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Prokaryotes

Very old form of life

No membranebound
organelles

No nucleus

Nuclear material free
inside cell

Bacteria are prokaryotes
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Types of Organisms

Eukaryotes

More modern form of life

Membrane-bound
organelles

Nucleus

Plant and animal cells
Protozoa

Fungi




Bacteria

A Single cell organisms
ACell wall is key component

A Protects organism
General support
Osmotic pressure

ATarget for immune system
ATarget for antibiotics
A Differentiates bacteria

Bacterial Flagellum
Nucleoid (circular DNA)
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Gram Stain

A Different for gram (+) and gram €) bacteria




Cell Walls

Lipoteichoic Acids

-

Outer Membrane

Cell Wall/Periplasm

N ) N

Cell membrane

Gram Positive Gram Negative
Bacteria Bacteria
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Peptidoglycan

AMajor structural component of bacterial cell walls
A Polymer sheets of sugars and peptides
A Sheets crosdinked to other sheets
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Peptidoglycan

ASugars:
N-acetylglucosaming(NAG)
N-acetylmuramic acid (NAM)

A Peptides:
Attached to NAM
Three to five amino acids

A Sugar/peptide backbone makes chains
A Chains crosslinked by peptide crossbridges

A Site of action some antibiotics
Penicillin, cephalosporins
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Peptidoglycan

N-Acetyl Glucosamine (NAG)
N-Acetyl Muramic acid (NAM)

.-r..- Two tetrapeptide chains crosslinked by
peptide

Peptidoglycan layers

Plasma membrane showing lipid
bilayer

Bacteruim showing outer cell wall
and inner plasma membrane

Simplified schematic of cell wall in a gram-positive bacterium
(showing plasma membrane; teichoic acids not shown)
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Peptidoglycan

AGram positive bacteria
Up to 40 sheets
50% or more of cell wall

A Gram negative bacteria
Very few sheets
5-10% cell wall

AThick layer in gram (+) bugs retains the gram stain
Makes them purple
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Unique Cell Walls

AMycoplasma
No cell wall
Does not gram stain
Cell membrane has sterols for extra stability

AMycobacteria
Cell wall has mycolic acid
Does not gram stain well
Special stains used (ZieRNeelsen)

AChlamydia

Lacksmuramic acid
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Image courtesy Wikipedia/Public Domain

A Electron transport and oxidative phosphorylation

APresent in gram (+) and gram+) bacteria
AEnzymes and carrier molecules

A Phospholipid bilayer

Cell Membrane
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Gram Positive Bacteria

AUnique feature: lipoteichoic acid (LTA)
AMajor surface antigen for immune reaction

Aln animal studies, LTA has induced:
Arthritis

Uveltis
Meningeal inflammation

Cascades resulting in septic shock and muargan failure
AlInduces cytokine release

ABinds antibodiesA activatescomplement cascade
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Gram Negative Bacteria

AUnique feature #1:Periplasm
Space between cell membrane and outer membrane
Contains many enzymes
B-lactamaseA inactivates antibiotics

Gram Negative
Bacterial Cell Wall

Image courtesy of Jeff Dahl/Wikipedia .



Gram Negative Bacteria

AUnique feature #2: Outer Membrane
A Contains outer layer of lipopolysaccharide (LPS)
AMajor immune trigger for gram (-) bacteria

Gram Negative
Bacterial Cell Wall




Lipopolysaccharide

AComponents:
Polysaccharide
Lipid A
O antigen
ALipid A
Highly toxic
Triggers cytokine release
A O antigen

Target for antibodies
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Key Point

A Different major surface antigens trigger the immune
system in gram (+) and gram+) bacteria

A Gram positive bacteria
Cell wall and membrane
Lipoteichoic acid (LTA)

A Gram negative bacteria
Outer membrane
Lipopolysaccharide (LPS)

Outer Membrane

Cell Wall/Periplasm

& < >

Cell membrane




Capsules

Lipoteichoic Acids

-

Capsule Capsule

Outer Membrane

Cell Wall/Periplasm

N ) N

Cell membrane

Gram Positive Gram Negative
Bacteria Bacteria
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Capsules

A Sticky, gelatinous layer

A Secreted by bacteria

AHelps attach to host cells

A Protects against phagocytosis

A Mostly water with some polysaccharide
Special exception: Bacillus anthracis (anthrax)
Capsule is protein (dglutamate)

Major virulence factor
Allows unimpeded growth
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QuellungReaction

A Largely historical

AUsed to detect strep pneumonia

A Rabbit antiserum added to bacterial slide

A Capsule swells when visualized under microscope

A Positive Quellungin encapsulated bugs
Strep pneumonia
H. influenza
N. meningitidis
E. Coli
Salmonella
Klebsiella
Group B strep (agalactiag
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Capsules and Immunology

AB-cells secrete capsular antibodies (1gG)
Antibodies bind capsule

A Phagocytosis consume bacteria
Via Fc receptors

A Antibodies bind complement
Formation of MACA cell death
Formation C3bA opsonin
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Capsules and Immunology

Loss of antibodies/B-cells or complement
Recurrent encapsulated bacterial infections

Bacteria
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Capsules and Immunology

AAsplenia
Risk of sepsis from encapsulated bacteria
Loss of splenic phagocytes
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Capsular Vaccines

A Capsular polysaccharides are basis for many vaccines

A Polysaccharides in capsule often weakly immunogenic

AO#T 1 EOCAOAAG O AT EI T OTA
diphtheria toxoid, tetanus toxoid, meningococcal outer
membrane protein, mutant diphtheria protein

AMany conjugated vaccines for encapsulated bacteria
Neisseria meningitides
Streptococcus pneumonia
Haemophilusinfluenzaetype b
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Glycocalyx

AO3OCAO AT AOec 1T AAA T £ DI
A Similar to capsule

A Bacteria with distinct, firmly attached gelatinous layer
have a capsule

A Bacteria with irregular, slimy fuzz layer have a
glycocalyx

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

A S.epidermidis : biofilms

Ak % ;
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Pili and Fimbria

A Structurally similar to flagella

AMade of proteins

A Appendage or arm of bacteria

A Allows adherence to surfaces (ordinary pili)

A Attaches to another bacteria for conjugation (sex pili)

AKey bacteria:
E. Coli (UTIs/Pyelonephritis)
NeisseriaGonorrhea (antigenic variation)
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Plasmids

ASmallDNAmolecule within a cell

A Physically separated from chromosomal DNA

A Can replicate independently

A Can contain genes for antibiotic resistance, toxins
A Can be transferred one bacteria to another

Bacterial DNA Plasmids

BoardS&Beyond_ Image courtesy ofSpaullyWikipedia
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Flagellum

AlLong, protein arms
AUsed for motility
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Ribosomes

A Site of protein synthesis in bacteria
ATwo subunits: 50S and 30S

S=sedimentation coefficient or Svedberg unit
A Different from ribosomes in eukaryotic cells
Allows selective toxicity of antibiotics

A Site of action of antibiotics
Tetracyclines: Bind to 30S subunit
Aminoglycosides: Interferes with 30S protein synthesis
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Spores

ASome bacteria can enter a dormant state called a spore
O3bT OA &I Oi ET ¢ AAAOAOEAG

A Can survive long period of starvation

A Resistant to dehydration, heat, chemicals

ANo metabolic activity
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Spores Components

ACoat:

Outermost layer

O+AOCKABEAG DBOT OAEI

Impermeable to many chemicals, antibacterial agents
A Cortex/Core Wall

Innermost layer

Peptidoglycans
A Dipicolinic acid

Large amounts inside spore

May help with heat resistance
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Spore Forming Bacteria

ABacillus anthracis

A Bacillus cereus

A Clostridium perfringens
A Clostridium tetani

A Clostridium Botulinum
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Shapes and Stains
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|dentification of Bacteria

AShape
A Color after staining
A Special tests
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Bacterial Shapes

ACoccus (sphere) O
ARod (bacilli) Cocc
A Coccobacillus
AOther >
Rod
<o

Coccobacillus
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Coccl

Cocci Diplococci
OPAEOOOS

Streptococci Staphylococci
O#EAET 05 Q" Ol AEAOS
O#1 OOOAOOSG
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Coccl

AMost cocci are gram positive
Streptococcus
Staphylococcus

AVery few gram negative bugs are cocci
Neisseria (meningitidis/gonorrhea)
Moraxella catarrhalis
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Rods

Bacllli

AMost rods (and coccobacillus) are gram negative

A Few gram positive rods
Corynebacterium(diphtheria)
Clostridium
Listeria Rod
Bacillus (anthrax, cereus)

<o

Coccobacillus
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Other Shapes

ABranching/Filamentous -

Resemble fungi

Actinomyces G) 9

Vibrio Comma's form

Nocardia -8

A Spirochetes C= =
Treponema (syphilis) o e i
Borrelia (Lyme disease)

Leptospira (leptospirosis) o ey

AVibrio
Vibrio cholerae

enlarged rod

Alamentous spirochete

BoardS&Beymchmdm- Image courtesy Wikipedia/Public Domain .



Pleomorphic Bacteria

ATake on many shapes
ARickettsia
A Chlamydia
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Common Bacterial Stains

AGram Stain

AGiemsa

AZiehl-Neelsen

A Silver

AlIndia Ink z Cryptococcus (fungi)
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Simple Stains

AMethylene blue, safranin, and crystal violet
AAdd to fixed preparation of bacteria
AWash away

A Stain remains behind to show bacteria
AUsed to see number bacteria, shapes
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Gram Stain
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Gram Stain

Fixation

l

Crystal Violet

l

lodine

l

Decolorization

l

Safranin
(counter stain)

VAAAD
Iplplyly)
DD
9 (D)

Gram Positive Gram Negative
Boards&Beyond
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Gram Stain

APurple = Gram Positive
Retain crystal violet in cell walls f’h

ARed = Gram Negative \
Do not retain crystal violet in cell walls
Take up Safranin counter stain

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

- -

-
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Gram Stain Limitations

ASome bugs do not gram stain well
ATreponema (syphilis)
Too thin to see

AMycobacteria (tuberculosis)
Mycolic acids in cell wall

AMycoplasma
No cell wall

Alntracellular bacteria
Rickettsia (obligate intracellular)
Chlamydia (obligate intracellular; nomuramic acid cell wall)
Legionella (mostly intracellular)
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Gliemsa Stain

AMixture of methylene blue,eosin, andAzure B

A Discoverer: Gustav Giemsa (18§71948)
Looking for method to easily visualize plasmodium (malaria)

AEnters cells and stains nucleic acids
Used for blood smears, marrow
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Gliemsa Stain

A Protozoa
Plasmodium
Trypanosomes
Alntracellular bugs
Chlamydia
Rickettsia
Borrelia (sometimes intracellular)
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Zlehl-Neelsen

AMMEA OAAEA AEAOO6 OOAEI

A Contains carbolfuchsin

AUsed to detect mycobacterium (especially TB)

AAlso used for Nocardia

AAcid fast bugs resists decolorization with acid solvents

)
BoardS&Be)(ngQAQ Image courtesy Wikipedia/Public Domain .



Silver Stain

A Special stain for 3 organisms

APneumocystis pneumonia (HIV/AIDS)
Fungal infection
Diffuse interstitial pneumonia

A Legionella
Pneumonia
Contaminates water (outbreaks in nursing homes)

AH. Pylori

Gastric ulcers
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India Ink

ANegative stain

ABackground stained, not bug

AUnstained organisms stand out in contrast
APrimarily used for cryptococcusneoformans
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Pigments

ASome bacteria produce special colors

A Staph Aureus
Golden, yellow color

APseudomonas aeruginosa
Blue-green pigment (pyocyanin)
A Serratia
Red pigment

A Actinomyces
Filamentous bacteria that "cements" together

Colonies have yelloworange appearance
Knownas®O Ol £#00 COAT Ol Ado
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Pseudomonas (bluegreen) Serratia (red)

Wikipedia/Public Domain Wikipedia/Public Domain

Staph Aureus (goldyellow)

S

Boards&Beyond Matthias M./Wikipedia
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Bacterial Culture

Jason Ryan, MD, MPH

STUDY SMARTER




Growth Plate

AAgar in Petri dish
Semtsolid substance from seaweed

pd ~ ’ ~ N

ANutrients added to support growth
Sugar
Water
Salts
Amino acids

AMany, many commercially available

m BoardS&Bexggg Image courtesy Wikipedia/Public Domain .



Culture Media

ANon-selective
General purpose
Grows many bugs

Example: Nutrient agar
Also, blood agar: most commonly used neselective media

A Selective
Contains toxic substances
Only certain bugs will grow
Thayer-Martin Media grows only Neisseria

Boards&Beyond.
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Culture Media

AEnriched
Specialnutrients added so many bugs will grow
Blood agar
Chocolate agar

A Differential
Different bugs grow with different patterns
Blood agar: alpha, beta hemolysis
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Culture Media

ABlood agar
Enriched (blood)
Differential (hemolytic patterns)

A Eosin Methylene Blue
Selective (only gram negatives)
Differential (lactose fermenters)
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Fastidious Bacteria

A Fastidious = attentive to detail
A Fastidious organisms require speciahutrients
AMay not grow on standard media

A Some examples:
H. Influenza
Legionella
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Blood Agar

A Contain mammalian bloodz usually 5% sheep blood
ANon-selective

AEnriched (blood)
A Differential by hemolysis pattern

Hemolysis Patterns
Beta = lysis
Alpha = partial
Gamma = no lysis

m Boards&Beyond Image courtesy Ytambe/Wikipedia .
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Gram Positive Bacteria oo

S. Pyogenes
Actmomyces

Gram (+) Nocardia B / (GI‘Ollp A)

/ \ \\ Bacitracin Res
S. Agalactiae

Cocci Rods (Group B)

/ \ Clostridium

Corynebacteria Optochin Sens

Catalase (+) Catalase (-) Listeria S. Pneumonia
Clusters Chains Bacillus /
Staph Strep act > o
|  Optochin Res
/ \ N S.Virdans
Coagulase (+) Coagulase (-) Hemolysis S
Staph Aureus Staph Blood Agar Bile & NaCl

Y Enterococcus

/ \ >y (Group D)

Novobiocin Sens. Novobiocin Res. N Bl :
. . . ile only

Staph epidermis Staph sarpophyticus Strep. Bovis

BoardsaBeyond
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Blood Agar

ACommonly used to differentiate species of
streptococcus
Alpha
Beta
Gamma

A Special feature of pseudomonas:
Beta-hemolytic
Greenishrmetallic appearing colonies
Production of the pigmentspyoverdin and pyocyanin
A Staph Aureus
Beta hemolytic
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Chocolate Agar

AVariant of blood agar
A Contains red blood cells that are lysed (heating)

A Contains NAD (factor V) andhemin (factor X)
NAD from inside RBCs
Media heated such that they are not destroyed

AH. Influenzae will grow

A Classic scenario:
"AAOAOEA x1 160 CcOi x 11 AITTA
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Thayer-Martin Media

VPN/N/CN

A Enriched, selective media for Neisseria

/A Neisseria often from sites with lots of other flora
Throat, genitalia
Need very selective media

A Supplemented chocolate agar
AVancomycin Kills most Grampositive organisms

A Colistin (polymyxin): Kills most Gramnegatives
Except Neisseria

A Nystatin: Kills most fungi
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Thayer-Martin Media

VPN/N/CN

Chocolate Medium Thayer-Martin Medium
Overgrowth Neisseria Only

m Boards&Beyond Wikipedia/Public Domain .



