β-LACTAMS
β-lactams bind to PBPs (proteins in the cytoplasmic membrane) and interfere with bacterial cell wall synthesis. Each bacteria has 3 to 6 different PBPs, each of which varies in affinities for various β-lactams and in function in cell wall synthesis.
Resistance to β-lactams occurs either by the following mechanisms: 

∆ in structure (and affinity, a dose-relative resistance) 

· SP: chromosomal mutation

· MRSA: plasmid-encoded PBP 2’ or 2a

Reduction of penetration (gram negative only)

· PA: reduction of porin for imipenem

Efflux 
· PA


β-lactamases –bind & inactivate β-lactams

· generally plasmid-encoded

· SA: inducible β-lactamase (penicillinase) 
TEM β-lactamase: common, gram (-)

· E. Coli, klebsiella, N. gonnhorhoeae, & H. influenza

· One mutation vs. 3rd gen. cephalosporins, aztreonam

Class C β-lactamase: broad-spectrum cephalosporinase

· Enterobacter, pseudomonas, citrobacter, serratia

· Resist: cephalosporins, some penicillins, aztreonam 

· Still susceptible to carbapenems

· Not affected by β-lactamase inhibitors
· Class B β-lactamase: metallo-β-lactamase

I. Penicillins

(A) Penicillin G  (Benzylpenicillin)
· Greatest activity against gram (+) bacteria
· Sensitive to β-lactamase inhibition

· SA: vast majority have β-lactamase resistance (test)
· CNS: most methicillin resistant (test)
· 
Strep viridans, agalactiaee, bovis: susceptible; pneumoniae: recent rise in Δ PBP resistance; meningitis particularly problematic due to BBB
· N MC: virtually all susceptible
· N GC: significant minority resistant (test)

(B) Ampicillin/Amoxicillin (parenteral/oral)

· Amine substituent on penicillin

· Increased acid stability

· Greater bioavailability/GI processing

· Extended spectrum: greater access to gram (-) bacteria
· β-lactamases are resistant to Ampi/Amox

· 
SA, CNS, Srep: parallels Pen. G.
· Enterococcus: 1º agent (see enterococcus discussion)

· N.MC/GC: parallels Pen. G.

· HI: activity, minority w/TEM β-lactamase, test
· EC: activity, ~40% resistant (some β-lactamase), test
· PM: vast majority susceptible
(C) Semisynthetic Penicillins (Nafcillin)

· Resistant to staphylococcal β-lactamases
· Increased size of R group

· Induce penicillinase produciton/activity in staph, but are resistant to it. Suckers!
· Not affected by TEM β-lactamase, but by PBP2a

· 
Activity vs. MSSA

· Inactive vs. MRSA

· CNS: most are MR, some MS (test)

· Strep: adequate, not preferred
(D)  Extended-Spectrum (Antipseudomonal) Penicillins (Piperacillin)

· Retain antibacterial spectrum of penicllin

· Improved activity against gram (-) bacteria

· Destroyed by β-lactamases
· ↓activity but ↑ dose for all but Enterobacters
· 
SA, CNS, Strep: parallels Pen. G

· Enterococcus: parallels Ampi.

· EC & Enterobacters: activity, especially vs. nosocomials

· PA: 1 of 2 β-lactams

(E) β-Lactamase Inactivator Combinations – good vs. mixed tissue infections (Aug: UTI; Una: intra-abdominal)
Clavulinic acid: inactivates TEM β-lactamase

Augmentin (amoxicillin/clavulinic acid) – oral
· Enhances activity v. MSSA, GC, HI, EC, PM, other enterobacteriaceae (random, test!), & BF
· Mixed soft tissue, bronchial infections, otitis & sinusitis

Unasyn – parenteral
· Similar to Augmentin, but w/intra-abdominal infections

Zosyn (pieracillin/tazobactam) – paranteral
· In most common usage of combos

· Similar to Timentin, adequate vs. enterococci & better vs. nosocomials (PA)
· “Nosocomial Unasyn”

II. Cephalosporins have activity similar to penicillins (bind PBPs, inhibit cell wall biosynthesis, and actuvation of autolytic enzmes) but improved stability versus many β-lactamases. The increasing generations correspond to an increased spectrum of activity, particularly from gram (+) to gram (-) along the spectrum. They are inactive against entercocci, methicillin-resistant staphylococci, and Listeria monocytogenes.

