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Mechanism of action Rifampin exerts both intracellular and extracellular bactericidal activity. Like other rifamycins, rifampin specifically
binds to and inhibits mycobacterial DNA-dependent RNA polymerase, blocking RNA synthesis. Susceptible strains of M. tuberculosis
as well as M. kansasii and M. marinum are inhibited by rifampin concentrations of 1 μg/mL.
Pharmacology Rifampin is a fat-soluble, complex macrocyclic molecule readily absorbed after oral administration. Serum levels of
10–20 μg/mL are achieved 2.5 h after the usual adult oral dose of 10
mg/kg (given without food). Rifampin has a half-life of 1.5–5 h. The
drug distributes well throughout most body tissues, including CSF.
Rifampin turns body fluids such as urine, saliva, sputum, and tears a
reddish-orange color—an effect that offers a simple means of assessing
patients’ adherence to this medication. Rifampin is excreted primarily
through the bile and enters the enterohepatic circulation; <30% of a
dose is renally excreted.
As a potent inducer of the hepatic cytochrome P450 system,
rifampin can decrease the half-life of some drugs, such as digoxin,
warfarin, phenytoin, prednisone, cyclosporine, methadone, oral contraceptives, clarithromycin, azole antifungal agents, quinidine, antiretroviral protease inhibitors, and non-nucleoside reverse transcriptase
inhibitors. The Centers for Disease Control and Prevention has issued
guidelines for the management of drug interactions during treatment
of HIV and M. tuberculosis co-infection (www.cdc.gov/tb/publications/
guidelines/TB_HIV_Drugs/default.htm).
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Dosing The daily dosage of rifampin is 10 mg/kg for adults and 10–20
mg/kg for children, with a maximum of 600 mg/d for both. The drug is
given once daily, twice weekly, or three times weekly. No adjustments
of dose or frequency are necessary in patients with renal insufficiency.

Infectious Diseases

Resistance Resistance to rifampin in M. tuberculosis, Mycobacterium
leprae, and other organisms is the consequence of spontaneous, mostly
missense point mutations in a core region of the bacterial gene coding
for the β subunit of RNA polymerase (rpoB). RNA polymerase altered
in this manner is no longer subject to inhibition by rifampin. Most rapidly and slowly growing NTM harbor intrinsic resistance to rifampin,
for which the mechanism has yet to be determined.
Adverse effects Adverse events associated with rifampin are infrequent and generally mild. Hepatotoxicity due to rifampin alone is
uncommon in the absence of preexisting liver disease and often consists of isolated hyperbilirubinemia rather than aminotransferase elevation. Other adverse reactions include rash, pruritus, gastrointestinal
symptoms, and pancytopenia. Rarely, a hypersensitivity reaction may
occur with intermittent therapy, manifesting as fever, chills, malaise,
rash, and—in some instances—renal and hepatic failure.
Ethambutol Ethambutol is a bacteriostatic antimycobacterial agent
first synthesized in 1961. A component of the standard first-line regimen, ethambutol provides synergy with the other drugs in the regimen
and is generally well tolerated. Susceptible species include M. tuberculosis, M. marinum, M. kansasii, and organisms of the Mycobacterium
avium complex (MAC); however, among first-line drugs, ethambutol
is the least potent against M. tuberculosis. This agent is also used in
combination with other agents in the continuation phase of treatment
when patients cannot tolerate isoniazid or rifampin or are infected
with organisms resistant to either of the latter drugs.