Bordet-GengouAgar

Potato Agar

A Classic special media for Bordetella pertussis
Whooping cough
Extremely rare due to vaccination

APrepared from potatoesA high in starch
Favorable to pertussis bacteria
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1 A E£] A Oaludite PlateA

A, T E££ AO6O - AAEA
Selective media for Corynebacteriundiphtheriae

ATellurite Media (CysteineTellurite Agar)
Differential media for C. diphtheria

C. diphtheria reduces potassiuntellurite to tellurium
Produces grayblack colored colonies
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Lowenstein-densen Agar

A Special media for Mycobacterium tuberculosis
AEggs, flour, glycerol, salt

AM. tuberculosis is SLOW growing

A Several weeks for visible colonies to appear
AM. tuberculosis:Ziehl-Neelsenstain
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Eaton’'s Agar

A Culture of mycoplasmapneumonia
A Bacteria has no cell wall
APoorly visualized with gram stain

A Eaton medium specialized for m. pneumonia growth
Require cholesterol to grow

ATakes days to weeks to grow
A Culture rarely used in modern era
A Diagnosis via:

Serology (antibody testing)

PCR (bacterial DNA)
Cold agglutinins (IM antibodies)

AUsually treated empirically
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MacConkey'sAgar

A Selective media for gram+) bacteria
A Contains bile saltsas inhibitors of growth
Alnhibit Gram (+) bacteria

AAlso differential for lactose fermenters
Lactose fermentation produces acidy turns agar pink
Non-lactose fermenters are colorless
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MacConkey'sAgar

BoardS&Beyond- Image courtesy Wikipedia/Public Domain
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Gram Negative Bacterid cummonce

e

Gram (_) — Oxidase +
Comma shape \ Alkaline
Diplococci Vibrio
Neisseria
Rods
Maltose Fermenter Maltose Nonfermenter
N. menlngltldls N. gonorrhea / \
A J
C bacill Lactose Lactose
0cc9 EIC} us Fermenter Non-Fermenter
Haemophilus influenza
Pasteurella M \
Brucella
Bordetella pertussis Fast Slow
Yersinia Enterocolitica Klebsiella Citrobacter
E. Coli Serratia
Enterobacter
\d
Y
Oxidase (-) Oxidase (+)
Shigella Pseudomonas

Salmonella H. Pylori
Boards&Beyond. Proteus
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EosinMethylene Blue Agar

EMB
ASimilar in functionto- AA# 1 1 Ag&U 6 O
AEosin Y and methylene blue as inhibitors

Alnhibit Gram (+) bacteria

AAlso differential for lactose fermenters

Lactose fermenters (Escherichia coli) appear as colonies
with green metallic sheen or blugblack to brown color

Bacteria that do not ferment lactose appear as colorless or
transparent colonies
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EosinMethylene Blue Agar
EMB




Sorbitol MacConkeyAgar

A Detection of E. Coli 0157:H7 strains (Shigie toxin)
A0O157:H7 cannot ferment sorbitol (other E. Coli can)
AO157:H7 grows as colorless colonies on this medium
A Other E. Coli produce pink colonies
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Buffered Charcoal Yeast Extract

BCYE

A Contains dyes that give Legionella distinct color
A Antibiotics added: inhibits growth of competing bugs

AVery important to culture this bacteria
Can contaminate water supplies
Cause outbreaks

AUrinary antigen test also available
/]T1T U OOAAEDOI OOUPA p ET EAAOQETI
Negative test is not 100%
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Sabouraud'sAgar

A Selective media for fungi

A Developed by a French dermatologist
Growth of fungi in skin, hair, or nails dermatophyte)

A Acid or antibiotics inhibit bacterial growth
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Special Growth
Reqguirements

Jason Ryan, MD, MPH
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Bacterial Growth
Environments

AObligate anaerobes

A Obligate aerobes

A Facultative anaerobes
Alntracellular bacteria
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Energy Production

A Respiration
Electron transport chain
Makes ATP
Requires oxygen

A Fermentation
SugarsA acids
Makes ATP (less)
Does not use oxygen
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Superoxide Dismutase &
Catalase

AEnzymes of aerobic organisms

A Superoxide radical (Q") produced by bacterial
metabolism

A Superoxide dismutase
Catalyzes superoxid€éO,™ radical to O, or hydrogen peroxide

A Catalase
Converts hydrogen peroxide (HO,) to oxygen and water

A Need these enzymes to survive in oxygen
environments
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Obligate Aerobes

AUse Q system to generate ATP
A Oxygen is final electron acceptor during respiration
A Can generate lots of energy (more than anaerobes)
A Contain superoxide dismutase

AKey bacteria:
Pseudomonas aeruginosa
Mycobacterium tuberculosis
Nocardia (opportunistic infections)
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Obligate Anaerobes

ALack catalase or superoxide dismutase

A Common among normal flora of gut and mouth
99% fecal flora
100x more anaerobes than aerobes in mouth

A$TT60 AAOOA Al 11 Ol EAAAI A
A Often live near mucosal surfaces

A Disease when surfaces breakdown

A Often present in abscesses

A Aminoglycosides ineffective (require Q)
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Obligate Anaerobes

AUses fermentation (no Q)
A Byproducts are often gases like Cand H,

A Also produce short chain fatty acids
Acetic acid,sobutyric acid, many others

A2 AOO1 OO ET O&I O1I Ol Alilo

STUDY SMARTER




Obligate Anaerobes

A Actinomyces (gums; dental abscesses)
A Bacteroides (abdominal abscesses)
A Clostridium (botulinum; perfringens; tetani)
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Key Anaerobic Infections

A Abdominal abscesses/perforations
Contain many gram {) flora of Gl tract
Also contain Bacteroidedragilis (anaerobe)
B.fragilis resistant to many antibiotics
Treatment: Metronidazole + gram {) agent

A Aspiration pneumonia
Mouth anaerobes enter lungs
PeptostreptococcusFusobacterium Prevotella
Treatment: Clindamycin

Boards&Beyond.
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Facultative Anaerobes

ACan live without oxygen but use it if available
A Perform respiration and fermentation
A Pasteur effect: Oxygen inhibits fermentation

AMany common bacteria fall in this category
Staph
Strep
E. Coli
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Aerotolerant Anaerobes

A Similar to facultative anaerobes

A Always use fermentation even in presence of oxygen
ARare

A Few examples relevant to clinical disease
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Obligate Intracellular Bacteria

A Cannot synthesize their own ATP (chlamydia)
AOr depend on host for ATP (rickettsia)

AWill not gram stain well (inside other cells)

A Difficult to grown (need cell culture)

ARickettsia
Rocky Mountain spotted fever
Diagnosed clinically or with serology (antibody tests)

A Chlamydia
Diagnosis: Nucleic Acid Amplification Testing (DNA testing)
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Facultative Intracellular
Bacteria

AMycobacterium (macrophages)

A Legionella (macrophages)

A Salmonella (intestinal cells)

A Neisseria (urethral epithelial cells)

A Listeria (monocytes, macrophages)
ABrucella (macrophages and neutrophils)
A Francisella (macrophages)

AYersinia pestis (macrophages)
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Virulence

Jason Ryan, MD, MPH
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Virulence Factors

A Bacterial features that allow evasion of host defenses

AKey examples to know:
Protein A
IgA protease
M protein
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Protein A

AKey virulence factor of Staph Aureus
A Part of peptidoglycan cell wall

A Inhibits phagocytosis

ABinds Fc portion of IgG antibodies

A Preventsopsonization and phagocytosis by
macrophages

A Prevents complement activation
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IgA Protease

AEnzymes that cleave IgA

AlgA key for mucosal immunity

A Protease allows colonization of mucosal surfaces
AS. pneumonia

AH. influenza

A Neisseria (gonorrhoeaeand meningitidis)
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M Protein

ASurface molecule of group A streppyogenes
Strep throat, rneumatic fever

AM protein prevents phagocytosis
Binds factor H
Breaks down C3convertase, preventopsonizationby C3b
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M Protein

AShares properties with myosin
May be the basis of rheumatic heart disease

A Poststrep complications
Rheumatic heart disease
Glomerulonephritis
Different M protein subtypes associated each complication
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Bacterial Toxins

AEndotoxin
Only in gram () bacteria
Component of outer cell membrane
Lipopolysaccharide (LPS)

A Exotoxin
Proteins synthesized by some bacteria
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Endotoxin

A Component of gram {) bacterial cell wall

A Released when bacteria die (not secreted)
A Lipopolysaccharide complex (LPS)
AMany different variants

AAIll have lipid A core
Responsible for most of the toxicity

A O antigen
Terminal end sugars that vary among bacterial strains
Do not cause disease by themselves
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Endotoxin

A Can cause fever, shock

ATriggers TNF and IE1 release
Key immune components of sepsis and septic shock

A Generates weak antibody response

#A1 60 OAAAET AOA ACAET OO AT AT C

A Heat stable (tolerates high temps)
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Endotoxin

Macrophages

IL-1
Fever

TNF
Fever

5 " g
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NO

XK

Complement

C3a
tj 111

0

Edema

Cbha

Neutrophils
Chemotaxis
Edema

Coagulation
DIC




Lipooligosaccharide
LOS

AEndotoxin

A Similar to LPS with some structural differences
ALacks Gantigen

AFound on nonenteric gram negatives

A Neisseria meningitidisis most important example
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Endotoxin

A Classic examples of endotoxin reactions
Meningococcemia
Gram () sepsis
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Exotoxins

A Proteins secreted by bacteriad disease symptoms
A#1 AOOEA OOOOAOOGAa mixii UBAA
AA component is toxic (A for active)

AB component binds to cell surfaces (B for binding)

AVarious mechanisms of entry after B binding

-
.
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Exotoxins

AMany known exotoxins with various toxic effects

A General categories:
Inhibit protein synthesis
Increase fluid secretion
Inhibit phagocytosis
Inhibit neurotransmitter release
Lyse cell membranes
Superantigens
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Toxin Mechanisms

Protein Synthesis Inhibitors

A Corynebacterium diphtheria
APseudomonas aeruginosa

A Shigella

A Enterohemorrhagic E. Coli (EHEC)
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ADPRIbosylation

ATwo toxins work by adding ADPRibose to proteins
Diphtheria toxin
Exotoxin A (pseudomonasaeruginosa)

A Addition of ADRRibose makes protein dysfunctional
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Corynebacterium Diphtheria

A Sore throat with membrane, swollen nodes

ALargely eradicated byvaccination
Diphtheriazpertussisztetanus (DPT) vaccine

A Diphtheria toxin: Inactivates elongation factor (ERR)
AEF-2 necessary for protein synthesis
A Lethal toxin

NAD Nicotinamide
Toxin ___+++ ><
EFR2 ADPribosyl-EF2 —— No protein synthesis
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Pseudomonas aeruginosa

ACauses many types of infection
Skin, sepsis, pneumonia

A Secretes exotoxin A
A Same mechanism as diphtheria toxin

NAD Nicotinamide
Toxin ___+++ ><
EFR2 ADPribosyl-EF2 —— No protein synthesis
BoardssaBeyond




Shigella

A Causes infectious diarrhea
A Secretesshigatoxin
ABinds to 60S ribosome in cells

ARemoves a specific adenine residue fromRNAIn the
60S ribosomal subunit

AHalts protein synthesis

A Special note:
Invasion of Gl mucosal cells is main cause of disease
Non-toxigenic strains cause significant disease
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Enteronemorrhagic E. Coli
(EHEC)

ABT T A %8 #1 1 E d9DigadAEAEIAO
A Same mechanism ashigatoxin

ATypically causes bloody diarrhea

A Classic serotype isE. coli 0157:H7

A Do not invade host cells
Attach to intestinal epithelial cells
Disease from secretion of proteins into host cells
Toxin
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Shiga Toxin

A Also stimulates cytokine release

AWhen reaches systemic circulation, can lead to
hemolytic uremic syndrome
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Key Points

A Shigella and EHEC producghigatoxins
A Both cause bloody diarrhea
A Shigella

Disease from bacterial invasion of mucosa
Toxin less important in disease than invasion

AEHEC

Do not invade cells
Disease from toxin (inflammation)
Hemolytic uremic syndrome
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Toxin Mechanisms

Increase Fluid Secretion

A Enterotoxigenic E. Coli (ETEC)
ABacillus anthracis
AVibrio cholera
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Fluid Secretion in Gl Tract

Ck

Key Points:
#1: Amountof CFOAAOAOAA B Al T O1 O
#2: To increase Clsecretion, activeGsor AC
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EnterotoxigenicE. Coll

(ETEC)

ATwo toxins differentiated by heat stability
Heat labile toxin (LT)
Heat stable toxin (ST)
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E. Coli Heat Labile Toxin

7z L v

Alncreases water in gutA diarrhea
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E. Coli Heat Stable Toxin

A Activates guanylatecyclase

Alncreases cGMP

A Stimulation of chloride secretion
AInhibition of sodium chloride absorption
AMore water in gutA diarrhea
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Bacillus Anthracis

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

A Alone they cause no known physiological effects
AlIn pairs they produce toxicity

AEdema toxin = PA + EF

AMimics adenylate cyclase

AMultiple sites of disease
Skin (most common)
Lungs (inhalationA necrotizing pneumonia)
Gl (ulcers)

A Skin and Gl lesions often have edematous borders
May be caused by edema factor
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Vibrio Cholera

A Cholera toxin

APermanently activatesGsA W Al - 0

AT 1 OF ET 10000 OKwdE ARMEAOOEAA
ACommon in areas with lack of clean water

A Death: profound dehydration, electrolyte losses, shock
A Aggressive volume repletion is mainstay of treatment
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Toxin Mechanisms

Inhibitors of Phagocytosis

A Bordetella pertussis (whooping cough)

A Pertussis toxin

A Shown to inhibit G proteins

A Allows over-activation of adenylate cyclase
AVcAMPIlevels in cells in neutrophils
AResult: impaired recruitment of neutrophils
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Toxin Mechanisms

Neurotoxins

A Clostridium tetani
A Clostridium botulinum
A Both work by disruption of SNARE proteins
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SNARE Proteins

SNARE proteins present in vesicles
11 11T x OAOEAI AO Oi
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Neurotoxins

A Clostridium tetani
Tetanospasmin
Works in spinal cord (Renshaw cells)
Inhibits inhibitory neurons (GABA and glycine)
Result: Muscles always on (rigid)
A Clostridium botulinum
Botulinum toxin
Works at neuromuscular junctions
Prevents Ach release (no muscle contraction)
Result: Muscles floppy (flaccid paralysis)
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Toxin Mechanisms

Lysis of Cell Membranes

A Clostridium perfringens
A Strep pyogenes
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Clostridium perfringens

Gas gangrene

A Alpha toxin

APhospholipase C enzyme

A Degrades phosphatidylcholine and sphingomyelin
AMuscle breakdown (myonecrosis)

A Causes a decline in muscle blood flow

AForms occlusive plugs: platelets, leukocytes, fibrin
AResult: Low Q environment favorable to bacteria
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Strep Pyogenes

Strep Throat/Rheumatic Fever /Glomerulonephritis

A Streptolysin O
ACcytolysind j 1 UOEO AAIT T O(Q
AResponsible for beta hemolysis (alsetreptolysin S)

A Anti-streptolysin O (ASO) antibodies
Elevated following strep infection

Can be useful in suspected rheumatic heart disease or post
strep glomerulonephritis
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Toxoid VVaccines

AToxoid = inactivated bacterial toxin
AUsed for vaccination
AUsed to prevent diphtheria and tetanus

APart of DTaPcombined immunization
Diphtheria
Tetanus
@cellulardo 0 AOOOOOEO | ET AAOEOA
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Exotoxin Genetics

AMany exotoxin genes not part of chromosome

APlasmid-encoded
E. coli heatlabile toxin

/A Bacteriophageencoded
Corynebacteriumdiphtheriae
Strep pyogeneserythrogenic
E. Colishigalike toxin
Botulinum toxin
Cholera toxin
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Superantigens

A Activate a MASSIVE number of-Gells

Normal Antigen Super Antigen
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Superantigens

ATypical antigen response: <1% Tcells

A Superantigen 2-20% T-cells

AHUGE release of cytokines (IFN and IL-2)
AMassive vasodilation and shock
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Superantigens

AStaph aureus
Toxic shock syndrome toxin (TSSTL)

A Strep pyogenes(group A strep)

Pyrogenic exotoxin A or C

A Both can cause toxic shock syndrome
More common with staph
Strep TSS often associated with necrotizing fasciitis
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Toxic Shock Syndrome

A Fever, shock (hypotension), red rash

A Diffuse, red erythroderma (resembles sunburn)
A After weeks: desquamation of palms/soles

A Diarrhea is common

AMulti-organ system failure often results

A Classic scenarios (staph + packing):
Women using tampons
Surgical wound with packing
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Growth and
Genetics

Jason Ryan, MD, MPH
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Bacterial Growth Curve

Number of Bacteria

Time
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Bacterial Growth Curve

Lag

Number of Bacteria

Time

STUDY SMARTER




Bacterial Growth Curve

Generation/doubling time

Time for # cells to double
Growth

Growth Phase
Antibiotics

Number of Bacteria

Vv

Time
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Bacterial Growth Curve

Doubling Doubling

Time Time
Lag Phase _ - l -
2 x 10P 2x10 4x106 8x10°
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Bacterial Growth Curve

Stationary

Number of Bacteria

Vv

Time
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Bacterial Growth Curve

Death

Number of Bacteria

Time
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Gene Transfer

A Bacteria often transfer genetic material
A Key for evolution of antibiotic resistance

AThree key mechanisms:
Transformation
Conjugation
Transduction
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Bacterial Transformation

A Direct uptake DNA fromsurrounding environment
A Allows for evolution of DNA over time

AVery useful technique in micro labs

Alntroduce genes to bacteria for replication
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Bacterial Conjugation

ATransfer from one cell to another vigpilus
Physical contact of two organisms

A DNA transferred via plasmids
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Plasmids

ASmallDNAmolecule within a cell

A Physically separated from chromosomal DNA

A Can replicate independently

A Can contain genes for antibiotic resistance, toxins
A Can be transferred one bacteria to another

Bacterial DNA Plasmids

BoardS&Beyond_ Image courtesy ofSpaullyWikipedia
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Bacterial Conjugation

Chromosomal DNA F Plasmid Chromosomal DN/

Relaxasome Transferasome

F Plasmid F Plasmid
*
Pilus

Old Donor New Donor

|ﬂm BoardS&Bexggg. Image courtesy of Adenosine/Wikipedia .



