Antimicrobials
Antibiotics


Antibiotics are traditionally referred to substances produced by microorganisms to suppress the growth of other microorganisms.  Antimicrobials are broader.  These refer to antibiotics synthesized in the laboratory as well as those synthesized by other microorganisms.  The terms are used interchangeably.  They are classified based on their mechanism of action (MOA)
Antibiotic MOA – inhibits bacterial cell wall synthesis and protein synthesis, alters permeability of cell membranes, and inhibits nucleic acid synthesis.  Antimetabolites compete with para-amino benzoic acid for the synthesis of folic acid
Antimicrobial Activity


Antimicrobial drugs can be bacteriocidal.  These are drugs that kill sensitive organisms.  The organism falls rapidly after drug exposure.  The drug induces lethal changes in microbial metabolism or block activities essential for viability.  Bacteriocidal drugs are less likely to cause resistance.  Most drugs are bacteriocidal.


Bacteriostatic drugs inhibit the growth of bacteria but do not kill the bacteria.  The number of organisms remains relatively constant after drug exposure.  These drugs require immunologic mechanisms to eliminate the organism.  They inhibit a metabolic reaction needed for cell growth but not necessary for viability.  These are more likely to cause a resistance because they are not killing the organism.  Sulfonamide drugs block the syntheses of folic acid, a necessary cofactor to synthesis DNA, preventing further growth of the organism but not killing it.
Antimicrobial Spectrum


Narrow-spectrum drugs have activity against a single species or a limited group of pathogens, such as penicillin.  Broad-spectrum drugs have activity against a wide range of pathogens, such as fluoroquinolones.


*Always choose the narrowest spectrum first when possible because they are less likely to cause superinfection and develop bacterial resistance. 
Culture and Sensitivity


Culture and sensitivity determine the exact organism responsible for an infection and the antibiotics that it is sensitive or resistant to.  Test results take 72 hours, therefore empiric therapy should be started and later switch to more specific treatment.  The organism is classified as having susceptibility, intermediate sensitivity, or resistance based on the minimum inhibitory concentration (MIC) to the drug tested.  The MIC is the lowest concentration of the drug that inhibits bacterial growth.  When measuring the serum concentration of the drug, we want it to be 2-4x higher than the MIC in order for the microorganism to be susceptible to the drug.    
Microbial Resistance


Microbial resistance can be innate or acquired.  There are three primary mechanisms: 1) inactivation by microbial enzymes (beta-lactamase).  Staph can produce beta-lactamase 2) decreased accumulation of drug by the microbe 3) reduced affinity of the target molecule by the drug.  Resistance often develops overtime due to misuse of the drug, i.e. short duration, dose too low, or infection recurs.  
Selection of Antimicrobial Drug


Selection of an antimicrobial drug is based on the type of infection, status of the patient, and properties of the drug.  The type of infection is based on lab results or knowledge of the most common organisms causing various types of infections and drugs of choice for these infections.  Empiric therapy is used initially until lab results are available or for the treatment of minor URI and UTI because of predictability of causative organisms and their sensitivity.
Patient Status Factors

Pregnancy – the three safest classes are penicillins, cephalosporins, and macrolides.  Most antibiotics can cross the placenta and affect the fetus.
Allergy history – find out as much as possible about the allergy.
Immune status – use drugs with less ADRs.  Status is dependent on many factors.  Dose and duration should be increased in immunocompromised patients  
Age – consider age factors and adjust the dose when necessary
Renal impairment – Vancomycin and aminoglycosides are big culprits.  Patients must be monitored and the dose should be adjusted accordingly
Hepatic insufficiency – consider any liver diseases the patient may have
Abscesses – some drugs cannot get into the abscess effectively, therefore there is decreased concentration of the antibiotics.  Abscesses must be drained or treated with an antibiotic with anaerobic coverage
Catheters – there is an increased risk of further infection
Drug Properties

Pharmacokinetic properties – drug concentrations are low in bone, so patients with osteomyelitis must be treated for several weeks.  Renally excreted drugs are good for UTI.  However, they may accumulate in patients with renal impairment and cause increased toxicity.

Adverse drug profile – risk to benefit ratio

Cost – consider the total cost of the drug (drug + administration + monitoring)
Convenience – consider frequency and duration
Sulfonamides


Sulfonamides are bacteriostatic drugs.  They inhibit one of the sequential steps in the production of folic acid.  They are often combined with Trimethoprim (TMP) for synergistic effect because TMP inhibits the second sequential step in the production of folic acid.  TMP by itself has no activity.  They are not used as often now because of increased resistance and allergic reactions.  


Sulfonamides can be used for uncomplicated UTI where no E. coli resistance is expected, otitis media, and PCP treatment and prophylaxis. 


