BACTERIA

	Family, Species
	Morphology/Labs
	Mechanism of Disease/Virulence
	Clinical Findings
	Treatment
	Resistance
	Miscellaneous



	Staphylococcus
	Gram Pos Cocci, Clusters

Catalase Pos
	Skin, mucous membranes - Person-to-person by contact


	Pyogenic


	
	
	

	S. Aureus
	Coagulase Pos

Facultative Anaerobe


	( toxin (forms heptameric cylinder pore – active ag. Platelets, macrophages, and tissue cells), ( toxin (active ag. Sphingomyelin in cell membranes), Leukocidin (alters membrane permeability), Enterotoxins A-E (released in food, not destroyed by cooking), TSST-1 (superantigen to nonspecifically stimulate T cells and cause major cytokine release), Exfoliative toxins (cleaves stratum granulosum at the desmosome)
	Necrotizing Infl. From leukocidins

Infections involving skin and invasive disease,

Nosocomial infections,

Food poisoning

Scalded-skin syndrome, TSS
	
	Beta lactamase resistant

MRSA due to mecA gene on transposon – treated with vancomycin
	

	S. Epidermis

S. Saprophyticus (UTI)


	Coagulase Neg
	Extracellular slime that prevents entry of phagocytes and host factors
	
	
	
	#1 cause of nosocomial bacteremia – use of foreign materials

	Streptococcus
	Gram Pos, cocci, chains

Non motile, non spore forming

Lactic acid fermentation
	Each group has its own carbohydrate attached to the outside of the peptidoglycan.

All have membrane teichoic acids.

Peptidoglycans can persis in tissues for long periods after org death and continue to incite infl rxns.

Lipoteichoic acid – major ligand binding strep to pharyngeal epithelial

Erythrogenic toxins – erythema and peeling of skin ( TSS when in bloodstream ( activates macrophages

Streptolysin O – hemolytic by channels

Streptolysin S – hemolytic rings

DNAse - diagnostic

Streptokinase – may help spread

Hyaluronidase - antigenic

NADase - antigenic
	
	
	Intrinsic in Group B somewhat and moderately to extremely in Group D
	Strep Ag similar or identical to human Ag – may initiate auto-immune rxns

	S. Pneumoniae
	Gram Pos diplococci

Capsulated

( hemolysis in air

Complex growth reqs. 
	respiratory transmission

Capsule interferes with phagocytosis – chrome genes arranged in operons, forms carb polymers of 2-4 sugar units;

No known important toxin – depends on bacterial bodies with peptidoglycan and teichoic acid;


	Exudative Infl

Edema with many cocci and few cells;

Lobar pneumonias with older parts more central

Zone of early consolidation: phagocytes, many cocci, engorged vessels.

Zone of Late consolidation: leukocytes mainly

Zone of Resolution: no orgs, macrophages.

Metastatic lesions – meningitis, endocarditis, arthritis
	Immune response – CD14 activated macrophages that secrete IL-8, alternate pathway complement fixation, C reactive protein from the liver, Abs.

Vaccine

Fluoroquinolones, macrolides, vancomycin
	Chromosomal mutations of genes specifying penicillin binding proteins
	Major cause of community acquired pneu. 

Most adults immune w/ Abs – average person will have 2-3 attacks of otitis media and less than one attack of pneu. (immunizing events)

	S. Pyrogenes
	( hemolytic
	Respiratory transmission, milk

Group A: some with capsules of hylauronic acid; anti-phagocytic M protein (long fibrils)


	Group A: sore throat, respiratory infections, wound and burn infections, rheumatic fever (strong immunological response followed by cardiac, join, or cerebral damage from Abs and lymphocytes), chorea, glomerulonephritis (skin and wound), scarlet fever (erythrogenic toxin) 

Group B: infants
	Benzathine penicillin G for R.F. attacks long term
	
	

	S. Viridans
	( hemolytic
	
	Normal throat flora, dental caries, periodontal disease, minor dental sepsis, endocarditis
	
	
	

	S. agalactiae
	Group B
	
	Normal vaginal flora, disease in pregnancy, immunosuppression, older age
	
	
	

	Enterococci

(Group D Strep)
	Gram Pos Cocci, 
	
	Normal bowel flora, Urinary, biliary, and other abdominal sepsis, occasional endocarditis
	
	Some susceptible to penicillin, but true are resistant – use combos of penicillin and aminoglycosides
	

	Enterobacteriaceae
	Gram Neg, bacilli

Facultative anaerobes

Glucose fermentation

Nitrate reduction

No Oxidase

Most motile
	Flagellar Ags (H) - antigenic

Capsular Ags (K)