Transformation vs.
Conjugation

A Classic scenario:
Strain A requires amino acid X for growth (does not need Y)
Strain B requires amino acid Y for growth (does not need X)
Strain A and Strain B grown together without X or Y
DNAaseadded to medium to degrade DNA
Bacteria grow!
Ability to grow without X/Y xferred between bacteria

Cannot be transformation
DNAasedestroyed any leaked DNA

Must be conjugation

L) BoardsaBeyond
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High Frequency Strains
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High Frequency Strains

AUsed to map genes
AProcess takes time
A Can interrupt at various time intervals

A See which genetic material has transferred
Plasmid site is origin of genetic transfer
Initial material transferred is that closest to plasmid

AWith multiple experiments can make a map
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Transduction

ATransfer of DNA via éacteriophage
Virus that infects bacteria

AVirus picks up DNA, transfers to another bacteria
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Transduction

AGeneralized
Virus infects bacteria
Multiplies, randomly picks up host DNA
Host DNA transferred to other bacteria

1. ® 2, 3.
(e @ z

4, @\ o) 6.
O

M Vviral DNA

Boards&Beyond Image courtesy of Wikipedia/Public Domain .



Transduction

A Specialized
Transfer of specific genes
Virus DNA inserts into host DNA (lysogeny)

When bacteriophage DNA excised, packaged into virus with
specific host DNA
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Lytic vs. Lysogenic Phages

ATransduction happens in two ways
ALytic cycle
Nuclear material enters bacteria
Multiplies, lyses cell
Releases progeny viruses
A Lysogenic cycle
Nuclear material enters cell

Incorporates in host DNA
May later become excised (enter lytic phase)

APhages that replicate only via the lytic cycle: virulent
APhages that replicate using both: temperate
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Lytic Phages

AVirus infects bacteria

AUses cellular machinery to reproduce
ALyses cell

AUsually generalized gene transfer

1. ® 2, 3.
(e @ z

4, @\ o) 6.
O

Boards&Beyond Image courtesy of Wikipedia/Public Domain .



Lysogenic Phages

AVirus infects bacteria

Alncorporates phage DNA into bacterial DNA

A Can remain dormant for long periods of time

A Certain triggers (i.e. UV light) induce genome excision
AResults in a lytic cycle and release of phage particles

< ,propHage
Boards&Beyond AsielaWikipedia
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Why Lysogeny Matters

A Genes for soméacterial toxins are transferred to
non-toxic strains via lysogeny

AExample:
Not all strains C. diphtheria are toxic
AT A £ O OI @ET EO 110 BPAOO

Gene carried by a phage (corynephage)
Toxicity depends on infection with phage
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Lysogenic Toxins

A Diphtheria toxin

A Erythrogenic toxin (S. pyogenes; Scarlet fever)
A Shigalike toxin (E. Coli; EHEC)

A Cholera toxin

A Botulinum toxin

|nm BoardS&Beyond. Source:Brussow, et al.Microbiol Mol Biol Rev. Sep 2004; 68(3): 568602 .
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Transposition

ATransposons are DNA segments within bacterial DNA

A Can be excised and reintegrated in new locations in
DNA

A Once excised, can also be moved to plasmid

AMechanism of transfer ofresistance to antibiotics
Bacteria #1 is resistant
Transposon segment carries resistance gene
Transposon moved to plasmid
Plasmid transferred to other bacteria
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Bacternal
|dentification

Jason Ryan, MD, MPH
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Gram Positive Bacteria

Bacitracin Sens
S. Pyogenes
Actlnomyces
Gram (+) Nocardia B / (GI’Ollp A)
/ \ \\ Bacitracin Res
S. Agalactiae
Coccli Rods (Group B)
/ \ Clostridium
Corynebacteria Optochin Sens
Catalase (+) Catalase (-) Listeria S. Pneumonia
clusters Chalns Bacillus /
Staph Strep > o
~\| Optochin Res
/ \ \ S.Viridans
Coagulase (+) Coagulase (-) Hemolysis EEEN
Staph Aureus Staph Blood Agar Bile & NaCl
/ Enterococcus
VAN v
Novobiocin Sens. Novobiocin Res. N Bile onl
i idi i Group D creony
Staph Epidermidis Staph Saprophyticus ( p D) Strep. Bovis
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STUDY SMARTER



Lancefield Grouping

A System for classifying streptococci

A" AOAA 11T O# AAOAT EUAOAOAO
agglutination with particular antisera

A Commercially available tests for different antigens

A Clinically relevant groups:
Group A: StrepPyogenes
Group B: Strep Agalactiae
Group D: Enterococcus
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Coccl

Cocci Diplococci
OPAEOOOS

Streptococci Staphylococci
O#EAET 05 Q" Ol AEAOS
O#1 OOOAOOSG

Ll BoardsaBeyond
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Streptocci
O#EAEI O06

Image courtesyGrahamColrWikipedia Image courtesy YTambe/Wikipedia
LY Boards&Beyond
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Blood Agar

A Contain mammalian bloodz usually 5% sheep blood
ANon-selective

AEnriched (blood)
A Differential by hemolysis pattern

Hemolysis Patterns
Beta = lysis
Alpha = partial
Gamma = no lysis

m Boards&Beyond Image courtesy Ytambe/Wikipedia .
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Catalase Test

A Differentiates Staph from Strep
A Catalase enzyme produced by bacteria that use oxygen
A Breaks down H202 into H20 and O2 (makes bubbles)
AHydrogen peroxide on slide
AAdd bacteria

A Look for bubbles

A Catalase positive = bubbling

A Catalase negative = no bubbling

CDC/Public Domain
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CGD

Chronic Granulomatous Disease

APhagocytes use NADPH oxidase
A Generate HO, from oxygen (respiratory burst)

ACGD = Loss of function of NADPH oxidase
Phagocytes cannot generate J@,

A Catalase {) bacteria generate their own HO, which
phagocytes use despite enzyme deficiency

A Catalase (+) bacteria breakdown kO,
Host cells have ndH1,0,to useA recurrent infections

AFive organisms cause almost all CGD infections:
Staph aureus, Pseudomonas, Serratidpcardia, Aspergillus

BoardS&Beyond Source:UpToDate
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Coagulase Test

A Differentiates Staph Aureus from other Staph

A Rabbit plasma in tube, add bacteria

A Coagulase (cell surface) causes fibrin clot to form
A Coagulase positive = clumping

A Coagulase negative = no clumping
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Novobiocin

A Differentiates S. saprophyticus from S. epidermidis

ATechnique:
Plate bacteria on agar witiNovobiocinOA E O E 6
Measure clearance zone around disk

A Resistant = Growth near edge of disk
A Sensitive = Large zone of clearance around disk

m Boards&Beyon_d CDC/Public Domain
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Bacitracin

A Differentiates Group A strep from Group B strep

A Bacitracin: antibiotic that interferes with
peptidoglycan synthesis

A Bacteria vary in their susceptibility

ATechnique:
Plate bacteria on agar with bacitracin disk
Measure clearance zone around disk

A Resistant = Growth near edge of disk
A Sensitive = Large zone of clearance around disk
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Optochin

ethylhydrocupreine

A Differentiates S. pneumonia from Sridans strep
AS. pneumonia highly sensitive to Optochin

ATechnique:
Plate bacteria on agar withoptochin disk
Measure clearance zone around disk

A Resistant = Growth near edge of disk
A Sensitive = Large zone of clearance around disk
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Bile Esculin Agar

A Selective for:
Group D strep (Enterococci and ®ovis)

A Bile salts inhibit most Grampositive bacteria

AEsculin:
Hydrolyzed by Group D strep
Media turns dark brown/black

STUDY SMARTER




NaClMedia

A Differentiates Enterococcus from norenterococcus
Group D bacteria (Sbhovis)

A%l OAOT AT AAOO EO OOAIT O OT 1
A Can grow in high salt concentrations

Alnoculate bacteria on highNaClmedia

AWatch for growth
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Lancefield Group D

Bile Esculin Agar Turns Black
(positive result)

|

Group D Strep

/N

Grows onNaCl Does not grow onNacCil
Enterococcus Strep Bovis

Boards&Beyond
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Mannitol Salt Agar

AUsed to differentiate staph species
A Contains high concentration of salt (7.5%) Navaho/Wikipedia
A Staph can tolerate high saline levels

A Contains mannitol and pH indicator (phenol red)
AMannitol fermenters make acid

APhenol red turns yellow

A Staph aureus ferments mannitol

AMost other staph do not

A Growth on MSA with yellow color is Staph Aureus
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42°C

Gram Negative Bacterial cmpiobe

e

Gram (_) — Oxidase +
Comma shape \ Alkaline
Diplococci Vibrio
Neisseria
v N —
ods
Maltose Fermenter Maltose Nonfermenter
N. menlngltldls N. gonorrhea / \
A J
bacill Lactose Lactose
COCC? EIC} us Fermenter Non-Fermenter
Haemophilus influenza
Pasteurella M \
Brucella
Bordetella pertussis Fast Slow
Yersinia Enterocolitica Klebsiella Citrobacter
E. Coli Serratia
Enterobacter
A\ J
Y
Oxidase (-) Oxidase (+)
Shigella Pseudomonas
Salmonella H. Pylori
UL}l Boards&Beyond Proteus
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Maltose

A Neisseriameningitidis can metabolize maltose
A Neisseriagonorrhoeae cannot
A Growth media with maltose used to differentiate
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L actose Fermentation

AMacConkey's Agar

A Selective media for gram <) bacteria

A Contains bile saltsas inhibitors of growth

Alnhibit Gram (+) bacteria

A Inhibits fastidious gram (-): Neisseria, Pasteurella

A Differential for lactose fermenters
Lactose fermentation produces acidy turns agar pink
Non-lactose fermenters are colorless
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MacConkey's Agar

BoardS&Beyond- Image courtesy Wikipedia/Public Domain
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Fast and Slow Fermenters

A Citrobacter and Serratia can initially appear as non
lactose fermenting due to slow growth

A Longer incubation will show growth
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Oxidase

ATest for presence of cytochrome oxidase

A Bacterial colonies placed on paper discs with indicator
present

Alf oxidase is present, color change occurs
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Campylobacter & Vibrio

Al GEAAOA j CqQ 1T OCAT EOI O OEA
be Campylobacter or Vibrio
A Campylobacter grows at 42C (Vibrio does not)

AVibrio grows on alkaline media (Campy does not)
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H,S Production

A Oxidase €) organisms can be subdivided by 8
A Salmonella and proteus produce k6
A Shigella does NOT produce J$

ATriple Sugar Iron (TSI) test
Organisms that produce HS will turn TSI media black

STUDY SMARTER




Staphylococci

Jason Ryan, MD, MPH
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Gram Positive Bacteria ~omme

S. Pyogenes
Actmomyces

Gram (+) Nocardia B / (GI‘Ollp A)

/ \ \\ Bacitracin Res
S. Agalactiae

Cocci Rods (Group B)

/ \ Clostridium

Corynebacteria Optochin Sens

Catalase (+) Catalase (-) Listeria S. Pneumonia
Clusters Chains Bacillus /
Staph Strep act > o
|  Optochin Res
/ \ \ S. Viridans
Coagulase (+) Coagulase (-) Hemolysis S
Staph Aureus Staph Blood Agar Bile & NaCl

Y Enterococcus

/ \ >y (Group D)

Novobiocin Sens. Novobiocin Res. N Bl :
. . q: . ile only

Staph Epidermidis Staph Saprophyticus Strep. Bovis

BoardsaBeyond
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Staphylococci

AStaph Aureus

A Staph Epidermidis

A Staph Saprophyticus
AAIll gram positive cocci
AAIll form clusters

AAll catalase (+)
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Staph Aureus

Special Features

1. Basic habitat is the nares (nose)
A 30% of people carry the bacteria

2. Produces a yellow pigment (aureus = golden)
3. Betahemolytic

4. Coagulase (+)
A Forms fibrin clot

5. Protein A virulence factor
A Blocks FelgG interaction
A Prevents phagocytosis & complement activation

6. Produces several toxiarelated diseases
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Staph Aureus

Infections

AToxin disease
Toxic Shock Syndrome (TSST)
Food poisoning (Staph aureus enterotoxin)
Scalded skin syndrome Exfoliatin)

AlInfectious diseases
Skin infections (Impetigo)
Pneumonia
Endocarditis
Osteomyelitis
Abscesses
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Toxic Shock Syndrome

AToxic Shock Syndrome Toxin (TSSI)

A Fever, shock (hypotension), red rash

A Diffuse, red erythroderma (resembles sunburn)
A After weeks: desquamation of palms/soles

A Diarrhea is common

AMulti-organ system failure often results

A Classic scenarios (staph + packing):
Women using tampons
Surgical wound with packing
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Staph Food Poisoning

AFood handler contaminates food

AFood left at room temperature several hours
Picnic is classic scenario

A Bacteria grow in foodA produce enterotoxin
AlIngestion of preformed toxin causes disease

A Gl illness develops ~3 to 6 hours later
Nausea, vomiting (diarrhea rare)
Abdominal cramps

A Look for multiple sick people after eating at a picnic
A Classic food is mayonnaise in potato or egg salad
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Scalded Skin Syndrome

ANewborn disease

ACaused by S. Aureusxfoliative toxin (Exfoliatin)
A Classically occurs 3 to 7 days of age

A Fever, diffuse erythema starting at the mouth
A Sloughing of skin

AToxin destroys keratinocyte attachments in stratum

granulosum only
ADamage intraepidermal: Heals completely (no scar)

4 LI ~ —
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SSSSSSSSSSSS




Skin Layers

Stratum corneum

Stratum lucidum
Stratum granulosum

Stratum spinosum

m Boards&Beyond Mikael Haggstrom /Wikipedia
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Bullous Impetigo

Almpetigo = skin infection
Caused by Group A strep or Staph Aureus
Honey colored, crusted lesions

ABullous impetigo = variant of impetigo with bullae
ABullae = fluidHilled sacs similar to blisters
ABullous impetigo caused by S. Aure
A Classically occurs in children

A Easily spread one child to another
A'S. Aureusexfoliative toxin strains

m BoardS&Beyond_ Image courtesy of Asa Thorn/Wikipedia
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Pneumonia

A Staph is rare cause of lobar pneumonia
A#1 AOOEAAIT 1 U-EIl AAGRME | DD 60D

Bacterial pneumonia following influenza
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Endocarditis

A Classic cause of ACUTE endocarditis

Rapid onset of symptoms

Very ill patient

Often no preexisting valve disease (i.e. mitral valve prolapse)
A Contrast with subacuteA Strep Viridans

Slower onset of symptoms

Less sick patient

Prior valve abnormality
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Intravascular devices

AO# AT OOAT 1 ET AO6
ACommon cause of staph bacteremia

A Most important preventative measure is sterile
technique:
Wash hands
Gloves
Sterile insertion practices

STUDY SMARTER




Osteomyelitis

AS. Aureus is common cause of osteomyelitis
A Children: Usually long bones (femur, tibia, fibula)
A Adults: Usually spine

AMechanisms:
Hematogenous spread
Spread from skin/soft tissues
Trauma (surgery)

A Symptoms usually localized pain + fever
A Diagnosis made by imaging (CXR, CT scan, MRI)
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Osteomyelitis

Classic Causes

AChild

Staph aureus (hematogenous spread)

A Sickle Cell patient

Salmonella (hematogenous spread)
ATB patient

01 OO6 0 AEOAAOA | OAOOAAOAATODE
A Diabetic

Polymicrobial from foot ulcer

ABedbound patients
Polymicrobial from pressure sores
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Cellulitis

AlInfection of deep dermis and subcutaneous fat
AMostly caused by -hemolytic streptococci
AS. Aureus can also cause 4
A Antibiotics must cover Staph

|Rm BoardS &Beyond_ Image courtesy ofPshawnoahiWikipedia
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Abscesses

ABacteria and inflammatory cells (pus)
AWalled off in deep tissues

A Skin abscesses commonly caused by S. Aureus
Furuncle = boil; infection of hair follicle
Carbuncle = multiple boils clustered together

ATonsillar abscesses
AMainstay of treatment is incision and drainage
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Staph Aureus Antibiotics

AMost strains of Staph resistant to penicillin
A Producebeta-lactamases

A Antistaphylococcalpenicillins
Dicloxacillin, Nafcillin, Oxacillin

AFirst generation cephalosporins
Cephalexin

A Beta lactam plus inhibitor
Amoxicillin/ clavulanate
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MRSA

Methicillin -resistant Staphylococcus aureus

A Resistant to all beta lactams
A Altered penicillin binding proteins (PBPs)

