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Types of Organisms

Prokaryotes

ÅVery old form of life

ÅNo membrane-bound 
organelles

ÅNo nucleus

ÅNuclear material free 
inside cell

ÅBacteria are prokaryotes

Eukaryotes
ÅMore modern form of life

ÅMembrane-bound 
organelles

ÅNucleus

ÅPlant and animal cells

ÅProtozoa

ÅFungi



Bacteria

ÅSingle cell organisms

ÅCell wall is key component

ÅProtects organism
ÅGeneral support

ÅOsmotic pressure 

ÅTarget for immune system

ÅTarget for antibiotics

ÅDifferentiates bacteria

Image courtesy Wikipedia/Public Domain



Gram Stain

ÅDifferent for gram (+) and gram (-) bacteria

Image courtesy of Y tambe/Wikipedia



Cell Walls
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Peptidoglycan

ÅMajor structural component of bacterial cell walls

ÅPolymer sheets of sugars and peptides

ÅSheets cross-linked to other sheets



Peptidoglycan

ÅSugars: 
ÅN-acetylglucosamine(NAG)

ÅN-acetylmuramicacid (NAM)

ÅPeptides:
ÅAttached to NAM

ÅThree to five amino acids

ÅSugar/peptide backbone makes chains

ÅChains cross-linked by peptide cross-bridges

ÅSite of action some antibiotics
ÅPenicillin, cephalosporins



Peptidoglycan

Image courtesy of Twooars/Wikipedia



Peptidoglycan

ÅGram positive bacteria
ÅUp to 40 sheets 

Å50% or more of cell wall

ÅGram negative bacteria
ÅVery few sheets

Å5-10% cell wall

ÅThick layer in gram (+) bugs retains the gram stain
ÅMakes them purple 



Unique Cell Walls

ÅMycoplasma
ÅNo cell wall

ÅDoes not gram stain

ÅCell membrane has sterols for extra stability

ÅMycobacteria
ÅCell wall has mycolic acid

ÅDoes not gram stain well

ÅSpecial stains used (Ziehl-Neelsen)

ÅChlamydia
ÅLacksmuramic acid



Cell Membrane

ÅPresent in gram (+) and gram (-) bacteria

ÅPhospholipid bilayer

ÅElectron transport and oxidative phosphorylation

ÅEnzymes and carrier molecules

Image courtesy Wikipedia/Public Domain



Gram Positive Bacteria 

ÅUnique feature: lipoteichoic acid (LTA)

ÅMajor surface antigen for immune reaction

ÅIn animal studies, LTA has induced:
ÅArthritis

ÅUveitis

ÅMeningeal inflammation

ÅCascades resulting in septic shock and multi-organ failure

ÅInduces cytokine release

ÅBinds antibodies Ą activates complement cascade



Gram Negative Bacteria 

ÅUnique feature #1: Periplasm
ÅSpace between cell membrane and outer membrane

ÅContains many enzymes

ÅB-lactamase Ą inactivates antibiotics

Image courtesy of Jeff Dahl/Wikipedia



Gram Negative Bacteria 

ÅUnique feature #2: Outer Membrane

ÅContains outer layer of lipopolysaccharide (LPS)

ÅMajor immune trigger for gram (-) bacteria

Image courtesy of Jeff Dahl/Wikipedia



Lipopolysaccharide

ÅComponents:
ÅPolysaccharide

ÅLipid A

ÅO antigen

ÅLipid A
ÅHighly toxic

ÅTriggers cytokine release

ÅO antigen
ÅTarget for antibodies



Key Point

ÅDifferent major surface antigens trigger the immune 
system in gram (+) and gram (-) bacteria

ÅGram positive bacteria
ÅCell wall and membrane

ÅLipoteichoic acid (LTA)

ÅGram negative bacteria
ÅOuter membrane

ÅLipopolysaccharide (LPS)

Cell Wall/Periplasm
Cell Wall

Outer Membrane

Cell membrane



Capsules
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Capsules

ÅSticky, gelatinous layer 

ÅSecreted by bacteria

ÅHelps attach to host cells

ÅProtects against phagocytosis

ÅMostly water with some polysaccharide
ÅSpecial exception: Bacillus anthracis (anthrax)

ÅCapsule is protein (d-glutamate)

ÅMajor virulence factor

ÅAllows unimpeded growth



QuellungReaction

ÅLargely historical

ÅUsed to detect strep pneumonia

ÅRabbit antiserum added to bacterial slide

ÅCapsule swells when visualized under microscope

ÅPositive Quellungin encapsulated bugs
ÅStrep pneumonia

ÅH. influenza

ÅN. meningitidis

ÅE. Coli

ÅSalmonella

ÅKlebsiella

ÅGroup B strep (agalactiae)



Capsules and Immunology

ÅB-cells secrete capsular antibodies (IgG)
ÅAntibodies bind capsule

ÅPhagocytosis consume bacteria
ÅVia Fc receptors

ÅAntibodies bind complement
ÅFormation of MAC Ą cell death

ÅFormation C3b Ą opsonin



Capsules and Immunology

ÅLoss of antibodies/B-cells or complement

ÅRecurrent encapsulated bacterial infections

Bacteria

cc
c c3b



Capsules and Immunology

ÅAsplenia
ÅRisk of sepsis from encapsulated bacteria

ÅLoss of splenic phagocytes



Capsular Vaccines

ÅCapsular polysaccharides are basis for many vaccines

ÅPolysaccharides in capsule often weakly immunogenic

ÅȰ#ÏÎÊÕÇÁÔÅÄȱ ÔÏ ÁÎ ÉÍÍÕÎÅ ÓÔÉÍÕÌÁÔÏÒ ÐÒÏÔÅÉÎ
Ådiphtheria toxoid, tetanus toxoid, meningococcal outer 

membrane protein, mutant diphtheria protein

ÅMany conjugated vaccines for encapsulated bacteria
ÅNeisseria meningitides

ÅStreptococcus pneumonia

ÅHaemophilus influenzaetype b



Glycocalyx

ÅȰ3ÕÇÁÒ ÃÏÁÔͼ ÍÁÄÅ ÏÆ ÐÏÌÙÓÁÃÃÈÁÒÉÄÅÓ

ÅSimilar to capsule

ÅBacteria with distinct, firmly attached gelatinous layer 
have a capsule

ÅBacteria with irregular, slimy fuzz layer have a 
glycocalyx

ÅUsed to adhere to surfaces (i.e. catheters)

ÅS.epidermidis : biofilms

Image courtesy Wikipedia/Public Domain



Pili and Fimbria

ÅStructurally similar to flagella 

ÅMade of proteins

ÅAppendage or arm of bacteria

ÅAllows adherence to surfaces (ordinary pili)

ÅAttaches to another bacteria for conjugation (sex pili)

ÅKey bacteria:
ÅE. Coli (UTIs/Pyelonephritis)

ÅNeisseriaGonorrhea (antigenic variation)



Plasmids

ÅSmallDNAmolecule within a cell 

ÅPhysically separated from chromosomal DNA

ÅCan replicate independently

ÅCan contain genes for antibiotic resistance, toxins

ÅCan be transferred one bacteria to another

Image courtesy of Spaully/Wikipedia



Flagellum

ÅLong, protein arms

ÅUsed for motility



Ribosomes

ÅSite of protein synthesis in bacteria

ÅTwo subunits: 50S and 30S 
ÅS=sedimentation coefficient or Svedberg unit

ÅDifferent from ribosomes in eukaryotic cells
ÅAllows selective toxicity of antibiotics

ÅSite of action of antibiotics
ÅTetracyclines: Bind to 30S subunit

ÅAminoglycosides: Interferes with 30S protein synthesis



Spores

ÅSome bacteria can enter a dormant state called a spore
ÅȰ3ÐÏÒÅ ÆÏÒÍÉÎÇ ÂÁÃÔÅÒÉÁȱ

ÅCan survive long period of starvation

ÅResistant to dehydration, heat, chemicals

ÅNo metabolic activity



Spores Components

ÅCoat: 
ÅOutermost layer 

ÅȰ+ÅÒÁÔÉÎ-ÌÉËÅȱ ÐÒÏÔÅÉÎ

ÅImpermeable to many chemicals, antibacterial agents

ÅCortex/Core Wall
ÅInnermost layer

ÅPeptidoglycans

ÅDipicolinic acid
ÅLarge amounts inside spore

ÅMay help with heat resistance



Spore Forming Bacteria

ÅBacillus anthracis

ÅBacillus cereus

ÅClostridium perfringens

ÅClostridium tetani

ÅClostridium Botulinum



Shapes and Stains
Jason Ryan, MD, MPH



Identification of Bacteria

ÅShape

ÅColor after staining

ÅSpecial tests



Bacterial Shapes

ÅCoccus (sphere)

ÅRod (bacilli)

ÅCoccobacillus

ÅOther

Cocci

Rod

Coccobacillus



Cocci

Cocci Diplococci
ȰÐÁÉÒÓȱ

Streptococci
Ȱ#ÈÁÉÎÓȱ

Staphylococci
Ȱ"ÕÎÃÈÅÓȱ
Ȱ#ÌÕÓÔÅÒÓȱ



Cocci

Streptococci
Ȱ#ÈÁÉÎÓȱ Staphylococci

Ȱ"ÕÎÃÈÅÓȱ
Ȱ#ÌÕÓÔÅÒÓȱ

Image courtesy Y Tambe/WikipediaImage courtesy GrahamColm/Wikipedia



Cocci

ÅMost cocci are gram positive
ÅStreptococcus

ÅStaphylococcus

ÅVery few gram negative bugs are cocci
ÅNeisseria (meningitidis/gonorrhea)

ÅMoraxella catarrhalis



Rods
Bacilli

ÅMost rods (and coccobacillus) are gram negative

ÅFew gram positive rods
ÅCorynebacterium (diphtheria )

ÅClostridium

ÅListeria

ÅBacillus (anthrax, cereus)

Rod

Coccobacillus



Other Shapes

ÅBranching/Filamentous
ÅResemble fungi

ÅActinomyces

ÅNocardia

ÅSpirochetes
ÅTreponema (syphilis)

ÅBorrelia (Lyme disease)

ÅLeptospira (leptospirosis)

ÅVibrio
ÅVibrio cholerae

Image courtesy Wikipedia/Public Domain



Pleomorphic Bacteria

ÅTake on many shapes

ÅRickettsia

ÅChlamydia



Common Bacterial Stains

ÅGram Stain

ÅGiemsa

ÅZiehl-Neelsen

ÅSilver

ÅIndia Ink ɀCryptococcus (fungi)



Simple Stains

ÅMethylene blue, safranin, and crystal violet

ÅAdd to fixed preparation of bacteria

ÅWash away

ÅStain remains behind to show bacteria

ÅUsed to see number bacteria, shapes



Gram Stain

Image courtesy of Y tambe/Wikipedia



Gram Stain

Fixation

Crystal Violet

Iodine

Decolorization

Safranin
(counter stain)

Gram Positive Gram Negative



Gram Stain

ÅPurple = Gram Positive
ÅRetain crystal violet in cell walls

ÅRed  = Gram Negative
ÅDo not retain crystal violet in cell walls

ÅTake up Safranin counter stain

ÅThick cell wall of peptidoglycan in gram positive 
bacteria makes them purple

Image courtesy of Y tambe/Wikipedia



Gram Stain Limitations

ÅSome bugs do not gram stain well

ÅTreponema (syphilis)
ÅToo thin to see

ÅMycobacteria (tuberculosis)
ÅMycolic acids in cell wall

ÅMycoplasma
ÅNo cell wall

ÅIntracellular bacteria
ÅRickettsia (obligate intracellular)

ÅChlamydia (obligate intracellular; no muramic acid cell wall)

ÅLegionella (mostly intracellular)



Giemsa Stain

ÅMixture of methylene blue,eosin, andAzure B

ÅDiscoverer:  Gustav Giemsa (1867ɀ1948)
ÅLooking for method to easily visualize plasmodium (malaria)

ÅEnters cells and stains nucleic acids
ÅUsed for blood smears, marrow



Giemsa Stain

ÅProtozoa
ÅPlasmodium

ÅTrypanosomes

ÅIntracellular bugs
ÅChlamydia

ÅRickettsia

ÅBorrelia (sometimes intracellular)



Ziehl-Neelsen

Å4ÈÅ ȰÁÃÉÄ ÆÁÓÔȱ ÓÔÁÉÎ

ÅContains carbolfuchsin

ÅUsed to detect mycobacterium (especially TB)

ÅAlso used for Nocardia

ÅAcid fast bugs resists decolorization with acid solvents

Image courtesy Wikipedia/Public Domain



Silver Stain

ÅSpecial stain for 3 organisms

ÅPneumocystis pneumonia (HIV/AIDS)
ÅFungal infection

ÅDiffuse interstitial pneumonia 

ÅLegionella
ÅPneumonia

ÅContaminates water (outbreaks in nursing homes)

ÅH. Pylori
ÅGastric ulcers



India Ink

ÅNegative stain

ÅBackground stained, not bug

ÅUnstained organisms stand out in contrast

ÅPrimarily used for cryptococcusneoformans
Å,ÁÒÇÅ ÐÏÌÙÓÁÃÃÈÁÒÉÄÅ ÃÁÐÓÕÌÅ ÃÒÅÁÔÅÓ ȰÈÁÌÏÓȱ

)ÎÄÉÁ )ÎË ÓÔÁÉÎ ÓÈÏ×Ó ÙÅÁÓÔ ×ÉÔÈ ȰÈÁÌÏÓȱImage courtesy of Crisco 1492



Pigments

ÅSome bacteria produce special colors

ÅStaph Aureus 
ÅGolden, yellow color 

ÅPseudomonas aeruginosa
ÅBlue-green pigment (pyocyanin)

ÅSerratia
ÅRed pigment

ÅActinomyces
ÅFilamentous bacteria that "cements" together 

ÅColonies  have  yellow-orange appearance

ÅKnown asȱÓÕÌÆÕÒ ÇÒÁÎÕÌÅÓȱ



Wikipedia/Public Domain Wikipedia/Public Domain

Matthias M./Wikipedia

Pseudomonas (blue-green) Serratia (red)

Staph Aureus (gold-yellow)



Bacterial Culture
Jason Ryan, MD, MPH



Growth Plate

ÅAgar in Petri dish
ÅSemi-solid substance from seaweed

Å"ÁÃÔÅÒÉÁ ÕÓÕÁÌÌÙ ÄÏÎȭÔ ÃÏÎÓÕÍÅȾÄÅÃÏÍÐÏÓÅ

ÅNutrients added to support growth
ÅSugar

ÅWater

ÅSalts

ÅAmino acids

ÅMany, many commercially available

Image courtesy Wikipedia/Public Domain



Culture Media

ÅNon-selective
ÅGeneral purpose

ÅGrows many bugs

ÅExample: Nutrient agar

ÅAlso, blood agar: most commonly used non-selective media

ÅSelective
ÅContains toxic substances

ÅOnly certain bugs will grow

ÅThayer-Martin Media grows only Neisseria



Culture Media

ÅEnriched
ÅSpecial nutrients added so many bugs will grow

ÅBlood agar

ÅChocolate agar

ÅDifferential
ÅDifferent bugs grow with different patterns

ÅBlood agar: alpha, beta hemolysis



Culture Media

ÅBlood agar
ÅEnriched (blood)

ÅDifferential (hemolytic patterns)

ÅEosin Methylene Blue
ÅSelective (only gram negatives)

ÅDifferential (lactose fermenters)



Fastidious Bacteria

ÅFastidious = attentive to detail

ÅFastidious organisms require special nutrients 

ÅMay not grow on standard media

ÅSome examples:
ÅH. Influenza

ÅLegionella



Blood Agar

ÅContain mammalian blood ɀusually 5% sheep blood

ÅNon-selective

ÅEnriched (blood)

ÅDifferential by hemolysis pattern

Image courtesy Y tambe/Wikipedia

Hemolysis Patterns
Beta = lysis

Alpha = partial
Gamma = no lysis



Gram Positive Bacteria



Blood Agar

ÅCommonly used to differentiate species of 
streptococcus
ÅAlpha

ÅBeta

ÅGamma

ÅSpecial feature of pseudomonas:
ÅBeta-hemolytic

ÅGreenish-metallic appearing colonies

ÅProduction of the pigments pyoverdin and pyocyanin

ÅStaph Aureus
ÅBeta hemolytic



Chocolate Agar

ÅVariant of blood agar

ÅContains red blood cells that are lysed (heating)

ÅContains NAD (factor V) and hemin (factor X)
ÅNAD from inside RBCs

ÅMedia heated such that they are not destroyed

ÅH. Influenzae will grow

ÅClassic scenario:
Å"ÁÃÔÅÒÉÁ ×ÏÎȭÔ ÇÒÏ× ÏÎ ÂÌÏÏÄ ÁÇÁÒ ÕÎÌÅÓÓ 3Ȣ !ÕÒÅÕÓ ÐÒÅÓÅÎÔ



Thayer-Martin Media
VPN/VCN

ÅEnriched, selective media for Neisseria

ÅNeisseria often from sites with lots of other flora
ÅThroat, genitalia

ÅNeed very selective media

ÅSupplemented chocolate agar

ÅVancomycin: Kills most Gram-positive organisms

ÅColistin (polymyxin): Kills most Gram-negatives
ÅExcept Neisseria

ÅNystatin: Kills most fungi



Thayer-Martin Media
VPN/VCN

Wikipedia/Public Domain



Bordet-GengouAgar
Potato Agar

ÅClassic special media for Bordetella pertussis
ÅWhooping cough

ÅExtremely rare due to vaccination

ÅPrepared from potatoes Ą high in starch
ÅFavorable to pertussis bacteria



,ÏÅÆÆÌÅÒȭÓ -ÅÄÉÁȾTellurite Plate

Å,ÏÆÆÌÅÒȭÓ -ÅÄÉÁ
ÅSelective media for Corynebacterium diphtheriae

ÅTellurite Media (Cysteine-Tellurite Agar)
ÅDifferential media for C. diphtheria

ÅC. diphtheria reduces potassium tellurite to tellurium 

ÅProduces gray-black colored colonies 



Lowenstein-Jensen Agar

ÅSpecial media for Mycobacterium tuberculosis

ÅEggs, flour, glycerol, salt

ÅM. tuberculosis  is SLOW growing

ÅSeveral weeks for visible colonies to appear

ÅM. tuberculosis: Ziehl-Neelsenstain



Eaton's Agar

ÅCulture of mycoplasma pneumonia

ÅBacteria has no cell wall

ÅPoorly visualized with gram stain

ÅEaton medium specialized for m. pneumonia growth
ÅRequire cholesterol to grow

ÅTakes days to weeks to grow

ÅCulture rarely used in modern era

ÅDiagnosis via:
ÅSerology (antibody testing)

ÅPCR (bacterial DNA)

ÅCold agglutinins (IM antibodies)

ÅUsually treated empirically



MacConkey'sAgar

ÅSelective media for gram (-) bacteria

ÅContains bile saltsas inhibitors of growth

ÅInhibit Gram (+) bacteria

ÅAlso differential for lactose fermenters 
ÅLactose fermentation produces acid Ą turns agar pink