(A) 1st generation Cephalosporins (P: Cefazolin; O: Cephalexin)

· Typically active vs. gram (+), few gram (-)

· Do not penetrate BBB

· Clinical use:

· surgical prophylaxis

· anaphylactic penicillin-allergic pts.

· Poor BBB penetration

· Active vs. MSSA, not MRSA: active (similar to nafcillin)

· Active  vs. MS CNS not vs. SP
· EC, PM: improved activity, but still some resistance

· Kleb: many strains susceptible

(B) 2nd generation Cephalosporins

Cefoxitin subgroup

· Have MTT side-chain that reduces PT synthesis

· Supplement Vit. K

· Poor BBB penetration

· Poor activity vs. SA, CNS
· Strep misc: Adequate vs. penicillin-susceptible strains
· GC: superb activity (particularly PID mixed infection)

· Enterobacters: good activity vs. EC, PM, Kleb, SM, some Citrobacter & Enterobacter
· Activity vs. BF (1st β-lactam) and other anaerobes

Cefuroxime subgroup
· More hydrophobic, better GI absorption

· Good BBB penetration 

· MSSA: fair activity (not MRSA)
· Poor activity vs. CNS
· Good activity vs. Strep misc. (not pen-resistant)
· HI: good activity (smoker’s pneumonia)
· Enterobacters: good activity vs. EC, PM, Kleb, etc.
(C) 3rd generation Cephalosporins

· Expanded gram (-) coverage, more vs. MRSP
· Increased CNS penetration

Ceftriaxone (standard)

· MSSA: Fair (not MRSA)
· Good activity vs. Strep misc.
· Good activity vs. most pen.-intermediate SP, fair vs. some pen-resistant SP
· GC & MC: superb activity (+ for pyelonephritis)
· HI: superbactivity 
· Enterobacters: superb activity

Cefepime  (anti-pseudomonal,)
· Mainly used vs. nosocomial gram (-)

· Activity: [ceftriaxone] + PA
· Parallels 2nd generation in most

· Better vs. Enterobacter
· PA: Excellent activity

III. Monobactams are synthetic β-lactam derivatives, relatively resistant to β-lactamases, and active exclusively against gram (-) rods (not gram (+) or anaerobes). Aztreonamn is the only one that is clinically available.
Aztreonam
· Activity vs. gram (-) only similar to 2nd gen cephalosporin (vs. Enterobacteriaceae and PA – w/aminoglycoside)
· No cross-reactivity with penicillins or cephalosporins, so used for patients with Hx of credible anaphylactic rxns
IV. Carbapenems have a carbocyclic ring adjacent to the β-lactam ring and are effective against many organisms resistant to penicillins and/or cephalosporins.
Imipenem & Meropenem (peas in a pod) – all but MRSA

· Imipenem cilastatin protects from renal enzyme
· Seizures in patients w/impaired renal function (I>M)

· MSSA: excellent activy (not MRSA or CNS)
· Strep: excellent activity
· Enterococci: similar to ampicillin
· 
GC, MC, HI: superb activity
· Enterobacters & PA: superb activity
· BUT PA 1 mutation (omp porin) from resistance
· BF & other anaerobes: superb activity
· ERTAPENEM: works. Vs. ESBL (UTI)

Vancomycin

A glycopeptide antibiotic that is a large molecule with activity against only and all gram (+) bacteria. It’s activity is to bind to the C-terminal D-Aly-D-Ala of a growing cell-wall peptidogrlycan, terminating further elongation and inhibiting cell-wall biosynthesis. 