Almportant hospital-acquired bacteria
Sometimes community acquired

AVancomycin ordaptomycin: antibiotics of choice
A Can also use Linezolid
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Staph Epidermidis

ANormal skin flora; two clinical implications

A#1: Blood culture contaminant
Needle/lIV contaminated by Sepi

A#2: Infects prosthetic materials in blood
Surface molecules aid in adherence
Bacteria produce biofilms
Catheter infections
Pacemaker infections
Prosthetic heart valves
Prosthetic joints

A Often methicillin resistant
ATreatment: Vancomycin
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Staph Epidermidis

A Often methicillin resistant
Resistance to methicillin >80 percent

ATreatment: Vancomycin
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Staph Saprophyticus

A Cause of UTIs especially in sexually active women
Most caused by E. Coli (~90%)
Other bugs: Proteus, Klebsiella, S. Saprophyticus

AKey features:
3A@O0OAl AAOEOEOU jEITAUITITTAOG®G
Nitrite negative on urine dipstick

ATreated by UTI antibiotics
Fluoroquinolones

SMXTMP
Nitrofurantoin
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Streptococci

Jason Ryan, MD, MPH
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Gram Positive Bacteria [ ssissas

S.Pyogenes
Actlnomyces

Gram (+) Nocardia : / (G roup A)

/ \ \ Bacitracin Res
S. Agalactiae

Coccli Rods (Group B)

/ \ Clostridium
Corynebacterium Optochin Sens
Catlalase (+) Catalase ) Listeria S. Pneumonia
Clusters Chains i
Bacillus
Staph Strep /
1 ~N\| OptochinRes
/N \ S. Viridans
Coagulase (+) Coagulase+) Hemolysis |—»
Staph Aureus Staph Blood Agar Bile & NaCl

Y. Enterococcus

/ \ r (Group D)

Novobiocin Sens. Novobiocin Res. ™ Bl |

Staph Epidermidis Staph Saprophyticus Strﬁvis
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Streptococcl

AStrep Pyogenes (Group A)
A Strep Agalactiae (Group B)
A Strep Pneumonia

A Strep Viridans

A Enterococcus (Group D)

A Strep Bovis

AAIll gram positive cocci
AAIl form chains

AAIl catalase €)

STUDY SMARTER




Strep Pyogenes

Group A Strep

APyrrolidonyl arylamidase (PYR) positive

A Substrate (L-naphthylamide-f -naphthylamide) hydrolyzed by
bacterial enzyme tor -naphthylamide

A Can be detected by color change with detection reagent

AM protein virulence factor
A Inhibits phagocytosis
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Strep Pyogenes

Group A Strep

ACause of many different illnesses

AlInfections
A Pharyngitis (Strep throat)
A Skin: Cellulitis/Impetigo
AToxin-mediated disease
A Scarlet fever
A Necrotizing fasciitis
A Toxic Shock Syndrome

Almmune disease
A Rheumatic fever
A Poststrep glomerulonephritis
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Strep Pharyngitis

A 15-30% pharyngitis due to S. pyogenes
Many cases viral

Almportant to identify and treat S. pyogenes
Prevent disease transmission
Limit symptoms, severity
Prevent rheumatic fever

A Diagnosis:
Throat culture
Rapid antigen test (useful if positive)

ATreatment: Penicillin, amoxicillin, cephalosporins
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S. Pyogenes Skin Infections

A Cellulitis and Impetigo
ABoth commonly caused by Strep but also S. Aureus
A Antibiotics need to cover Strep and Staph




Scarlet Fever

ARash following pharyngitis
A Skin reaction to erythrogenic toxin
A Gene for toxin transferred by lysogenic phage
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Scarlet Fever

A Fever, sore throat, diffuse red rash
AAlso, many small papules ("sandpaper" skin)
A Starts head/neckA expands to cover trunk

A Classic finding: Strawberry tongue
A Eventually skin desquamates
APalms and soles are usually spared

Measles Scarlet Fever
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Necrotizing Fasciitis

Alnfection of deep tissues
Muscle fascia/subcutaneous fat
Streptococcal pyrogenic exotoxin released

A Often fulminant and deadly
Infection spreads along muscle fascia

ARequires urgent surgical debridement
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Necrotizing Fasciitis

AType 1:
Polymicrobial
Often anaerobes (Bacteroide<s;lostridium, etc.)
Occurs in diabetics, immunocompromised, post surgery

AType 2:

Group A strep (sometimes Staph)

Occurs in otherwise healthy people after skin injury
A Classic case:

Minor skin trauma

Redness/warmth (can be confused with cellulitis)

Pain out of proportion to exam

Fever, hypotension
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Rheumatic Fever

AFollows group A strep pharyngitis infection
A StreptococcusA anti-strep antibodies

A Cross react with tissue antigens

AType Il autoimmune reaction
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Rheumatic Fever

A Aschoffbodies
A Cardiac nodules with inflammatory cells (granulomas)
A Pathognomonic for rheumaticcarditis

A Anitschkow's cells
A Macrophages with owl eye appearance

AElevated ASO titer —
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Jones Criteria

Carditis Fever
Polyarthritis Arthralgia
Chorea Prior RF
Erythema marginatum TWBC, ESR, CRP
Subcutaneous nodules Prolong PR interval

2 Major or 1 Major & 2 Minor
(Must have evidence of strep infectior)
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Rheumatic Fever

AClues:

Sore throat or URI followed by joint pain, new murmur
ATreatment: Penicillin

A Cardiac involvement
Acute RFA severe valve disease, heart failure
Later A mitral stenosis (rarely aortic or tricuspid valves)
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Poststreptococcal GN

ANephritic syndrome 2-3 weeks after GAS infection

A Nephritogenic strains
Bacteria with certain M protein subtypes cause nephritis
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Strep Agalactiae

Group B Strep

A Beta hemolytic (like GAS)

AMakes CAMP factor

Staph Aureus makes$ -hemolysin
CAMP factor enhances lysis lgy-hemolysis

AHydrolyzes the compound hippurate
Will alter color of hippurate test
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Strep Agalactiae

Group B Strep

A Colonizes vagina

A Causes infections in newborns
Babies infected in utero or during birth
Pneumonia, meningitis, sepsis
APregnant women screened 387 weeks
Vaginal culture

AWomen GBS (+) receive prophylaxis
Four hours prior to delivery
Penicillin, ampicillin, or cefazolin
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Strep Pneumonia

AO, AT AAO OEAPAASG COAI

AlgA protease

AKey virulence factor: Polysaccharide capsule
Prevents phagocytosis

Basis of vaccine from capsular material

Asplenic patients at risk for sepsis
Splenectomy
Sickle cell anemia
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Strep Pneumonia

ALobar Pneumonia
AMeningitis

A Otitis Media

A Sinusitis
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Viridans Group Strep

AGroup of similar bacteria

ANo Lancefield group (A, B, D)

ANormal mouth flora

A Cause dental carries (Strep Mutans)
ASUBACUTE endocarditis (Strep Sanguis)

Slow onset symptoms; less sick patient
Often affects ABNORMAL valves
Dextran A fibrin

Requires endothelial damage

Mitral valve prolapse

Pearl: Recent dental procedure
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Enterococcus

AE. faecalis, E. faecium
ANormal colonic bacteria
A Lancefield group D

AlInfections:
UTIs
Endocarditis (rare)

A Resistant to penicillin

AVancomycin resistant enterococcus (VRE)
Dangerous hospital acquired infection
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Enterococcus

A Relatively resistant to cell wall agents
Penicillin, ampicillin, and vancomycin

Almpermeable to aminoglycosides

A Bacteremia: Often use synergistic therapy
Vancomycin/gentamycin
Ampicillin/gentamycin

AVancomycin resistant enterococcus (VRE)

Dangerous hospital acquired infection
Linezolid, Daptomycin

AMicro lab sensitivities very important for therapy
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Enterococcus UTIs

A Often hospital acquired, associated with catheters
ARemoval of catheter alone may cure infection
AUrinalysis: NEGATIVE for nitrites
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Enterococcus Endocarditis

A Rare cause of endocarditis

AUsually after manipulation GU tract
TURP procedure, cystoscopy

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

A Synergistic effect of dual antibiotics

SSSSSSSSSSS




Strep Bovis

ANormal colonic bacteria
A Rare cause bacteremia/endocarditis
A Strongly associated with colon cancer
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Other Gram Positive

Jason Ryan, MD, MPH

STUDY SMARTER




Gram Positive Bacteria [ ssissas

S. Pyogenes
Actlnomyces

Gram (+) Nocardia : / (G roup A)

/ \ \ Bacitracin Res
S. Agalactiae

Coccli Rods (Group B)

/ \ Clostridium
Corynebacterium Optochin Sens
Catlalase (+) Catalase ) Listeria S. Pneumonia
Clusters Chains i
Bacillus
Staph Strep /
1 ~N\| Optochin Res
/N \ S. Viridans
Coagulase (+) Coagulase+) Hemolysis |—»
Staph Aureus Staph Blood Agar Bile & NaCl

Y. Enterococcus

/ \ r (Group D)

Novobiocin Sens. Novobiocin Res. ™ Bl |
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Clostridium

AFamily of bacteria
All form spores
All obligate anaerobes
All form toxins

AC. tetani (tetanus)

AC. botulinum (botulism)

AC. perfringens (wound infections, food poisoning)
AC. difficile (diarrhea after antibiotic use)
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Clostridium tetani

A Spores found in soil

A Enter body via penetrating injury
Classic scenario: barefoot on rusty/dirty nail or splinter

A Spores germinate into bacteria
ATetanus toxin produced (tetanospasmin)
ATravels to spinal cord

ABlocks glycine and GABA release by inhibitory neurons

02A1 OEAx AAI 1 0Odgo6 ETEEAEOI OU
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Clostridium tetani

ASpasms, muscle contractions, rigidity

A Classic symptoms
Lockjaw (trismus)
Risus sardonicus (forced grin due to spastic facial muscles)
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Clostridium tetani

ATreatment for tetanus
Wound debridement
Metronidazole
Tetanus immune globulin (binds circulating toxin)
Benzos or neuromuscular blockers until toxin wears off

ATetanus toxoid used for vaccination
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Clostridium botulinum

A Ubiquitous organisms
AVegetables, fruits, seafood, soil

A Heatresistant spores
Survive up to 100°C

A Botulinum toxin
Works at neuromuscular junctions
Prevents Ach release (no muscle contraction)
Result: Floppy muscles (flaccid paralysis)

AMany different variants of toxin
ASome carried by bacteriophages
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Botulism

AThree types: food, infant, wound

A Food (toxin ingestion; usually adults)
Undercooked food
Canned food: anaerobic environment promotes growth
Watch for multiple sick adults after a meal

AlInfant (spores)
Ingestion of sporesA growth in infant intestine
Watch for contaminated honey!

AWound (bacterial growth)
Infection with C. botulinum
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Botulism

ASymptoms: 1248 hours after ingestion
A3UI POl 1 ©0d o $060
Diplopia, dysphagia, dysphonia
A Diagnosis:
Often clinical
Spores and toxins sometimes detectei stool

ATreatment:
Antitoxin blocks circulating toxin
Cannot block toxin already in nerves
Supportive careA toxin washout
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Clostridium perfringens

AWidespread in nature, especially soil
AlInfects dirty wounds & causes food poisoning

A Causes gas gangrene (clostridial myonecrosis)
Traumatic wound with vascular compromise
Favorable environment for anaerobic growth

A Alpha toxin
Destroys muscle tissue and causes hemolysis
Phospholipase that acts on lecithin (lecithinase)
Degrades phospholipids in cell membranes
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Gas Gangrene

A Severe pain at injury site within 24 hours
A Skin tense and tender

A Systemic toxicity
Fever, Hypotension, Shock
A Diagnosis
Gas at injury site on imaging
Crepitus
ATreatment

Surgical debridement
Broad spectrum antibiotics

m Boards&Beyond. Image courtesy ofEngelbert Schropfer StepharRautheand Thomas Meyer/Wikipedia .
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Clostridium perfringens

AFood poisoning (undercooked meats)
Spores ingestedd produce toxin
Late onset (822hrs) watery diarrhea
Contrast with S. aureus/B. cereus (preformed toxin)

STUDY SMARTER




Clostridium difficile

AUbiquitous spores in nature including soil

Alngestion not harmful with normal Gl flora
Colonic flora prevent overgrowth of C. diff

A Causes antibioticassociated colitis
Antibiotics alter normal gut flora
Favorable environment for C. diff growth
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Clostridium difficile

ANot invasive: disease via toxins

ATwo toxins
Toxin A: EnterotoxinA watery diarrhea
Toxin B: CytotoxinA Cell necrosis/fibrin deposition
Both bind to Gl cells and are internalized
Destroy cytoskeleton of Gl cell$y, pseudomembrane
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Clostridium difficile colitis

AMassive watery diarrhea
AOn endoscopy (rarely done):

Pseudomembrane formation (whiteyellow plaques)
Mucosal ulcerations, fibrin, inflammatory cells

A Diagnosis
Stool detectionof toxin Aand B
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Clostridium difficile colitis

ATreatment:
Metronidazole
ORAL Vancomycin

A Other therapy for severe, recurrent disease
Surgery
Stool transplant
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Corynebacterium diphtheria

ACauses diptheria

A Several special features of bacteria
Exotoxin
Unigue lab diagnostic techniques
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Diphtheria Exotoxin

ANot part of bacterial genome

A Carried by -prophage

AO, UOT CAT B Andorperdied DMA into bacteria
Alnactivates elongation factor (ERR)

AEF-2 necessary for protein synthesis (translation)

NAD Nicotinamide
Toxin ___+++ ><
EFR2 ADPribosyl-EF2 —— No protein synthesis
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Corynebacterium Features
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A Special culture media required s
Loeffler's or Tinsdale (Tellurite plate)
Black colonies onTinsdale media
Metachromatic (blue/red) granules on Loeffler's media

A Elek test for toxin detection (for diagnosis)
Antitoxin -impregnated filter paper under agar
Bacterial toxin precipitates and can be visualized

CDC/Public Domain
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ELEK Test




Diphtheria

A Sore throat, fever, lymphadenopathy
A Gray-white membrane in pharynx

A Absorption/dissemination of toxin can cause:
Myocarditis (heart failure, arrhythmias, heart block)
CNS disease (neuropathies)

Renal disease (renal failure)
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Diphtheria

ARare due to vaccination with toxoid

ATreatment (acute infection):
Penicillin
Diphtheria antitoxin (passive immunization)
Diphtheria toxoid (active immunization)
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Listeria

AFound in soil

A Facultative intracellular organism

AO4OI AT ETC 11 OEI EOQUDG

AMove from cell to cell to avoid extracellular response
AOT 1 Ul AOEUAO AAOET EIT AAII
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Listeria

AMultiplies in cells with poor cell-mediated immunity
Neonates, HIV, organ transplant

Aln adults, often from contaminated food
Undercooked meat, unwashed vegetables
Unpasteurized cheese/milk
Likes cold temperatures

AlIn neonates, transplacental or vaginal transmission
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Listeria

A Gastroenteritis
Diarrhea, nausea, vomiting
Usually self limited
AMeningitis
Elderly or newborns
AlInfection in pregnancy
Bacteremia in 39 trimester
Flu-like iliness (fever, chills)
Often resolves without treatment
Rarely can cause fetal demise or newborn infection

BoardssaBeyond
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Granulomatosis Infantiseptica

A Severe in utero infection from Listeria

A Disseminated abscesseand/or granulomas
AMultiple organs: liver, spleen, lungs, kidneys, brain
A Skin lesions (papules, ulcers)

AMost babies stillborn or die soon after birth

A Placenta shows distinctive inflammation
Chorioamnionitis
Villitis
Abscess formation
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Bacillus

ABacillusanthracis

A Anthrax: Skin or pulmonary disease
Largely eradicated
Weapon of bioterrorism

ABacillus cereus
Food poisoning
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Bacillus Anthracis

AOnly bacteria with a polypeptide capsule
Most are polysaccharide
B. Anthracis capsule contains fglutamate
Limits/prevents phagocytosis

AFound in soil

AlInfects cattle, sheep, horses (and humans)
Farm workers at risk

A Spores can be used as bioterrorism weapon

AProduces two toxins:
Edema toxin
Lethal toxin
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Anthrax Toxins

AEdema toxin (contains edema factor)
Mimics adenylate cyclase
IncreasescAMPA fluid secretion

A Lethal toxin (contains lethal factor)
Protease
Inhibits cell signaling
Causes apoptosis
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Anthrax

A Cutaneous disease
A\ Spores enter skin through cuts/abrasions
A VegetateA bacteria grows
A Painless black ulcers forms
/A Can progress to bacteremia and death
A Edema surrounds black ulcer from edema factor

ATreatment: Ciprofloxacin, Doxycycline, Clindamycin

|Rm BoardS&BGYONd- Image courtesy of Wikipedia/Public Domain
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Anthrax

APulmonary disease
07111 01 OOAO0OS8 AEOAAOAG
Inhalation of spores
Flu symptoms that rapidly progress
Pulmonary hemorrhage, mediastinitis, shock, death

ATreatment: Multi-drug regimen, antitoxin
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Bacillus Cereus

A Food poisoning from enterotoxins

A Classically in undercooked/reheated rice
Bacteria frequently present in uncooked rice
Heat-resistant spores may survive cooking
Cooked rice at room temperature allow bacteria to multiply
O2AEAAOAA OEAA OUT AOT 1T Ao
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Bacillus Cereus

AEmetic type
Direct ingestion of toxin: Cereulide
Abdominal cramps, nausea, and vomiting (rarely diarrhea)
1 to 5 hours after ingestion
Classically occurs in rice dishes

A Diarrheal type
Abdominal cramps and diarrhea (not vomiting)
8 to 16 hours after ingestion
Caused by at several enterotoxins
Toxins are heat labile
Cooking food reduces risk of iliness
Often from meats, vegetables, and sauces
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Actinomyces

ANormal oral flora

A Also found in female genital tract

A Anaerobe

A Clusters into long filaments resembling fungi
A Causes head/neck abscesses

Aln women, can cause IUD infections

A Classically preceded by dental workérofacial trauma
Facial mass present on exam
| £AOAT UAT 11T x AAT OAO j UATITT x
Often draining puss

ATreatment: Penicillin +/- drainage
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Nocardia

ABranching, filamentous (like Actinomyces)

A Acid fast

AProduces urease (can be used to identify bacteria)
A Obligate aerobe (loves lungs!)