ÅNon-lactose fermenters are colorless



MacConkey'sAgar

Image courtesy Wikipedia/Public Domain



Gram Negative Bacteria



Eosin-Methylene Blue Agar
EMB

ÅSimilar in function to -ÁÃ#ÏÎËÅÙȭÓAgar

ÅEosin Y and methylene blue as inhibitors

ÅInhibit Gram (+) bacteria

ÅAlso differential for lactose fermenters 
ÅLactose fermenters (Escherichia coli) appear as colonies 

with green metallic sheen or blueɀblack to brown color

ÅBacteria that do not ferment lactose appear as colorless or 
transparent colonies



Eosin-Methylene Blue Agar
EMB

Image courtesy Wikipedia/Public Domain



Sorbitol MacConkeyAgar

ÅDetection of E. Coli O157:H7 strains (Shiga-like toxin)

ÅO157:H7 cannot ferment sorbitol (other E. Coli can)

ÅO157:H7 grows as colorless colonies on this medium

ÅOther E. Coli produce pink colonies



Buffered Charcoal Yeast Extract
BCYE

ÅContains dyes that give Legionella distinct color

ÅAntibiotics added: inhibits growth of competing bugs

ÅVery important to culture this bacteria
ÅCan contaminate water supplies

ÅCause outbreaks

ÅUrinary antigen test also available
Å/ÎÌÙ ÕÓÅÆÕÌ ȰÔÙÐÅ ρ ÉÎÆÅÃÔÉÏÎȱ

ÅNegative test is not 100%



Sabouraud'sAgar

ÅSelective media for fungi

ÅDeveloped by a French dermatologist
ÅGrowth of fungi in skin, hair, or nails (dermatophyte)

ÅAcid or antibiotics inhibit bacterial growth



Special Growth 
Requirements
Jason Ryan, MD, MPH



Bacterial Growth 
Environments
ÅObligate anaerobes

ÅObligate aerobes

ÅFacultative anaerobes

ÅIntracellular bacteria



Energy Production

ÅRespiration
ÅElectron transport chain

ÅMakes ATP

ÅRequires oxygen

ÅFermentation
ÅSugars Ą acids

ÅMakes ATP (less)

ÅDoes not use oxygen



Superoxide Dismutase & 
Catalase
ÅEnzymes of aerobic organisms

ÅSuperoxide radical (O2
Ϻ) produced by bacterial 

metabolism

ÅSuperoxide dismutase
ÅCatalyzes superoxide(O2

Ϻ) radical to O2 or hydrogen peroxide

ÅCatalase
ÅConverts hydrogen peroxide (H2O2) to oxygen and water

ÅNeed these enzymes to survive in oxygen 
environments



Obligate Aerobes

ÅUse O2 system to generate ATP

ÅOxygen is final electron acceptor during respiration

ÅCan generate lots of energy (more than anaerobes)

ÅContain superoxide dismutase

ÅKey bacteria:
ÅPseudomonas aeruginosa

ÅMycobacterium tuberculosis

ÅNocardia (opportunistic infections)



Obligate Anaerobes

ÅLack catalase or superoxide dismutase

ÅCommon among normal flora of gut and mouth
Å99% fecal flora

Å100x more anaerobes than aerobes in mouth

Å$ÏÎȭÔ ÃÁÕÓÅ ÃÏÍÍÕÎÉÃÁÂÌÅ ÄÉÓÅÁÓÅÓ

ÅOften live near mucosal surfaces

ÅDisease when surfaces breakdown 

ÅOften present in abscesses

ÅAminoglycosides ineffective (require O2)



Obligate Anaerobes

ÅUses fermentation (no O2)

ÅByproducts are often gases like CO2 and H2

ÅAlso produce short chain fatty acids
ÅAcetic acid, isobutyric acid, many others

Å2ÅÓÕÌÔÓ ÉÎ ȰÆÏÕÌ ÓÍÅÌÌȱ



Obligate Anaerobes

ÅActinomyces (gums; dental abscesses)

ÅBacteroides (abdominal abscesses)

ÅClostridium (botulinum; perfringens; tetani)



Key Anaerobic Infections

ÅAbdominal abscesses/perforations
ÅContain many gram (-) flora of GI tract

ÅAlso contain Bacteroides fragilis (anaerobe)

ÅB. fragilis resistant to many antibiotics

ÅTreatment: Metronidazole + gram (-) agent

ÅAspiration pneumonia
ÅMouth anaerobes enter lungs

ÅPeptostreptococcus, Fusobacterium, Prevotella

ÅTreatment: Clindamycin



Facultative Anaerobes

ÅCan live without oxygen but use it if available

ÅPerform respiration and fermentation

ÅPasteur effect: Oxygen inhibits fermentation

ÅMany common bacteria fall in this category
ÅStaph

ÅStrep

ÅE. Coli



Aerotolerant Anaerobes

ÅSimilar to facultative anaerobes

ÅAlways use fermentation even in presence of oxygen

ÅRare

ÅFew examples relevant to clinical disease



Obligate Intracellular Bacteria

ÅCannot synthesize their own ATP (chlamydia)

ÅOr depend on host for ATP (rickettsia)

ÅWill not gram stain well (inside other cells)

ÅDifficult to grown (need cell culture)

ÅRickettsia 
ÅRocky Mountain spotted fever

ÅDiagnosed clinically or with serology (antibody tests)

ÅChlamydia
ÅDiagnosis: Nucleic Acid Amplification Testing (DNA testing)



Facultative Intracellular 
Bacteria
ÅMycobacterium (macrophages)

ÅLegionella (macrophages)

ÅSalmonella (intestinal cells)

ÅNeisseria (urethral epithelial cells)

ÅListeria (monocytes, macrophages)

ÅBrucella (macrophages and neutrophils)

ÅFrancisella (macrophages)

ÅYersinia pestis (macrophages)



Virulence
Jason Ryan, MD, MPH



Virulence Factors

ÅBacterial features that allow evasion of host defenses

ÅKey examples to know:
ÅProtein A

ÅIgA protease

ÅM protein



Protein A

ÅKey virulence factor of Staph Aureus

ÅPart of peptidoglycan cell wall 

ÅInhibits phagocytosis

ÅBinds Fc portion of IgG antibodies

ÅPrevents opsonizationand phagocytosis by 
macrophages

ÅPrevents complement activation



IgA Protease

ÅEnzymes that cleave IgA

ÅIgA key for mucosal immunity

ÅProtease allows colonization of mucosal surfaces

ÅS. pneumonia

ÅH. influenza

ÅNeisseria (gonorrhoeaeand meningitidis)



M Protein

ÅSurface molecule of group A strep (pyogenes)
ÅStrep throat, rheumatic fever

ÅM protein prevents phagocytosis
ÅBinds factor H

ÅBreaks down C3-convertase, preventopsonizationby C3b



M Protein

ÅShares properties with myosin
ÅMay be the basis of rheumatic heart disease

ÅPost-strep complications
ÅRheumatic heart disease

ÅGlomerulonephritis

ÅDifferent M protein subtypes associated each complication



Bacterial Toxins

ÅEndotoxin
ÅOnly in gram (-) bacteria

ÅComponent of outer cell membrane

ÅLipopolysaccharide (LPS)

ÅExotoxin
ÅProteins synthesized by some bacteria



Endotoxin

ÅComponent of gram (-) bacterial cell wall

ÅReleased when bacteria die (not secreted)

ÅLipopolysaccharide complex (LPS)

ÅMany different variants

ÅAll have lipid A core
ÅResponsible for most of the toxicity

ÅO antigen
ÅTerminal end sugars that vary among bacterial strains

ÅDo not cause disease by themselves



Endotoxin

ÅCan cause fever, shock

ÅTriggers TNF and IL-1 release 
ÅKey immune components of sepsis and septic shock

ÅGenerates weak antibody response
Å#ÁÎȭÔ ÖÁÃÃÉÎÁÔÅ ÁÇÁÉÎÓÔ ÅÎÄÏÔÏØÉÎ

ÅHeat stable (tolerates high temps)



Endotoxin

LPS

Macrophages

IL-1
Fever

TNF
Fever
ᴽ"0

NO
ᴽ"0

Complement

C3a
ᴽ"0

Edema

C5a
Neutrophils
Chemotaxis

Edema

Tissue Factor

Coagulation
DIC

CD14



Lipooligosaccharide
LOS

ÅEndotoxin

ÅSimilar to LPS with some structural differences

ÅLacks O-antigen

ÅFound on non-enteric gram negatives

ÅNeisseria meningitidis is most important example



Endotoxin

ÅClassic examples of endotoxin reactions
ÅMeningococcemia

ÅGram (-) sepsis



Exotoxins

ÅProteins secreted by bacteria Ą disease symptoms

Å#ÌÁÓÓÉÃ ÓÔÒÕÃÔÕÒÅȡ Ô×Ï ÃÏÍÐÏÎÅÎÔ Ȱ!-"ȱ ÐÏÌÙÐÅÐÔÉÄÅ

ÅA component is toxic (A for active)

ÅB component binds to cell surfaces (B for binding)

ÅVarious mechanisms of entry after B binding

B

A

Cell



Exotoxins

ÅMany known exotoxins with various toxic effects

ÅGeneral categories:
ÅInhibit protein synthesis

ÅIncrease fluid secretion

ÅInhibit phagocytosis

ÅInhibit neurotransmitter release

ÅLyse cell membranes

ÅSuperantigens



Toxin Mechanisms
Protein Synthesis Inhibitors

ÅCorynebacterium diphtheria

ÅPseudomonas aeruginosa

ÅShigella

ÅEnterohemorrhagic E. Coli (EHEC)



ADP Ribosylation

ÅTwo toxins work by adding ADP-Ribose to proteins
ÅDiphtheria toxin

ÅExotoxin A (pseudomonasaeruginosa)

ÅAddition of ADP-Ribose makes protein dysfunctional



Corynebacterium Diphtheria

ÅSore throat with membrane, swollen nodes

ÅLargely eradicated by vaccination
ÅDiphtheriaɀpertussisɀtetanus(DPT) vaccine

ÅDiphtheria toxin: Inactivates elongation factor (EF-2)

ÅEF-2 necessary for protein synthesis

ÅLethal toxin

NAD Nicotinamide

EF-2 ADP-ribosyl-EF-2

Toxin +++

No protein synthesis



Pseudomonas aeruginosa

ÅCauses many types of infection
ÅSkin, sepsis, pneumonia

ÅSecretes exotoxin A

ÅSame mechanism as diphtheria toxin

NAD Nicotinamide

EF-2 ADP-ribosyl-EF-2

Toxin +++

No protein synthesis



Shigella

ÅCauses infectious diarrhea

ÅSecretes shigatoxin

ÅBinds to 60S ribosome in cells 

ÅRemoves a specific adenine residue from rRNAin the 
60S ribosomal subunit

ÅHalts protein synthesis 

ÅSpecial note: 
ÅInvasion of GI mucosal cells is main cause of disease

ÅNon-toxigenic strains cause significant disease



Enterohemorrhagic E. Coli 
(EHEC)

Å3ÏÍÅ %Ȣ #ÏÌÉ ÓÔÒÁÉÎÓ ÐÒÏÄÕÃÅ Ȱshiga-ÌÉËÅȱ ÔÏØÉÎ

ÅSame mechanism as shigatoxin

ÅTypically causes bloody diarrhea

ÅClassic serotype is E. coli O157:H7

ÅDo not invade host cells
ÅAttach to intestinal epithelial cells

ÅDisease from secretion of proteins into host cells

ÅToxin



Shiga Toxin

ÅAlso stimulates cytokine release

ÅWhen reaches systemic circulation, can lead to 
hemolytic uremic syndrome



Key Points

ÅShigella and EHEC produce shigatoxins

ÅBoth cause bloody diarrhea

ÅShigella
ÅDisease from  bacterial invasion of mucosa

ÅToxin less important in disease than invasion

ÅEHEC
ÅDo not invade cells

ÅDisease from toxin (inflammation)

ÅHemolytic uremic syndrome



Toxin Mechanisms
Increase Fluid Secretion

ÅEnterotoxigenicE. Coli (ETEC)

ÅBacillus anthracis

ÅVibrio cholera



Fluid Secretion in GI Tract

Gs AC

cAMP

CFTR

Cl-

Key Points:
#1: Amount of Cl-ÓÅÃÒÅÔÅÄ Ђ ÁÍÏÕÎÔ ÏÆ ×ÁÔÅÒ ÉÎ ') ÔÒÁÃÔ
#2: To increase Cl- secretion, active Gsor AC



EnterotoxigenicE. Coli 
(ETEC)

ÅTwo toxins differentiated by heat stability
ÅHeat labile toxin (LT)

ÅHeat stable toxin (ST)



E. Coli Heat Labile Toxin

Å!ÃÔÉÖÁÔÅÓ ÁÄÅÎÙÌÁÔÅ ÃÙÃÌÁÓÅ ɉᴻÃ!-0Ɋ

ÅIncreases water in gut Ą diarrhea



E. Coli Heat Stable Toxin

ÅActivates guanylatecyclase

ÅIncreases cGMP

ÅStimulation of chloride secretion 

ÅInhibition of sodium chloride absorption

ÅMore water in gut Ą diarrhea



Bacillus Anthracis

ÅAnthrax makes three proteins: protective antigen (PA), 
lethal factor (LF), and edema factor (EF)

ÅAlone they cause no known physiological effects 

ÅIn pairs they produce toxicity 

ÅEdema toxin = PA + EF

ÅMimics adenylate cyclase

ÅMultiple sites of disease
ÅSkin (most common)

ÅLungs (inhalation Ą necrotizing pneumonia)

ÅGI (ulcers)

ÅSkin and GI lesions often have edematous borders
ÅMay be caused by edema factor



Vibrio Cholera

ÅCholera toxin

ÅPermanently activates GsĄᴻÃ!-0

Å6ÏÌÕÍÉÎÏÕÓ ȰÒÉÃÅ-×ÁÔÅÒȱ ÄÉÁÒÒÈÅÁ

ÅCommon in areas with lack of clean water

ÅDeath: profound dehydration, electrolyte losses, shock

ÅAggressive volume repletion is mainstay of treatment



Toxin Mechanisms 
Inhibitors of Phagocytosis

ÅBordetella pertussis (whooping cough)

ÅPertussis toxin

ÅShown to inhibit Gi proteins 

ÅAllows over-activation of adenylate cyclase

Åᴻ cAMPlevels in cells in neutrophils

ÅResult: impaired recruitment of neutrophils



Toxin Mechanisms 
Neurotoxins

ÅClostridium tetani

ÅClostridium botulinum

ÅBoth work by disruption of SNARE proteins



SNARE Proteins

NT

Muscle or Nerve Cell

SNARE proteins present in vesicles
!ÌÌÏ× ÖÅÓÉÃÌÅÓ ÔÏ ȰÄÏÃËȱ ÁÎÄ ÕÎÌÏÁÄ .4

NT

Neuron



Neurotoxins

ÅClostridium tetani
ÅTetanospasmin

ÅWorks in spinal cord (Renshaw cells)

ÅInhibits inhibitory neurons (GABA and glycine)

ÅResult: Muscles always on (rigid)

ÅClostridium botulinum
ÅBotulinum toxin

ÅWorks at neuromuscular junctions

ÅPrevents Ach release (no muscle contraction)

ÅResult: Muscles floppy (flaccid paralysis)



Toxin Mechanisms 
Lysis of Cell Membranes

ÅClostridium perfringens

ÅStrep pyogenes



Clostridium perfringens
Gas gangrene

ÅAlpha toxin

ÅPhospholipase C enzyme

ÅDegrades phosphatidylcholine and sphingomyelin

ÅMuscle breakdown (myonecrosis)

ÅCauses a decline in muscle blood flow 

ÅForms occlusive plugs: platelets, leukocytes, fibrin

ÅResult: Low O2 environment favorable to bacteria



Strep Pyogenes
Strep Throat/Rheumatic Fever /Glomerulonephritis

ÅStreptolysin O

ÅȰCytolysinȱ ɉÌÙÓÉÓ ÃÅÌÌÓɊ

ÅResponsible for beta hemolysis (also streptolysin S)

ÅAnti-streptolysin O (ASO) antibodies 
ÅElevated following strep infection

ÅCan be useful in suspected rheumatic heart disease or post-
strep glomerulonephritis



Toxoid Vaccines

ÅToxoid = inactivated bacterial toxin

ÅUsed for vaccination

ÅUsed to prevent diphtheria and tetanus

ÅPart of DTaPcombined immunization
ÅDiphtheria

ÅTetanus

ÅȰAcellularȱ 0ÅÒÔÕÓÓÉÓ ɉÉÎÁÃÔÉÖÅ ÔÏØÉÎ ÐÌÕÓ ÂÁÃÔÅÒÉÁÌ ÅÌÅÍÅÎÔÓɊ



Exotoxin Genetics

ÅMany exotoxin genes not part of chromosome

ÅPlasmid-encoded
ÅE. coli heat-labile toxin

ÅBacteriophage-encoded
ÅCorynebacterium diphtheriae

ÅStrep pyogeneserythrogenic

ÅE. Coli shiga-like toxin

ÅBotulinum toxin

ÅCholera toxin



Superantigens

ÅActivate a MASSIVE number of T-cells

APC

MHC

A

T-Cell

TCR

Normal Antigen

APC

MHC

A

T-Cell

TCR

Super Antigen



Superantigens

ÅTypical antigen response: <1% T-cells

ÅSuperantigen: 2-20% T-cells

ÅHUGE release of cytokines (IFN-ɾand IL-2)

ÅMassive vasodilation and shock



Superantigens

ÅStaph aureus
ÅToxic shock syndrome toxin (TSST-1)

ÅStrep pyogenes(group A strep)
ÅPyrogenic exotoxin A or C

ÅBoth can cause toxic shock syndrome
ÅMore common with staph

ÅStrep TSS often associated with necrotizing fasciitis



Toxic Shock Syndrome

ÅFever, shock (hypotension),  red rash

ÅDiffuse, red erythroderma (resembles sunburn)

ÅAfter weeks: desquamation of palms/soles

ÅDiarrhea is common

ÅMulti -organ system failure often results

ÅClassic scenarios (staph + packing):
ÅWomen using tampons

ÅSurgical wound with packing



Growth and  
Genetics
Jason Ryan, MD, MPH
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Gene Transfer

ÅBacteria often transfer genetic material

ÅKey for evolution of antibiotic resistance

ÅThree key mechanisms:
ÅTransformation

ÅConjugation

ÅTransduction



Bacterial Transformation

ÅDirect uptake DNA from surrounding environment

ÅAllows for evolution of DNA over time

ÅVery useful technique in micro labs

ÅIntroduce genes to bacteria for replication



Bacterial Conjugation

ÅTransfer from one cell to another via pilus 
ÅPhysical contact of two organisms

ÅDNA transferred via plasmids



Plasmids

ÅSmallDNAmolecule within a cell 

ÅPhysically separated from chromosomal DNA

ÅCan replicate independently

ÅCan contain genes for antibiotic resistance, toxins

ÅCan be transferred one bacteria to another

Image courtesy of Spaully/Wikipedia



Bacterial Conjugation

Image courtesy of Adenosine/Wikipedia



Transformation vs. 
Conjugation
ÅClassic scenario:
ÅStrain A requires amino acid X for growth (does not need Y)

ÅStrain B requires amino acid Y for growth (does not need X)

ÅStrain A and Strain B grown together without X or Y

ÅDNAaseadded to medium to degrade DNA

ÅBacteria grow! 

