Anti-Mycobacterial
Mycobacterial Infection


Tuberculosis is caused by Mycobacterium Tuberculosis but my also be caused by atypical mycobacteria.  1/3 of the world is infected with TB.  There has been a steady decrease however due to prophylaxis and management.

Mycobacteria avium complex (MAC) is caused by Mycobacterium avium intracellulare.  In severe HIV with CD4 less than 100, suspect pulmonary disease, lymphadenitis, or bacteremia.  Immunocompetent patients with bronchitis or emphysema – pulmonary TB.

Leprosy is caused by Mycobacterium leprae.  Also known as Hansen’s disease.  This is not contagious.

Treatment of TB

Isoniazid (INH) – First Line

Isoniazid (INH) inhibits mycobacterial cell wall synthesis by blocking the synthesis of mycolic acid, a component of the mycobacterial cell wall.  It is specific for TB and has no other uses.  INH is metabolized in the liver, so acetylation comes into play.  Slow-acetylators are mainly found in Middle Eastern ethnicities.  They will metabolize the drug slowly, therefore increase its toxicity.  Fast-acetylators are mainly found in Asian ethnicities.  They will metabolize the drug quickly; therefore decrease the drug’s therapeutic response.  INH is also excreted in the urine and found in insignificant concentrations in the breast milk.  It has very rapid absorption so it is good orally.  


ADRs include peripheral neuritis caused by a relative pyridoxine deficiency (B6).  Therefore, INH should always be supplemented with B6.


INH can cause elevation of serum transaminases and potentially life threatening hepatitis at therapeutic doses (usually age dependent) or in patients with underlying hepatic disease (alcoholics).  Patients with INH should have monitored LFT’s (AST/ALT) and observed for symptoms of hepatitis, such as fatigue, jaundice, dark urine, and low appetite.  
Rifampin (RIF) – First Line

Rifampin (RIF) inhibits RNA synthesis and is a broad spectrum antibiotic.  It is never given as a single agent because resistance can develop quickly.  RIF is a potent enzyme inducer, so it decreases the therapeutic efficacy of other medications.  Excreted in the feces via biliary excretion.


SEs include harmless red, reddish brown or orange color to urine, sweat, tears, saliva, and onto contact lenses.  Patients must be warned.  Impaired liver function can also be a SE.


RIF is a CYP450 enzyme inducer.  It induces the metabolism of prednisone, beta blockers, sulfonamides, oral contraceptives, anticonvulsants, Ketoconazole, methadone, coumadin, thyroxine, chloramphenicol, and hypoglycemics.


RIF is used along with INH, PZA, and EMB for TB treatment and prophylaxis.  Also used for meningitis prevention and treatment, endocarditis, and Legionella pneumonia.  
Pyrazinamide (PZA) – First Line

Pyrazinamide (PZA) is a nicotinamide derivative.  It inhibits the growth of organisms by lowering the pH to level too low for growth.  The usual dose is 15-30mg/kg.  The maximum dose is 2g.  It is not given alone because of resistance and is given for the first 2 months of treatment of TB along with INH and RIF.


SEs include hyperuricemia, hepatotoxicity, N, V, drug fever, and hematologic SEs   
Ethambutol (EMB) – First Line

Ethambutol (EMB) is a tuberculostatic drug.  It is rarely given as a single agent because resistance develops quickly.  The dose is 15mg/kg.  The maximum dose is 1600mg.

SEs include dose related retrobulbar neuritis (loss of central vision and color discrimination – reversible upon D/C), allergy, rash, joint pain, fever, and malaise.  Rarely, it causes hyperuricemia, gout, hepatitis, and thrombocytopenia.


This drug is also used in the treatment of resistant MAC infection in HIV patients.  
Streptomycin (SM) – 2nd Line

Streptomycin is an aminoglycoside antibiotic with limited availability.  It is used when TB is refractory to other therapies or if it is life threatening (HIV, meningitis).


SEs include nephrotoxic, ototoxic (monitor peaks/troughs).


Some references classify it as first line.  Other aminoglycoside antibiotics may also be used (kanamycin or amikacin).
Other 2nd Line Drugs for TB

Capreomycin (Capastat) is dosed 1g QD.  It is similar to an aminoglycoside.  SEs include nephrotoxicity, ototoxicity, leukopenia, and eosinophilia.