· Administered IV unless for GI (C. Difficile)

· No cross-resistance with β-lactams

· Only for gram (+)  β-lactam resistant

· Enhances nephrotoxicity of Aminoglycosides

· Emergence of VRSA (GISA) is scary

Aminoglycosides

AGs bind to bacterial ribosomes and inhibit protein synthesis. Their range does not include anaerobes, as their entry into the cell is dependent on oxygen-dependent transport. 

Aminoglycosides are:

· Often dosed with anti-cell wall agents for synergistic effect

· Administered paranterally (not absorbed from GI tract) – but good dosage to UTI
· AGs are excreted from the kidneys, so achieve high concentrations in urine

· Potential nephrotoxicity and ototoxicity

· Poor penetration across blood-brain barrier


I.  Streptomycin (S):

· 2nd-line agent for mTB

· Adjunctive therapy with Ampi or Vanco for systemic enterecoccal infections

· Preferred to gentamycin if not resisitant

II. Gentamicin (G):
· Gram (+) aerobes:  adjunctive
· Systemic enterococcal
· Staph and other gram (+) aerobes
· Gram (-) aerobes: great vs. enterobacteriaceae & PA
· Great for pyelonephritis
III. Tobramicin (T):
· Similar activity vs.  gram (-) to G

· Replaced G for PA treatment
· Often used with β-lactam

IV. Amikacin (A):
· 2nd-line agent for mTB

· Active vs. strains resistant to streptomycin

· Gram (-) broader activity to G & C

· Often used with β-lactam

Clindamycin
Clindamycin binds to bacterial ribosomes and inhibits protein synthesis.  
· Aerobic gram (+) & BF only -- Increasing resistance in MRSA & SP

· Activity similar to Macrolides (Erythromycin)

· Clinda and Erythro bind near each other

· SA can be resistant to neither, either, or both

· Use only if SA sensitive to both 
· 
Active vs. many strep and staph, but not MR or PR

· Active agains anaerobes (BF)

· Good penetration into bone and abscesses

· No appreciable crossing of BBB

Trimethoprim/Sulfa
TMP/SMX synergistically inhibits bacterial synthesis of THF. – problems w/hypersensitivity

· Oral and parenteral dosing

· Excreted in urine

· 1st line Tx for UTI  (although ↑ EC resistance)

· Back up to clindamycin

· Many GISA (VRSA) are sensitve to TMP/SMX

· Active vs. staph, even some MRSA

· Excellent activity vs. enterobacteriaceae




· No activity vs. enterococcus (intake THF)

· Fair activity vs. strep & HI

· Useful vs. opportunistic infections of AIDS & immunocompromised patients: 

· Pneumocystis carinii (AIDS)

· Nocardia

· Toxoplasmosis

· Penetrates prostate

Macrolides
Macrolides, like Clindamycin, bind to bacterial ribosomes and inhibit protein expression. 
· Good vs. odd bugs (atypical pneumonias: legionella, chlamydia, mycoplasma & campy

I. Erythromycin (E)
· Delivered orally and parenterally
· Activity vs strep, some SP are resistant

· Activity against legionalla

· mycoplasma pneumoniae


· campylobacter

· side effect: GI pain & distress

· See comments on clindamycin

· Outpatient Tx for ↓ grade pneumonia




II. Clarithromycin (C)
· Oral administration

· Similar to E, reduced side effects

· Active vs. H. pylori

· And mycobacterium avium complex (MAC)

III. Azithromycin (A)
· Oral and paranteral administration

· Similar to E, reduced side effects

· Penetrates into cells, transient in serum

· Single dose therapy for chlamydia trachomatis (PID)
· Active vs. MAC

Fluoroquinolones
These antimicrobials interfere with nucleic acid biosynthesis by binding to and inhibiting the function of DNA Gyrase and Topoisomerase IV.  Microbial resistance is emerging. Great drugs; P/O, broad effectiveness, but all bugs develop resistance quickly – limit use. Useful for getting patient off of IV (infection risk)
I. Norfloxacin
· Oral administration