ÅAbility to grow without X/Y xferred between bacteria

ÅCannot be transformation

ÅDNAasedestroyed any leaked DNA

ÅMust be conjugation



High Frequency Strains



High Frequency Strains

ÅUsed to map genes

ÅProcess takes time

ÅCan interrupt at various time intervals

ÅSee which genetic material has transferred
ÅPlasmid site is origin of genetic transfer

ÅInitial material transferred is that closest to plasmid

ÅWith multiple experiments can make a map



Transduction

ÅTransfer of DNA via a bacteriophage
ÅVirus that infects bacteria

ÅVirus picks up DNA, transfers to another bacteria



Transduction

ÅGeneralized
ÅVirus infects bacteria

ÅMultiplies, randomly picks up host DNA

ÅHost DNA transferred to other bacteria

Image courtesy of Wikipedia/Public Domain



Transduction

ÅSpecialized
ÅTransfer of  specific genes

ÅVirus DNA inserts into host DNA (lysogeny)

ÅWhen bacteriophage DNA excised, packaged into virus with 
specific host DNA



Lytic vs. Lysogenic Phages

ÅTransduction happens in two ways

ÅLytic cycle 
ÅNuclear material enters bacteria

ÅMultiplies , lyses cell

ÅReleases progeny viruses

ÅLysogenic cycle
ÅNuclear material enters cell

ÅIncorporates in host DNA

ÅMay later become excised (enter lytic phase)

ÅPhages that replicate only via the lytic cycle: virulent

ÅPhages that replicate using both: temperate



Lytic Phages

ÅVirus infects bacteria

ÅUses cellular machinery to reproduce

ÅLyses cell

ÅUsually generalized gene transfer

Image courtesy of Wikipedia/Public Domain



Lysogenic Phages

ÅVirus infects bacteria

ÅIncorporates phage DNA into bacterial DNA

ÅCan remain dormant for long periods of time

ÅCertain triggers (i.e. UV light) induce genome excision

ÅResults in a lytic cycle and release of phage particles

Asiela/Wikipedia



Why Lysogeny Matters

ÅGenes for some bacterial toxins are transferred to 
non-toxic strains via lysogeny

ÅExample:
ÅNot all strains C. diphtheria are toxic

Å'ÅÎÅ ÆÏÒ ÔÏØÉÎ ÉÓ ÎÏÔ ÐÁÒÔ ÏÆ ÂÁÃÔÅÒÉÁȭÓ ÇÅÎÏÍÅ

ÅGene carried by a phage (corynephage)

ÅToxicity depends on infection with phage



Lysogenic Toxins

ÅDiphtheria toxin

ÅErythrogenic toxin (S. pyogenes; Scarlet fever)

ÅShiga-like toxin (E. Coli; EHEC)

ÅCholera toxin

ÅBotulinum toxin

Source: Brussow, et al. Microbiol Mol Biol Rev. Sep 2004; 68(3): 560ɀ602



Transposition

ÅTransposons are DNA segments within bacterial DNA

ÅCan be excised and reintegrated in new locations in 
DNA

ÅOnce excised, can also be moved to plasmid

ÅMechanism of transfer of resistance to antibiotics
ÅBacteria #1 is resistant

ÅTransposon segment carries resistance gene

ÅTransposon moved to plasmid

ÅPlasmid transferred to other bacteria



Bacterial 
Identification
Jason Ryan, MD, MPH



Gram Positive Bacteria



Lancefield Grouping

ÅSystem for classifying streptococci

Å"ÁÓÅÄ ÏÎ Ȱ# ÃÁÒÂÏÈÙÄÒÁÔÅÓȱ ÉÎ ÔÈÅ ÃÅÌÌ ×ÁÌÌ ÔÈÁÔ ÁÌÌÏ× 
agglutination with particular antisera

ÅCommercially available tests for different antigens

ÅClinically relevant groups:
ÅGroup A: Strep Pyogenes

ÅGroup B: Strep Agalactiae

ÅGroup D: Enterococcus



Cocci

Cocci Diplococci
ȰÐÁÉÒÓȱ

Streptococci
Ȱ#ÈÁÉÎÓȱ

Staphylococci
Ȱ"ÕÎÃÈÅÓȱ
Ȱ#ÌÕÓÔÅÒÓȱ



Cocci

Streptocci
Ȱ#ÈÁÉÎÓȱ Staphlococci

Ȱ"ÕÎÃÈÅÓȱ
Ȱ#ÌÕÓÔÅÒÓȱ

Image courtesy Y Tambe/WikipediaImage courtesy GrahamColm/Wikipedia



Blood Agar

ÅContain mammalian blood ɀusually 5% sheep blood

ÅNon-selective

ÅEnriched (blood)

ÅDifferential by hemolysis pattern

Image courtesy Y tambe/Wikipedia

Hemolysis Patterns
Beta = lysis

Alpha = partial
Gamma = no lysis



Catalase Test

ÅDifferentiates Staph from Strep

ÅCatalase enzyme produced by bacteria that use oxygen

ÅBreaks down H2O2 into H2O and O2 (makes bubbles)

ÅHydrogen peroxide on slide

ÅAdd bacteria

ÅLook for bubbles

ÅCatalase positive = bubbling

ÅCatalase negative = no bubbling

CDC/Public Domain



CGD
Chronic Granulomatous Disease

ÅPhagocytes use NADPH oxidase

ÅGenerate H2O2 from oxygen (respiratory burst)

ÅCGD = Loss of function of NADPH oxidase
ÅPhagocytes cannot generate H2O2 

ÅCatalase (-) bacteria generate their own H2O2 which 
phagocytes use despite enzyme deficiency

ÅCatalase (+) bacteria breakdown H2O2

ÅHost cells have no H2O2 to use Ą recurrent infections

ÅFive organisms cause almost all CGD infections:
ÅStaph aureus, Pseudomonas, Serratia, Nocardia, Aspergillus

Source: UpToDate



Coagulase Test

ÅDifferentiates Staph Aureus from other Staph

ÅRabbit plasma in tube, add bacteria

ÅCoagulase (cell surface) causes fibrin clot to form

ÅCoagulase positive = clumping

ÅCoagulase negative = no clumping



Novobiocin

ÅDifferentiates S. saprophyticus from S. epidermidis

ÅTechnique:
ÅPlate bacteria on agar with NovobiocinȰÄÉÓËȱ

ÅMeasure clearance zone around disk

ÅResistant = Growth near edge of disk

ÅSensitive = Large zone of clearance around disk

CDC/Public Domain



Bacitracin

ÅDifferentiates Group A strep from Group B strep

ÅBacitracin: antibiotic that interferes with 
peptidoglycan synthesis

ÅBacteria vary in their susceptibility

ÅTechnique:
ÅPlate bacteria on agar with bacitracin disk

ÅMeasure clearance zone around disk

ÅResistant = Growth near edge of disk

ÅSensitive = Large zone of clearance around disk



Optochin
ethylhydrocupreine

ÅDifferentiates S. pneumonia from S. viridans strep

ÅS. pneumonia highly sensitive to Optochin

ÅTechnique:
ÅPlate bacteria on agar with optochin disk

ÅMeasure clearance zone around disk

ÅResistant = Growth near edge of disk

ÅSensitive = Large zone of clearance around disk



Bile Esculin Agar

ÅSelective for:
ÅGroup D strep (Enterococci and S. bovis)

ÅBile salts inhibit most Gram-positive bacteria

ÅEsculin:
ÅHydrolyzed by Group D strep

ÅMedia turns dark brown/black



NaClMedia

ÅDifferentiates Enterococcus from non-enterococcus 
Group D bacteria (S. bovis)

Å%ÎÔÅÒÏÃÏÃÃÕÓ ÉÓ ȰÓÁÌÔ ÔÏÌÅÒÁÎÔȱ

ÅCan grow in high salt concentrations

ÅInoculate bacteria on high NaClmedia 

ÅWatch for growth



Lancefield Group D

Grows on NaCl
Enterococcus

Bile Esculin Agar Turns Black
(positive result)

Does not grow on NaCl
Strep Bovis

Group D Strep



Mannitol Salt Agar

ÅUsed to differentiate staph species

ÅContains high concentration of salt (7.5%) 

ÅStaph can tolerate high saline levels 

ÅContains mannitol and pH indicator (phenol red)

ÅMannitol fermenters make acid 

ÅPhenol red turns yellow

ÅStaph aureus ferments mannitol

ÅMost other staph do not

ÅGrowth on MSA with yellow color is Staph Aureus

Navaho/Wikipedia



Gram Negative Bacteria



Maltose

ÅNeisseriameningitidis can metabolize maltose

ÅNeisseriagonorrhoeae cannot

ÅGrowth media with maltose used to differentiate



Lactose Fermentation

ÅMacConkey's Agar

ÅSelective media for gram (-) bacteria

ÅContains bile saltsas inhibitors of growth

ÅInhibit Gram (+) bacteria

ÅInhibits fastidious gram (-): Neisseria, Pasteurella

ÅDifferential for lactose fermenters 
ÅLactose fermentation produces acid Ą turns agar pink

ÅNon-lactose fermenters are colorless



MacConkey's Agar

Image courtesy Wikipedia/Public Domain



Fast and Slow Fermenters

ÅCitrobacter and Serratia can initially appear as non-
lactose fermenting due to slow growth

ÅLonger incubation will show growth



Oxidase

ÅTest for presence of cytochrome oxidase

ÅBacterial colonies placed on paper discs with indicator 
present

ÅIf oxidase is present, color change occurs



Campylobacter & Vibrio

Å/ØÉÄÁÓÅ ɉϹɊ ÏÒÇÁÎÉÓÍÓ ÔÈÁÔ ÁÒÅ ȰÃÏÍÍÁ ÓÈÁÐÅÄȱ ÍÁÙ 
be Campylobacter or Vibrio

ÅCampylobacter grows at 42oC (Vibrio does not)

ÅVibrio grows on alkaline media (Campy does not)



H2S Production

ÅOxidase (-) organisms can be subdivided by H2S 

ÅSalmonella and proteus produce H2S 

ÅShigella does NOT produce H2S 

ÅTriple Sugar Iron (TSI) test 
ÅOrganisms that produce H2S will turn TSI media black



Staphylococci
Jason Ryan, MD, MPH



Gram Positive Bacteria



Staphylococci

ÅStaph Aureus

ÅStaph Epidermidis

ÅStaph Saprophyticus

ÅAll gram positive cocci

ÅAll form clusters

ÅAll catalase (+)



Staph Aureus
Special Features

1. Basic habitat is the nares (nose)
Å30% of people carry the bacteria

2. Produces a yellow pigment (aureus = golden)

3. Beta-hemolytic

4. Coagulase (+)
ÅForms fibrin clot 

5. Protein A virulence factor
ÅBlocks Fc-IgG interaction

ÅPrevents phagocytosis & complement activation

6. Produces several toxin-related diseases



Staph Aureus
Infections

ÅToxin disease
ÅToxic Shock  Syndrome (TSST-1)

ÅFood poisoning (Staph aureus enterotoxin)

ÅScalded skin syndrome (Exfoliatin)

ÅInfectious diseases
ÅSkin infections (Impetigo)

ÅPneumonia

ÅEndocarditis

ÅOsteomyelitis

ÅAbscesses



Toxic Shock Syndrome

ÅToxic Shock  Syndrome Toxin (TSST-1)

ÅFever, shock (hypotension),  red rash

ÅDiffuse, red erythroderma (resembles sunburn)

ÅAfter weeks: desquamation of palms/soles

ÅDiarrhea is common

ÅMulti -organ system failure often results

ÅClassic scenarios (staph + packing):
ÅWomen using tampons

ÅSurgical wound with packing



Staph Food Poisoning

ÅFood handler contaminates food

ÅFood left at room temperature several hours
ÅPicnic is classic scenario

ÅBacteria grow in food Ą produce enterotoxin

ÅIngestion of preformed toxin causes disease

ÅGI illness develops ~3 to 6 hours later
ÅNausea, vomiting (diarrhea rare)

ÅAbdominal cramps

ÅLook for multiple sick people after eating at a picnic

ÅClassic food is mayonnaise in potato or egg salad



Scalded Skin Syndrome

ÅNewborn disease 

ÅCaused by S. Aureus exfoliative toxin (Exfoliatin)

ÅClassically occurs 3 to 7 days of age

ÅFever, diffuse erythema starting at the mouth

ÅSloughing of skin 

ÅToxin destroys keratinocyte attachments in stratum 
granulosum only

ÅDamage intraepidermal: Heals completely (no scar)

Å.ÉËÏÌÓËÙȭÓ ÓÉÇÎȡ ÓËÉÎ ÓÌÉÐÓ ÏÆÆ ×ÉÔÈ ÇÅÎÔÌÅ ÔÕÇ



Skin Layers

Mikael Häggström, /Wikipedia



Bullous Impetigo

ÅImpetigo = skin infection
ÅCaused by Group A strep or Staph Aureus

ÅHoney colored, crusted lesions

ÅBullous impetigo = variant of impetigo with bullae

ÅBullae =  fluid-filled sacs similar to blisters

ÅBullous impetigo caused by S. Aureus

ÅClassically occurs in children

ÅEasily spread one child to another

ÅS. Aureus exfoliative toxin strains

Image courtesy of Åsa Thörn/Wikipedia



Pneumonia

ÅStaph is rare cause of lobar pneumonia

Å#ÌÁÓÓÉÃÁÌÌÙ ÏÃÃÕÒÓ ÁÓ ȰÐÏÓÔ-ÉÎÆÅÃÔÉÏÕÓȱ
ÅBacterial pneumonia following influenza



Endocarditis

ÅClassic cause of ACUTE endocarditis
ÅRapid onset of symptoms

ÅVery ill patient

ÅOften no pre-existing valve disease (i.e. mitral valve prolapse)

ÅContrast with subacute ĄStrep Viridans
ÅSlower onset of symptoms

ÅLess sick patient

ÅPrior valve abnormality 



Intravascular devices

ÅȰ#ÅÎÔÒÁÌ ÌÉÎÅÓȱ

ÅCommon cause of staph bacteremia

ÅMost important preventative measure is sterile 
technique:
ÅWash hands

ÅGloves

ÅSterile insertion practices



Osteomyelitis

ÅS. Aureus is common cause of osteomyelitis

ÅChildren: Usually long bones (femur, tibia, fibula)

ÅAdults: Usually spine

ÅMechanisms:
ÅHematogenous spread

ÅSpread from skin/soft tissues

ÅTrauma (surgery)

ÅSymptoms usually localized pain +/- fever

ÅDiagnosis made by imaging (CXR, CT scan, MRI)



Osteomyelitis
Classic Causes

ÅChild
ÅStaph aureus (hematogenous spread)

ÅSickle Cell patient
ÅSalmonella (hematogenous spread)

ÅTB patient
Å0ÏÔÔȭÓ ÄÉÓÅÁÓÅ ɉÖÅÒÔÅÂÒÁÅȾÓÐÉÎÅɊ

ÅDiabetic
ÅPolymicrobial from foot ulcer

ÅBedbound patients
ÅPolymicrobial from pressure sores



Cellulitis

ÅInfection of deep dermis and subcutaneous fat

ÅMostly caused by ɼ-hemolytic streptococci

ÅS. Aureus can also cause

ÅAntibiotics must cover Staph

Image courtesy of Pshawnoah/Wikipedia



Abscesses

ÅBacteria and inflammatory cells (pus)

ÅWalled off in deep tissues

ÅSkin abscesses commonly caused by S. Aureus
ÅFuruncle = boil; infection of hair follicle

ÅCarbuncle = multiple boils clustered together

ÅTonsillar abscesses

ÅMainstay of treatment is incision and drainage



Staph Aureus Antibiotics

ÅMost strains of Staph resistant to penicillin

ÅProduce beta-lactamases

ÅAntistaphylococcalpenicillins
ÅDicloxacillin, Nafcillin, Oxacillin

ÅFirst generation cephalosporins
ÅCephalexin

ÅBeta lactam plus inhibitor
ÅAmoxicillin/ clavulanate



MRSA
Methicillin -resistant Staphylococcus aureus

ÅResistant to all beta lactams

ÅAltered penicillin binding proteins (PBPs)

ÅImportant hospital-acquired bacteria
ÅSometimes community acquired

ÅVancomycin ordaptomycin: antibiotics of choice

ÅCan also use Linezolid



Staph Epidermidis

ÅNormal skin flora; two clinical implications

Å#1: Blood culture contaminant
ÅNeedle/IV contaminated by S. epi

Å#2: Infects prosthetic materials in blood
ÅSurface molecules aid in adherence

ÅBacteria produce biofilms

ÅCatheter infections

ÅPacemaker infections

ÅProsthetic heart valves

ÅProsthetic joints

ÅOften methicillin resistant

ÅTreatment: Vancomycin



Staph Epidermidis

ÅOften methicillin resistant
ÅResistance to methicillin >80 percent

ÅTreatment: Vancomycin



Staph Saprophyticus

ÅCause of UTIs especially in sexually active women
ÅMost caused by E. Coli (~90%)

ÅOther bugs: Proteus, Klebsiella, S. Saprophyticus

ÅKey features:
Å3ÅØÕÁÌ ÁÃÔÉÖÉÔÙ ɉÈÏÎÅÙÍÏÏÎÅÒȭÓ ÃÙÓÔÉÔÉÓɊ

ÅNitrite negative on urine dipstick

ÅTreated by UTI antibiotics
ÅFluoroquinolones

ÅSMX-TMP

ÅNitrofurantoin



Streptococci
Jason Ryan, MD, MPH



Gram Positive Bacteria
Gram (+)

Cocci Rods
Clostridium

Corynebacterium
Listeria
Bacillus

Catalase (+) 
Clusters

Staph

Catalase (-)
Chains
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Coagulase (+) 

Staph Aureus
Coagulase (-) 
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S. Viridans

ɾ
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Bile only
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Streptococci

ÅStrep Pyogenes (Group A)

ÅStrep Agalactiae (Group B)

ÅStrep Pneumonia

ÅStrep Viridans

ÅEnterococcus (Group D)

ÅStrep Bovis

ÅAll gram positive cocci

ÅAll form chains

ÅAll catalase (-)



Strep Pyogenes
Group A Strep

ÅPyrrolidonyl arylamidase (PYR) positive
ÅSubstrate (L-naphthylamide-ɼ-naphthylamide) hydrolyzed by 

bacterial enzyme to ɼ-naphthylamide

ÅCan be detected by color change with detection  reagent

ÅM protein virulence factor
ÅInhibits phagocytosis



Strep Pyogenes
Group A Strep

ÅCause of many different illnesses

ÅInfections
ÅPharyngitis (Strep throat)

ÅSkin: Cellulitis/Impetigo

ÅToxin-mediated disease
ÅScarlet fever

ÅNecrotizing fasciitis

ÅToxic Shock Syndrome

ÅImmune disease
ÅRheumatic fever

ÅPost-strep glomerulonephritis



Strep Pharyngitis

Å15-30% pharyngitis due to S. pyogenes
ÅMany cases viral

ÅImportant to identify and treat S. pyogenes
ÅPrevent disease transmission

ÅLimit symptoms, severity

ÅPrevent rheumatic fever

ÅDiagnosis:
ÅThroat culture

ÅRapid antigen test (useful if positive)

ÅTreatment: Penicillin, amoxicillin, cephalosporins



S. Pyogenes Skin Infections

ÅCellulitis and Impetigo

ÅBoth commonly caused by Strep but also S. Aureus

ÅAntibiotics need to cover Strep and Staph

Image courtesy of Åsa Thörn/WikipediaImage courtesy of Pshawnoah/Wikipedia



Scarlet Fever

ÅRash following pharyngitis

ÅSkin reaction to erythrogenic toxin

ÅGene for toxin transferred by lysogenic phage



Scarlet Fever

ÅFever, sore throat, diffuse red rash

ÅAlso, many small papules  ("sandpaper" skin)

ÅStarts head/neck Ąexpands to cover trunk

ÅClassic finding: Strawberry tongue

ÅEventually skin desquamates

ÅPalms and soles are usually spared

Image courtesy of Wikipedia/Public Domain Image courtesy of Afag Azizova/Wikipedia



Necrotizing Fasciitis

ÅInfection of deep tissues 
ÅMuscle fascia/subcutaneous fat

ÅStreptococcal pyrogenic exotoxin released

ÅOften fulminant and deadly
ÅInfection spreads along muscle fascia

ÅRequires urgent surgical debridement



Necrotizing Fasciitis

ÅType 1:
ÅPolymicrobial

ÅOften anaerobes (Bacteroides,Clostridium, etc.)