ADRs include skin rashes, dermatitis, erythema multiforme, Steven Johnson Syndrome, GI reactions, headache, renal damage (crystalluria, peripheral nephritis) – drugs should be taken with a lot of water, liver damage (hepatitis), bone marrow suppression, and a high incidence of allergy.


All sulfonamides are category C in the 1st and 2nd trimester and category D in the 3rd trimester EXCEPT topical agents.  There is an increased risk of kernicterus, which is when increased bilirubin goes the brain and causes encephalitis.


Examples of sulfonamides include sulfamethoxazole/Trimethoprim (Bactrim, Septra), and Silver sulfadiazine (Silvadene), which is a topical used for burns.     

Penicillins (PCN)


Penicillins are bacteriocidal.  They are beta lactam drugs (5 membered ring).  They can be used in pregnancy (category B).  Penicillins inhibit bacterial cell wall synthesis.  They are divided into narrow spectrum, extended spectrum, Penicillinase-resistant, and beta-lactamase inhibitors.  
Narrow Spectrum


Narrow spectrum PCN mostly cover gram positive organisms, except for the gram negative cocci N. meningitidis.  They are used in pharyngitis, neonatal meningitis/sepsis, endocarditis, meningitis, and CAP (Strep pneumoniae).

PCN G (IVP) can only be given as a bolus.  It is in an aqueous solution.  Procaine PCN G (Bicillin CR) is long acting and is given via IM injection.  It is in a milky suspension.  Benzathine PCN G (Bicillin CR) is long acting.  These two drugs can only be given IM.  PCN V (Pen Vee K) is an oral form of PCN G.  It is more stable in acid so it can be given PO.  
Extended Spectrum


Extended spectrum PCN are good for ear infections.  They are used for strep organisms and gram negative microorganisms, including E. coli, H. flu, and proteus species.


Ampicillin (Polycillin, Omnipen) is broader and is especially good for listeria and meningitis.  Amoxicillin (Amoxil) is more rapidly absorbed, resulting it higher blood levels.  Antipseudomonal PCN include piperacillin and ticarcillin, which are often combined with a beta-lactamase inhibitor.  They are good for diabetic foot ulcers.
Penicillinase-Resistant Penicillins


Penicillinase-resistant penicillins can treat Penicillinase or beta-lactamase producing bacteria (primary staphylococci).  They are used for serious staph infections like endocarditis and osteomyelitis where these organisms are common.


Examples are Methicillin (Staphcillin), Nafcillin (Unipen), and Dicloxacillin (Dynapen)
Beta-Lactamase Inhibitors


Beta-lactamase inhibitors inhibit the beta-lactamase enzyme and have no antimicrobial activity when given alone, so they must be combined with a beta-lactam antibiotic.  They are all good for treatment of beta-lactamase producing bacteria, such as staphylococci, gonococci, H. influenzae, sinusitis, bite wounds, and diabetic foot ulcers.


Examples are Augmentin (Amoxicillin and clavulinate), Timentin (ticaricillin and clavulinate), and Unasyn (ampicillin and sulbactam).  
Adverse Effects


PCN are fairly non-toxic.  1% of patients are allergic, so the patient must be asked to describe the reaction when they are suspected of allergy.  PCN induce an anaphylactic reaction that includes hypotension, bronchoconstriction, hives, itching, and skin rashes.  Ampicillin and Amoxicillin can cause skin rashes though that are not allergic in nature.  Hepatic and renal damage and Neutropenia are rare ADRs.  


When taken orally, the most common side effects are GI (N, V, D).  Augmentin has higher GI side effects.  Secondary infections (superinfection) caused by upsetting the normal flora can include candida albicans – oral and vaginal yeast infections, and Clostridium Difficile – pseudomembranous colitis, which is severe diarrhea.  Metronidazole (Flagyl) is the drug of choice to treat this.  It is non-penicillin related and used treat ADRs of penicillins.  You cannot take Imodium for antibiotic-associated diarrhea because it will slow down the GI tract and hold the toxins in.
Miscellaneous Beta-Lactams


Aztreonam (Azactam) is a monocyclic beta-lactam.  It is good for gram negative bacteria, especially multi-drug resistant Pseudomonas aeruginosa.  It can be used in PCN allergic patients.  ADRs include N, V, D, seizures, and leukopenia.

Carbapenems


Carbapenems are PCN-like and have a broad spectrum.  They cover a wide range of gram positive and gram negative bacteria and cover both aerobic and anaerobic.  They are used in the empiric treatment of serious nosocomial infections caused by multi-drug resistant organisms and intra-abdominal infections caused by aerobic and anaerobic enteric bacilli.  They are reserved for serious infections

Imipenem/Cilistatin (Primaxin) is an example.  Cilistatin is a dehydropeptidase inhibitor which has no antimicrobial activity.  Dehydropeptidase can deactivate the drug.  Meropenem is another example.  Ertapenem (Invanz) is a lidocaine diluent used for IM.  