AFound in soil
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Nocardia

APneumonia
Immunocompromised patients
Inhalation of bacteria

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

A Skin infection
Immunocompetent patients
Often invades skin during gardening or farming
Lots of manifestations: ulcers, cellulitis, nodules, abscesses

ARarely other infections: brain abscess, bacteremia
ADrug of choice: TMPSMX
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Gram Negative Rods

Jason Ryan, MD, MPH
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Gram Negative Bacterial cme

Gram () — Oxidase +
Comma shape \ Alkaline

Diplococci Vibrio
Neisseria
Y \
Rods
Maltose Fermenter | | Maltose Nonfermenter
N. meningitidis N. gonorrhea / \
v
- Lactose Lactose
Coccobacillus
Non-Fermenter
Haemophilus influenza Fermenter
Pasteurella / \
Brucella
Bordetella pertussis East Slow
Klebsiella Citrobacter
E. Coli Serratia
Enterobacter
\4
\ 4
Oxidase f) Oxidase (+)
Shigella Pseudomonas
Salmonella H. Pylori
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Gram Negative Rods

AMost are in the family: enterobacteriaceae
AMany are inhabitants of the normal Gl flora
A Often cause diarrhea and UTIs

A Resistant to Penicillin and Vancomycin

A Outer membrane inhibits entry of drug
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Klebsiella

Alntestinal flora
ANon-motile, capsular

AlInfection with impaired host defenses
Alcoholics, diabetics, sick people (nosocomial)

AlInfection with aspiration of GI contents
Aspiration pneumonia, Lung abscesses

A Often resistant to many antibiotics
ATreatment based on susceptibility testing
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Klebsiella

AKlebsiella pneumonia

Lobar

Occurs in alcoholics or diabetics, often after aspiration

#1 AOOEAAT T U OAOOI 6O ET OAA OA
ALung abscess

Usually caused by mouth anaerobes

Peptostreptococcus, Fusobacterium, Prevotella, Bacteroides

Can also be due to Klebsiella
ARare cause of UTIs (%)

ALiver abscesses
Usually in patients with underlying liver disease or cholangitis

L) BoardsaBeyond .




E. Coll

Special virulence factors

AFimbriae (pili)

Attach to epithelial surfaces

May be specialized for surfaces (i.e. urinary tract)
AK capsule

K1 capsular antigen present in 75% meningitis cases (babies)
Inhibits phagocytosis, complement
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E. Coli Diseases

AWatery diarrhea
A Bloody diarrhea (dysentery)
AUTI/pyelonephritis

E. Coli bacteremia/sepsis (rare), usually from UTI
AMeningitis in newborns
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E. Coli Diarrheal lllnesses

A4 different E. Coli diarrheal illnesses
A EnterolNVASIVEE. Coli (EIEC)
AEnteroTOXIGENIE. Coli (ETEC)
AEnteroPATHOGENICEPEC)
AEnteroHEMORRHAGI(EHEC)
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E. Coll

A EnteroINVASIVE E. Coli (EIEC)
Invades intestinal mucosa
Necrosis, inflammation, bloody diarrhea
Clinically similar to Shigella (no toxins)

AEnteroTOXIGENIC E. Coli (ETEC)
Two toxins: Labile and Stable
7AO0AOU j OOAOGAI AOBOQ
No inflammation/invasion

A Enteropathogenic (EPEC)

No toxin, no inflammation
Blunt villi, prevent absorption
Diarrhea usually in children (p=pediatrics)
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Enteronemorrhagic E. Coli

EHEC

A Does not ferment sorbitol (sorbito-MacConkeyagar)
A Classic serotype: E. coli 0157:H7

A Does not invade host cells (toxin causes disease)
AProduces Shigdike toxin A bloody diarrhea

Bacteriophageencoded (lysogenic) toxin
AUsually from undercooked beef

AToxin Effects

Endothelium swellsA vessel lumens narrow
Deposition of fibrin/platelets in microvasculature
Hemolysis, inflammation
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Hemolytic Uremic Syndrome
HUS

AComplicates ~10% EHEC cases
A Common in children
ATriad:

Hemolytic anemia
Thrombocytopenia
Acute renal failure (uremia)

AHUS + fever, mental status changes = TTP
Thrombotic thrombocytopenic purpura

AUsually occurs 57 days after diarrhea
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E. Coll Treatment

AMost E. Coli diarrheas selfimited

Usual treatment is hydration
Antiperistaltic agents (Loperamide) not helpful
Antibiotics rarely used (may increase toxin release)
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Gram Negative Sepsis

A Fever, tachycardia, hypotension
A Life-threatening
A Driven by endotoxin (LPS; Lipid A)

A Common scenario:

Elderly patient
UTI (catheter, BPH)
Gram negative sepsis (+ blood cultures)
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Infectious Diarrhea

Bloody Watery
ACampylobacter AETEC
A Salmonella enterica ACholera
A Shigella AC. difficile
AYersiniaenterocolitica AC. perfringens
AEIEC A Giardia,Crypto
A Entamoebahistolytica A Rotavirus, Norovirus
AEHEC

Fecal leukocytes, RBCs usually indicate invasive infection
Mucous, epithelial cells only seen in toximediated disease

Stool ova and parasites seen in protozoal infections
Lk} BoardsaBeyond
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Enterobacter

ARare cause of nosocomial UTIs

A Resistant to many antibiotics
Extendedspectrum betalactamases (ESBL)

Resistance to most betdactams: penicillins, cephalosporins,
and aztreonam

A Often treated with Carbapenems
Imipenem, Meropenem
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Citrobacter & Serratia

A Slow lactose fermenters
ANot dominant pathogen for any clinical condition
A Often resistant to many antibiotics

A Citrobacter
Can be found in normal Gl flora
Gram negative sepsis (with other GN bugs)
A Serratia
Produce distinctive red colonies (red pigment)
Catalase positive
Hospital outbreaks: contaminated water, soap, IV solutions
Sometimes osteomyelitis in IV drug users (also pseudomonas)
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Salmonella

ATwo general types
Salmonella typhiA typhoid fever
Non-typhoid strains A Enterica, enteritidis

ANon typhoid strains cause invasive gastroenteritis
Nausea, vomiting, cramps, bloody diarrhea
Ingestion of contaminated meat, eggs, poultry
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Salmonella

AFlagellated and motile
AEncapsulated

A Disseminate through blood
Osteomyelitis in sickle cell patients

ALive in Gl tract of mammals, birds, reptiles

AProduce hydrogen sulfide
Triple Sugar Iron (TSI) testA media turns black
Differentiates from Shigella

Alnvades Gl mucosa
A Cellular response: Largely monocytes
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Typhoid Fever

Salmonella Typhi

A Fever, headache, abdominal pain, diarrhea
ATravelers to Asia, Africa, South America

A Classic feature #1: Rose spots
Faint salmon-colored macules
Trunk and abdomen

A Classic feature #2: Pulséemperature dissociation
High feverA slow pulse

ACan remain in gall bladder (carrier state)
Endemic countries 24% people may be carriers
May be risk factor for carcinoma
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Salmonella

A Diagnosis: Culture (stool, blood)

ATreatment gastroenteritis:

Fluids/electrolytes
Few data showing antibiotics are helpful (may prolong illness)

Difficult to treat:; Lots of antibiotic resistance

Antibiotics used in severely ill patients only
Anti-peristalsis meds (Loperamide) contraindicated

ATyphoid fever: Ceftriaxone, Fluoroquinolones

ATyphoid vaccine available

Inactive variant of bacteria given orally
50AA £ O OOAOAI AO6O Ol EECE OEOE
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Shigella

ANonmotile (no flagella)

AT OAAAO | OAT OAlI AAIT O
Macropinocytosis
Induces apoptosis

A Spreads from cell to cell
Does not spread via bloodstream (like Salmonella)

/A Releases Shiga toxin
But non-toxin strains still cause disease
Cellular invasion more important mechanisms of disease

AVery few bacteria can cause disease (few as 10!)
A Cellular response: Largely PMNSs
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Shigella

ANot normal Gl flora

A Fecaloral transmission
ACommon in children

A Diagnosis: Stool Culture

ATreatment:
Fluids/electrolytes

Antibiotics improve symptoms, reduce shedding in stool
Can limit spread

Ceftriaxoneor Ciprofloxacin
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Salmonella and Shigella

Both GNRs, both cause bloody diarrhea, both invasive

Salmonella Shigella

H2S (black on TSI) No H2S
Monocytes PMNs
Hematogenous spread U%ﬂi;g;;ﬂl)zg{s;ds)
No antibiotics Yes antibiotics

Motile (flagella) Nonmotile
-- Shiga toxin

-- Low infectious dose
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Proteus

ARare cause of UTls
AO3xAOI DPEATT OUDPAOG
Long flagella

Facilitates urinary ascent
Bulls-eye on agar plates

AProduces urease
Converts urea to ammonia

A Associated with struvite kidney stones
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Pseudomonas aeruginosa

AHighly feared bacteria

Serious hospital acquired infections (i.e. VAP)

2A0EOOAT O OI i A lpstudaAnhomadOBICOB AJC
AMany infections:

Pneumonia (nosocomial)

UTIs

Surgical wound infections

Bacteremia/sepsis

Osteomyelitis

Otitis externa
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Pseudomonas aeruginosa

AObligate aerobe

A Loves the water
Commonly found in environmental water sources

AProduces a bluegreen pigment (pyocyanin)
Smooth, florescent green colonies on culture media

A Sweet, grapelike odor
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Pseudomonas Toxins

AEndotoxin (LPS)
Can cause fever, shock

A Exotoxin A

Inactivates elongation factor (EF2)
EF2 necessary for protein synthesis

NAD Nicotinamide
Toxin T ><
EFR2 ADP-ribosyl-EF2 —— No protein synthesis
BoardssaBeyond




Pseudomonas Infections

APneumonia in cystic fibrosis
ABurn infections

A Hot tub folliculitis
Tender, itchy papules after using a hot tub or spa

Al OEOEO AgOAOT A j§3xEIT AOB6O
Inflammation of the outerear and ear canal
Painful ear with discharge

BoardssaBeyond .



Pseudomonas Infections

A Osteomyelitis in IV drug users

A Ecthyma gangrenosum
Black, necrotic ulcers on skin with bacteremia
Invasion/destruction blood vessels by bacteria

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

AGram negative rod similar to pseudomonas
A Oxidase positive
A Catalase positive

A Rare cause of infections:
Cystic fibrosis
Chronic granulomatous disease
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H. Pylori

A Causes gastritis and ulcers (abdominal pain)
ARecently identified bacteria (1982!)

AUrease positive
Hydrolyzes urea to compounds that damage epithelium
Produces ammonium (alkaline)
Protects bacteria from stomach acid

AUrea breath test
Patients swallowureawith isotopes (carbon-14 or carbon-13)
Detection of isotopelabelled carbon dioxidein exhaled breath
Indicates urea was split (i.e. urease present)
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H. Pylori

A Infection common in patients with ulcers
Majority of patients with duodenal ulcers
Many patients with gastric ulcers

AMALT lymphoma

Mucosal associated lymphoid tissue

B-cell cancer, usually in the stomach

HIGHLY associated with H. Pylori infection
A Diagnosis:

Biopsy

Urea breath test

Stool antigen

Boards&Beyond.
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H. Pylori

A4 OAAOI AT O O4OEBdas OEAOAD
Proton pump inhibitor
Clarithromycin
Amoxicillin/Metronidazole

ATesting often repeated to confirm eradication
Breath test, stool antigen, or biopsy

ATreatment failures ~20%
Alternate regimens can be tried
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Legionella

A Does not gram stain well

A Silver stains used

A Special culture requirements

A Buffered charcoal yeast extract agar (BCYE)
Alron and cysteine added for growth

A Supplemented with antibiotics and silver dyes
Antimicrobials prevent overgrowth by competing organisms
Dyes give distinctive color to Legionella
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Legionella

AFirst identified at American Legion convention

AlInfection from inhalation of aerosolized bacteria
Not airborne

A Qutbreaks at hotels with contaminated water
A Can cause nosocomial pneumonia in nursing homes
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Legionella

Symptoms

Alnitially mild pneumonia symptoms
Fever; mild, slightly productive cough

A Can progress to severe pneumonia

AGI symptoms
Watery diarrhea, nausea, vomiting, and abdominal pain

AHyponatremia (Na<130meg/L) common
Can occur in any PNA but more common Legionella
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Legionella

Diagnosis

AClassic Case
Mild cough
Watery diarrhea
Confusion (low Na)
Negative bacteria on gram stain

ATreatment: Fluoroquinolone or Macrolide
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Pontiac Fever

AMild form of Legionella infection

A Fever, malaise, chills, fatigue, and headache
ANo respiratory complaints

A Chest radiograph usually normal
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Bacteroides fraqgilis

AGram {) rod

A Anaerobic bacteria

ANormal Gl flora

A Cause infection after breach of mucosal barrier
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Bacteroides fragilis

ARarely causesnfections alone

AUsually part of polymicrobial infections from Gl tract
Peritonitis (following perforation)
Intraabdominal abscess
Lung abscess (aspiration)
E. Coli/GNRs and B=ragilis often components together

A Covered by metronidazole
ACommon Gl therapy: CiproFlagy!