ÅOccurs in diabetics, immunocompromised, post surgery

ÅType 2: 
ÅGroup A strep (sometimes Staph)

ÅOccurs in otherwise healthy people after skin injury

ÅClassic case:
ÅMinor skin trauma

ÅRedness/warmth (can be confused with cellulitis)

ÅPain out of proportion to exam

ÅFever, hypotension



Rheumatic Fever

ÅFollows group A strep pharyngitis infection

ÅStreptococcus Ą anti-strep antibodies

ÅCross react with tissue antigens 

ÅType II autoimmune reaction



Rheumatic Fever

ÅAschoffbodies
ÅCardiac nodules with inflammatory cells (granulomas)

ÅPathognomonic for rheumatic carditis

ÅAnitschkow's cells 
ÅMacrophages with owl eye appearance

ÅElevated ASO titers

Nephron/Wikipedia Ed Uthman, MD/Wikipedia



Jones Criteria

2 Major or 1 Major & 2 Minor

(Must have evidence of strep infection)



Rheumatic Fever

ÅClues:
ÅSore throat or URI followed by joint pain, new murmur

ÅTreatment: Penicillin

ÅCardiac involvement
ÅAcute RF Ą severe valve disease, heart failure

ÅLater Ąmitral stenosis (rarely aortic or tricuspid valves)



Post-streptococcal GN

ÅNephritic syndrome 2-3 weeks after GAS infection

ÅNephritogenic strains
ÅBacteria with certain M protein subtypes cause nephritis 



Strep Agalactiae
Group B Strep

ÅBeta hemolytic (like GAS)

ÅMakes CAMP factor
ÅStaph Aureus makes ɼ-hemolysin

ÅCAMP factor enhances lysis by ɼ-hemolysis

ÅHydrolyzes the compound hippurate
ÅWill alter color of hippurate test

Image courtesy of Blueiridium/Wikipedia



Strep Agalactiae
Group B Strep

ÅColonizes vagina

ÅCauses infections in newborns
ÅBabies infected in utero or during birth

ÅPneumonia, meningitis, sepsis

ÅPregnant women screened 35-37 weeks
ÅVaginal culture

ÅWomen GBS (+) receive prophylaxis
ÅFour hours prior to delivery

ÅPenicillin, ampicillin, or cefazolin



Strep Pneumonia

ÅȰ,ÁÎÃÅÔ ÓÈÁÐÅÄȱ ÇÒÁÍ ɉϹɊ ÃÏÃÃÉ

ÅIgA protease

ÅKey virulence factor: Polysaccharide capsule
ÅPrevents phagocytosis

ÅBasis of vaccine from capsular material

ÅAsplenic patients at risk for sepsis

ÅSplenectomy

ÅSickle cell anemia



Strep Pneumonia

ÅLobar Pneumonia

ÅMeningitis

ÅOtitis Media

ÅSinusitis



Viridans Group Strep

ÅGroup of similar bacteria

ÅNo Lancefield group (A, B, D)

ÅNormal mouth flora

ÅCause dental carries (Strep Mutans)

ÅSUBACUTE endocarditis (Strep Sanguis)
ÅSlow onset symptoms; less sick patient

ÅOften affects ABNORMAL valves

ÅDextran Ą fibrin

ÅRequires endothelial damage

ÅMitral valve prolapse

ÅPearl: Recent dental procedure



Enterococcus

ÅE. faecalis, E. faecium

ÅNormal colonic bacteria

ÅLancefield group D

ÅInfections:
ÅUTIs

ÅEndocarditis (rare)

ÅResistant to penicillin

ÅVancomycin resistant enterococcus (VRE)
ÅDangerous hospital acquired infection



Enterococcus

ÅRelatively resistant to cell wall agents 
ÅPenicillin, ampicillin, and vancomycin

ÅImpermeable to aminoglycosides 

ÅBacteremia: Often use synergistic therapy
ÅVancomycin/gentamycin

ÅAmpicillin/gentamycin

ÅVancomycin resistant enterococcus (VRE)
ÅDangerous hospital acquired infection

ÅLinezolid, Daptomycin

ÅMicro lab sensitivities very important for therapy



Enterococcus UTIs

ÅOften hospital acquired, associated with catheters

ÅRemoval of catheter alone may cure infection

ÅUrinalysis: NEGATIVE for nitrites



Enterococcus Endocarditis

ÅRare cause of endocarditis

ÅUsually after manipulation GU tract
ÅTURP procedure, cystoscopy

ÅVancomycin/gentamycin often used for empiric 
therapy before culture data available

ÅSynergistic effect of dual antibiotics



Strep Bovis

ÅNormal colonic bacteria

ÅRare cause bacteremia/endocarditis

ÅStrongly associated with colon cancer



Other Gram Positives
Jason Ryan, MD, MPH



Gram Positive Bacteria
Gram (+)

Cocci Rods
Clostridium

Corynebacterium
Listeria
Bacillus

Catalase (+) 
Clusters

Staph

Catalase (-)
Chains

Strep

Coagulase (+) 

Staph Aureus
Coagulase (-) 

Staph

Novobiocin Sens.

Staph Epidermidis
Novobiocin Res.

Staph Saprophyticus

Hemolysis
Blood Agar

ɼ

Bacitracin Res

S. Agalactiae

(Group B)

Bacitracin Sens

S. Pyogenes

(Group A)

ɻ

Optochin Sens

S. Pneumonia

Optochin Res

S. Viridans

ɾ

Bile & NaCl

Enterococcus

(Group D)

Bile only

Strep. Bovis

Actinomyces
Nocardia



Clostridium

ÅFamily of bacteria
ÅAll form spores

ÅAll obligate anaerobes

ÅAll form toxins

ÅC. tetani (tetanus)

ÅC. botulinum (botulism)

ÅC. perfringens (wound infections, food poisoning)

ÅC. difficile (diarrhea after antibiotic use)



Clostridium tetani

ÅSpores found in soil

ÅEnter body via penetrating injury
ÅClassic scenario: barefoot on rusty/dirty nail or splinter

ÅSpores germinate into bacteria

ÅTetanus toxin produced (tetanospasmin)

ÅTravels to spinal cord

ÅBlocks glycine and GABA release by inhibitory neurons
ÅȰ2ÅÎÓÈÁ× ÃÅÌÌÓȡȱ ÉÎÈÉÂÉÔÏÒÙ ÓÐÉÎÁÌ ÃÏÒÄ ÉÎÔÅÒÎÅÕÒÏÎÓ



Clostridium tetani

ÅSpasms, muscle contractions, rigidity

ÅClassic symptoms
ÅLockjaw (trismus)

ÅRisus sardonicus (forced grin due to spastic facial muscles)



Clostridium tetani

ÅTreatment for tetanus
ÅWound debridement

ÅMetronidazole

ÅTetanus immune globulin (binds circulating toxin)

ÅBenzos or neuromuscular blockers until toxin wears off

ÅTetanus toxoid used for vaccination



Clostridium botulinum

ÅUbiquitous organisms

ÅVegetables, fruits, seafood, soil

ÅHeat-resistant spores 
ÅSurvive up to 100oC

ÅBotulinum toxin
ÅWorks at neuromuscular junctions

ÅPrevents Ach release (no muscle contraction)

ÅResult: Floppy muscles (flaccid paralysis)

ÅMany different variants of toxin

ÅSome carried by bacteriophages



Botulism

ÅThree types: food, infant, wound

ÅFood (toxin ingestion; usually adults)
ÅUndercooked food

ÅCanned food: anaerobic environment promotes growth

ÅWatch for multiple sick adults after a meal

ÅInfant (spores)
ÅIngestion of spores Ą growth in infant intestine

ÅWatch for contaminated honey!

ÅWound (bacterial growth)
ÅInfection with C. botulinum



Botulism

ÅSymptoms: 12-48 hours after ingestion

Å3ÙÍÐÔÏÍÓȡ σ $ȭÓ
ÅDiplopia, dysphagia, dysphonia

ÅDiagnosis: 
ÅOften clinical

ÅSpores and toxins sometimes detected in stool

ÅTreatment: 
ÅAntitoxin blocks circulating toxin

ÅCannot block toxin already in nerves

ÅSupportive care Ą toxin washout



Clostridium perfringens

ÅWidespread in nature, especially soil

ÅInfects dirty wounds & causes food poisoning

ÅCauses gas gangrene (clostridial myonecrosis)
ÅTraumatic wound with vascular compromise

ÅFavorable environment for anaerobic growth

ÅAlpha toxin
ÅDestroys muscle tissue and causes hemolysis

ÅPhospholipase that acts on lecithin (lecithinase)

ÅDegrades phospholipids in cell membranes



Gas Gangrene

ÅSevere pain at injury site within 24 hours

ÅSkin tense and tender

ÅSystemic toxicity
ÅFever, Hypotension, Shock

ÅDiagnosis
ÅGas at injury site on imaging

ÅCrepitus

ÅTreatment
ÅSurgical debridement

ÅBroad spectrum antibiotics

Image courtesy of EngelbertSchröpfer, Stephan Rautheand Thomas Meyer/Wikipedia



Clostridium perfringens

ÅFood poisoning (undercooked meats)
ÅSpores ingested Ą produce toxin

ÅLate onset (8-22hrs) watery diarrhea

ÅContrast with S. aureus/B. cereus (preformed toxin)



Clostridium difficile

ÅUbiquitous spores in nature including soil

ÅIngestion not harmful with normal GI flora
ÅColonic flora prevent overgrowth of C. diff

ÅCauses antibiotic-associated colitis
ÅAntibiotics alter normal gut flora

ÅFavorable environment for C. diff growth



Clostridium difficile

ÅNot invasive: disease via toxins

ÅTwo toxins
ÅToxin A: Enterotoxin Ąwatery diarrhea

ÅToxin B: Cytotoxin ĄCell necrosis/fibrin deposition

ÅBoth bind to GI cells and are internalized

ÅDestroy cytoskeleton of GI cells Ą pseudomembrane



Clostridium difficile colitis

ÅMassive watery diarrhea

ÅOn endoscopy (rarely done):
ÅPseudomembrane formation (white-yellow plaques)

ÅMucosal ulcerations, fibrin, inflammatory cells

ÅDiagnosis
ÅStool detection of toxin A and B



Clostridium difficile colitis

ÅTreatment:
ÅMetronidazole

ÅORAL Vancomycin

ÅOther therapy for severe, recurrent disease
ÅSurgery

ÅStool transplant



Corynebacterium diphtheria

ÅCauses diptheria 

ÅSeveral special features of bacteria
ÅExotoxin

ÅUnique lab diagnostic techniques



Diphtheria Exotoxin

ÅNot part of bacterial genome

ÅCarried by ɼ-prophage

ÅȰ,ÙÓÏÇÅÎÉÃȱ ÐÈÁÇÅ Ą incorporates DNA into bacteria

ÅInactivates elongation factor (EF-2)

ÅEF-2 necessary for protein synthesis (translation)

NAD Nicotinamide

EF-2 ADP-ribosyl-EF-2

Toxin +++

No protein synthesis



Corynebacterium Features

ÅGram positive rods
ÅCurved

Å"Chinese character" distribution

ÅSpecial culture media required 
ÅLoeffler's or Tinsdale(Tellurite plate)

ÅBlack colonies on Tinsdalemedia

ÅMetachromatic (blue/red) granules on Loeffler's media

ÅElek test for toxin detection (for diagnosis)
ÅAntitoxin -impregnated filter paper under agar

ÅBacterial toxin precipitates and can be visualized 

CDC/Public Domain



ELEK Test



Diphtheria

ÅSore throat, fever, lymphadenopathy

ÅGray-white membrane in pharynx

ÅAbsorption/dissemination of toxin can cause:
ÅMyocarditis (heart failure, arrhythmias, heart block)

ÅCNS disease (neuropathies)

ÅRenal disease (renal failure)



Diphtheria

ÅRare due to vaccination with toxoid

ÅTreatment (acute infection):
ÅPenicillin

ÅDiphtheria antitoxin (passive immunization)

ÅDiphtheria toxoid (active immunization)



Listeria

ÅFound in soil

ÅFacultative intracellular organism

ÅȰ4ÕÍÂÌÉÎÇ ÍÏÔÉÌÉÔÙȱ

ÅMove from cell to cell to avoid extracellular response

Å0ÏÌÙÍÅÒÉÚÅÓ ÁÃÔÉÎ ÉÎ ÃÅÌÌÓ ÔÏ ÍÏÖÅ ɉȰÁÃÔÉÎ ÒÏÃËÅÔÓȱɊ



Listeria

ÅMultiplies in cells with poor cell-mediated immunity
ÅNeonates, HIV, organ transplant

ÅIn adults, often from contaminated food
ÅUndercooked meat, unwashed vegetables

ÅUnpasteurized cheese/milk

ÅLikes cold temperatures

ÅIn neonates, transplacental or vaginal transmission



Listeria

ÅGastroenteritis
ÅDiarrhea, nausea, vomiting

ÅUsually self limited

ÅMeningitis
ÅElderly or newborns

ÅInfection in pregnancy
ÅBacteremia in 3rd trimester

ÅFlu-like illness (fever, chills)

ÅOften resolves without treatment

ÅRarely can cause fetal demise or newborn infection



Granulomatosis Infantiseptica

ÅSevere in utero infection from Listeria

ÅDisseminated abscessesand/or granulomas 

ÅMultiple organs: liver, spleen, lungs, kidneys, brain

ÅSkin lesions (papules, ulcers)

ÅMost babies stillborn or die soon after birth 

ÅPlacenta shows distinctive inflammation
ÅChorioamnionitis 

ÅVillitis 

ÅAbscess formation



Bacillus

ÅBacillusanthracis

ÅAnthrax: Skin or pulmonary disease
ÅLargely eradicated

ÅWeapon of bioterrorism

ÅBacillus cereus
ÅFood poisoning



Bacillus Anthracis

ÅOnly bacteria with a polypeptide capsule
ÅMost are polysaccharide

ÅB. Anthracis capsule contains D-glutamate

ÅLimits/prevents phagocytosis

ÅFound in soil

ÅInfects cattle, sheep, horses (and humans)
ÅFarm workers at risk

ÅSpores can be used as bioterrorism weapon

ÅProduces two toxins: 
ÅEdema toxin

ÅLethal toxin



Anthrax Toxins

ÅEdema toxin (contains edema factor)
ÅMimics adenylate cyclase

ÅIncreases cAMPĄ fluid secretion

ÅLethal toxin (contains lethal factor)
ÅProtease

ÅInhibits cell signaling

ÅCauses apoptosis



Anthrax

ÅCutaneous disease
ÅSpores enter skin through cuts/abrasions

ÅVegetate Ą bacteria grows

ÅPainless black ulcers forms

ÅCan progress to bacteremia and death

ÅEdema surrounds black ulcer from edema factor

ÅTreatment: Ciprofloxacin, Doxycycline, Clindamycin

Image courtesy of Wikipedia/Public Domain



Anthrax

ÅPulmonary disease
ÅȰ7ÏÏÌÓÏÒÔÅÒÓȭ ÄÉÓÅÁÓÅȱ

ÅInhalation of spores

ÅFlu symptoms that rapidly progress

ÅPulmonary hemorrhage, mediastinitis, shock, death

ÅTreatment: Multi-drug regimen, antitoxin

Image courtesy of Wikipedia/Public Domain



Bacillus Cereus

ÅFood poisoning from enterotoxins

ÅClassically in undercooked/reheated rice
ÅBacteria frequently present in uncooked rice

ÅHeat-resistant spores may survive cooking

ÅCooked rice at room temperature allow bacteria to multiply

ÅȰ2ÅÈÅÁÔÅÄ ÒÉÃÅ ÓÙÎÄÒÏÍÅȱ



Bacillus Cereus

ÅEmetic type
ÅDirect ingestion of toxin: Cereulide

ÅAbdominal cramps, nausea, and vomiting (rarely diarrhea)

Å1 to 5 hours after ingestion

ÅClassically occurs in rice dishes

ÅDiarrheal type
ÅAbdominal cramps and diarrhea (not vomiting)

Å8 to 16 hours after ingestion 

ÅCaused by at several enterotoxins

ÅToxins are heat labile

ÅCooking food reduces risk of illness

ÅOften from meats, vegetables, and sauces



Actinomyces

ÅNormal oral flora

ÅAlso found in female genital tract

ÅAnaerobe

ÅClusters into long filaments resembling fungi

ÅCauses head/neck abscesses

ÅIn women, can cause IUD infections

ÅClassically preceded by dental work/orofacial trauma
ÅFacial mass present on exam

Å/ÆÔÅÎ ÙÅÌÌÏ× ÃÅÎÔÅÒ ɉÙÅÌÌÏ× ȰÓÕÌÆÕÒȱ ÇÒÁÎÕÌÅÓɊ

ÅOften draining puss

ÅTreatment: Penicillin +/- drainage



Nocardia

ÅBranching, filamentous (like Actinomyces)

ÅAcid fast

ÅProduces urease (can be used to identify bacteria)

ÅObligate aerobe (loves lungs!)