Somatic Ags (O) - antigenic

Endotoxin, rapid generation times
	Normal GI flora
	
	
	

	E. Coli
	Lactose fermenter
	Type I fimbriae

P. pili – adherence to urinary tract receptor globobiase 

Endotoxin, hemolysin

K1 capsular polysaccharide with sialic acid component 

Fecal-oral transmission: 

Attachment to mucosal cells in intestine, enterotoxin production

Shiga-like toxins
	UTI (urethritis, cystitis, pyelonephritis), 

Neonatal meningitis and sepsis (2nd behind Group B Strep)

Diarrhea, no morphological damage

Hemorrhagic colitis, hemolytic uremic syndrome (renal failure, thrombocytopenia)
	ORS Therapy

No specific antimicrobial
	
	Similar to V. cholera

Enterotoxigenic – most common cause of acute diarrhea in developing countries

Enterohemorrhagic – poorly cooked meat

	Klebsiella
	Lactose fermenter 
	Endotoxin, extracellular capsule which inhibits phagocytosis, rapid growth
	UTI, Pneumonia (Immunocompromised pts.)
	
	
	

	Proteus
	Non LF
	
	UTI
	
	
	

	E. agglomerans
	
	
	Wound infections
	
	
	

	Pseudomonas aeruginosa
	Non fermentative
Oxidase Pos

Strict Aerobe
	Adherence - Exopolysaccharide

Phospholipases 

Tissue invasion (exotoxin A, proteases)

Systemic disease (endotoxin, lipopolysaccharides)
	Found in soil, water, plants – infection in fluids, equipment or physical transmission


	
	
	Nosocomial agents, opportunistic 

	Stenotrophomonas maltophilia
	Non fermentative

Oxidase Neg
	
	
	
	Resistant to aminoglycosides, Blactams, and most quinolonges.

Use Co-Tri and Ticarcillin-clavulanate
	

	Shigella dysenteriae 
	
	Invasive – diffuses laterally and kills cells.

Shiga toxin
	Bloody Diarrhea, stool with fecal leukocytes, marked colon disruption
	Ciprofloxacin, Nutritional therapy
	
	

	V. Cholerae
	
	Fecal-oral transmission

Attachment to mucosal cells in intestine, enterotoxin production

( stimulates Cl secretion from crypt, inhibits neutral but not glucose mediated Na absorption 
	No morphological damage, mucous cells have secreted

Skin Tergure is poor ( dehydration
	ORS solution (mortality w/o treatment = 50 %) – only reduces net fluid secretion.

Antibiotics possible
	
	Similar to E.coli

	Campylobacter Jejuni/coli
	
	LT and ST-like enterotoxins
	Minimal tissue invasion, Guillain-Barre’ Syndrome, Reactive arthritis
	
	
	Disease of food processing – most common cause in US

	Hemophilus Influenzae
	Fastidious GN Rod

Requires heme and Nicotinamide – chocolate agar

Grows well around colonies of orgs like S. Aureus which secrete hemolysins

Glossy and Convex colonies – Capsule (6 types, type b causes most infections)
	Found in Upper Airway, Adhesion of fimbriae, outer membrane proteins and lipopolysaccharide to nasopharyngeal cells

Non typable (without their capsule) much less virulent, but can still cause pneumonia and sometimes bacteremia

Most virulent: large capsules so that only anticapsular Abs are effective 

Serum Abs and complement are bacteriocidal

Abs against outer membrane proteins and LPS as well


	Sinusitis, otitis media in kids.

Epiglottitis ( laryngeal spasm in attempts to visualize

(kid with fever and throat pain sits upright, drooling – can’t swallow) 

Eye infections

Bacteremia ( septic arthritis in child

Meningitis – presents with fever, vomiting and altered mental function.

CSF with increased PMNs, low glucose
	Ceftriaxone or cefotaxime (7-10 days)

Cephalosporin, Chloramphenicol (if resistance)

Vaccine – polysaccharide Ag and Group b Ag with protein carrier for kids under two


	Plasmid with TEM 1 penicillinase from E coli – ag ampicillin
	After birth, acquired and lost regularly – by age 5, Abs and immunity – adult systemic disease rare unless cannot synthesize Abs

	H. aegypticus
	GN Rod
	
	Epidemic conjunctivitis “pink eye”
	
	
	

	H. parainfluenzae
	GN Rod
	
	Mild pathogen - Infections in and about the head: sinusitis, otitis media, pharyngitis, conjunctivitis, epiglottitis
	
	
	

	H. ducreyi
	GN Rod
	
	Chancroid (ulcerative sexually transmitted dis)

Begins with papule on genitalia or perianal region – erodes to ulcer

Swollen lymph nodes
	Erythromycin or azithromycin
	
	Opens door for HIV

	HACEK

H parainfluenzae, aphrophilus, paraphrophilus;

Actinobacillus Actinomycetemocomitans; Cardiobacterium hominis; Eikenella corrodens; Kingella kingii
	GN Rod
	
	Cellulitis and abscess in fascial spaces of neck, dental abscesses and brain abscesses.