Quinolone for E. Coli
Metronidazole for B.Fragilis
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Other Gram
Negatives

Jason Ryan, MD, MPH
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Gram Negative Bacterial cme

Gram () — Oxidase +
Comma shape \ Alkaline

Diplococci Vibrio
Neisseria
/ X Rods
Maltose Fermenter | | Maltose Nonfermenter
v
- Lactose Lactose
Coccobacillus
Non-Fermenter
Haemophilus influenza Fermenter
Pasteurella / \
Brucella
Bordetella pertussis Fast _ Slow
Yersinia Enterocolitica Klebsiella Citrobacter
E. Coli Serratia
Enterobacter
\4
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Oxidase f) Oxidase (+)
Shigella Pseudomonas
Salmonella H. Pylori
Proteus
L) BoardsaBeyond . Campylobacter
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Moraxella catarrhalis

AGram negative diplococci

A Colonizes airway

A Can cause otitis media, COPD exacerbations
AUsually treated empirically without micro diagnosis

ANot in most micro lab algorithms
Most labs will not speciate airway samples with gram-§ cocci
Non-virulent strains Neisseria normal airway flora

SSSSSSSSSSSS




Neisseria

AMeningitidis and Gonorrhea

A Both gram negative cocci in pairs (diplococci)
A Both ferment glucose

AMeningococcus fermentdvialtose

A Gonococcus ferments onlyGlucose

A Both produce IgA protease

A Ceftriaxone often used to treat both
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Neisseria Meningitidis

ACauses meningitis and meningococcemia
ATransmitted by respiratory droplets

A Enters pharynx then bloodstream then CSF
AMany asymptomatic carriers
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Neisseria Meningitidis

A Polysaccharide capsule prevents phagocytosis

ALipooligosaccharide (LOS) outer membrane
Like LPS on enteric gram negative rods
Endotoxin A many toxic effects on body
Activates severe inflammatory response

AVaccine available
Contains capsular polysaccharide8, anti-capsule antibodies
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Neisseria Meningitidis

ABacteremia can complicate meningitis
Meningococcemia

A Sepsis: fevers, chills, tachycardia
APurpuric rash
ADIC

AWaterhouse-Friderichsen syndrome
Adrenal destruction from meningococcemia

A Life-threatening
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Neisseria Meningitidis

A Can cause outbreaks
Dorms, barracks

A Can infect young, healthy people
College students in dorms

AlInfected patients need droplet precautions

A Close contracts receive prophylaxis/vaccine
Rifampin
Also Ceftriaxone or Ciprofloxacin
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Neisseria Meningitidis

Terminal complement pathway deficiency

Antigen “
Antibody w2 [~ C1 complex
/ .
.‘C!D C2a & C4b fragments C>C9 Deﬁuency
|7—‘ Recurrent NM Infections
fciassical pathway ® C3 convertase Most often meningitis
Alternative -/ .
pathway 1 \ C3 hydrolysis
e ° c3bandC3a fragments

/

#5 C3bcleaves C5
/\  into C5aand C5b
a 9

Cell C5b, C6, C7, C8 and C9
swells together form the
and membrane attack

... it
bursts - . ... complex

m Boards&Beyond. Wikipedia/Public Domain
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Neisseria Gonorrhea

AMainly causes gonorrhea (STD)

A Can also cause:
Pelvic inflammatory disease (PID)
Septic arthritis
Neonatal conjunctivitis
Fitz-Hugh-Curtis syndrome

AKey feature: antigenic variation ofpilus proteins
No long term immunity after infection
Re-infection likely
No vaccine
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Gonorrhea

AMost men/women with N. Gonorrhea asymptomatic

AN. Gonorrhea and Chlamydia often emfect
Both can cause same symptoms
Treat for both (Ceftriaxone, Azithromycin/Doxycycline)

AMen: Urethritis

Dysuria, discharge

Can progress to or epididymitis/orchitis
AWomen: Cervicitis

ltching, discharge from cervix

Not painful
Can progress to PID
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Gonorrhea

A Pelvic inflammatory disease
Infection ascends (uterus, ducts, ovaries)
Pelvic/abdominal pain
Dyspareunia
Cervical motion tenderness on exam (chandelier sign)
High risk of subsequentectopic pregnancy, infertility

A Fitz-Hugh-Curtis
Perihepatitis
)1 A1 AT AOETT 1T &£ "1 EOOITT60 AA
Severe RUQ tenderness with pleuritic pain
O6ET T ET OOOET Ce AAEAOQCEITO 1T &£ DA
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Septic Arthritis

A Disseminated gonococcal infection (0.5 to 3%)
A Septic arthritis

A Key scenario:
Sexually active young person
Swollen, warm and painful knee
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Neonatal Conjunctivitis

A Ophthalmia neonatorum

A Can also be caused by Chlamydia

A Swelling and discharge from eye

A5 to 14 days after birth

AUntreated can lead to visual impairment

A Prophylaxis: Erythromycin ophthalmic ointment
ANewborn prophylaxis mandated by many states
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Chlamydia

A Obligate intracellular organisms
Cannot make their own ATP

A Cell wall lacks muramic acid
N-acetylmuramic acid (NAM) in peptidoglycan
Cell wall lacks peptidoglycan
A Do not gram stain well (technically gram negative)

A Giemsa stain
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Chlamydia

APenicillins do not work well
A Ceftriaxone (for Gonorrhea) ineffective

ATreatment of choice: azithromycin, doxycycline
Protein synthesis inhibitors
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Chlamydia

ATwo phases to life cycle

A#1: Elementary body (small, dense)
Enters cell via endocytosis

A#2: Reticulate body

Replicates in cells by fission
Can been seen In tissue culture

A Elementary bodies and reticular bodies grow, multiply,
eventually rupture cell and disperse
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Chlamydia

A Chlamydia trachomatis (sexually transmitted)
Nongonococcal urethritis
PID
Conjunctivitis
Reactive arthritis

A Chlamydophila pneumonia
Atypical pneumonia
Transmitted by aerosol

A Chlamydophilapsittaci
Psittacosis (Parrot fever)
Infection from birds
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Chlamydia trachomatis

A Sexually transmitted
A Often asymptomatic in men & women

AWomen: Cervicitis
Discharge, postcoital bleeding
Can progress to PID, FitHugh-Curtiss

AMen:
Discharge, dysuria

ATreatment: Azithromycin/Doxycycline
Plus Ceftriaxone for N. Gonorrhea
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Chlamydia trachomatis

Newborns

A lInfection from passage through birth canal
A Conjunctivitis
Similar to Gonorrhea

APneumonia
4-12 weeks old

r e pd Ve ~

Inspiration between each single cough
Often have a history of conjunctivitis
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C. Trachomatis Diagnosis

ANucleic acid amplification testing (NAAT)
PCR of Chlamydia DNA/RNA
Gold standard

A Culture and staining
No longer done routinely
Giemsa stain
Chlamydial inclusion bodies in cytoplasm of epithelial cells
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Reactive Arthritis

A Autoimmune arthritis
ATriggered by infection

Alntestinal infections
Salmonella,Shigella, Campylobacter, Yersinia, C. Difficile

A Chlamydia trachomatis

A Classic triad (Reiter's syndrome)
Arthritis (often unilateral, lower extremities, knees, toes)
Conjunctivitis (red eye, discharge)
Urethritis (dysuria, frequency z noninfectious)

A Diagnosis: Classic features following typical infection
ATreatment: NSAIDs
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Lymphogranuloma Venereum

A Chlamydia infection that enters lymphatics
A Different serotypes from those that cause urethritis
A Sexually transmitted

Alnitially: Genital ulcer
Sometimes unnoticed; Resolves

ALater: Tender inguinal or femoral lymph nodes

ATreatment:
Drainage
Antibiotics

BoardS&Beyond_ Herbert L. Fred, MD and Hendrik A. vabijk
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Trachoma

Chlamydia Eye Disease

ACaused by unique serotypes of C. Trachomatis
AMostly in Africa and other developing parts of world
AHighly contagious

A Spread by contact with eye secretions

A Acutely causes conjunctivitis

ARepeated infections®, Corneal scaringd blindness
A Leading cause of infectious blindness worldwide
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C. Trachomatis Serotypes

Serotype Infections

A B, C Trachoma, Blindness; Found in Africa

Urethritis, PID,
neonatal pneumonia, neonatal conjunctivitis

D through K

L1, L2, L3 Lymphogranulomavenereum
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Campylobacter

AUsually C. jejuni, sometimes C. coli

A Faint, gram negative bacteria
Gram stain not sensitive Wikipedia/public domain

A Spiral shaped, curved rod (comma shaped)
A Oxidase positive

A Microaerophilic
Requires oxygen but lives best with low O2 levels

Ll BoardsaBeyond
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Campylobacter

AVERY common cause acute diarrhea in children
AA leading cause of acute diarrhea worldwide

A Fecaloral transmission
Lives in animal intestines, especially poultry
Undercooked meatespecially poultry
Unpasteurized milk
Can also contaminate drinking water

A Common trigger of GuillainBarre
Demyelinating disease
Ascending weakness
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Vibrio Cholera

AToxin-mediated disease

AToxin carried by bacteriophage (lysogenic)
APermanently activates G W Al - 0

AT 1T O ET 1-0/00 OE AREAOOEAA
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Vibrio Cholera

A2 ANOEOAO 1 AOCA OAT OAo 1 £
Acid kills small amounts of bacteria
Common in areas that lack clean water
Also can occur on acid suppression drugs (lowers dos2A N 6 A

A Death from dehydration, electrolyte losses, shock
ATreatment: Aggressive volume repletion
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V. vulnificus/parahaemolyticus

ABoth cause food poisoning (diarrhea)
AFound in raw oysters

AV. vulnificus can infect wounds after swimming in
contaminated water
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Haemophilus influenza

A Colonizes nasopharynx

A Causes several respiratory diseases, meningitis

A Some have polysaccharide capsule some do not
O#ADPOOI Ao AAAOAOEA AOA OOUDB
| OEAOO AOA OT1T1 OUPAAAIT Ao

AMost disease caused by type B
Capsule consists of ribosyl and ribitol phosphate polymer

AVaccine contains type B capsuleHib)
Conjugated to a carrier protein (often tetanus toxoid)
Stronger T-cell response
Given before 7 months
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Haemophilus influenza

Special Features

AlgA protease

A Grows on Chocolate agar
Factors V (NAD) and X (hematin) present
Will also grow with S. Aureus on blood agar
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Haemophilus influenza

Infections

A Epiglottitis
Life-threatening (airway obstruction)
Unvaccinated children with fever, sore throat
Dysphagia, drooling
%OECIT OOEO xEII APPAAO OAEAOC

APneumonia

AMeningitis

A Otitis media, bronchitis, conjunctivitis
S. pneumoniae and nottypeable H. influenza
Vaccine not protective
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Haemophilus ducreyi

A Causes chancroid

A Painful genital ulcer

A Contrast with chancre (syphilis): nonpainful
A Sexually transmitted

ATreatment: Azithromycin/Ceftriaxone
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Genital Ulcers

Disease Feature

Syphilis Painless chancre
H. Ducreyi Painful chancroid
Herpes Multiple vesicles/ulcers

Large, swollen lymph nodes

Lymphogranuloma Venereum Toilses]

BoardssBeyond.
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Bordetella Pertussis

A Causes whooping cough
AURI with severe coughing

A Classic presentations
Paroxysms of coughing
)T OPEOAOT OU OxEI 1T Po
Postcough vomiting
Exhaustion from coughing
A Coughing fits can last weeks

Aln China, pertussis known as the "100 day cough"
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Bordetella Pertussis

ATransmitted by aerosolized droplets

A Pertussis toxin
Shown to inhibit Gi proteins
Allows over-activation of adenylate cyclase
mAr -0 1T AOAIT O EI AAI T O EI
Result: impaired recruitment of neutrophils
AToxin may not be cause of cough
Some species without toxin shown to cause symptoms
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Bordetella Pertussis

AlInfection rare due to vaccine
A Acellular pertussis vaccines used
A Contain purified pertussis antigens
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Yersinia Enterocolitica

AFound in domesticated animals (dogs), pigs
A Often transmitted through contaminated pork
AAlso from contaminated water or milk

A Fever, abdominal pain, nausea, vomiting

A Bloody diarrhea

A Can cause inflammation around appendix or in
mesenteric lymph nodes (mesenteric adenitis)
May mimic Crohn's or appendicitis

A$T 1060 AT T A£OOpestis(pldgle) 9 AOOEI
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Spirochetes

Jason Ryan, MD, MPH
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Spirochetes

ABacteria with long, corkscrewshaped cells
A Difficult to grow/culture
A Serology usually used for diagnosis

Cork "8
grikacrew s form

Alamentous spirochete
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Spirochetes

A Leptospira (Leptospirosis)
ABorrelia (Lyme disease)
ATreponema (Syphilis)
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Leptospira interrogans

ACauses Leptospirosis

ALives in rodentsA shed in urine

Alllness commonly from contaminated water

A Disease ranges asymptomatié, severe

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

A Conjunctival suffusion (red eyes)

A Aseptic meningitis

ATAEI 60 AEOAAOA j OAOA AIlI P

Liver damage (jaundice)yenal failure, and bleeding
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Leptospira interrogans

A Diagnosis:
Usually from classic history/exam
Serology (antibody) tests available

ATreatment: Doxycycline or Azithromycin

A Classic case:
Surfer or swimmer in Tropics
Flu-like illness
Conjunctival suffusion
Jaundice
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Borrelia burgdorferi

ACauses Lyme disease

A Cause by tick bite (Ixodes scapularis)
Tick larvae feed on mice (reservoir for Borrelia)
Infected adult ticks feed on deer

ATicks can bite humansh infection with Borrelia
ATick must be attached ~48hrs to transmit bacteria
ACommon in Northeast US (Lyme, Connecticut)
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Lyme Disease

A Stage 1: Erythema chronicum migrans
#1 AOOEA F£ET AET BYAACDAGE"
Flu-like symptoms "

A Stage 2: Neurologic and cardiac
Facial nerve palsy

AV block

Image courtesy of Wikipedia/Public Domain
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Lyme Disease

AStage 3:

Arthritis (often knees)
Neuropathy (pain, paresthesias)
Encephalopathy (mild cognitive disturbance)

Rash: Bluered discoloration
Acrodermatitis Chronica Atrophicans
More common in European Lyme

ATreatment: Doxycycline or Ceftriaxone

STUDY SMARTER




Relapsing Fever

AUS: Borrelia hermsiiand Borrelia turicatae
Transmitted by tick bites

A Developing world: Borrelia recurrentis
Transmitted by louse (insect)
Spread from person to person by louse (epidemics)

A Symptoms are relapsing fever (duh!)
A Antigenic variation causes recurrent fevers
A Spirochetes change major antigens on surface

AThis evades immune response
Growth occurs
Fever returns

SSSSSSSSSSSS




Treponema pallidum

Causes syphilis

Sexually transmitted disease

Can see spirochete by dark field microscopy
Disease: ?, 2, 3 stages

s Image courtesy of Wikipedia/Public Domain
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Primary Syphilis

ATwo to three weeks after exposure

A Painless chancre (ulcer)
Classically on the penis
Usually 1-2cm
Raised

A Often unnoticed (painless)A disease progresses
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Image courtesy of Wikipedia/Public Domain
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Secondary Syphilis

ARash

Classically maculopapular rash
Covers all extremities including palms/soles

AFlu-like symptoms
Fever, headache, malaise, sore throat, myalgias

A Condyloma lata
Large, raised, gray to white lesions
Moist areas: inside mouth, perineum
Often close to chancre; may reflect direct spread

ATreponema present in condyloma and chancre
Can visualize with darkfield microscopy
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Palms and Soles

AMost maculopapular rashes spare palms/soles
A EOAA OEAO Al 160¢g

Syphilis

Rock Mountain Spotted Fever

Coxsackie virus (hand, foot, mouth)
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Tertiary Syphilis

AGummas
Form of granuloma
Mass lesions that can appear anywhere: skin, liver
Often mistaken for tumors

A Aortitis
Vasa vasorum inflammation
Risk of aortic dissection
A Neurosyphilis
Many, many symptoms
Meningitis, dementia, nerve palsies

Boards&Beyond.
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Tertiary Syphilis

A Argyll Robertson pupil
Small pupils
Constrict to accommodation
Do not constrict to light

ATabes Dorsalis
Demyelination of posterior columns

Wide-based gate
Ataxia (falls, loss of balance)
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Syphilis Diagnosis

AVDRL
Venereal Disease Research Laboratory
O. 11T OOAPTTAI Al o OAOGO

Serum reacted with cardiolipin antigen (nonspecific)

ARPR
Rapid Plasma Reagin

ASUDPEEI EO DAOEAT O0O6 OAOOI
Positive VDRL/RPR

A For neurosyphilis need to test CSF
Positive serum test does not necessarily indicate CNS disease
Many false negativeg difficult diagnosis
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Syphilis Diagnosis

AMany false positives VDRL/RPR
Mononucleosis
Rheumatic fever
SLE
Leprosy
Pregnancy
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Syphilis Diagnosis

AFTAABS
Fluorescent treponemal antibody absorption
O40ADPT1TAI Al OAOOG
Detects antibodies against specific treponemal antigens
Very specific

AMAOO OAOOI Og-OA2ZADEOBOAL
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Congenital Syphilis

A Spirochete transmitted from mother to fetus

A Can occur in 3 trimester
Mothers screened early in pregnancy

AMost often in mothers with no prenatal care

AFindings on baby can be early or late
Early (<2ys); Late (>2yrs)
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Congenital Syphilis

Early Findings

AHepatomegaly
ARunny nose

AMaculopapular rash
Small, red or pink spots
Often on back, buttocks, posterior thighs, and soles

AAbnormal long-bone radiographs
Many, many abnormalities reported
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Congenital Syphilis

Late Findings

AEars/nose
Saddle nose (no nasal bridge)
Hearing loss/deafness

ATeeth

Hutchinson teeth (notched, pegshaped teeth)
Mulberry molars (maldevelopment of the molars)

ALegs

Saber shins (bowed legs)
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Syphilis Treatment

APenicillin G

AJarischHerxheimer reaction
Flu-like syndrome after starting antibiotics
Killed bacteria cause immune response
Selflimited
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Zoonotic Bacteria

Jason Ryan, MD, MPH
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Zoonotic Bacteria

AAll rare, all transmitted from animals to humans
AAlmost all can be treated with Doxycycline
AKey is to recognize clinical syndromes

Animal Vector Tick-Flea-Louse
Bartonella Ehrlichia
Brucella Borrelia
Chlamydophila psittaci Rickettsia Rickettsia
Coxiella burnetii Rickettsia Typhus
Leptospira Rickettsia Prowazekii
Francisella tularensis Yersinia pestis
Pasteurella
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Bartonella henselae