ÅFound in soil



Nocardia

ÅPneumonia
ÅImmunocompromised patients

ÅInhalation of bacteria

ÅMany radiology findings: nodules, masses, infiltrates, lobar 
consolidation, pleural effusions

ÅSkin infection
ÅImmunocompetent patients

ÅOften invades skin during gardening or farming

ÅLots of manifestations: ulcers, cellulitis, nodules, abscesses

ÅRarely other infections: brain abscess, bacteremia

ÅDrug of choice: TMP-SMX



Gram Negative Rods
Jason Ryan, MD, MPH



Gram Negative Bacteria
Gram (-)

Diplococci
Neisseria

Maltose Fermenter
N. meningitidis

Maltose Nonfermenter
N. gonorrhea

Coccobacillus
Haemophilus influenza

Pasteurella
Brucella

Bordetella pertussis

Rods

Oxidase +
Comma shape

420C
Campylobacter

Alkaline
Vibrio

Lactose 
Fermenter

Lactose 
Non-Fermenter

Fast
Klebsiella

E. Coli
Enterobacter

Slow
Citrobacter

Serratia

Oxidase (+)
Pseudomonas

H. Pylori

Oxidase (-)
Shigella

Salmonella
Proteus



Gram Negative Rods

ÅMost are in the family: enterobacteriaceae

ÅMany are inhabitants of the normal GI flora

ÅOften cause diarrhea and UTIs

ÅResistant to Penicillin and Vancomycin

ÅOuter membrane inhibits entry of drug



Klebsiella

ÅIntestinal flora

ÅNon-motile, capsular

ÅInfection with impaired host defenses
ÅAlcoholics, diabetics, sick people (nosocomial)

ÅInfection with aspiration of GI contents
ÅAspiration pneumonia, Lung abscesses

ÅOften resistant to many antibiotics

ÅTreatment based on susceptibility testing



Klebsiella

ÅKlebsiella pneumonia
ÅLobar 

ÅOccurs in alcoholics or diabetics, often after aspiration

Å#ÌÁÓÓÉÃÁÌÌÙ ÒÅÓÕÌÔÓ ÉÎ ÒÅÄ ȰÃÕÒÒÁÎÔ ÊÅÌÌÙȱ ÓÐÕÔÕÍ

ÅLung abscess
ÅUsually caused by mouth anaerobes 

ÅPeptostreptococcus, Fusobacterium, Prevotella, Bacteroides

ÅCan also be due to Klebsiella

ÅRare cause of UTIs (3-4%)

ÅLiver abscesses
ÅUsually in patients with underlying liver disease or cholangitis



E. Coli
Special virulence factors

ÅFimbriae (pili)
ÅAttach to epithelial surfaces

ÅMay be specialized for surfaces (i.e. urinary tract)

ÅK capsule
ÅK1 capsular antigen present in 75% meningitis cases (babies)

ÅInhibits phagocytosis, complement

Image courtesy of Manu Forero/Wikipedia



E. Coli Diseases

ÅWatery diarrhea

ÅBloody diarrhea (dysentery)

ÅUTI/pyelonephritis
ÅE. Coli bacteremia/sepsis (rare), usually from UTI

ÅMeningitis in newborns



E. Coli Diarrheal Illnesses

Å4 different E. Coli diarrheal illnesses

ÅEnteroINVASIVEE. Coli (EIEC)

ÅEnteroTOXIGENICE. Coli (ETEC)

ÅEnteroPATHOGENIC(EPEC)

ÅEnteroHEMORRHAGIC(EHEC)



E. Coli 

ÅEnteroINVASIVE E. Coli (EIEC)
ÅInvades intestinal mucosa

ÅNecrosis, inflammation, bloody diarrhea

ÅClinically similar to Shigella (no toxins)

ÅEnteroTOXIGENIC E. Coli (ETEC)
ÅTwo toxins: Labile and Stable

Å7ÁÔÅÒÙ ɉÔÒÁÖÅÌÅÒȭÓɊ ÄÉÁÒÒÈÅÁ ɉÃÏÎÔÁÍÉÎÁÔÅÄ ÆÏÏÄȾ×ÁÔÅÒɊ

ÅNo inflammation/invasion

ÅEnteropathogenic (EPEC)
ÅNo toxin, no inflammation

ÅBlunt villi, prevent absorption

ÅDiarrhea usually in children (p=pediatrics)



Enterohemorrhagic E. Coli
EHEC

ÅDoes not ferment sorbitol (sorbitol-MacConkeyagar)

ÅClassic serotype: E. coli O157:H7

ÅDoes not invade host cells (toxin causes disease)

ÅProduces Shiga-like toxin Ą bloody diarrhea
ÅBacteriophage-encoded (lysogenic) toxin

ÅUsually from undercooked beef

ÅToxin Effects
ÅEndothelium swells Ą vessel lumens narrow

ÅDeposition of fibrin/platelets in microvasculature

ÅHemolysis, inflammation



Hemolytic Uremic Syndrome
HUS

ÅComplicates ~10% EHEC cases

ÅCommon in children

ÅTriad: 
ÅHemolytic anemia

ÅThrombocytopenia

ÅAcute renal failure (uremia)

ÅHUS + fever, mental status changes = TTP
ÅThrombotic thrombocytopenic purpura

ÅUsually occurs 5-7 days after diarrhea 



E. Coli Treatment

ÅMost E. Coli diarrheas self-limited
ÅUsual treatment is hydration

ÅAntiperistaltic agents (Loperamide) not helpful

ÅAntibiotics rarely used (may increase toxin release)



Gram Negative Sepsis

ÅFever, tachycardia, hypotension

ÅLife-threatening

ÅDriven by endotoxin (LPS; Lipid A)

ÅCommon scenario:
ÅElderly patient

ÅUTI (catheter, BPH)

ÅGram negative sepsis (+ blood cultures)



Infectious Diarrhea

Bloody

ÅCampylobacter

ÅSalmonella enterica

ÅShigella

ÅYersinia enterocolitica

ÅEIEC

ÅEntamoebahistolytica

ÅEHEC

Watery

ÅETEC

ÅCholera

ÅC. difficile

ÅC. perfringens

ÅGiardia,Crypto

ÅRotavirus, Norovirus

Fecal leukocytes, RBCs usually indicate invasive infection
Mucous, epithelial cells only seen in toxin-mediated disease

Stool ova and parasites seen in protozoal infections



Enterobacter

ÅRare cause of nosocomial UTIs

ÅResistant to many antibiotics
ÅExtended-spectrum beta-lactamases (ESBL)

ÅResistance to most beta-lactams: penicillins, cephalosporins, 
and aztreonam

ÅOften treated with Carbapenems
ÅImipenem,Meropenem



Citrobacter & Serratia

ÅSlow lactose fermenters

ÅNot dominant pathogen for any clinical condition

ÅOften resistant to many antibiotics

ÅCitrobacter
ÅCan be found in normal GI flora

ÅGram negative sepsis (with other GN bugs)

ÅSerratia
ÅProduce distinctive red colonies (red pigment)

ÅCatalase positive

ÅHospital outbreaks: contaminated water, soap, IV solutions

ÅSometimes osteomyelitis in IV drug users (also pseudomonas)



Salmonella

ÅTwo general types
ÅSalmonella typhi Ą typhoid fever

ÅNon-typhoid strains ĄEnterica, enteritidis

ÅNon typhoid strains cause invasive gastroenteritis
ÅNausea, vomiting, cramps, bloody diarrhea

ÅIngestion of contaminated meat, eggs, poultry



Salmonella

ÅFlagellated and motile

ÅEncapsulated

ÅDisseminate through blood
ÅOsteomyelitis in sickle cell patients

ÅLive in GI tract of mammals, birds, reptiles

ÅProduce hydrogen sulfide
ÅTriple Sugar Iron (TSI) test Ąmedia turns black

ÅDifferentiates from Shigella

ÅInvades GI mucosa 

ÅCellular response: Largely monocytes



Typhoid Fever
Salmonella Typhi

ÅFever, headache, abdominal pain, diarrhea

ÅTravelers to Asia, Africa, South America

ÅClassic feature #1: Rose spots
ÅFaint salmon-colored macules

ÅTrunk and abdomen

ÅClassic feature #2: Pulse-temperature dissociation
ÅHigh fever Ą slow pulse

ÅCan remain in gall bladder (carrier state)
ÅEndemic countries 1-4% people may be carriers

ÅMay be risk factor for carcinoma



Salmonella

ÅDiagnosis: Culture (stool, blood)

ÅTreatment gastroenteritis:
ÅFluids/electrolytes

ÅFew data showing antibiotics are helpful (may prolong illness)

ÅDifficult to treat: Lots of antibiotic resistance

ÅAntibiotics used in severely ill patients only

ÅAnti-peristalsis meds (Loperamide) contraindicated

ÅTyphoid fever: Ceftriaxone, Fluoroquinolones

ÅTyphoid vaccine available
ÅInactive variant of bacteria given orally

Å5ÓÅÄ ÆÏÒ ÔÒÁÖÅÌÅÒȭÓ ÔÏ ÈÉÇÈ ÒÉÓË ÁÒÅÁÓ



Shigella

ÅNonmotile (no flagella)

Å)ÎÖÁÄÅÓ ÍÕÃÏÓÁÌ ÃÅÌÌÓ ɉ- ÃÅÌÌÓ ÉÎ 0ÅÙÅÒȭÓ ÐÁÔÃÈÅÓɊ
ÅMacropinocytosis

ÅInduces apoptosis

ÅSpreads from cell to cell
ÅDoes not spread via bloodstream (like Salmonella)

ÅReleases Shiga toxin 
ÅBut non-toxin strains still cause disease

ÅCellular invasion more important mechanisms of disease

ÅVery few bacteria can cause disease (few as 10!)

ÅCellular response: Largely PMNs



Shigella

ÅNot normal GI flora

ÅFecal-oral transmission

ÅCommon in children

ÅDiagnosis: Stool Culture

ÅTreatment:
ÅFluids/electrolytes

ÅAntibiotics improve symptoms, reduce shedding in stool

ÅCan limit spread

ÅCeftriaxone or Ciprofloxacin



Salmonella and Shigella

Both GNRs, both cause bloody diarrhea, both invasive



Proteus

ÅRare cause of UTIs

ÅȰ3×ÁÒÍ ÐÈÅÎÏÔÙÐÅȱ
ÅLong flagella

ÅFacilitates urinary ascent

ÅBulls-eye on agar plates

ÅProduces urease
ÅConverts urea to ammonia

ÅAssociated with struvite kidney stones



Pseudomonas aeruginosa

ÅHighly feared bacteria
ÅSerious hospital acquired infections (i.e. VAP)

Å2ÅÓÉÓÔÁÎÔ ÔÏ ÍÁÎÙ ÁÎÔÉÂÉÏÔÉÃÓ ɉȰÁÎÔÉ-pseudomonalÄÒÕÇÓȱɊ

ÅMany infections:
ÅPneumonia (nosocomial)

ÅUTIs

ÅSurgical wound infections

ÅBacteremia/sepsis

ÅOsteomyelitis

ÅOtitis externa



Pseudomonas aeruginosa

ÅObligate aerobe

ÅLoves the water 
ÅCommonly found in environmental water sources

ÅProduces a blue-green pigment (pyocyanin)
ÅSmooth, florescent green colonies on culture media

ÅSweet, grape-like odor



Pseudomonas Toxins

ÅEndotoxin (LPS)
ÅCan cause fever, shock

ÅExotoxin A
ÅInactivates elongation factor (EF-2)

ÅEF-2 necessary for protein synthesis

NAD Nicotinamide

EF-2 ADP-ribosyl-EF-2

Toxin +++

No protein synthesis



Pseudomonas Infections

ÅPneumonia in cystic fibrosis

ÅBurn infections

ÅHot tub folliculitis
ÅTender, itchy papules after using a hot tub or spa

Å/ÔÉÔÉÓ ÅØÔÅÒÎÁ ɉ3×ÉÍÍÅÒȭÓ ÅÁÒɊ
ÅInflammation of the outerear and ear canal

ÅPainful ear with discharge



Pseudomonas Infections

ÅOsteomyelitis in IV drug users

ÅEcthyma gangrenosum
ÅBlack, necrotic ulcers on skin with bacteremia

ÅInvasion/destruction blood vessels by bacteria

ÅClassic case is neutropenic cancer patient with fever, chills 
(bacteremia) who develops black lesions on chest/back



Burkholderia cepacia

ÅGram negative rod similar to pseudomonas

ÅOxidase positive

ÅCatalase positive

ÅRare cause of infections:
ÅCystic fibrosis

ÅChronic granulomatous disease



H. Pylori

ÅCauses gastritis and ulcers (abdominal pain)

ÅRecently identified bacteria (1982!)

ÅUrease positive
ÅHydrolyzes urea to compounds that damage epithelium

ÅProduces ammonium (alkaline)

ÅProtects bacteria from stomach acid

ÅUrea breath test
ÅPatients swallowurea with isotopes (carbon-14 or carbon-13)

ÅDetection of isotope-labelledcarbon dioxidein exhaled breath 

ÅIndicates urea was split (i.e. urease present)



H. Pylori

ÅInfection common in patients with ulcers
ÅMajority of patients with duodenal ulcers

ÅMany patients with gastric ulcers

ÅMALT lymphoma
ÅMucosal associated lymphoid tissue

ÅB-cell cancer, usually in the stomach

ÅHIGHLY associated with H. Pylori infection

ÅDiagnosis:
ÅBiopsy

ÅUrea breath test

ÅStool antigen



H. Pylori

Å4ÒÅÁÔÍÅÎÔȡ Ȱ4ÒÉÐÌÅ ÔÈÅÒÁÐÙȱ ÆÏÒ χ-10 days
ÅProton pump inhibitor

ÅClarithromycin

ÅAmoxicillin/Metronidazole

ÅTesting often repeated to confirm eradication
ÅBreath test, stool antigen, or biopsy

ÅTreatment failures ~20%
ÅAlternate regimens can be tried



Legionella

ÅDoes not gram stain well

ÅSilver stains used

ÅSpecial culture requirements

ÅBuffered charcoal yeast extract agar (BCYE) 

ÅIron and cysteine added for growth

ÅSupplemented with antibiotics and silver dyes
ÅAntimicrobials prevent overgrowth by competing organisms

ÅDyes give distinctive color to Legionella



Legionella

ÅFirst identified at American Legion convention

ÅInfection from inhalation of aerosolized bacteria
ÅNot airborne

ÅOutbreaks at hotels with contaminated water

ÅCan cause nosocomial pneumonia in nursing homes



Legionella
Symptoms

ÅInitially mild pneumonia symptoms
ÅFever; mild, slightly productive cough

ÅCan progress to severe pneumonia

ÅGI symptoms 
ÅWatery diarrhea, nausea, vomiting, and abdominal pain

ÅHyponatremia (Na<130meq/L) common
ÅCan occur in any PNA but more common Legionella



Legionella
Diagnosis

ÅClassic Case
ÅMild cough

ÅWatery diarrhea

ÅConfusion (low Na)

ÅNegative bacteria on gram stain

ÅTreatment: Fluoroquinolone or Macrolide



Pontiac Fever

ÅMild form of Legionella infection

ÅFever, malaise, chills, fatigue, and headache

ÅNo respiratory complaints

ÅChest radiograph usually normal



Bacteroides fragilis

ÅGram (-) rod

ÅAnaerobic bacteria 

ÅNormal GI flora

ÅCause infection after breach of mucosal barrier



Bacteroides fragilis

ÅRarely causes infections alone

ÅUsually part of polymicrobial infections from GI tract
ÅPeritonitis (following perforation)

ÅIntraabdominal abscess

ÅLung abscess (aspiration)

ÅE. Coli/GNRs and B. Fragilis often components together

ÅCovered by metronidazole

ÅCommon GI therapy: Cipro/Flagyl
ÅQuinolone for E. Coli

ÅMetronidazole for B. Fragilis



Other Gram 
Negatives
Jason Ryan, MD, MPH



Gram Negative Bacteria
Gram (-)

Diplococci
Neisseria

Maltose Fermenter
N. meningitidis

Maltose Nonfermenter
N. gonorrhea

Coccobacillus
Haemophilus influenza

Pasteurella
Brucella

Bordetella pertussis
Yersinia Enterocolitica

Rods

Oxidase +
Comma shape

420C
Campylobacter

Alkaline
Vibrio

Lactose 
Fermenter

Lactose 
Non-Fermenter

Fast
Klebsiella

E. Coli
Enterobacter

Slow
Citrobacter

Serratia

Oxidase (+)
Pseudomonas

H. Pylori
Campylobacter

Oxidase (-)
Shigella

Salmonella
Proteus



Moraxella catarrhalis

ÅGram negative diplococci

ÅColonizes airway

ÅCan cause otitis media, COPD exacerbations

ÅUsually treated empirically without micro diagnosis

ÅNot in most micro lab algorithms
ÅMost labs will not speciate airway samples with gram (-) cocci

ÅNon-virulent strains Neisseria normal airway flora



Neisseria

ÅMeningitidis and Gonorrhea

ÅBoth gram negative cocci in pairs (diplococci)

ÅBoth ferment glucose

ÅMeningococcus ferments Maltose

ÅGonococcus ferments only Glucose

ÅBoth produce IgA protease 

ÅCeftriaxone often used to treat both



Neisseria Meningitidis

ÅCauses meningitis and meningococcemia

ÅTransmitted by respiratory droplets

ÅEnters pharynx then bloodstream then CSF

ÅMany asymptomatic carriers



Neisseria Meningitidis

ÅPolysaccharide capsule prevents phagocytosis

ÅLipooligosaccharide (LOS) outer membrane
ÅLike LPS on enteric gram negative rods

ÅEndotoxin Ąmany toxic effects on body

ÅActivates severe inflammatory response

ÅVaccine available
ÅContains capsular polysaccharides Ą anti-capsule antibodies



Neisseria Meningitidis

ÅBacteremia can complicate meningitis
ÅMeningococcemia

ÅSepsis: fevers, chills, tachycardia

ÅPurpuric rash

ÅDIC

ÅWaterhouse-Friderichsen syndrome
ÅAdrenal destruction from meningococcemia

ÅLife-threatening



Neisseria Meningitidis

ÅCan cause outbreaks
ÅDorms, barracks

ÅCan infect young, healthy people
ÅCollege students in dorms

ÅInfected patients need droplet precautions

ÅClose contracts receive prophylaxis/vaccine
ÅRifampin 

ÅAlso Ceftriaxone or Ciprofloxacin



Neisseria Meningitidis
Terminal complement pathway deficiency

C5-C9 Deficiency
Recurrent NM Infections

Most often meningitis

Wikipedia/Public Domain



Neisseria Gonorrhea

ÅMainly causes gonorrhea (STD)

ÅCan also cause:
ÅPelvic inflammatory disease (PID)