ADRs include anemias, altered bleeding times, increase risk of seizures in epilepsy.  They cannot be used in PCN allergy.  The dose must be adjusted in renal insufficiency.       
Cephalosporins 

Cephalosporins are the largest and most widely used class of antibiotics.  They are similar to penicillins but have a difference in structure, so they can be used in beta-lactamase related infections.  They are beta-lactams and their MOA is like PCN, but they are beta-lactamase resistant.  Can still work in infections caused by beta-lactamase producing bacteria.  Can be used in pregnancy (category B).  Cephalosporins are more stable pharmacokinetically than PCN, have less hypersensitivity reactions, and most of them are excreted renally.  This may require a dose adjustment in patients with renal insufficiency.


Cephalosporins are divided into four generations:  
1st Generation – active against gram positive infections and few gram negative infections (E. coli, H. flu, Klebsiella, or P. mirabilis).  They are used for skin and soft tissue infections and uncomplicated UTI.

Include Cefadroxil (Duricef, Cefazolin (Ancef) – used for surgical prophylaxis, and cephalexin (Keflex) 
2nd Generation – have a similar gram positive action as 1st generations but have a greater effect on gram negative bacteria like H. influenzae.  They are used for URTI, otitis media, and CAP.

Include cefotetan (Cefotan) and cefoxitin (Mefoxin), which have anaerobic activity and are used to treat PID.  
3rd Generation – have a greater activity against a wider range of gram negative bacteria (H. flu, M. Catarrhalis, and pseudomonas) and much less gram positive activity.  Some 3rd generation (Cefotaxime and Ceftriaxone) are the drug of choice for serious gram positive bacterial infections, including endocarditis or meningitis, which is caused by susceptible S. pneumoniae or viridans streptococci.  Some have great activity against gonococci and can be used as a single dose for gonorrhea (Ceftriaxone is the drug of choice).  3rd generation is used for otitis media, pneumonia, meningitis, intra-abdominal infections, UTI, and Lyme’s disease.  
4th Generation – active against a greater percentage of gram negative enteric bacteria.  They are also active against many drug resistant strains of streptococcus and in the treatment of infections due to multi-drug resistant bacteria.

Include Cefipime (Maxipime).  
Adverse Reactions – have similar ADRS to PCN, including GI effects (diarrhea, nausea, vomiting), headache, and rash.  There is 15% cross sensitivity with PCN for allergy.  Also are renally toxic and have hematologic effects.
Flouroquinolones


Fluoroquinolones inhibits DNA topoisomerase (DNA gyrase), which is involved in the repair and replication of DNA.  They are found in pregnancy category C, so they are less preferred to use.  Possess desirable pharmacokinetics for the treatment of various infections.  Hepatic metabolism and renal excretion may require dose adjustment.  They are good for osteomyelitis because of their ability to penetrate into the bone.  Have a long half-life and post-antibiotic effects.  Also have good oral absorption.  


Fluoroquinolones have a broad spectrum against gram positive, gram negative, pseudomonas, enterobacter, and some anaerobic bacteria.  They are the first oral agents used for pseudomonas.  They are the drug of choice for all types of anthrax.
Adverse Effects


Fluoroquinolones are generally well-tolerated.  They can have GI effects, rashes, and photosensitivity.  The elderly are more susceptible to these.  Also can cause CNS effects like dizziness, confusion, and seizures.  Contraindicated in children under 18 years old because it causes degeneration of weight bearing cartilage in beagles, but they are used for Anthrax infections.  Tendinopathy occurs mostly in patients over 60.  This risk is increased with steroids and renal disease.  
Drug Interactions


Cipro has the most DDI.  Fluoroquinolones are CYP3A4 inhibitors.  They inhibit the metabolism of Theophylline and caffeine, increasing CNS stimulation.  They also increase PT/INR when interacted with warfarin, increasing the risk for bleeding.  Cations like Al, Ca, Mg, Fe, and Zn (antacids and dairy products) decrease the absorption of fluoroquinolones and should be spaced out by 2 hours.  Combined with NSAIDs increase the risk of CNS stimulation and seizures.


Ciprofloxacin (Cipro) is the most potent fluoroquinolone.  Gatifloxacin (Tequin), Gemifloxacin (Factive), Levofloxacin (Levaquin), and Moxifloxacin (Avelox) are respiratory fluoroquinolones.  
Macrolides


Macrolides inhibit bacterial protein synthesis on the 50s ribosomal subunit.  Older macrolides are bacteriostatic while the newer ones are bacteriocidal.  They can be used in pregnancy (B), but Biaxin is category C.  Macrolides are a good alternative for PCN allergic patients.