· Only used to treat UTIs

· Active vs. gram (-) aerobic bacilli

· Only oral drug active vs. PA

II. Ciprofloxacin & Levofloxacin
· Oral and parenteral administration

· Excreted in urine

· Active vs. aerobic gram (-) bacilli (PA)

· Not strep pneumo (levo yes)

· vs. aerobic gram (+) cocci: L > C

· Also active vs. multi-drug resistant mTB (levo), 

· GC

· M. pneumoniae

· Legionella

· C. pneumonia




III. Gatifloxacin - ignore
· Oral and parenteral administration

· Activity similar to Levo, > vs. SP

IV. Moxifloxacin
· Oral administration

· Replaced Levo in common use

· ↓ MIC than Levo, ↓ chance of resistance

· Activity similar to Gati, > vs. anaerobes (BF)

· Limited vs. gram (—)

· Vs. CA strep pneumo 

· Exreted by liver (bile)

· Not for UTIs; yes for RTIs 

· Penetrates prostate

Other, newer agents for gram (+) bacterial infections

I. Synercid – not used any more
· Molecular synergism of ribosome binding

· Parenteral administration only

· Active vs. lots of gram (+) aerobes:

· MRSA/VRSA

· VR E. Faecium (not faecalis)

· Resistant SP

· Bacteriostatic

· SE: arthragia-myalgia syndrome

· Resistance in Enterococcus & SA emerging

II. Linezolid
· Oral and parenteral administration

· Active vs. same range as Synercid

· Expensive
· Bacteriostatic

· Tx > 2 weeks can lead to thrombocytopenia

· Resistance in Enterococcus & SA emerging



III. Daptomycin
· Parenteral administration only

· Activity similar to Synercid & Linezolid

· Rapidly bactericidal (vs. bacteremia/endocarditis)

· Questionable treatment for pneumonia

· Binds surfactant (not pneumonia)

· Some resistance

· Used on VRSA & VR enterococcus

IV. Tigecycline
· New class of drugs

· Tetracycline derivative

· Not for pediatric/pregnancy care

· Avoids principal mechanism of resistant to tetracyclines

· Very broad range (most gram (+) and (-) aerobes, not PA, and anaerobes (BF))

· Not inhibited by. ESBL

· Bacteriostatic

· Excreted by liver (not UTI)

· Works vs. acinitobacter (?)

· Complicated soft skin/tissue infecions (→bone?)

everything from here down is from lecture and should be highlighted

Enterococcal infections
UTI: most common monomicrobial enterococcal infection

· Ampi/amoxicillin – if allergic, then…

· Vancomycin, but if you don’t want to use vanco…

· Imipenem…. Resistant?

· Fluoroquinolone

Systemic

· Gentamycin & Aminoglycoside.

· If R to genta, then R to tobro & amikacin, too

· R to strpto independent, so test synergy of both

NOTE: E. faecalis (easy) and E. faecium (hard)

· E. faecium: ↑ #s of enterococci

· Inherent resistance to Pens & carbapens

· > 50% resistant to vanco

· Hence, the new drugs

· All work on MRSA, VR Enterococci & drug resistant strep pneumo
Pen-resistant Strep pneumo

MIC: susceptible < 0.1 < intermediate < 1.0 < resistant

Treatments:
· Vanco – no strep pneumo yet vanco resistant
· Levo & moxifloxicin

· Imipenem

· New drugs

· Systemic? Start w/vanco & ceftriaxone…




Bacterioides Fragilis
· Metronidazole (but not alone for mixed infections!)

· Chloramphenicol (not in the US any more)

· Carbapenems (but nor really)

· Combos: augmentin/Unasyn & Zosyn