ÅSeptic arthritis

ÅNeonatal conjunctivitis

ÅFitz-Hugh-Curtis syndrome

ÅKey feature: antigenic variation of pilus proteins
ÅNo long term immunity after infection

ÅRe-infection likely

ÅNo vaccine



Gonorrhea

ÅMost men/women with N. Gonorrhea asymptomatic

ÅN. Gonorrhea and Chlamydia often co-infect
ÅBoth can cause same symptoms

ÅTreat for both (Ceftriaxone, Azithromycin/Doxycycline)

ÅMen: Urethritis 
ÅDysuria, discharge

ÅCan progress to or epididymitis/orchitis

ÅWomen: Cervicitis 
ÅItching, discharge from cervix

ÅNot painful

ÅCan progress to PID



Gonorrhea

ÅPelvic inflammatory disease
ÅInfection ascends (uterus, ducts, ovaries)

ÅPelvic/abdominal pain

ÅDyspareunia

ÅCervical motion tenderness on exam (chandelier sign)

ÅHigh risk of subsequent ectopic pregnancy, infertility

ÅFitz-Hugh-Curtis
ÅPerihepatitis 

Å)ÎÆÌÁÍÍÁÔÉÏÎ ÏÆ 'ÌÉÓÓÏÎȭÓ ÃÁÐÓÕÌÅ ÁÒÏÕÎÄ ÌÉÖÅÒ

ÅSevere RUQ tenderness with pleuritic pain

ÅȰ6ÉÏÌÉÎ ÓÔÒÉÎÇͼ ÁÄÈÅÓÉÏÎÓ ÏÆ ÐÁÒÉÅÔÁÌ ÐÅÒÉÔÏÎÅÕÍ ÔÏ ÌÉÖÅÒ



Septic Arthritis

ÅDisseminated gonococcal infection (0.5 to 3%)

ÅSeptic arthritis

ÅKey scenario:
ÅSexually active young person

ÅSwollen, warm and painful knee



Neonatal Conjunctivitis

ÅOphthalmia neonatorum 

ÅCan also be caused by Chlamydia

ÅSwelling and discharge from eye

Å5 to 14 days after birth

ÅUntreated can lead to visual impairment

ÅProphylaxis: Erythromycin ophthalmic ointment 

ÅNewborn prophylaxis mandated by many states



Chlamydia

ÅObligate intracellular organisms
ÅCannot make their own ATP

ÅCell wall lacks muramic acid
ÅN-acetylmuramic acid (NAM) in peptidoglycan

ÅCell wall lacks peptidoglycan

ÅDo not gram stain well (technically gram negative)

ÅGiemsa stain 



Chlamydia

ÅPenicillins do not work well

ÅCeftriaxone (for Gonorrhea) ineffective

ÅTreatment of choice: azithromycin, doxycycline
ÅProtein synthesis inhibitors



Chlamydia

ÅTwo phases to life cycle

Å#1: Elementary body (small, dense)
ÅEnters cell via endocytosis

Å#2: Reticulate body 
ÅReplicates in cells by fission

ÅCan been seen in tissue culture

ÅElementary bodies and reticular bodies grow, multiply, 
eventually rupture cell and disperse



Chlamydia

ÅChlamydia trachomatis (sexually transmitted)
ÅNongonococcal urethritis

ÅPID

ÅConjunctivitis

ÅReactive arthritis

ÅChlamydophila pneumonia
ÅAtypical pneumonia

ÅTransmitted by aerosol

ÅChlamydophilapsittaci
ÅPsittacosis (Parrot fever)

ÅInfection from birds



Chlamydia trachomatis

ÅSexually transmitted

ÅOften asymptomatic in men & women

ÅWomen: Cervicitis
ÅDischarge, post-coital bleeding

ÅCan progress to PID, Fitz-Hugh-Curtiss

ÅMen:
ÅDischarge, dysuria

ÅTreatment: Azithromycin/Doxycycline
ÅPlus Ceftriaxone for N. Gonorrhea



Chlamydia trachomatis
Newborns

ÅInfection from passage through birth canal

ÅConjunctivitis
ÅSimilar to Gonorrhea

ÅPneumonia
Å4-12 weeks old

Å#ÌÁÓÓÉÃ ÆÅÁÔÕÒÅ ÉÓ ȰÓÔÁÃÃÁÔÏ ÃÏÕÇÈȱ

ÅInspiration between each single cough

ÅOften have a history of conjunctivitis



C. Trachomatis Diagnosis

ÅNucleic acid amplification testing (NAAT)
ÅPCR of Chlamydia DNA/RNA

ÅGold standard

ÅCulture and staining
ÅNo longer done routinely

ÅGiemsa stain

ÅChlamydial inclusion bodies in cytoplasm of epithelial cells



Reactive Arthritis

ÅAutoimmune arthritis

ÅTriggered by infection

ÅIntestinal infections
ÅSalmonella,Shigella, Campylobacter, Yersinia, C. Difficile 

ÅChlamydia trachomatis

ÅClassic triad (Reiter's syndrome)
ÅArthritis (often unilateral, lower extremities, knees, toes)

ÅConjunctivitis (red eye, discharge)

ÅUrethritis (dysuria, frequency ɀnoninfectious)

ÅDiagnosis: Classic features following typical infection

ÅTreatment: NSAIDs



Lymphogranuloma Venereum

ÅChlamydia infection that enters lymphatics

ÅDifferent serotypes from those that cause urethritis

ÅSexually transmitted

ÅInitially: Genital ulcer 
ÅSometimes unnoticed; Resolves

ÅLater: Tender inguinal or femoral lymph nodes

ÅTreatment: 
ÅDrainage

ÅAntibiotics

Herbert L. Fred, MD and Hendrik A. van Dijk



Trachoma
Chlamydia Eye Disease

ÅCaused by unique serotypes of C. Trachomatis

ÅMostly in Africa and other developing parts of world

ÅHighly contagious

ÅSpread by contact with eye secretions

ÅAcutely causes conjunctivitis

ÅRepeated infections ĄCorneal scaring Ą blindness

ÅLeading cause of infectious blindness worldwide



C. Trachomatis Serotypes



Campylobacter

ÅUsually C. jejuni, sometimes C. coli

ÅFaint, gram negative bacteria
ÅGram stain not sensitive

ÅSpiral shaped, curved rod (comma shaped)

ÅOxidase positive

ÅMicroaerophilic
ÅRequires oxygen but lives best with low O2 levels

Wikipedia/public domain



Campylobacter

ÅVERY common cause acute diarrhea in children

ÅA leading cause of acute diarrhea worldwide

ÅFecal-oral transmission
ÅLives in animal intestines, especially poultry

ÅUndercooked meat especially poultry

ÅUnpasteurized milk

ÅCan also contaminate drinking water

ÅCommon trigger of Guillain-Barre
ÅDemyelinating disease

ÅAscending weakness 



Vibrio Cholera

ÅToxin-mediated disease

ÅToxin carried by bacteriophage (lysogenic)

ÅPermanently activates Gs ĄᴻÃ!-0

Å6ÏÌÕÍÉÎÏÕÓ ȰÒÉÃÅ-×ÁÔÅÒȱ ÄÉÁÒÒÈÅÁ



Vibrio Cholera

Å2ÅÑÕÉÒÅÓ ÌÁÒÇÅ ȰÄÏÓÅȱ ÏÆ ÂÁÃÔÅÒÉÁ ÆÏÒ ÉÎÆÅÃÔÉÏÎ
ÅAcid kills small amounts of bacteria

ÅCommon in areas that lack clean water

ÅAlso can occur on acid suppression drugs (lowers dose ÒÅÑȭÄ)

ÅDeath from dehydration, electrolyte losses, shock

ÅTreatment: Aggressive volume repletion



V. vulnificus/parahaemolyticus

ÅBoth cause food poisoning (diarrhea)

ÅFound in raw oysters

ÅV. vulnificus can infect wounds after swimming in 
contaminated water



Haemophilus influenza

ÅColonizes nasopharynx 

ÅCauses several respiratory diseases, meningitis

ÅSome have polysaccharide capsule some do not
ÅȰ#ÁÐÓÕÌÁÒȱ ÂÁÃÔÅÒÉÁ ÁÒÅ ȰÔÙÐÅÁÂÌÅȱ ÉÎÔÏ ÓÉØ ÓÅÒÏÔÙÐÅÓ ɉÁ ÔÏ ÆɊ

Å/ÔÈÅÒÓ ÁÒÅ ȰÎÏÎÔÙÐÅÁÂÌÅȱ

ÅMost disease caused by type B
ÅCapsule consists of ribosyl and ribitol phosphate polymer

ÅVaccine contains type B capsule (Hib)
ÅConjugated to a carrier protein (often tetanus toxoid)

ÅStronger T-cell response 

ÅGiven before 7 months



Haemophilus influenza
Special Features

ÅIgA protease

ÅGrows on Chocolate agar
ÅFactors V (NAD) and X (hematin) present

ÅWill also grow with S. Aureus on blood agar



Haemophilus influenza
Infections

ÅEpiglottitis
ÅLife-threatening (airway obstruction)

ÅUnvaccinated children with fever, sore throat

ÅDysphagia, drooling

Å%ÐÉÇÌÏÔÔÉÓ ×ÉÌÌ ÁÐÐÅÁÒ ȰÃÈÅÒÒÙ ÒÅÄȱ

ÅPneumonia

ÅMeningitis

ÅOtitis media, bronchitis, conjunctivitis
ÅS. pneumoniae and non-typeableH. influenza

ÅVaccine not protective



Haemophilus ducreyi

ÅCauses chancroid

ÅPainful genital ulcer 

ÅContrast with chancre (syphilis): non-painful

ÅSexually transmitted

ÅTreatment: Azithromycin/Ceftriaxone



Genital Ulcers



Bordetella Pertussis

ÅCauses whooping cough

ÅURI with severe coughing

ÅClassic presentations
ÅParoxysms of coughing

Å)ÎÓÐÉÒÁÔÏÒÙ Ȱ×ÈÏÏÐȱ

ÅPost-cough vomiting

ÅExhaustion from coughing

ÅCoughing fits can last weeks

ÅIn China, pertussis known as the "100 day cough"



Bordetella Pertussis

ÅTransmitted by aerosolized droplets

ÅPertussis toxin
ÅShown to inhibit Gi proteins 

ÅAllows over-activation of adenylate cyclase

ÅᴻÃ!-0 ÌÅÖÅÌÓ ÉÎ ÃÅÌÌÓ ÉÎ ÎÅÕÔÒÏÐÈÉÌÓ

ÅResult: impaired recruitment of neutrophils

ÅToxin may not be cause of cough
ÅSome species without toxin shown to cause symptoms



Bordetella Pertussis

ÅInfection rare due to vaccine

ÅAcellular pertussis vaccines used

ÅContain purified pertussis antigens



Yersinia Enterocolitica

ÅFound in domesticated animals (dogs), pigs

ÅOften transmitted through contaminated pork

ÅAlso from contaminated water or milk

ÅFever, abdominal pain, nausea, vomiting

ÅBloody diarrhea

ÅCan cause inflammation around appendix or in 
mesenteric lymph nodes (mesenteric adenitis)
ÅMay mimic Crohn's or appendicitis

Å$ÏÎȭÔ ÃÏÎÆÕÓÅ ×ÉÔÈ 9ÅÒÓÉÎÉÁ pestis (plague)



Spirochetes
Jason Ryan, MD, MPH



Spirochetes

ÅBacteria with long, corkscrew-shaped cells

ÅDifficult to grow/culture

ÅSerology usually used for diagnosis

Image courtesy Wikipedia/Public Domain



Spirochetes

ÅLeptospira (Leptospirosis)

ÅBorrelia (Lyme disease)

ÅTreponema (Syphilis)



Leptospira interrogans

ÅCauses Leptospirosis  

ÅLives in rodents Ą shed in urine

ÅIllness commonly from contaminated water

ÅDisease ranges asymptomatic Ą severe

ÅFlu-like illness: fever, rigors, myalgias, headache

ÅConjunctival suffusion (red eyes)

ÅAseptic meningitis

Å7ÅÉÌȭÓ ÄÉÓÅÁÓÅ ɉÒÁÒÅ ÃÏÍÐÌÉÃÁÔÉÏÎɊ
ÅLiver damage (jaundice),renal failure, and bleeding



Leptospira interrogans

ÅDiagnosis:
ÅUsually from classic history/exam

ÅSerology (antibody) tests available

ÅTreatment: Doxycycline or Azithromycin

ÅClassic case:
ÅSurfer or swimmer in Tropics

ÅFlu-like illness

ÅConjunctival suffusion

ÅJaundice



Borrelia burgdorferi

ÅCauses Lyme disease

ÅCause by tick bite (Ixodes scapularis)
ÅTick larvae feed on mice (reservoir for Borrelia)

ÅInfected adult ticks feed on deer

ÅTicks can bite humans Ą infection with Borrelia

ÅTick must be attached ~48hrs to transmit bacteria

ÅCommon in Northeast US (Lyme, Connecticut)



Lyme Disease

ÅStage 1: Erythema chronicum migrans
Å#ÌÁÓÓÉÃ ÆÉÎÄÉÎÇȡ ÅØÐÁÎÄÉÎÇ Ȱ"ÕÌÌÓ-ÅÙÅȱ ÒÁÓÈ

ÅFlu-like symptoms

ÅStage 2: Neurologic and cardiac
ÅFacial nerve palsy

ÅAV block

Image courtesy of Wikipedia/Public Domain



Lyme Disease

ÅStage 3: 
ÅArthritis (often knees)

ÅNeuropathy (pain, paresthesias)

ÅEncephalopathy (mild cognitive disturbance)

ÅRash: Blue-red discoloration 

ÅAcrodermatitis Chronica Atrophicans

ÅMore common in European Lyme

ÅTreatment: Doxycycline or Ceftriaxone



Relapsing Fever

ÅUS: Borrelia hermsiiand Borrelia turicatae
ÅTransmitted by tick bites

ÅDeveloping world: Borrelia recurrentis
ÅTransmitted by louse (insect)

ÅSpread from person to person by louse (epidemics)

ÅSymptoms are relapsing fever (duh!)

ÅAntigenic variation causes recurrent fevers

ÅSpirochetes change major antigens on surface

ÅThis evades immune response
ÅGrowth occurs

ÅFever returns



Treponema pallidum

ÅCauses syphilis

ÅSexually transmitted disease

ÅCan see spirochete by dark field microscopy

ÅDisease: 1o, 2o, 3o stages

Image courtesy of Wikipedia/Public Domain



Primary Syphilis

ÅTwo to three weeks after exposure

ÅPainless chancre (ulcer)
ÅClassically on the penis

ÅUsually 1-2cm 

ÅRaised

ÅOften unnoticed (painless) Ą disease progresses

Image courtesy of Wikipedia/Public Domain



Secondary Syphilis

ÅRash
ÅClassically maculopapular rash

ÅCovers all extremities including palms/soles

ÅFlu-like symptoms
ÅFever, headache, malaise, sore throat, myalgias

ÅCondyloma lata
ÅLarge, raised, gray to white lesions

ÅMoist areas: inside mouth, perineum

ÅOften close to chancre; may reflect direct spread

ÅTreponema present in condyloma and chancre
ÅCan visualize with dark-field microscopy



Palms and Soles

ÅMost maculopapular rashes spare palms/soles

Å4ÈÒÅÅ ÔÈÁÔ ÄÏÎȭÔȡ
ÅSyphilis

ÅRock Mountain Spotted Fever

ÅCoxsackie virus (hand, foot, mouth)



Tertiary Syphilis

ÅGummas
ÅForm of granuloma

ÅMass lesions that can appear anywhere: skin, liver

ÅOften mistaken for tumors

ÅAortitis
ÅVasa vasorum inflammation

ÅRisk of aortic dissection

ÅNeurosyphilis
ÅMany, many symptoms

ÅMeningitis, dementia, nerve palsies



Tertiary Syphilis

ÅArgyll Robertson pupil
ÅȰ0ÒÏÓÔÉÔÕÔÅȭÓ ÐÕÐÉÌȱ

ÅSmall pupils 

ÅConstrict to accommodation

ÅDo not constrict to light

ÅTabes Dorsalis
ÅDemyelination of posterior columns

ÅWide-based gate

ÅAtaxia (falls, loss of balance)



Syphilis Diagnosis

ÅVDRL
ÅVenereal Disease Research Laboratory

ÅȰ.ÏÎ ÔÒÅÐÏÎÅÍÁÌȱ ÔÅÓÔ

ÅSerum reacted with cardiolipin antigen (nonspecific)

ÅRPR
ÅRapid Plasma Reagin

Å3ÙÐÈÉÌÉÓ ÐÁÔÉÅÎÔÓȭ ÓÅÒÕÍ ɉÁÎÔÉÂÏÄÉÅÓɊ ×ÉÌÌ ÒÅÁÃÔ
ÅPositive VDRL/RPR

ÅFor neurosyphilis need to test CSF
ÅPositive serum test does not necessarily indicate CNS disease

ÅMany false negatives ɀdifficult diagnosis



Syphilis Diagnosis

ÅMany false positives VDRL/RPR
ÅMononucleosis

ÅRheumatic fever

ÅSLE

ÅLeprosy

ÅPregnancy



Syphilis Diagnosis

ÅFTA-ABS
ÅFluorescent treponemal antibody absorption

ÅȰ4ÒÅÐÏÎÅÍÁÌ ÔÅÓÔȱ

ÅDetects antibodies against specific treponemal antigens

ÅVery specific

Å4ÅÓÔ ÒÅÓÕÌÔȡ Ȱ2ÅÁÃÔÉÖÅȱ Ȱ.ÏÎ-ÒÅÁÃÔÉÖÅȱ



Congenital Syphilis

ÅSpirochete transmitted from mother to fetus

ÅCan occur in 1st trimester
ÅMothers screened early in pregnancy

ÅMost often in mothers with no prenatal care

ÅFindings on baby can be early or late
ÅEarly (<2ys); Late (>2yrs)



Congenital Syphilis
Early Findings

ÅHepatomegaly

ÅRunny nose

ÅMaculopapular rash
ÅSmall, red or pink spots

ÅOften on back, buttocks, posterior thighs, and soles

ÅAbnormal long-bone radiographs
ÅMany, many abnormalities reported



Congenital Syphilis
Late Findings

ÅEars/nose
ÅSaddle nose (no nasal bridge)

ÅHearing loss/deafness

ÅTeeth
ÅHutchinson teeth (notched, peg-shaped teeth)

ÅMulberry molars (maldevelopment of the molars)

ÅLegs
ÅSaber shins (bowed legs)



Syphilis Treatment

ÅPenicillin G

ÅJarisch-Herxheimer reaction
ÅFlu-like syndrome after starting antibiotics

ÅKilled bacteria cause immune response

ÅSelf-limited



Zoonotic Bacteria
Jason Ryan, MD, MPH



Zoonotic Bacteria

ÅAll rare, all transmitted from animals to humans

ÅAlmost all can be treated with Doxycycline

ÅKey is to recognize clinical syndromes



Bartonella henselae

ÅCats harbor fleas that carry Bartonella

ÅCat Scratch Fever
ÅCat scratch (almost always a child)