ACats harbor fleas that carry Bartonella

A Cat Scratch Fever
Cat scratch (almost always a child)
Red, swollen area 3L0 days later

Regional lymphadenopathy (hallmark of disease)
Tender, red lymph nodes
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Bartonella henselae

ABacillary Angiomatosis (vascular lesions)
Diffuse skin papules in AIDS patients
Often mistaken for Kaposi Sarcoma

A Endocarditis (rare cause, culture negative)
ATreatment: Doxycycline, Azithromycin
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ARaised, red/purple skin lesions
ACommon in HIV/AIDS

A Angioproliferation

ACaused by HH\8

A Can have similar appearance to Bacillary Angiomatosis

AKey differences
Kaposi Sarcoma: Lymphocytes
BA: Neutrophils/lymphocytes

OpenStaxCollege/Wikipedia
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Granulomatous Infections

ATuberculosis

A Leprosy

A Fungal pneumonias Histo, Blasto, Coccidio

A Bartonella (cat scratch disease)

ABrucella

A Listeria in infants (Granulomatosis Infantiseptica)
A Schistosomiasis (worm)

A Syphilis (gummas
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Brucella

ALives in cows, goats
AlInfection from unpasteurized milk or animal exposure

A Classic patients:
Worker in meat packing plant
Traveler from Mexico who consumed milk/cheese

ABrucellosis (undulant fever)
Flu-like iliness
High fever that rises and falls
Profuse sweating

ATreatment: Doxycycline + streptomycin/rifampin
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Chlamydophila psittaci

Psittacosis

A Parrot fever

AlInfection from inhalation dried feces
A Classic patient: Pet store employee
A Fever, headache, and dry cough
ATreatment: Doxycycline
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Coxiella burneti

Q fever

AFarm animals: cattle, goats, sheep

A Forms spores that get inhaled

AHigh concentrations in placenta of infected animals
A Symptoms

Pneumonia with flu symptoms (fever, headache, myalgias)
Endocarditis

A Diagnosis: Serology (antibodies)
ATreatment: Doxycycline
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Culture Negative Endocarditis

A Evidence of endocarditis with sterile BCx

A Coxiella burnetii
Q fever
Farm animals (cattle, sheep, goats)

ABartonella
Cat scratch fever
Cat fleas
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Francisella tularensis

Tularemia (Rabbit fever)

Almportant reservoirs: Ticks, deer flies, rabbits

AOccurs in animal handlers, especially rabbits
Also from tick bites

AUlceroglandular tularemia (most common form)
Fever, chills malaise
Classically the fever abates for few days, returns
Skin ulcer at site of insect bite
Swollen, painful lymph nodes

ATreatment: Streptomycin (Doxycycline okay, too)
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Pasteurella

A Lives in mouth of cats and dogs
AlInfection: Cat/dog bites or scratches

A Key infections:
Cellulitis
Osteomyelitis

A Bite wounds usually polymicrobial (S. Aureus)

A Broad spectrum empiric therapy
Amoxicillin-clavulanate (oral)
Ampicillin -sulbactam (V)
Piperacillin-tazobactam (V)
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Leptospira interrogans

ACauses Leptospirosis
ALives in rodentsA shed in urine

Alllness commonly from contaminated water
Classic case is surfer or swimmer in tropics

ATreatment: Doxycycline or Azithromycin
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Ehrlichia

Ehrlichiosis

ATick-borne illness (Lone Star tick)
A White tail deer are principal reservoir
A Obligate intracellular bacteria

Ve yd

O" AoOoU |1 EeEAd EIT Al OOEIT O EI
A Symptoms

Flu-like illness

Leukopenia .

Thrombocytopenia O _“0, O,

. . . : - Y
A Diagnosis: Giemsa stain, serology O Qfe o
ATreatment: Doxycycline Lo 8yo

P -
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Anaplasma

Anaplasmosis

A Bacteria very similar to Ehrlichia
AMorula seen in granulocytes (not monocytes)

ATick vector: Ixodes scapularis (not Lone Star tick)
Same vector as Lyme disease, Babesiosis
A Similar symptoms, treatments to Ehrlichiosis
Fever, joint pains
Low WBCs, platelets
Blood smear: granulocytes (not monocytes) with inclusions
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Borrelia burgdorferi

ACauses Lyme disease

A Cause by tick bite (Ixodes scapularis)
Tick larvae feed on mice (reservoir for Borrelia)
Infected adult ticks feed on deer

ATicks can bite humansh infection with Borrelia
ACommon in Northeast US (Lyme, Connecticut)
ATreatment: Doxycycline or Ceftriaxone
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Rickettsia and Chlamydia

A Similar types of bacteria

A Obligate intracellular bacteria
Use host ATP
Chlamydia cannot make ATP
Rickettsia can make some

ACannot be cultured on common media
Inoculated into living cells (yolk sac of chicken embryos)

AVery small
Close to size of viruses

A Chlamydia: Person to person
A Rickettsia: Tick or insect-borne illnesses
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Rickettsia

AAll infections occur from ticks-fleas-lice

AThree subtypesA different infections
R. rickettsii (Rocky Mountain Spotted Fever)
R. typhi (Murine typhus)
R. prowazekii (Bpidemic typhus)
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Typhus versus Typhoid

ATyphus = Greek word for smoky or hazy
Used by Hippocrates to describe state of mind
Typhus caused by Rickettsia sp.

Can cause plaguedR. prowazekii)

ATyphoid Fever

Caused by Salmonella typhi
Enteric disease
Fever, diarrhea, rose spots
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Rocky Mountain Spotted Fever

Rickettsia rickettsii

A Occurs throughout US (despite name)

ATransmitted by tick bite
1/3 may not recall/notice the bite

ATriad: Headache, fever, rash
AHeadache, fever often come first

AMaculopapular rash
Starts wrists/ankles A spreads to trunk, palms, soles

ARarely complications:
Encephalitis

Seizures
DIC

ATreatment: Doxycycline
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Murine Typhus

Rickettsia typhi

AT O AAT T AA OAT AAT EAOG
Endemic to certain populations (no epidemics)

/A Reservoir: Rats

ATransmitted from rat fleas

A Common in developing world

AFlu-like illness

ARash (<50%)
Maculopapular
Starts in trunk spreads out

ATreatment: Doxycycline
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Epidemic Typhus

Rickettsia prowazekil

AMostly historical
A Epidemics throughout history have killed millions
A Some outbreaks in Africa during civil wars

ATransmitted by body louse
Body louse lives on skin/clothes
Eggs laid on clothes and hatch
Larvae suck blood
During meal, louse defecates highly infective feces
Rickettsia in louse feces introduced to skin/membranes
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Epidemic Typhus

Rickettsia prowazekil

AFever, chills, headaches, malaise

AMaculopapular rash
Starts in trunk spreads out

A Confusion, seizures, coma
ATreatment: Doxycycline
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Yersinia pestis

Bubonic Plague

A Reservoir: rats, sometimes squirrels or prairie dogs
AHumans get disease from rat flea bites

AHuman to human spread via respiratory droplets

A Fever, chills, headache

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

ABuboes:

Exquisite tenderness

Erythema and edema of overlying skin

)1 COET Al OACEIT 1100 EOANOAIT ¢
ATreatment: Streptomycin (Doxycycline okay, too)
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Tick-FleaLouse

AEhrlichia A Ehrlichiosis

ABorrelia A Lyme disease
** Babesia (parasite)A same tick

AR. RickettsiaA Rocky Mountain Spotted Fever
AR. typhiA Murine typhus

AR. prowazekiiA Epidemics/plague

AY. PestisA, Bubonic plague
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Mycobacteria

Jason Ryan, MD, MPH
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Mycobacteria

AMycolic acids in cell wall

ALipid-OEAE AAIl xAll OEAO EO

A Resistant todecolorization by acid after staining with
carbolfuchsin

A Do not gram stain well (technically gram positive)
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Zlehl-Neelsen
AMEA OAAEA AAOO6 OOAEI]
A Containscarbolfuchsin
AUsed to detect mycobacterium (especially TB)
AAlso used forNocardia

(W)
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Mycobacteria

AM. Tuberculosis

AM. avium complex (MAC)
AM. kansasii
AMycobacteriumleprae
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MAC

Mycobacteriumavium complex

AMost common norTB mycobacterial infection

Alncludes several bacteria:
M. avium, M.intracellulare

A Slow growing, acidfast organisms
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MAC

Mycobacteriumavium complex

AFound in water and soil
Alnhaled or ingested

AVery rare cause of pulmonary disease in nehlIV
AHIV/AIDS: Disseminated disease
Very low CD4 count (<50)

Fever, sweats, abdominal pain, diarrhea, weight loss
Severe anemia

Hepatosplenomegaly

Walkphosh Y | $(

Often no lung findings (if lung findingsh EO6 O 4"
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MAC

Mycobacteriumavium complex

A Diagnosis: Blood culture (takes 7 days or more)

ATreatment:
Clarithromycin plus Ethambutol

A Prophylaxis: Azithromycin
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M. Kansasii

AMost frequent nonTB mycobacteria after MAC
AEnvironmental source not clear

A Similar pathology but less virulent than TB
Fever, sweats, cough, dyspnea
CXR infiltrates

ATreatment: Similar to TB
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M. Leprae

Leprosy (Hansen's Disease)

A Obligate intracellular organism
A Grows very slowly- cannot be cultured

A Grows best at cool temps (27 to 3X)
Infection involves skin
Extremities, face

AReservoir is armadillos

AMode of transmission unclear

A Causes granulomatous inflammation
AMostly found in developing countries
AMost US cases occur in immigrants
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M. Leprae

Leprosy (Hansen's Disease)

Alnfects skin and superficial nerves

AKey signs/symptoms
Skin lesions
Loss of sensation
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M. Leprae

Leprosy (Hansen's Disease)

ASpectrum of disease

A Severity based on strength of celinediated response
ATuberculoid leprosy - Milder disease

A Lepromatousleprosy z Severe disease
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Tuberculoid Leprosy

A Patches ohypopigmented skin

A Loss of sensation over affected area

A Strong cellmediated TH1 response contains infection
A Lesions show granulomas, few bacteria
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LepromatousLeprosy

A Diffuse skin lesions

A Often deformed, thickened skin
A Hypopigmentation and hair loss Wikipedia/Public Domain
A Severe neuropathy (weakness, regional anesthesia)

ATh2 response
Humoral immunity
Depressed cellmediated immunity
Antibodies cannot reach intracellular bacteria

ALesions:
Multiple bacteria
No granulomas
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M. Leprae

Leprosy (Hansen's Disease)

A Diagnosis:
Acid-fast organisms on skin biopsy
Note: False positive VRDL

ATreatment:
Tuberculoid: dapsoneand rifampin (6 months)
Lepromatous. dapsone rifampin, andclofazimine (years)
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M. Leprae

Leprosy (Hansen's Disease)

A Rifampin
Tuberculosis drug
Blocks RNA synthesis

A Dapsone
Competes with bacterial paraaminobenzoicacid (PABA)
Inhibits dihydropteroate synthetase
Disrupts folic acid pathways (like sulfonamides)
Also used for pneumocystigiroveci (like sulfonamides)
Hemolysis in G6PD (like sulfonamides)
Rarely can cause agranulocytosis (ANC=0)

A Clofazimine
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IL-12 Receptor Deficiency

AIL-12 triggers differentiation T-cells to Th1 cells
A Activated TH1 cells produce IFN
Almportant for response to intracellular infections

A Children born with deficient receptors have a weak
Thl response and low levels IFM

Alncreased susceptibility:
Disseminated Salmonella
Disseminated nontuberculous mycobacterial (NTM)
Disseminated BacillusCalmette Guerin (BCG) after vaccine

ATreatment: IEN-r
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Penicillins

Jason Ryan, MD, MPH
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Penicillins

H
R

Thiazolidine Ring
Penicillins

e

f \n/
Side Chain O
S/

Beta Lactam Ring
Penicillins

Carbapenems
Aztreonam

Cephalosporins
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Penicillin

Mechanism of Action

ABacteria constantly breaking down/remaking cell wall

ATranspeptidases
Cross link peptidoglycan in cell walls
Bind to alanine residues
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@ Aanine (Lor D)
. D-glutamate

. L-lysine

0 Pentaglycine Chain

B NAM
L NAG

Penicillin

Mechanism of Action

SR

Crosslink

BoardS&Beyond_ Mcstrother/Wikipedia
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Penicillin

Mechanism of Action

EEER

Binds ala-ala residues
Links lysine-alanine

Penicillin binding
protein

@ Anine (Lorp)
. D-glutamate
. L-lysine

(0 Pentaglycine Chain

B v

L NAG

BoardS&Beyond_ Mcstrother/Wikipedia
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Penicillin
H3C

Mechanism of Action OH

A Penicillin binds to transpeptidases NH,
O0AT EAEI T ET AET AET C POTa@kET O6
-EIl EAO AlaardybiAA Al 88 Ao q OAOGEAD
Inactivates enzymes

AWall breakdown > wall creationA Autolysis

Enzymes that hydrolyze cell wall continue to work
Cell death (bactericidal)

AAIl  -lactam antibiotics: similar mechanism
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Penicillin

Mechanism of Action

STUDY SMARTER
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Penicillin

Mechanism of Action
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N
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D-Ala-D-Ala Terminus
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Natural Penicillins

APenicillin G (IM and 1V)
APenicillin VK (oral)

AProbenecid

Gout drug
Inhibits renal secretion PCN
Boosts PCN levelg, co-administered in special circumstances

@ N
/2]/; -|’N\S>< 0 O//—N
o

&/ ©H HO

Penicillin G Penicillin VK
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Natural Penicillins

Resistance

AModified penicillin binding proteins
May result from genetic mutations
Example: S. pneumonia often produces altered PBPs
AReduced bacterial celpenetration
Gram negative bacteria: poor penetration
Porins: gram negative proteins that transport nutrients/waste
Bacteria may decrease number gforins

A\ Beta lactamase enzyme

BoardssaBeyond
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Beta Lactamase

Penicillinase

A Bacterial enzymes

A Degrade beta lactam compounds
Penicillin G and VK
Some other penicillins
Some cephalosporins

AMany gram negative bacteria
A Staphylococcus aureus
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Beta Lactamase

AMost gram negative rods have betalactamase gene
O#EOT I 1011 Al AAOA 1 AAOAT AOGAG
Some express low levels

AGenes can also be transferred vislasmids
Extra-chromosomal genetic material
Selfreproducing
Transferrable
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Beta Lactamase

= %

Lipopoly- %%J

AGram negative bacteria s ntes
Beta lactamase found imperiplasm

A Gram positive bacteria (S. Aureus) ouTER Eﬂﬁ
No periplasm- Beta lactamasesecreted

PERIPLASMIC

Generally produce more enzyme than GN . “space™—

Murein Lipopratein

INNER  HEE
MEMBRANE i}

CHTOQS0L
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[ -Lactamase Inhibitors

Clavulanic Acid, Sulbactam, Tazobactam

AT EEAEO -lackah&3d OEAT
AAdded to some penicillins to expand coverage
Aminopenicillins
Antistaphylococcal penicillins

ALittle/no effect used alone
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Penicillin G and VK

Clinical Uses

ANarrow spectrum z few specific modern uses

A Gram positives
Strep pyogenes (strep throat)
Actinomyces

ATreponema Pallidum (syphilis)

ARare uses (only in susceptible isolates)
Neisseriameningitides
Strep. pneumonia
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Penicillin Adverse Effects

Hypersensitivity (allergic) reactions

ACommonly leads to hypersensitivity (allergic reaction)
A 1stexposure: Sensitization

A 2nd exposure: Hypersensitivity reaction

A Symptoms resolve on stopping drug
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Penicillin Adverse Effects

Hypersensitivity (allergic) reactions

At AOOA j OEiIi 1T AAEAOAG Q
A Type |, IgE-mediated
A Usuallywithin 1 hour of taking drug
A Histamine release
A ltching, urticaria
A Bronchospasm
A Anaphylaxis

James Heilman, MD
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Penicillin Adverse Effects

Maculopapular Rash

AO. HHI I AAEAOAG OAAAOQEI I
AMost common withaminopenicillins
AMaculopapules

Altchy or may be nonpruritic

A Absence of fever, wheezing, joint pain

A Days or weeks after starting drug
AType-IV (T-cell-mediated) mechanism

Romano A et alDiagnosis of nonimmediate
reactions to B -lactam antibiotics . Allergy 2004
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Penicillin Adverse Effects

Maculopapular Rash

AMore common with viral infection
A EBV pharyngitis
A Amoxicillin given for pharyngitis A maculopapular rash
A Mechanism not clear

' Wikipedia/Public Domai
BoardS&BeyOnd IKIpedl ublic Domain
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Penicillin Adverse Effects