Joint infections, septicemia, empyemas

Spontaneous endocarditis
	Penicillin and ampicillin.

For endocarditis, ampicillin plus gentamicin
	
	EC: main cause of infections following human bites



	Borrelia burgdorferi
	Spiral shaped

Flagella in periplasmic space ( twisting motility

Plasmids encode immunodominant surface proteins
	Maintained in Ixodes species tick cycle:

Downregulates OspA and OspB and upregulates OspC ( penetration through midgut epithelium of tick and into tick tissues (salivary gland)

Delivered within tick saliva into inflammatory dermal blood pool at bite

Local infl rxn stimulated – borreliae coated with plasmin and other host proteins

Disseminates through ECM or into blood by binding to collagen and by digestion
	LYME DISEASE

Early localized infection: erythema migrans, regional lymphadenopathy

Early disseminated inf: secondary skin lesions, meningitis, facial palsy, radiculoneuritis, atrioventricular nodal block, migratory musculoskeletal pain

Late infection: oligoarticular arthritis, chronic arthritis, chronic encephalopathy
	Culture and PCR not sensitive – serology only with strong clinical suspicion of infection (pitfall: long persistence of AB)

Early or non CNS: doxycycline, amoxicillin, ceftriaxone

CNS: ceftriaxone, doxycycline
	
	Seasonal – summer months

	B garinii
	
	
	Meningitis
	
	
	

	B afzelii
	
	
	acrodermatitis
	
	
	

	Rickettsia rickettsii
	Obligate intracellular
	Infect endothelial cells ( blood vessel infl (Interstitial Inflammation)

Contain immunodominant LPS and 2 major outer membrane protein Ag rOmpA and rOmpB

Incubation 5-10 days
	RM SPOTTED FEVER

Febrile illness with headache and skin rash

Abdominal pain, nausea, vomiting, diarrhea

( liver enzs,

interstitial pneumonitis, pulmonary edema, meningoencephalitis, acute tubular necrosis, mild leukopenia, thrombocytopenia
	Serology very sensitive

Doxycycline, chloramphenical
	
	Risk of death 5X in pts after day 5 of illness

South east and south central US (NC)

May to Sept

2nd most freq vector-borne infection

	Ehrlichia chaffeensis
	Obligate intracellular 
	Infects mononuclear phagocytes (monocytes, macrophages) 

Transmitted by Amblyomma americanum

Incubation 9 days
	HME

Febrile illness with headache, myalgia, malaise, GI, respiratory, meningitis/meningoencephalitis, leukopenia, thromocytopenia, ( liver enzs
	PCR moderately sensitive, serology very sensitive

Doxycycline
	
	May to Sept

	E ewingii
	
	
	
	
	
	SEE ANAPLASMA

	Anaplasma phagocytophilia
	Obligate intracellular
	Infects mostly peripheral blood neutrophils

Transmitted by Ixodes scapularis, pacificus

Incubation 8 days
	HGE

Febrile illness, headache, myalgia, leukopenia, thrombocytopenia, ( liver enzs

(no cardiopulmonary, meningitis)


	Culture, PCR and serology sensitive

Doxycycline
	
	SEE E EWINGII

June to Nov

	Babesiosis
	Protozoan parasite
	Infects erythrocytes
	
	
	
	

	Neisseriae
	GN Cocci (kidney bean), pairs

Aerobic

Nonhemolytic

Mucous membranes

Grow best on chocolate agar

Below body temp

Easily overgrown by other orgs
	3 kinds of outer membrane proteins
	
	IgM or IgG w/ complement – serum bactericidal
	Periplasmic space for penicillinases or cephalosporinases

Constant antigenic change to evade destruction 

Continuous shedding of blebs of outer membrane
	

	N meningitidis
	Carbohydrate capsules

3 serogroups: A – widespread epidemic, B and C – local and endemic
	Rapid person-to-person spread for full virulence (due to thinning or loss of capsule over time)

Promoted when nasal mucous membranes destroyed, or during pharyngeal streptococcal or mycoplasma infections
	Nasopharynx and its submucosa 

Meningococcal septicemia – fever, hypotension, multiple organ failure, hemorrhages in the skin

Meningococcal meningitis – fever, headache, vomiting and stiff neck


	IgM Abs to capsule, all three kinds of outer membrane protein and endotoxin

Vaccine to A, C, although most cases in US are B

Penicillin G 
	To survive AB, Loss of capsule – though less likely to cause disease
	Most adults develop anticapsular Ab within two wks.  