ÅRed, swollen area 3-10 days later

ÅRegional lymphadenopathy (hallmark of disease)

ÅTender, red lymph nodes



Bartonella henselae

ÅBacillary Angiomatosis (vascular lesions)
ÅDiffuse skin papules in AIDS patients

ÅOften mistaken for Kaposi Sarcoma

ÅEndocarditis (rare cause, culture negative)

ÅTreatment: Doxycycline, Azithromycin



Kaposi Sarcoma

ÅRaised, red/purple skin lesions

ÅCommon in HIV/AIDS

ÅAngioproliferation

ÅCaused by HHV-8

ÅCan have similar appearance to Bacillary Angiomatosis

ÅKey differences
ÅKaposi Sarcoma: Lymphocytes 

ÅBA: Neutrophils/lymphocytes 

OpenStaxCollege/Wikipedia



Granulomatous Infections

ÅTuberculosis

ÅLeprosy

ÅFungal pneumonias (Histo, Blasto, Coccidio)

ÅBartonella (cat scratch disease)

ÅBrucella 

ÅListeria in infants (Granulomatosis Infantiseptica)

ÅSchistosomiasis (worm)

ÅSyphilis (gummas)



Brucella

ÅLives in cows, goats

ÅInfection from unpasteurized milk or animal exposure

ÅClassic patients:
ÅWorker in meat packing plant

ÅTraveler from Mexico who consumed milk/cheese

ÅBrucellosis (undulant fever)
ÅFlu-like illness

ÅHigh fever that rises and falls 

ÅProfuse sweating

ÅTreatment: Doxycycline + streptomycin/rifampin



Chlamydophila psittaci
Psittacosis

ÅParrot fever

ÅInfection from inhalation dried feces

ÅClassic patient: Pet store employee

ÅFever, headache, and dry cough

ÅTreatment: Doxycycline



Coxiella burnetii
Q fever

ÅFarm animals: cattle, goats, sheep

ÅForms spores that get inhaled

ÅHigh concentrations in placenta of infected animals

ÅSymptoms
ÅPneumonia with flu symptoms (fever, headache, myalgias)

ÅEndocarditis

ÅDiagnosis: Serology (antibodies)

ÅTreatment: Doxycycline



Culture Negative Endocarditis

ÅEvidence of endocarditis with sterile BCx

ÅCoxiella burnetii
ÅQ fever 

ÅFarm animals (cattle, sheep, goats)

ÅBartonella
ÅCat scratch fever

ÅCat fleas



Francisella tularensis 
Tularemia (Rabbit fever)

ÅImportant reservoirs: Ticks, deer flies, rabbits

ÅOccurs in animal handlers, especially rabbits
ÅAlso from tick bites

ÅUlceroglandular tularemia (most common form)
ÅFever, chills malaise

ÅClassically the fever abates for few days, returns

ÅSkin ulcer at site of insect bite

ÅSwollen, painful lymph nodes

ÅTreatment: Streptomycin (Doxycycline okay, too)



Pasteurella

ÅLives in mouth of cats and dogs

ÅInfection: Cat/dog bites or scratches

ÅKey infections: 
ÅCellulitis 

ÅOsteomyelitis

ÅBite wounds usually polymicrobial (S. Aureus)

ÅBroad spectrum empiric therapy
ÅAmoxicillin -clavulanate (oral)

ÅAmpicillin -sulbactam (IV)

ÅPiperacillin-tazobactam (IV)



Leptospira interrogans

ÅCauses Leptospirosis  

ÅLives in rodents Ą shed in urine

ÅIllness commonly from contaminated water
ÅClassic case is surfer or swimmer in tropics

ÅTreatment: Doxycycline or Azithromycin



Ehrlichia
Ehrlichiosis 

ÅTick-borne illness (Lone Star tick)

ÅWhite tail deer are principal reservoir

ÅObligate intracellular bacteria
ÅȰ"ÅÒÒÙ ÌÉËÅȱ ÉÎÃÌÕÓÉÏÎÓ ÉÎ ÍÏÎÏÃÙÔÅÓ ɉÍÏÒÕÌÁÅɊ

ÅSymptoms 
ÅFlu-like illness

ÅLeukopenia

ÅThrombocytopenia 

ÅDiagnosis: Giemsa stain, serology

ÅTreatment: Doxycycline

Image courtesy of Wikipedia/Public Domain



Anaplasma
Anaplasmosis

ÅBacteria very similar to Ehrlichia

ÅMorula seen in granulocytes (not monocytes)

ÅTick vector: Ixodes scapularis (not Lone Star tick)
ÅSame vector as Lyme disease, Babesiosis

ÅSimilar symptoms, treatments to Ehrlichiosis
ÅFever, joint pains

ÅLow WBCs, platelets

ÅBlood smear: granulocytes (not monocytes) with inclusions



Borrelia burgdorferi

ÅCauses Lyme disease

ÅCause by tick bite (Ixodes scapularis)
ÅTick larvae feed on mice (reservoir for Borrelia)

ÅInfected adult ticks feed on deer

ÅTicks can bite humans Ą infection with Borrelia

ÅCommon in Northeast US (Lyme, Connecticut)

ÅTreatment: Doxycycline or Ceftriaxone



Rickettsia and Chlamydia

ÅSimilar types of bacteria

ÅObligate intracellular bacteria
ÅUse host ATP

ÅChlamydia cannot make ATP

ÅRickettsia can make some

ÅCannot be cultured on common media
ÅInoculated into living cells (yolk sac of chicken embryos)

ÅVery small 
ÅClose to size of viruses

ÅChlamydia: Person to person 

ÅRickettsia: Tick- or insect-borne illnesses



Rickettsia 

ÅAll infections occur from ticks-fleas-lice

ÅThree subtypes Ą different infections
ÅR. rickettsii (Rocky Mountain Spotted Fever)

ÅR. typhi (Murine typhus)

ÅR. prowazekii (Epidemic typhus)



Typhus versus Typhoid

ÅTyphus = Greek word for smoky or hazy
ÅUsed by Hippocrates to describe state of mind

ÅTyphus caused by Rickettsia sp.

ÅCan cause plagues (R. prowazekii)

ÅTyphoid Fever
ÅCaused by Salmonella typhi

ÅEnteric disease

ÅFever, diarrhea, rose spots 



Rocky Mountain Spotted Fever
Rickettsia rickettsii

ÅOccurs throughout US (despite name)

ÅTransmitted by tick bite
Å1/3 may not recall/notice the bite

ÅTriad: Headache, fever, rash

ÅHeadache, fever often come first

ÅMaculopapular rash
ÅStarts wrists/ankles Ą spreads to trunk, palms, soles

ÅRarely complications:
ÅEncephalitis

ÅSeizures

ÅDIC

ÅTreatment: Doxycycline



Murine Typhus
Rickettsia typhi

Å!ÌÓÏ ÃÁÌÌÅÄ ȰÅÎÄÅÍÉÃȱ ÔÙÐÈÕÓ
ÅEndemic to certain populations (no epidemics)

ÅReservoir: Rats

ÅTransmitted from rat fleas

ÅCommon in developing world

ÅFlu-like illness

ÅRash (<50%)
ÅMaculopapular

ÅStarts in trunk spreads out

ÅTreatment: Doxycycline



Epidemic Typhus
Rickettsia prowazekii

ÅMostly historical

ÅEpidemics throughout history have killed millions

ÅSome outbreaks in Africa during civil wars

ÅTransmitted by body louse
ÅBody louse lives on skin/clothes 

ÅEggs laid on clothes and hatch 

ÅLarvae suck blood 

ÅDuring meal, louse defecates highly infective feces

ÅRickettsia in louse feces introduced to skin/membranes



Epidemic Typhus
Rickettsia prowazekii

ÅFever, chills, headaches, malaise

ÅMaculopapular rash
ÅStarts in trunk spreads out

ÅConfusion, seizures, coma

ÅTreatment: Doxycycline



Yersinia pestis
Bubonic Plague 

ÅReservoir: rats, sometimes squirrels or prairie dogs

ÅHumans get disease from rat flea bites

ÅHuman to human spread via respiratory droplets

ÅFever, chills, headache

ÅIntense pain/swelling of a lymph node area (bubo)

ÅBuboes: 
ÅExquisite tenderness 

ÅErythema and edema of overlying skin

Å)ÎÇÕÉÎÁÌ ÒÅÇÉÏÎ ÍÏÓÔ ÆÒÅÑÕÅÎÔ ɉͼÂÕÂÏͼ Ѐ  'ÒÅÅË ×ÏÒÄ ȰÇÒÏÉÎͼɊ

ÅTreatment: Streptomycin (Doxycycline okay, too)



Tick-Flea-Louse

ÅEhrlichia ĄEhrlichiosis

ÅBorrelia Ą Lyme disease
Å** Babesia (parasite) Ą same tick

ÅR. Rickettsia ĄRocky Mountain Spotted Fever

ÅR. typhi ĄMurine typhus

ÅR. prowazekii ĄEpidemics/plague

ÅY. Pestis ĄBubonic plague



Mycobacteria
Jason Ryan, MD, MPH



Mycobacteria

ÅMycolic acids in cell wall

ÅLipid-ÒÉÃÈ ÃÅÌÌ ×ÁÌÌ ÔÈÁÔ ÉÓ ȰÁÃÉÄ ÆÁÓÔȱ

ÅResistant to decolorization by acid after staining with 
carbolfuchsin

ÅDo not gram stain well (technically gram positive)



Ziehl-Neelsen

Å4ÈÅ ȰÁÃÉÄ ÆÁÓÔȱ ÓÔÁÉÎ

ÅContains carbolfuchsin

ÅUsed to detect mycobacterium (especially TB)

ÅAlso used for Nocardia

Image courtesy Wikipedia/Public Domain



Mycobacteria

ÅM. Tuberculosis

ÅM. avium complex (MAC)

ÅM. kansasii

ÅMycobacterium leprae



MAC
Mycobacterium aviumcomplex

ÅMost common non-TB mycobacterial infection

ÅIncludes several bacteria:
ÅM. avium, M. intracellulare

ÅSlow growing, acid-fast organisms



MAC
Mycobacterium aviumcomplex

ÅFound in water and soil

ÅInhaled or ingested

ÅVery rare cause of pulmonary disease in non-HIV

ÅHIV/AIDS: Disseminated disease
ÅVery low CD4 count (<50)

ÅFever, sweats, abdominal pain, diarrhea, weight loss

ÅSevere anemia

ÅHepatosplenomegaly

Åᴻ alk phosȟ ᴻ ,$(

ÅOften no lung findings (if lung findings ĄÉÔȭÓ 4"Ɋ



MAC
Mycobacterium aviumcomplex

ÅDiagnosis: Blood culture (takes 7 days or more)

ÅTreatment:
ÅClarithromycin plus Ethambutol

ÅProphylaxis: Azithromycin



M. Kansasii

ÅMost frequent non-TB mycobacteria after MAC

ÅEnvironmental source not clear

ÅSimilar pathology but less virulent than TB
ÅFever, sweats, cough, dyspnea

ÅCXR infiltrates

ÅTreatment: Similar to TB



M. Leprae
Leprosy (Hansen's Disease)

ÅObligate intracellular organism

ÅGrows very slowly - cannot be cultured

ÅGrows best at cool temps (27 to 33°C)
ÅInfection involves skin

ÅExtremities, face

ÅReservoir is armadillos

ÅMode of transmission unclear

ÅCauses granulomatous inflammation

ÅMostly found in developing countries

ÅMost US cases occur in immigrants



M. Leprae
Leprosy (Hansen's Disease)

ÅInfects skin and superficial nerves

ÅKey signs/symptoms
ÅSkin lesions

ÅLoss of sensation



M. Leprae
Leprosy (Hansen's Disease)

ÅSpectrum of disease 

ÅSeverity based on strength of cell-mediated response

ÅTuberculoid leprosy - Milder disease

ÅLepromatousleprosy ɀSevere disease



Tuberculoid Leprosy

ÅPatches of hypopigmentedskin

ÅLoss of sensation over affected area

ÅStrong cell-mediated TH1 response contains infection

ÅLesions show granulomas, few bacteria



LepromatousLeprosy

ÅDiffuse skin lesions

ÅOften deformed, thickened skin

ÅHypopigmentation and hair loss

ÅSevere neuropathy (weakness, regional anesthesia)

ÅTh2 response
ÅHumoral immunity

ÅDepressed cell-mediated immunity

ÅAntibodies cannot reach intracellular bacteria

ÅLesions:
ÅMultiple bacteria

ÅNo granulomas

Wikipedia/Public Domain



M. Leprae
Leprosy (Hansen's Disease)

ÅDiagnosis: 
ÅAcid-fast organisms on skin biopsy

ÅNote: False positive VRDL

ÅTreatment:
ÅTuberculoid: dapsoneand rifampin (6 months)

ÅLepromatous: dapsone, rifampin, and clofazimine(years)



M. Leprae
Leprosy (Hansen's Disease)

ÅRifampin
ÅTuberculosis drug

ÅBlocks RNA synthesis

ÅDapsone
ÅCompetes with bacterial para-aminobenzoicacid (PABA)

ÅInhibits dihydropteroate synthetase

ÅDisrupts folic acid pathways (like sulfonamides)

ÅAlso used for pneumocystis jiroveci (like sulfonamides)

ÅHemolysis in G6PD (like sulfonamides)

ÅRarely can cause agranulocytosis  (ANC=0)

ÅClofazimine



IL-12 Receptor Deficiency

ÅIL-12 triggers differentiation T-cells to Th1 cells

ÅActivated TH1 cells produce IFN-ɾ

ÅImportant for response to intracellular infections

ÅChildren born with deficient receptors have a weak 
Th1 response and low levels IFN-ɾ

ÅIncreased susceptibility:
ÅDisseminated Salmonella 

ÅDisseminated nontuberculous mycobacterial (NTM) 

ÅDisseminated Bacillus Calmette-Guerin (BCG) after vaccine

ÅTreatment: IFN-ɾ



Penicillins
Jason Ryan, MD, MPH



Penicillins

Image courtesy of Wikipedia/Public Domain

Beta Lactam Ring
Penicillins

Carbapenems
Aztreonam

Cephalosporins

Thiazolidine Ring
Penicillins

Side Chain



Penicillin
Mechanism of Action

ÅBacteria constantly breaking down/remaking cell wall

ÅTranspeptidases
ÅCross link peptidoglycan in cell walls

ÅBind to alanine residues



Mcstrother/Wikipedia

Penicillin
Mechanism of Action

Crosslink



Mcstrother/Wikipedia

Penicillin
Mechanism of Action

Binds ala-ala residues
Links lysine-alanine



Penicillin
Mechanism of Action

ÅPenicillin binds to transpeptidases
ÅȰ0ÅÎÉÃÉÌÌÉÎ ÂÉÎÄÉÎÇ ÐÒÏÔÅÉÎÓȱ 

Å-ÉÍÉÃÓ ÁÌÁÎÉÎÅ ɉȰ$-alanyl-D-ÁÌÁÎÉÎÅȱɊ ÒÅÓÉÄÕÅÓ

ÅInactivates enzymes

ÅWall breakdown > wall creation ĄAutolysis
ÅEnzymes that hydrolyze cell wall continue to work

ÅCell death (bactericidal)

ÅAll ɼ-lactam antibiotics: similar mechanism

Alanine



Mcstrother/Wikipedia

Penicillin
Mechanism of Action



Omargs10/Wikipedia

Penicillin
Mechanism of Action



Natural Penicillins

ÅPenicillin G (IM and IV)

ÅPenicillin VK (oral)

ÅProbenecid
ÅGout drug

ÅInhibits renal secretion PCN

ÅBoosts PCN levels Ą co-administered in special circumstances

Penicillin G Penicillin VK



Natural Penicillins
Resistance

ÅModified penicillin binding proteins
ÅMay result from genetic mutations

ÅExample: S. pneumonia often produces altered PBPs

ÅReduced bacterial cell penetration
ÅGram negative bacteria: poor penetration

ÅPorins: gram negative proteins that transport nutrients/waste

ÅBacteria may decrease number of porins

ÅBeta lactamase enzyme



Beta Lactamase
Penicillinase

ÅBacterial enzymes

ÅDegrade beta lactam compounds
ÅPenicillin G and VK

ÅSome other penicillins

ÅSome cephalosporins

ÅMany gram negative bacteria

ÅStaphylococcus aureus



Beta Lactamase

ÅMost gram negative rods have beta-lactamase gene
ÅȰ#ÈÒÏÍÏÓÏÍÁÌ ÂÅÔÁ ÌÁÃÔÁÍÁÓÅȱ

ÅSome express low levels

ÅGenes can also be transferred via plasmids
ÅExtra-chromosomal genetic material

ÅSelf-reproducing

ÅTransferrable



Image courtesy of Jeff Dahl/Wikipedia

Beta Lactamase

ÅGram negative bacteria
ÅBeta lactamase found in periplasm

ÅGram positive bacteria (S. Aureus)
ÅNo periplasm - Beta lactamase secreted

ÅGenerally produce more enzyme than GN



ɼ-Lactamase Inhibitors
Clavulanic Acid, Sulbactam, Tazobactam

Å)ÎÈÉÂÉÔ ÂÁÃÔÅÒÉÁÌ ɼ-lactamase

ÅAdded to some penicillins to expand coverage
ÅAminopenicillins

ÅAntistaphylococcal penicillins

ÅLittle/no effect used alone



Penicillin G and VK
Clinical Uses

ÅNarrow spectrum ɀfew specific modern uses

ÅGram positives
ÅStrep pyogenes (strep throat)

ÅActinomyces

ÅTreponema Pallidum (syphilis)

ÅRare uses (only in susceptible isolates)
ÅNeisseriameningitides

ÅStrep. pneumonia



Penicillin Adverse Effects
Hypersensitivity (allergic) reactions

ÅCommonly leads to hypersensitivity (allergic reaction)

Å1st exposure: Sensitization

Å2nd exposure: Hypersensitivity reaction

ÅSymptoms resolve on stopping drug



Penicillin Adverse Effects
Hypersensitivity (allergic) reactions

Å!ÃÕÔÅ ɉȰÉÍÍÅÄÉÁÔÅȱɊ
ÅType I, IgE-mediated 

ÅUsually within 1 hour of taking drug

ÅHistamine release

ÅItching, urticaria

ÅBronchospasm

ÅAnaphylaxis

James Heilman, MD



Penicillin Adverse Effects
Maculopapular Rash

ÅȰ.ÏÎ-ÉÍÍÅÄÉÁÔÅȱ ÒÅÁÃÔÉÏÎ 

ÅMost common with aminopenicillins

ÅMaculopapules

ÅItchy or may be non-pruritic

ÅAbsence of fever, wheezing, joint pain

ÅDays or weeks after starting drug

ÅType-IV (T-cell -mediated) mechanism

Romano A et al. Diagnosis of nonimmediate
reactions to B -lactam antibiotics . Allergy 2004