Erythromycin (E-Mycin) is active against gram positive cocci and bacilli and to a lesser extent gram negative cocci and bacilli.  It is also active against Chlamydia, mycoplasma, spirochetes, and mycobacteria.  


Azithromycin (Zithromax) is the most commonly used in gonorrhea and AOM because of the dosing regimens.  It is also used for Chlamydia.  This, as well as Clarithromycin (Biaxin), are semi-synthetic derivatives of erythromycin with a broader spectrum and have more therapeutic indications and less ADRs.
Adverse Effects


GI effects, like heartburn, N, V, D, abdominal discomfort, and anorexia.  Large IV doses can have ototoxicity.  IV erythromycin can cause thrombophlebitis.  Cholestatic hepatitis (with erythromycin estolate) is rare.  
Drug Interactions


Macrolides are CYP450 inhibitors, have many DDI, and torsades de pointes.  Zithromax has the least DDI.  
Tetracyclines

Tetracyclines inhibit the bacterial protein synthesis at the 30s ribosomal subunit.  They are reversible, making them bacteriostatic.  Used in the treatment of PID, Chlamydia, acne, and anthrax.  Tetracyclines are known to have developed resistance over time.  Do not use outdated tetracyclines because it can cause Fanconi’s syndrome.  They should be avoided in pregnancy because they are in category D.


ADRs include yellow/gray teeth, weakened bones, N, V, D, fever, rash, and photosensitivity.  


Include Tetracycline, doxycycline (Vibramycin) – used for Chlamydia, and minocycline (Minocin) – used for acne because of excellent skin penetration.  
Aminoglycosides


Aminoglycosides have the same MOA as tetracyclines.  They are also found in pregnancy category D.  They are not metabolized; therefore they are renally excreted, so the dose should be adjusted in renally impaired patients.  Used in serious gram negative infections.


All parenteral aminoglycosides are ototoxic and nephrotoxic.  It is necessary to monitor blood levels frequently.  If the peak it too higher, there is increased ototoxicity, so the dose should be lowered.  If the trough is too higher, there is increased nephrotoxicity, and the dose should be changed frequently.  Peak and trough - peak is after one hour after the infusion is complete.  Trough is drawn jus before the next dose.  They are most often given in combination with other antibiotics to reduce the dose and therefore toxicity.  

Gentamicin is the most popular aminoglycoside.

Miscellaneous Antibiotics


Chloramphenicol (Chloromycetin) has an extremely wide spectrum, but is so toxic that it is only used parenterally as a last resort.  Pregnancy category C.  Its only indication is typhoid fever, but use is increasing because bacteria are becoming resistant to other antibiotics.  Can lead to gray-baby syndrome.  Children do not have the enzyme to metabolize the drug.  Aplastic anemia and idiosyncratic bone marrow suppression are important ADRs.  


Vancomycin (Vancocin) has glycopeptide classification and is found in pregnancy category C.  It is active against gram positive and anaerobes in endocarditis, osteomyelitis, or other serious infections.  Also used to treat MRSA and the PO form is only used to treat C. Difficile (no systemic absorption).  Can lead to red man syndrome – IV infusion reaction syndrome.  Commonly occurs when it is infused too quickly.


Linezolid (Zyvox) has an oxazolidinone classification.  It is used to treat VRSA, MRSA, VRE-faecalis, and faecium.  It does not have renal toxic, ototoxic, or nephrotoxic effects and good absorption.  ADRs include N, V, D, tongue discoloration, and bone marrow suppression.


Quinupristin/Dalfopristin (Synercid) is pregnancy category C and a Streptogramin class drug.  Used in VRE-faecium only and gram positive bacteria.  ADRs include painful IV injection, arthralgias, and CYP3A4 DDI.  It is also very expensive.

Metronidazole (Flagyl) is an anti-protozoal and antibacterial agent.  It is used for trichomoniasis and is the drug of choice for C. Difficile.  No alcohol – No exceptions!

Clindamycin (Cleocin) is a lincomycin class drug.  It is used in the treatment of strep and staph (MSSA) when patients are allergic to other antibiotics and anaerobic infections, PID, and vaginosis.  ADRs include similar toxicity to macrolides and they are most often used IV.  They should also not be used for more than 10 days.  There is also a high incidence of C. Difficile diarrhea.

In the pipeline…Gylcylcyclines


Gylcylcyclines are a new class of antibiotics.  They are similar to tetracyclines but with less resistance.  They cover gram positive, gram negative, and anaerobes.  Used in the treatment of complicated intra-abdominal and skin infections.  Should be reserved for infections that are resistant to other broad spectrum antibiotics like Primaxin.

Includes Tigecycline (Tygacil).  