Skin Reactions

A StevensJohnson Syndrome
Fever, necrosis
Sloughing of skin
Dermal-epidermal junction
Vesicles, blisters

A Toxic epidermalnecrolysis
Severe form SJS (>30% skin)

AMortality: SJS 15%; TEN 2535%

Dr. ThomasHabif/Wikipedia
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Penicillin Adverse Effects

Skin Reactions

Almmune mediated
CD8 TFcells play important roll
Re-challenge with drug can cause recurrence

A Antibiotic associations:
Sulfonamides (TMRSMX)
Aminopenicillins
Cephalosporins
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Penicillin Adverse Effects

Interstitial Nephritis

ADrug acts ashaptenA immune response in kidneys

AHypersensitivity (allergic) reaction
Complex mechanism
Considered alype IV hypersensitivity reaction
T cells, Mast cells

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

Interstitial Nephritis

A Classic presentation
Fever
Oliguria
Increased BUN/Cr
Eosinophils in urine
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Penicillin Adverse Effects

Hemolytic Anemia

AHigh doses can lead to extrinsic hemolytic anemia
APCN binds to surface RBCh{pten)

A Elicits immune response

A Antibodies against PCN bound to RBCs

A Direct Coombs test: positive

AType Il hypersensitivity
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Penicillin Adverse Effects

Hypersensitivity (allergic) reactions

A Serum Sickness
Immune complex disorder (IgG)
Days/weeks after exposure
Complement activation
Type Il hypersensitivity reaction

AUrticaria, fever, arthritis, lymphadenopathy

Tatum A et al.Severe serum sickness-like reaction to oral penicillin
drugs: three case reports . Ann Allergy AsthmdJmmunol 2001
Boards&Beyond
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Penicillin Immunology

Penicillin
Type | Type |l Type Il Type IV
Acute Hemolysis Serum Sickness T cells
IgE 1IgG 1IgG Skin
Anaphylaxis Fever Nephritis
Urticaria
Arthritis
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Penicillin Adverse Effects

C. Difficile Infection

ADiarrhea following antibiotic therapy

A Antibiotic depletes normal intestinal flora

AC. Difficile growthA pseudomembranous colitis
AMay occur with any antibiotic

AFrequent associations
Clindamycin
Fluoroquinolones
Cephalosporins
Penicillins
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JarischHerxheimer Reaction

AOccurs withPCN therapy for spirochete infections
A Classically occurs irsyphilis

A Febrile syndrome

A Fever, chills, flushing, hyperventilation

AUsually ~2hrs after starting therapy

A Due to bacterial cell deathdy immune response

STUDY SMARTER




Antistaphylococcal Peniclillins

Oxacillin, nafcillin, dicloxacillin

A Side chain protecty -lactam from staph penicillinase

A Prototype: Methicillin
No longer used
High frequency of adverse effects (interstitial nephritis)

A Covers Staph Aureus (notMRSA) and most strep
/
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Antistaphylococcal Penicillins

Oxacillin, nafcillin, dicloxacillin

ACommon uses
Community acquired cellulitis
Impetigo
A Staph endocarditis based on culture data
A Side effects similar to penicillin

.
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Aminopenicillins

Amoxicillin/Ampicillin




Aminopenicillins

Amoxicillin/Ampicillin

AAmoxicillin (oral)
AAmpicillin (1V)
Poor bioavailability when given orally
APenetrate porin channel of gram -negative bacteria
A Sensitive to beta lactamase enzymes
A Covers penicillin bacteria plus some gram negatives
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Aminopenicillins

Amoxicillin/Ampicillin

Bacteria
AH. Influenza
AE. Coli
A Proteus
ASalmonella
A Shigella
AListeria (gram +)

STUDY SMARTER

Main Clinical Uses

A Otitis Media

A Bacterial sinusitis

AMeningitis
Newborns, elderly
Listeria coverage




Aminopenicillins

Maculopapular Rash

AMost common with aminopenicillins
AMore common in viral infection

A Classic case
EBV infection with sore throat
Amoxicillin given for presumed bacterial pharyngitis
Maculopapular rash
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Aminopeniclillins

Skin Reactions

A StevensJohnson Syndrome
A Toxic epidermal necrolysis

A Antibiotic associations:
Sulfonamides (TMPSMX)
Aminopenicillins
Cephalosporins

Dr. ThomasHabif/Wikipedia
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[ -Lactamase Inhibitors

Clavulanic Acid, Sulbactam, Tazobactam

ACommonly used with aminopenicillins
Amoxicillin/Clavulanic acid (Augmentin)
Ampicillin/Sulbactam (Unasyn)

Increases activity against S. Aureus, H. flu
Also increases activity against anaerobes (B. fragilis)

A Common uses:
Otitis media/sinusitis (Broad-spectrum)
Bite wounds (Polymicrobial with anaerobes)
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Antipseudomonal Peniclillins

Ticarcillin, Piperacillin

AGreater porin channel penetration
A Effective against Pseudomonas aeruginosa
AMore gram () coverage vs. aminopenicillins
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Ticarcillin Piperacillin
(Carboxypenicillin) (Piperazinepenicillin)
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Antipseudomonal Peniclillins

Ticarcillin, Piperacillin

A Susceptible tor -lactamases

A Given with -lactamase inhibitor
Ticarcillin-clavulanate(Timentin)
Piperacillin-tazobactam (Zosyn)

A Broad-spectrum antibiotics
Most gram-positive (not MRSA)
More gram-negative (pseudomonas)
Most anaerobic bacteria

A Hospitalized patientswith sepsis/PNA
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Penicillin Structure

H H Penicillins
N NS /CH
T o<

O

Beta Lactam Ring

Penicillins

Carbapenems
Aztreonam

Cephalosporins
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Beta Lactam Antibiotics

Carbapenems, Aztreonam, Cephalosporins

A Similar mechanism to penicillin
Bind transpeptidases (penicillin-binding proteins/PBPSs)
Prevent peptidoglycan crosslinking
Autolysis
Usually bactericidal

A Potentially susceptible to beta lactamase

STUDY SMARTER




Carbapenems

Imipenem, meropenem, ertapenem, doripenem

Ar -lactams (not penicillins)

A2 AOEOOAT O O1 AlldktarisdeC A AU
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Imipenem
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ESBL

Extended Spectrum Beta Lactamase

A Plasmid-mediated bacterial enzymes

A Confer resistance to most betdactam antibiotics
Penicillins, cephalosporins, aztreonam

AFound only in gramnegative bacteria
Pseudomonas
Klebsiella
E. coli
Enterobacter
Salmonella
Serratia
Shigella
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Carbapenems

Imipenem, meropenem, ertapenem, doripenem

ADrug of choice for ESBL bacteria

ABroad spectrum:
Gram (+)
Gram () including pseudomonas, enterobacter
Anaerobes including B. fragilis

AUsed in hospitalized patients
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Imipenem

AFirst commercially available carbapenem

AMetabolized in kidneys
Loss of antibacterial effect
Nephrotoxic metabolites

A Proximal tubule enzyme:dehydropeptidase |
A Given with cilastatin (enzyme inhibitor)
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Carbapenems

Imipenem, meropenem, ertapenem, doripenem

Almipenem and meropenem
Older carbapenems
No important differences in efficacy

A Doripenem and ertapenem
Newer carbapenems
Doripenem: Similar to imipenem and meropenem
Ertapenem: Some resistance in ESBL bacteria

A Ertapenem

Once daily dosing
Weak activity against pseudomonas

Boards&Beyond.
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Carbapenems

Imipenem, meropenem, ertapenem, doripenem

A Common side effects

Nausea, vomiting, diarrhea
Skin rash

A Neurotoxicity
Seizures
Inhibition of GABA receptors

Especially at high doses or with renal failure
Lower risk with meropenem
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Aztreonam

AMonobactam:[ -lactam ring not fused to another ring
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Aztreonam

ABinds penicillin-binding protein 3 (PBR3)
Found ingram negative bacteria
Prevents crosslinking of peptidoglycan
Bactericidal

A Limited susceptibility to [ -lactamase
Some resistance in ESBL bacteria

A Only active againsggram (-) bacteria
Does not bind PBP of gram (+) bacteria
No activity against gram (+) or anaerobes
Active againstpseudomonas
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Aztreonam

Alntravenous administration (hospitalized patients)
A Synergistic with aminoglycosides

ANo cross reactivity inpenicillin allergic patients

A Key niche: penicillin allergy
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Cephalosporins
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Cephalosporins

ADivided into 1stthrough 4t generation
A 1st generation: Mostly gram positive coverage
A Successive generations: increased grarr) (coverage
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15t Generation Cephalosporins

A Cefazolin, cephalexin
A Developed to treat S. Aureus resistance to penicillin

A Covers many gram (+) including S. Aureus (not MRSA)
Stable against S. Aureus beta lactamase
Does not cover enterococcus or listeria
Susceptible to gram negative beta lactamases
AMain uses:
Surgical wound (skin) infections
Cefazolin given preop for prevention
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2"d Generation Cephalosporins

Cefuroxime, Cefoxitin, Cefotetan

A Developed to treat amoxicillinresistant infections
Alncreased affinity for gram ¢) PBPs
AMore resistant to beta lactamase

Alncreased gram ¢)
H. influenza, Enterobacter, Proteus
E. coli, Klebsiella, Serratia, N. gonorrheae

Alncreased anaerobic coverage (B. fragilis)
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2"d Generation Cephalosporins

Cefuroxime, Cefoxitin, Cefotetan

A Cefuroxime (oral):
Otitis media (S. pneumonia, H. flu)
UTI in children (E. coli; no fluoroquinolones)

A Cefoxitin/ cefotetan (1V):
PID (covers Neisseria; also give doxycycline for Chlamydia)

Pre-op in children with appendicitis
E. coli
Covers gram negatives and some anaerobes
Usually given with metronidazole
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34 Generation Cephalosporins

Ceftriaxone, Cefotaxime, Ceftazidime

ABroad gram () coverage
More resistance to beta lactamase enzymes
More gram () PBP affinity

A Ceftriaxone, Cefotaxime: Poor coverage pseudomonas

A Ceftazidime: Covers pseudomonas
Used in hospitalized patients with gram negative infections
Sepsis/pneumonia

AMost achievegood CSF penetration (meningitis)
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Ceftriaxone

ACommonly used for N. gonorrhea

ACommonly used in meningitis
Active against S. pneumonia, N. meningitidis
Good CSF penetration
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4+ Generation Cephalosporins

Cefepime

ABroad spectrum (>39 generation drugs)
MSSA
- ATU COAI jc€Qqso
Many gram ¢ 6 O E Tp#eLidoriokds C

A Resistant to some ESBL

A Hospitalized patients with gram ¢) infections
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 -lactamase Sensitivity

Based on side chain

Sensitive Resistant
< >
Penicillins* 2nd Ceph 4™ Ceph Carbapenems
15t Ceph 3d Ceph Aztreonam**

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

Boards&Beyond.
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5n Generation Cephalosporins

Ceftaroline

A Active againstMRSA
AFDA approval 2010
A Prodrug converted to active metabolite

ABinds PBP2a
MRSAspecific PBP
Low affinity for most other beta-lactams

A Covers MRSA and VRSA
ASome gram negatives (not pseudomonas)
A Studied in skin infections and pneumonia
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Cephalosporins

Resistance Mechanism

AModified penicillin-binding proteins (PBPS)
AAltered cell permeability
/\Beta lactamase
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Cephalosporins

Adverse Reactions

AHypersensitivity Reactions (similar to PCN)
Anaphylaxis
Maculopapular rash
Serum sickness (fever, rash, arthritis)
Hemolytic anemia (drug ashapten)
Interstitial nephritis
StevensJohnson Syndrome/Toxic epidermal necrolysis

A Some crossreactivity with penicillins
Traditionally cited as 10%
Actual risk may be lower
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Cephalosporins

Adverse Reactions

AVitamin K deficiency
Vitamin K1 from diet (green, leafy vegetables)
Vitamin K2 from Gl bacteria
Antibiotics reduce bacterial vitamin K production
Result: Increased INR and potential bleeding
Commonly a problem forpatients on warfarin
May be caused by any antibiotic
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AHypoprothrombinemia Cefotetan

Associated with Nmethylthiotetrazole (NMTT) side chains
Cefotetan, cefazolin

Inhibits epoxide reductase (similar to warfarin)

s EADAOEA OUI OEAOEO 1 £ All OO
May prolong the PT/INR

Reversible with vitamin K

Most reports among malnourished patients

Shearer et alMechanism of cephalosporin -induced hypoprothrombinemia:

relation to cephalosporin side chain, vitamin K metabolism, and vitamin K status.
JClin Pharmacol 1988
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Cephalosporins

Adverse Reactions

A Nephrotoxicity of aminoglycosides
Reports of increased risk with combination therapy
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Cephalosporins

Adverse Reactions

A Disulfiram reaction

A Alcohol consumption with cephalosporins
AWarmth, flushing, sweating

AlInhibition of acetaldehyde dehydrogenase
A Accumulation of acetaldehyde

A Occurs with certain side chain structures
A Cefoperazonecefamandole andcefotetan
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Ethanol Metabolism

Cephalosporins

HH H  Alcohol H (o  Aldehyde O
H— C C o} Dehydrogenase 4 (|3 C// Dehydrogenase)-k
> \ > _
H HH O
Ethanol Acetaldehyde Acetate
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Sulfonamides

Jason Ryan, MD, MPH
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Sulfonamide Antibiotics

A Sulfonamide group = SON
AO3 O1 #ZA6 AOOC E #11 OAET O O

¥/

jons
H
HsN
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Bacterial Folate Synthesis

A Folate required for thymidine/DNA synthesis
AMammalian cells: use exogenous folate (diet)
A Bacterial cells: no exogenous folate (must synthesize)

HO—i;O o ﬁ)\o ThSmeI[ﬂylate HO—(Il-EI')—O \“\):/IJ\I\\HO
ynthase o \°

dUridine-MP Thymidine-MP
Tetrahydrofolate DNA

Synthesis
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Bacterial Folate Synthesis

COOH
Sulfonamides
Dihydropteroic Acid
NH, \ X YEOP o
PABA Dihydropteroate 5 o
para-aminobenzoic Synthase
acid N N

Pteridine
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Bacterial Folate Synthesis

Dihydropteroic Acid o

0 Q)‘\OH
N
Sen
)l\ Trimethoprim

Pyrimethamine

Dihydrofolic Acid 0. on \
O
JNsa ol -
N OH
N N N Dihydrofolate
H2N)\H H]/\ © Reductase

Oy__OH
Tetrahydrofolate O
O N‘\.-'
N j/\H

A HO
H,N" N7 N
H
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Bacterial Folate Synthesis

PABA +Pteridine _
l Dihydrepteroate Sulfonamides

Syn

Dihydropteroic Acid

|

Dihydrofolic Acid

Dihvdrofolate Trimethoprim
l Reduttase Pyrimethamine

THF

|

DNA

STUDY SMARTER




Sulfonamides

Sulfamethoxazole (SMX), sulfisoxazole, sulfadiazine

AMimics of PABA
A Competitively inhibit dihydropteroate synthase

o, N~

O
//O
COOH /@,snxf\/}\
H,N

Sulfamethoxazole

ba b
Q 0 \ %)
Y | N H N@—S’ N—
PABA S~ 2 ¢
/O/ ” I_”\I‘<\N
H,N

Sulfisoxazole Sulfadiazine
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Sulfonamides

Resistance

Alncreased PABA
A Altered dihydropteroate synthase
A Decreased uptake
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Dapsone

ANot a sulfonamide
A Competes with PABA for dihydropteroate synthase

ATwo main uses:
Mycobacterium leprae (leprosy)
Pneumocystis jiroveci
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Sulfonamides

Sulfamethoxazole (SMX), sulfisoxazole, sulfadiazine

AUsually given with trimethoprim
TMP-SMX (Bactrim)
Sequential block of THF synthesis

A Sulfadiazine
Silver-sulfadiazine (cream) for burns

A Sulfadiazineand pyrimethamine
Also sequential block of THF synthesis
Used in toxoplasmosis (HIV)
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Sulfonamides

Toxicity

AHypersensitivity reactions ~3% of patients
A Reactions linked to:

Arylamine (NH,) at N4 position

Nitrogen ring attached to N1 nitrogen

A Only sulfonamide antibiotics contain both features

_0
o, ,0 '\I'
/O/S\NJ\/)\
H
H.N \

2 N1 Nitrogen

/ SMX

N4 Nitrogen
Boards&Beyond.
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Sulfonamides

Toxicity
A Other sulfa drugs
Furosemide Probenicid Hydrochlorothiazide
(Loop Diuretic) (Gout) (Thiazide diuretic)

Q 0O
\ //
\S/

N
H
Cl

Acetazolamide Sulfonylurea

(Carbonic Anhydrase) Sulfalséatl)azine (Diabetes)
Ll BoardsaBeyond (IBD)
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