 Ethionamide (Trecator-SC) is dosed 15-20mg/kg/day (QD or BID).  SEs include hepatic impairment, similar SEs to INH, and GI upsets.  Should be given with pyridoxine.


Cycloserine is dosed 250-500mg BID.  It should not be used as a single agent.  SEs include CNS somnolence, nervousness, headache, vertigo, confusion, psychoses, catatonia, and seizures.  Should not be used in patients with a psychiatric or seizure history.

P-aminosalicylic acid (PAS) (Paser) is dosed 8-12g/day after meals in a powder form.  It is usually taken with INH or streptomycin or both.  Taken by HIV patients.  SEs N/V/D, anorexia, epigastric pain, arthralgia, fever, rash, and granulocytopenia.


Tetracyclines and fluoroquinolones also 2nd line TB drugs.
Treatment Approaches

1) Consider epidemiological factors, clinical pathology, X-ray findings, cultures (AFB smear), and PPD results

2) The most common regimen is INH, RIF, PZA, and EMB for 2 months followed by INH/RIF for 4 months (in drug susceptible organisms)

3) Children – same recommendations except EMB (use drug combo)

4) SEE HANDOUT!
TB Prophylaxis


TB prophylaxis is based on PPD results, exposure factors, and other risk factors.  A negative PPD with exposure to TB in neonates and children under 5 years old should be treated with INH 10mg/kg.day for 3 months followed by another PPD test.  In adults, there is no treatment initially, just another PPD performed in 3 months.


All patients with a positive PPD should be treated with INH.  Adults should be treated for 6 months, children for 9, and others (HIV+, immunocompromised, or abnormal CXR) for 12 months 
Drugs for MAC Infections


Rifabutin (Mycobutin) is life rifampin.  It is used for prophylaxis against MAC in HIV patients.  May also be used for the treatment of MAC infection in combination with Azithromycin, Clarithromycin, or ethambutol for 16 weeks.  The dose is 300mg daily with meals to reduce GI effects.  SEs include rash, GI, neutropenia, yellow-brown urine/sweat/tears/contact lenses.  THIS DRUG CANNOT BE USED TO TREAT TB!


Clofazamine (Lamprene) is dosed 100mg QD.  SEs include GI effects (N/V/D, anorexia), skin discoloration and discoloration of urine, red-brown to black sweat/tears, increased LFTs, and hepatitis.  It is also used in the treatment of leprosy and may be used as an alternative for resistant TB.


Other treatment options for MAC include rifampin, ethambutol, fluoroquinolones, macrolides, and amikacin.   
Drugs for Leprosy


The duration of treatment for leprosy can be months to years.  In multi-drug treatment, disease duration decreases and eradication is increased, worsening is prevented.  There is also decreased overall costs and increased patient compliance.


Dapsone is a sulfone drug that inhibits folic acid synthesis by M. leprae and is bacteriostatic.  Metabolized by acetylation.  Used in combo treatment.  SEs include lupus erythematosus, GI, peripheral neuropathy, optic neuritis, blurred vision, proteinuria, and nephrotic syndrome.  Individuals with G6PDH deficiency may exhibit hemolytic anemia due to oxidation of erythrocyte membranes.


Rifampin has the greatest bacteriocidal activity for M. leprae.  It is usually combined with Dapsone or Dapsone + clofazamine.


Clofazamine is phenazine dye that is both anti-mycobacterial and anti-inflammatory.  It is bacteriocidal against M. tuberculosis and bacteriostatic against M. leprae and MAI.  Its effects may contribute to the drug’s efficacy in prevention and treatment of erythema nodosum leprosum (a type II hypersensitivity reaction seen during and after treatment).  SEs include photosensitivity, GI, skin discoloration, and discoloration of bodily fluids.

Thalidomide (X) is an immunomodulator.  It has limited use availability and is mostly used for compassionate circumstances.  It requires monitoring, patient consent forms, and women who take it must consent to never get pregnant.  SEs include phocomelia (congenital abnormality of the limbs).  