Penicillin Adverse Effects
Maculopapular Rash

ÅMore common with viral infection
ÅEBV pharyngitis

ÅAmoxicillin given for pharyngitis Ąmaculopapular rash

ÅMechanism not clear

Wikipedia/Public Domain



Penicillin Adverse Effects
Skin Reactions

ÅStevens-Johnson Syndrome 
ÅFever, necrosis

ÅSloughing of skin

ÅDermal-epidermal junction

ÅVesicles, blisters

ÅToxic epidermal necrolysis
ÅSevere form SJS (>30% skin)

ÅMortality: SJS 1-5%; TEN 25-35%
Dr. Thomas Habif/Wikipedia



Penicillin Adverse Effects
Skin Reactions

ÅImmune mediated
ÅCD8 T-cells play important roll

ÅRe-challenge with drug can cause recurrence

ÅAntibiotic associations:
ÅSulfonamides (TMP-SMX)

ÅAminopenicillins

ÅCephalosporins



Penicillin Adverse Effects
Interstitial Nephritis

ÅDrug acts as haptenĄ immune response in kidneys

ÅHypersensitivity (allergic) reaction
ÅComplex mechanism

ÅConsidered a Type IV hypersensitivity reaction

ÅT cells, Mast cells

SpanouZ et al. Involvement of Drug -Specific T Cells in Acute 
Drug-Induced Interstitial Nephritis .  JASN Oct 2006



Penicillin Adverse Effects
Interstitial Nephritis

ÅClassic presentation
ÅFever

ÅOliguria

ÅIncreased BUN/Cr

ÅEosinophils in urine

ÅWhite cells and WBC castsɉȰÓÔÅÒÉÌÅ ÐÙÕÒÉÁȱɊ



Penicillin Adverse Effects
Hemolytic  Anemia

ÅHigh doses can lead to extrinsic hemolytic anemia

ÅPCN binds to surface RBCs (hapten)

ÅElicits immune response

ÅAntibodies against PCN bound to RBCs

ÅDirect Coombs test: positive

ÅType II hypersensitivity



Penicillin Adverse Effects
Hypersensitivity (allergic) reactions

ÅSerum Sickness
ÅImmune complex disorder (IgG)

ÅDays/weeks after exposure

ÅComplement activation

ÅType III hypersensitivity reaction 

ÅUrticaria, fever, arthritis, lymphadenopathy

Tatum A et al. Severe serum sickness-like reaction to oral penicillin 
drugs: three case reports .  Ann Allergy Asthma Ummunol 2001



Penicillin Immunology

Type I
Acute
IgE

Anaphylaxis

Type II
Hemolysis

IgG

Type III
Serum Sickness

IgG
Fever

Urticaria
Arthritis

Type IV
T cells
Skin

Nephritis

Penicillin



Penicillin Adverse Effects
C. Difficile Infection

ÅDiarrhea following antibiotic therapy

ÅAntibiotic depletes normal intestinal flora

ÅC. Difficile growth Ą pseudomembranous colitis

ÅMay occur with any antibiotic

ÅFrequent associations
ÅClindamycin 

ÅFluoroquinolones

ÅCephalosporins

ÅPenicillins



Jarisch-Herxheimer Reaction

ÅOccurs with PCN therapy for spirochete infections

ÅClassically occurs in syphilis

ÅFebrile syndrome

ÅFever, chills, flushing, hyperventilation

ÅUsually ~2hrs after starting therapy

ÅDue to bacterial cell death Ą immune response



Antistaphylococcal Penicillins
Oxacillin, nafcillin, dicloxacillin 

ÅSide chain protects ɼ-lactam from staph penicillinase

ÅPrototype: Methicillin
ÅNo longer used

ÅHigh frequency of adverse effects (interstitial nephritis)

ÅCovers Staph Aureus (non-MRSA) and most strep

Methicillin



Antistaphylococcal Penicillins
Oxacillin, nafcillin, dicloxacillin 

ÅCommon uses
ÅCommunity acquired cellulitis

ÅImpetigo

ÅStaph endocarditis based on culture data

ÅSide effects similar to penicillin

Åsa Thörn
Ujb 98



Aminopenicillins
Amoxicillin/Ampicillin

Ampicillin

Amoxicillin



Aminopenicillins
Amoxicillin/Ampicillin

ÅAmoxicillin (oral)

ÅAmpicillin (IV)
ÅPoor bioavailability when given orally

ÅPenetrate porin channel of gram -negative bacteria

ÅSensitive to beta lactamase enzymes

ÅCovers penicillin bacteria plus some gram negatives



Aminopenicillins
Amoxicillin/Ampicillin

Bacteria

ÅH. Influenza

ÅE. Coli

ÅProteus

ÅSalmonella

ÅShigella

ÅListeria (gram +)

Main Clinical Uses

ÅOtitis Media

ÅBacterial sinusitis

ÅMeningitis
ÅNewborns, elderly

ÅListeria coverage



Aminopenicillins
Maculopapular Rash

ÅMost common with aminopenicillins

ÅMore common in viral infection

ÅClassic case
ÅEBV infection with sore throat

ÅAmoxicillin given for presumed bacterial pharyngitis 

ÅMaculopapular rash



Aminopenicillins
Skin Reactions

ÅStevens-Johnson Syndrome 

ÅToxic epidermal necrolysis 

ÅAntibiotic associations:
ÅSulfonamides (TMP-SMX)

ÅAminopenicillins

ÅCephalosporins

Dr. Thomas Habif/Wikipedia



ɼ-Lactamase Inhibitors
Clavulanic Acid, Sulbactam, Tazobactam

ÅCommonly used with aminopenicillins
ÅAmoxicillin/Clavulanic acid (Augmentin)

ÅAmpicillin/Sulbactam (Unasyn)

ÅIncreases activity against S. Aureus, H. flu

ÅAlso increases activity against anaerobes (B. fragilis)

ÅCommon uses:
ÅOtitis media/sinusitis (Broad-spectrum)

ÅBite wounds (Polymicrobial with anaerobes)



Antipseudomonal Penicillins
Ticarcillin, Piperacillin

ÅGreater porin channel penetration

ÅEffective against Pseudomonas aeruginosa

ÅMore gram (-) coverage vs. aminopenicillins

Ticarcillin
(Carboxypenicillin)

Piperacillin
(Piperazinepenicillin)



Antipseudomonal Penicillins
Ticarcillin, Piperacillin

ÅSusceptible to ɼ-lactamases

ÅGiven with ɼ-lactamase inhibitor
ÅTicarcillin -clavulanate(Timentin)

ÅPiperacillin-tazobactam (Zosyn)

ÅBroad-spectrum antibiotics
ÅMost gram-positive (not MRSA)

ÅMore gram-negative (pseudomonas)

ÅMost anaerobic bacteria

ÅHospitalized patients with sepsis/PNA



ɼ-Lactam 
Antibiotics
Jason Ryan, MD, MPH



Penicillin Structure

Image courtesy of Wikipedia/Public Domain

Beta Lactam Ring
Penicillins

Carbapenems
Aztreonam

Cephalosporins

Thiazolidine Ring
Penicillins



Beta Lactam Antibiotics
Carbapenems, Aztreonam, Cephalosporins

ÅSimilar mechanism to penicillin
ÅBind transpeptidases (penicillin-binding proteins/PBPs)

ÅPrevent peptidoglycan crosslinking

ÅAutolysis

ÅUsually bactericidal

ÅPotentially susceptible to beta lactamase



Carbapenems
Imipenem, meropenem, ertapenem, doripenem

Åɼ-lactams (not penicillins)

Å2ÅÓÉÓÔÁÎÔ ÔÏ ÃÌÅÁÖÁÇÅ ÂÙ ÍÏÓÔ ɼ-lactamase

Imipenem



ESBL
Extended Spectrum Beta Lactamase

ÅPlasmid-mediated bacterial enzymes

ÅConfer resistance to most beta-lactam antibiotics
ÅPenicillins, cephalosporins, aztreonam

ÅFound only in gram-negative bacteria
ÅPseudomonas

ÅKlebsiella 

ÅE. coli

ÅEnterobacter

ÅSalmonella

ÅSerratia

ÅShigella



Carbapenems
Imipenem, meropenem, ertapenem, doripenem

ÅDrug of choice for ESBL bacteria

ÅBroad spectrum:
ÅGram (+)

ÅGram (-) including pseudomonas, enterobacter

ÅAnaerobes including B. fragilis

ÅUsed in hospitalized patients



Imipenem

ÅFirst commercially available carbapenem

ÅMetabolized in kidneys
ÅLoss of antibacterial effect

ÅNephrotoxic metabolites

ÅProximal tubule enzyme: dehydropeptidase I 

ÅGiven with cilastatin (enzyme inhibitor)



Carbapenems
Imipenem, meropenem, ertapenem, doripenem

ÅImipenem and meropenem
ÅOlder carbapenems

ÅNo important differences in efficacy

ÅDoripenem and ertapenem
ÅNewer carbapenems

ÅDoripenem: Similar to imipenem and meropenem

ÅErtapenem: Some resistance in ESBL bacteria

ÅErtapenem
ÅOnce daily dosing

ÅWeak activity against pseudomonas



Carbapenems
Imipenem, meropenem, ertapenem, doripenem

ÅCommon side effects
ÅNausea, vomiting, diarrhea

ÅSkin rash

ÅNeurotoxicity
ÅSeizures

ÅInhibition of GABA receptors

ÅEspecially at high doses or with renal failure

ÅLower risk with meropenem



Aztreonam

ÅMonobactam: ɼ-lactam ring not fused to another ring

Aztreonam

Penicillins

Cephalosporins



Aztreonam

ÅBinds penicillin-binding protein 3 (PBP-3)
ÅFound in gram negative bacteria

ÅPrevents cross-linking of peptidoglycan

ÅBactericidal

ÅLimited susceptibility to ɼ-lactamase
ÅSome resistance in ESBL bacteria

ÅOnly active against gram ( -) bacteria
ÅDoes not bind PBP of gram (+) bacteria

ÅNo activity against gram (+) or anaerobes

ÅActive against pseudomonas



Aztreonam

ÅIntravenous administration (hospitalized patients)

ÅSynergistic with aminoglycosides

ÅNo cross reactivity in penicillin allergic patients 

ÅKey niche: penicillin allergy



Cephalosporins

Images courtesy of Wikipedia/Public Domain

Penicillin

Cephalosporin



Cephalosporins

ÅDivided into 1st through 4th generation

Å1st generation: Mostly gram positive coverage

ÅSuccessive generations: increased gram (-) coverage



1st Generation Cephalosporins

ÅCefazolin, cephalexin

ÅDeveloped to treat S. Aureus resistance to penicillin

ÅCovers many gram (+) including S. Aureus (not MRSA)
ÅStable against S. Aureus beta lactamase

ÅDoes not cover enterococcus or listeria

ÅSusceptible to gram negative beta lactamases

ÅMain uses:
ÅSurgical wound (skin) infections

ÅCefazolin given pre-op for prevention



2nd Generation Cephalosporins
Cefuroxime, Cefoxitin, Cefotetan

ÅDeveloped to treat amoxicillin-resistant infections

ÅIncreased affinity for gram (-) PBPs

ÅMore resistant to beta lactamase

ÅIncreased gram (-) 
ÅH. influenza, Enterobacter, Proteus

ÅE. coli, Klebsiella, Serratia, N. gonorrheae

ÅIncreased anaerobic coverage (B. fragilis)



2nd Generation Cephalosporins
Cefuroxime, Cefoxitin, Cefotetan

ÅCefuroxime (oral):
ÅOtitis media (S. pneumonia, H. flu)

ÅUTI in children (E. coli; no fluoroquinolones)

ÅCefoxitin/ cefotetan(IV):
ÅPID (covers Neisseria; also give doxycycline for Chlamydia)

ÅPre-op in children with appendicitis

ÅE. coli 

ÅCovers gram negatives and some anaerobes

ÅUsually given with metronidazole



3rd  Generation Cephalosporins
Ceftriaxone, Cefotaxime, Ceftazidime

ÅBroad gram (-) coverage
ÅMore resistance to beta lactamase enzymes

ÅMore gram (-) PBP affinity

ÅCeftriaxone, Cefotaxime: Poor coverage pseudomonas

ÅCeftazidime: Covers pseudomonas
ÅUsed in hospitalized patients with gram negative infections

ÅSepsis/pneumonia

ÅMost achieve good CSF penetration (meningitis)



Ceftriaxone

ÅCommonly used for N. gonorrhea

ÅCommonly used in meningitis
ÅActive against S. pneumonia, N. meningitidis

ÅGood CSF penetration



4th Generation Cephalosporins
Cefepime

ÅBroad spectrum (>3rd generation drugs)
ÅMSSA

Å-ÁÎÙ ÇÒÁÍ ɉϹɊȭÓ 

ÅMany gram (-ɊȭÓ ÉÎÃÌÕÄÉÎÇ pseudomonas

ÅResistant to some ESBL

ÅHospitalized patients with gram (-) infections



ɼ-lactamase Sensitivity
Based on side chain

Sensitive Resistant

Penicillins*

1st Ceph

2nd Ceph

3rd Ceph Aztreonam**

Carbapenems

* Anti-staphylococcal penicillins resist staph penicillinase
** Gram negatives only

4th Ceph



5th Generation Cephalosporins
Ceftaroline

ÅActive against MRSA

ÅFDA approval 2010

ÅProdrug converted to active metabolite

ÅBinds PBP2a
ÅMRSA-specific PBP

ÅLow affinity for most other beta-lactams

ÅCovers MRSA and VRSA

ÅSome gram negatives (not pseudomonas)

ÅStudied in skin infections and pneumonia



Cephalosporins
Resistance Mechanism

ÅModified penicillin -binding proteins (PBPs)

ÅAltered cell permeability

ÅBeta lactamase



Cephalosporins
Adverse Reactions

ÅHypersensitivity Reactions (similar to PCN)
ÅAnaphylaxis

ÅMaculopapular rash

ÅSerum sickness (fever, rash, arthritis)

ÅHemolytic anemia (drug as hapten)

ÅInterstitial nephritis

ÅStevens-Johnson Syndrome/Toxic epidermal necrolysis 

ÅSome cross-reactivity with penicillins
ÅTraditionally cited as 10%

ÅActual risk may be lower



Cephalosporins
Adverse Reactions

ÅVitamin K deficiency
ÅVitamin K1 from diet (green, leafy vegetables)

ÅVitamin K2 from GI bacteria

ÅAntibiotics reduce bacterial vitamin K production

ÅResult: Increased INR and potential bleeding

ÅCommonly a problem for patients on warfarin

ÅMay be caused by any antibiotic



Cephalosporins
Adverse Reactions

ÅHypoprothrombinemia
ÅAssociated with N-methylthiotetrazole (NMTT) side chains

ÅCefotetan, cefazolin

ÅInhibits epoxide reductase (similar to warfarin)

Åᴽ ÈÅÐÁÔÉÃ ÓÙÎÔÈÅÓÉÓ ÏÆ ÃÌÏÔÔÉÎÇ ÆÁÃÔÏÒÓ 

ÅMay prolong the PT/INR

ÅReversible with vitamin K

ÅMost reports among malnourished patients

Shearer et al. Mechanism of cephalosporin -induced hypoprothrombinemia: 
relation to cephalosporin side chain, vitamin K metabolism, and vitamin K status. 
J Clin Pharmacol. 1988

Cefotetan



Cephalosporins
Adverse Reactions

ÅNephrotoxicity of aminoglycosides
ÅReports of increased risk with combination therapy



Cephalosporins
Adverse Reactions

ÅDisulfiram reaction

ÅAlcohol consumption with cephalosporins

ÅWarmth, flushing, sweating

ÅInhibition of acetaldehyde dehydrogenase

ÅAccumulation of acetaldehyde

ÅOccurs with certain side chain structures

ÅCefoperazone, cefamandole, and cefotetan



Ethanol Metabolism

Alcohol
Dehydrogenase

Aldehyde
Dehydrogenase

Ethanol Acetaldehyde Acetate

X

Cephalosporins



Sulfonamides
Jason Ryan, MD, MPH



Sulfonamide Antibiotics

ÅSulfonamide group = SO2-N

ÅȰ3ÕÌÆÁȱ ÄÒÕÇ Ѐ #ÏÎÔÁÉÎÓ ÓÕÌÆÏÎÁÍÉÄÅ ÇÒÏÕÐ



Thymidine-MPdUridine-MP

Thymidylate
Synthase

Tetrahydrofolate DNA
Synthesis

Bacterial Folate Synthesis

ÅFolate required for thymidine/DNA synthesis

ÅMammalian cells: use exogenous folate (diet)

ÅBacterial cells: no exogenous folate (must synthesize)



Bacterial Folate Synthesis 

PABA
para-aminobenzoic

acid 

Dihydropteroic Acid

Dihydropteroate
Synthase

Pteridine

Sulfonamides

X



Bacterial Folate Synthesis 
Dihydropteroic Acid

Dihydrofolic Acid

Tetrahydrofolate

Dihydrofolate
Reductase

Trimethoprim
Pyrimethamine

X



Bacterial Folate Synthesis 

PABA + Pteridine

Dihydropteroic Acid

Dihydrofolic Acid

THF

DNA

Dihydropteroate
Synthase

Dihydrofolate
Reductase

Trimethoprim
Pyrimethamine

Sulfonamides



Sulfonamides
Sulfamethoxazole (SMX), sulfisoxazole, sulfadiazine

ÅMimics of PABA

ÅCompetitively inhibit dihydropteroate synthase

PABA

Sulfamethoxazole

Sulfadiazine
Sulfisoxazole



Sulfonamides
Resistance 

ÅIncreased PABA

ÅAltered dihydropteroate synthase

ÅDecreased uptake



Dapsone

ÅNot a sulfonamide

ÅCompetes with PABA for dihydropteroate synthase

ÅTwo main uses:
ÅMycobacterium leprae (leprosy)

ÅPneumocystis jiroveci



Sulfonamides
Sulfamethoxazole (SMX), sulfisoxazole, sulfadiazine

ÅUsually given with trimethoprim
ÅTMP-SMX (Bactrim)

ÅSequential block of THF synthesis

ÅSulfadiazine
ÅSilver-sulfadiazine (cream) for burns

ÅSulfadiazineand pyrimethamine
ÅAlso sequential block of THF synthesis

ÅUsed in toxoplasmosis (HIV)



Sulfonamides
Toxicity

ÅHypersensitivity reactions ~3% of patients

ÅReactions linked to: 
ÅArylamine (NH2) at N4position

ÅNitrogen ring attached to N1 nitrogen

ÅOnly sulfonamide antibiotics contain both features

SMX
N1 Nitrogen

N4 Nitrogen



Sulfonamides
Toxicity

ÅOther sulfa drugs

Sulfonylurea
(Diabetes)

Acetazolamide
(Carbonic Anhydrase)

Furosemide
(Loop Diuretic)

Hydrochlorothiazide
(Thiazide diuretic)

Probenicid
(Gout)

Sulfasalazine
(IBD)


