pale, firm (pearl-like), painless lesions usually 				2-10 mm in diameter develop in the epidermis.


			*	A cheesy material may ooze (or "pop") from the pore at the center of the lesion.


			*	There are usually no systemic effects and the lesions clear in 2-12 mo. or they can be 				removed by central core expression with forceps (a curettage).


			*	Diagnosis is made on clinical grounds and can be confirmed with demonstration of 				large, eosinophilic cytoplasmic inclusions in superficial epithelial cells.





	4.	Adenovirus


			*	Causes acute keratoconjunctivitis.





	5.	Enteroviruses


			*	Coxsackievirus A causes hand-foot-mouth disease, which is a vesicular rash on the 				hands and feet and ulcerations in the mouth that occurs in children.


			*	Coxsackievirus A serotype 24 and some Coxsackievirus B serotypes (1 & 5), along 				with Echovirus serotypes 7 and E70 can cause conjunctivitis. 	


			*	Echovirus can sometimes cause a maculopapular rash with petechia.





IV.	Infections on An Anatomical Basis


A.	Skin 


	* Will be covered in more detail in Dermatology...apparently no one has told Dr. Ayers that 		there is no dermatology module!  Assigned readings are from Robbins (1205-9).


	1.	Differentiate between the cutaneous and deep-seated mycoses.


			*	I'm not sure what she is asking for here.  Realize that a lot of infections that may be 				trivial cutaneous infections in the normal healthy individual can bypass normal barriers 				and become life-threatening for the immunocompromised.  This is especially relevant 				for deep fungal infections.


			*	Examples of cutaneous mycoses are those infections caused by the dermatophytes.  				These infections are confined to the stratum corneum.	





	2.	Differentiate between diseases primarily of the skin and generalized infections with 			skin manifestations.


			*	Examples of diseases that area "skin" diseases include (this is not a complete list):


					(1)	acne vulgaris


					(2)	Molluscum contagiosum


					(3)	warts


					(4)	dermatophytic infections


					(5)	candidiasis (can be only a skin infection)


					(6)	sporotrichosis (there are no real systemic problems with this, but it can spread 								along lymph channels)


			*	The list of generalized infections with skin manifestations could be lists long and 				divided into hundreds of categories.  I will put some big ones here, but this is definitely 				not complete.


					(1)	Measles


					(2)	Rubella


					(3)	Herpes


					(4)	Varicella


					(5)	Erythema infectiosum (caused by B19 parvovirus)


					(6)	Chorioretinitis is frequently a manifestation of systemic disease (sorry...this is not 								really a skin manifestation)





B.	Eye 


	1.	Differentiate between acute and chronic infections.


			*	This is ridiculous...most eye infections can be either acute or chronic, depending on the 				etiology.  Here I will go over some of the different types of eye infections instead.  				You should read at least the first part of Chapter 61 of Sherris (741-3) and come away 				with it what you will.





				*	Blepharitis - an acute or chronic inflammatory disease of the eyelid margin.  It can be 					a localized inflammation in the external margin (a stye) or take the form of a 					granulomatous reaction to infection and plugging up a sebaceous gland of the eyelid 					(chalazion).


	


				*	Dacryocystitis - inflammation of the lacrimal sac.  Bacteria can become trapped in the 					sac, initiating either an acute or chronic infection.





				*	Conjunctivitis - inflammation of the conjunctiva.  Conjunctivitis can extend to involve 					the eyelids, cornea (keratitis) or sclera (episcleritis).





				*	Ophthalmia neonatorum is an acute, sometimes severe, conjuntivitis or 					keratoconjunctivitis of neonates.





				*	Endophthalmitis is a rare infection of the aqueous or vitreous humour.





				*	Uveitis is an inflammation of the uveal tract-iris, ciliary body and choroid.  The acute 					form of this disease is associated with eye pain, redness and photophobia;  other 					forms are a bit more insidious, with decreased visual acuity the only symptom in the 					late stages of the disease.





				*	Chorioretinitis is the most common form of uveitis, in which inflammatory infiltrates 					are seen in the retina.  This is a serious infection; it can lead to destruction of the 					choroid and inflammation of the optic nerve and may extend into the vitreous humour 					to cause endophthalmitis.  If untreated, it can result in blindness.


				


	2.	Differentiate between bacterial and viral  infections.


			*	Sherris Table 61.1 (742) does this for us; it is a wealth of information.





C.	Muscle 


	1.	Differentiate between myositis and cellulitis (particularly in connection with 			clostridial infections).


			*	We've already done this.  Remember when we talked about gas gangrene?  Well, that 				myositis (inflammed muscle).  Cellulitis refers to anaerobic cellulitis.  Turn back and 				review if necessary. 





V.	Other manifestations caused by organisms listed in Sections II and III


A.	Arthritis, bone disease (because I don't like to feel restricted, let's too consider organisms 	not listed here as causes of these problems).


	*	Common causes of septic arthritis


		(1)	In neonates (< 1 mo)


				- Staph. aureus


				- Group B strep


				- Gram-negative rods (e.g., E. coli, Klebsiella, Proteus, Pseudomonas)


		(2)	In 1 mo-48 mo.


				- H. influenzae type b


				- Staph. aureus


				- Strep. pyogenes


				- Strep pneumoniae


				- Neisseria meningitidis


		(3)	In 4-16 yr olds


				- Staph. aureus


		(4)	In 16-40 yr olds


				- Staph. aureus


				- Neisseria gonorrhoeae


		(5)	In > 40 yr olds


				- Staph. aureus





	*	Common causes of acute osteomyelitis


		(1)	In neonates (< 1 mo)


				- Staph. aureus


				- Group B strep


				- Gram-negative rods (e.g., E. coli, Klebsiella, Proteus, Pseudomonas)


		(2)	In older infants, children and adults


				- Staph. aureus


		(3)	In patients. with chronic hemolytic disorders (e.g., sickle cell disease)


				- Staph. aureus


				- Strep. pneumoniae


				- Salmonella sp.


		(4)	Infection post-trauma or post-surgery


				- Staph. aureus


				- Strep. pyogenes


				- Gram-negative anaerobic or aerobic


		(5)	Infection after puncture wound of foot


				- Pseudomonas aeruginosa


				- Staph. aureus





B.	CNS Manifestations of trichinosis 


	*	In case you are wondering why this is here when we did not mention Trichinella spiralis in 		this submodule, recall from CNS submodule that patients with trichinosis may also display 		eyelid swelling, a maculopapular skin rash and small hemorrhages beneath the conjunctiva 		of the eye and the nails.


 	*	CNS invasion is marked by encephalitis, meningitis and polyneuritis.  Delirium, psychosis, 		paresis and coma can follow.


	*	How random was that?





C.	Gatroenteritis by C. perfringens 


	*	Don't eat meat contaminated with spores...





D.	Enterocolitis by Staphylococcus 


	*	Questionable cause





E.	Pneumonia by Staphylococcus, Streptococci, Varicella and Measles 


	*	Just realize this...





F.	Encephalitis by Vaccinia, Measles and Herpesviruses, including Varicella 


	*	This is in the module, but I was unaware that the vaccinia virus was pathogenic at all.  		Maybe someone should tell the makers of the smallpox vaccine because it is live vaccinia 		virus.  Also, there are some thoughts about using the vaccinia virus as a vector for other 		immunizations.  





G.	Congenital defects caused by rubella virus 


	*	We discussed these earlier in this submodule.





	*	Now it's time to play along with the home game and see what you can add to the list, 		says Dr. Ayers.