Cases w/ pathogenic strain 

	N gonorrhoeae
	Gram Neg diplococci

Obligate aerobes

Obligate human pathogens

Nonmotile

Highly variable outer membrane proteins

Microcolonies of 50-100 – hard for PMN to phagocytose

Urethral – opaque

Bloodstream - transparent
	Infect columnar epithelium of distal urethra or cervix by means of pili and surface proteins

Phase variation – presence or absence of surface proteins

Antigenic variation – composition of surface proteins

Produce an extracellular protease that specifically cleaves IgAI (mucosal secretion)

Attach, Ciliary stasis, death of ciliated cells, internalization to nonciliated cells, intracellular replication in vacuoles, intracellular traffic with vacuole fusion with basement membrane, exocytosis
	Gonorrhea

Men - Purulent urethritis with dysuria

Women – endocervix infection (columnar epithelium), pelvic pain, vaginal discharge, dysuria, post coital bleeding

Pelvic Infl Disease (PID) – with mixed flora – fever, lower abdominal pain, bladder irritation, cervical motion tenderness ( possibly sterility b/c of oviduct scarring

Disseminated Gonoccal infection (DGI) in asymptomatic, usu women

Two stages – bacteremia w/ mild infl in joints, characteristic necrotic skin lesion, fever;

Localization to a tissue w/ septic arthritis, synovitis, gonoccocal endocarditis or meningitis

If during birth ( infection of child’s eye – Gonococcal opthalmia – purulent conjunctivitis, erosion of cornea, blindess


	Ceftriaxone, quinolones

Host response – killing mediated by complement binding and destruction in phagocytes
	Plasmids for TEM-1 penicillinase from E coli

Tetracycline, quinolones, azithromycin
	Urethral discharge more copious, thick, greenish yellow, more intense pain

Women more asymptomatic

Risk of acquiring increases with # sexual partners

	Chlamydia Trachomatis

C. pneumoniae (upper respiratory), 

C. psittaci

Ct – immunotypes A-C cause trachoma, D-K cause genital  and neonatal infections, L1-L3 cause LGV 
	Obligate intracellular – dependent on host production of ATP,

Gram Neg diplococci
	Heat shock protein HSP-60 ( intense infl. (hypersensitivity)

Initial eye infection
	Urethritis, Epididymitis (with urethral discharge) in men

Cervicitis (asymptomatic to serve infl by mucopurulent exudates and friability of cervical epithelium) and salpingitis in women

All similar to N. gonorrhoeae

PID – low abdominal pain, mild adnexal tenderness

Neonatal conjunctivitis

10% of infants born to mothers with C infections will develop a distinctive pneu.
	Cellular and humoral response

Azithromycin even during pregnancy and in neonates

Doxycycline for nonpregnant adults
	
	Gonococcal PID more likely to have fever, severe illness, recent menses, and a vaginal discharge

Nongonococcal PID – pelvic abscesses

	Treponema Pallidum (Syphilis)
	Spirochete

Paucity of surface-exposed protein, though may be coated with host cell proteins
	Attaches to endothelial cells and tissue fibronectin
	“leutic” vasculitis – infection of vessels, infl, fibrotic thickening

Obliterative endarteritis ( ischemic injury to tissue

Primary: chancre (painless)

Secondary: rash with perivascular lymphohistiocytic cells, vasculitis

Condyloma lata – squamous with exudate 

Mucous patches – tongue, many spirochetes

Lymphadenitis – thickened capsule, follicular hyperplasia

Tertiary: Cardiovascular – infl of vaso vasorum

Neurosyphilis (meningovascular, tabes dorsalis, general paresis) – meningitis, infl in dorsal root ganglia, loss of myelin in ascending

Gumma – granulomatous lesion with central coagulative necrosis
	
	
	

	Clostridium perfringens
	Anaerobe

Gram Pos Rod

Sporulating

In feces
	Secretes toxin which kills muscle cells, red cells in circulation – Alpha toxin, a phospholipase C
	Normal flora – mixed infections all over body