toxicity, the dosage must be lowered and the frequency of administration
reduced for patients with renal insufficiency.
Adverse effects Ethambutol is usually well tolerated and has no
significant interactions with other drugs. Optic neuritis, the most
serious adverse effect reported, typically presents as reduced visual
acuity, central scotoma, and loss of the ability to see green (or, less
commonly, red). The cause of this neuritis is unknown, but it may be
due to an effect of ethambutol on the amacrine and bipolar cells of
the retina. Symptoms typically develop several months after initiation
of therapy, but ocular toxicity soon after initiation of ethambutol has
been described. The risk of ocular toxicity is dose dependent, occurring in 1–5% of patients, and can be increased by renal insufficiency.
The routine use of ethambutol in younger children is not recommended because monitoring for visual complications can be difficult.
If drug-resistant TB is suspected, ethambutol can be used for treatment
of children.
All patients starting therapy with ethambutol should have a baseline
test for visual acuity, visual fields, and color vision and should undergo
an examination of the optic fundus. Visual acuity and color vision
should be monitored monthly or less often as needed. Cessation of
ethambutol in response to early symptoms of ocular toxicity usually
results in reversal of the deficit within several months. Recovery of all
visual function may take up to 1 year. In the elderly and in patients
whose symptoms are not recognized early, deficits may be permanent.
Some experts think that supplementation with hydroxocobalamin
(vitamin B12) is beneficial for patients with ethambutol-related ocular
toxicity. Other adverse effects of ethambutol are rare. Peripheral sensory neuropathy occurs in rare instances.
Resistance Ethambutol resistance in M. tuberculosis and NTM is
associated primarily with missense mutations in the embB gene that
encodes for arabinosyltransferase. Mutations have been found in resistant strains at codon 306 in 50–70% of cases. Mutations at embB306
can cause significantly increased MICs of ethambutol, resulting in
clinical resistance.
Pyrazinamide A nicotinamide analog, pyrazinamide is an important
bactericidal drug used in the initial phase of TB treatment. Its administration for the first 2 months of therapy with rifampin and isoniazid
allows treatment duration to be shortened from 9 months to 6 months
and decreases rates of relapse.
Mechanism of action Pyrazinamide’s antimycobacterial activity is
essentially limited to M. tuberculosis. The drug is more active against
slowly replicating organisms than against actively replicating organisms. Pyrazinamide is a prodrug that is converted by the mycobacterial pyrimidase to the active form, pyrazinoic acid (POA). This agent
is active only in acidic environments (pH <6.0), as are found within
phagocytes or granulomas. The exact mechanism of action of POA
is unclear, but fatty acid synthetase I may be the primary target in
M. tuberculosis. Susceptible strains of M. tuberculosis are inhibited by
pyrazinamide concentrations of 16–50 μg/mL at pH 5.5.

Mechanism of action Ethambutol is bacteriostatic against M. tuberculosis. Its primary mechanism of action is the inhibition of the arabinosyltransferases involved in cell wall synthesis, which probably inhibits
the formation of arabinogalactan and lipoarabinomannan. The MIC
of ethambutol for susceptible strains of M. tuberculosis is 0.5–2 μg/mL.

Pharmacology and dosing Pyrazinamide is well absorbed after oral
administration, with peak serum concentrations of 20–60 μg/mL at
1–2 h after ingestion of the recommended adult daily dose of 15–30
mg/kg (maximum, 2 g/d). It distributes well to various body compartments, including CSF, and is an important component of treatment for
tuberculous meningitis. The serum half-life of the drug is 9–11 h with
normal renal and hepatic function. Pyrazinamide is metabolized in the
liver to POA, 5-hydroxypyrazinamide, and 5-hydroxy-POA. A high
proportion of pyrazinamide and its metabolites (~70%) is excreted in
the urine. The dosage must be adjusted according to the level of renal
function in patients with reduced creatinine clearance.

Pharmacology and dosing From a single dose of ethambutol, 75–80% is
absorbed within 2–4 h of administration. Serum levels peak at 2–4 μg/mL
after the standard adult daily dose of 15 mg/kg. Ethambutol is well distributed throughout the body except in the CSF; a dosage of 25 mg/kg
is necessary for attainment of a CSF level half of that in serum. For
intermittent therapy, the dosage is 50 mg/kg twice weekly. To prevent

Adverse effects At the higher dosages used previously, hepatotoxicity was seen in as many as 15% of patients treated with pyrazinamide.
However, at the currently recommended dosages, hepatotoxicity now
occurs less commonly when this drug is administered with isoniazid
and rifampin during the treatment of TB. Older age, active liver disease, HIV infection, and low albumin levels may increase the risk of