Gas Gangrene

Severe pain in infected muscle

Several local edema, bullous formation, bronzing of skin

Exudates with many orgs, few PMN

Tachycardia, sweating, severe anxiety

In pts with no neutrophils ( infl and perforation of colon (typhlitis)
	Removal of necrotic tissue

Penicillin plus clindamycin
	
	

	Clostridium tetani
	Anaerobe

Gram Pos Rod

Sporulating
	Toxemia – spores lodge in wound

Secretes tetanus toxin (AB toxin) – gene is on plasmid ( A chain is internalized and transported retrograde up axons to anterior  horn motoneuron cell bodies, acts as proteolytic enzyme cleaving synaptobrevin II

Permanent disabling of synapses – recovery with regeneration
	War and agricultural wounds

Infantile form due to infection of necrotic umbilical stump

Muscular spasms to continuous muscle contractions

Die of respiratory failure


	Immunization with standard three injections and boosters

Surgical drainage
	
	

	Clostridium botulinum
	Gram Pos Rod

Sporulating (killed with pressure cooking or autoclaving)

Six serotypes: A, B most human dis
	Toxin in food – chromosomal genes

A chain cleaves protein in neuromuscular junctions

Recovery with regeneration
	Flaccid paralysis

Die of respiratory failure – inability to contract
	Surgical drainage

Penicilln, metronidazole
	
	

	Clostridium difficile
	Anaerobic

Gram Pos Rod

Sporulating
	Toxin binds to colonic cells and endothelial cells ( disorganizes cytoskeleton with cellular GTPase
	Acquired from another person

Pseudomembranous colitis
	Metronidazole
	
	

	Bacteroides fragilis
	Anaerobic

Gram Neg
Capsulated

Found in stool
	
	Abscess formation below the belt – appendix, peri rectal, liver
	Surgical drainage

Metronidazole, Clindamycin
	
	

	Prevotella
	Anaerobic

Gram Neg

Capsulated

Found in mouth
	
	Abscess formation above the belt – dental, neck space infection, empyema
	Surgical drainage Metronidazole, Clindamycin
	
	

	Mycobacterium leprae
	
	Transmission by infected nasal discharges

Cooler parts of the body – skin, upper respiratory, peripheral nerves, testes and anterior parts of the eyes

Regularly involves nerves
	Tuberculoid: strong immune response – activated macrophages (epithelioid cells, granulomas) and lymphocytes, few orgs

Lepromatous: minimal cellular resistance – bacilli multiply abundantly within macrophages, swelling 
	
	
	

	M. Tuberculosis
	Weakly Gram Pos Rod

Nonmotile, Nonsporulating

Obligate Aerobe

Very slow to grow 

Acid Fast Staining – cell wall rich in long-chain fatty acids esters (mycolic acids)
	Transmitted person-to-person by small droplet nuclei – remain airborne for extended time
	Primary: w/o prior contact, non-specific polymorphonuclear leukocyte rxn and alveolar macrophages

Ghon focus, complex – lesion at site of implantation, some macrophages spread to regional lymph nodes 

Simon foci – hematogenously distributed bacilli, usu to posterior half of upper lobes (high O tension and relative lymphostasis)

Usu Asymptomatic, w/ positive PPD

Granulomas as macrophages present Ags to lymphocytes and lymphokines are released, Langhans giant cells ( can restitute, undergo fibrosis, or calcify

Progressive Primary: enlargement of primary complex, to artery, vein (military, w/ tiny lesions same size and age in numerous organs), or bronchus (tuberculous bronchopneumonia)

Post-Primary – reactivation or secondary, usu at Simon foci ( cavitation (caseous necrosis liquefies).  May heal to fibrocalcific scar, or progress into fibrocaseous cavitary tuberculosis.  May enlarge and erode into blood vessel ( massive hemorrhage
	
	
	Ziehl-Neelsen stain

Common with HIV, often more extrapulmonary. May cause disease at an early state of immunodeficiency than opportunistic orgs.  Absense of well-formed granulomas, cavities, caseation.  Drug resistant strains

	MOTT

M kansaii

M scrofulaceum

M avium, intracellulare

M fortuitum
	AFB

Photochromogens, Scotochromogens, Nonchromogens, Rapid Growers
	Acquired from environment

Generally infect immunocompromised or those with underlying lung diseases
	
	
	
	Common with HIV, usu disseminated w/ numerous bacilli

	Nocardia
	Weakly Gram Pos

Branching

Filamentous

Easy to Grow

From Soil 


	Inhalation into respiratory tract,

Traumatic skin inury can lead to primary skin disease
	CNS (abscess), skin, lung
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