hepatotoxicity. The use of pyrazinamide with rifampin for the treatment of LTBI is no longer recommended because of unacceptable
rates of hepatotoxicity and death in this setting. Hyperuricemia is a
common adverse effect of pyrazinamide therapy that usually can be
managed conservatively. Clinical gout is rare.
Although pyrazinamide is recommended by international TB
organizations for routine use in pregnancy, it is not recommended in the United States because of inadequate teratogenicity data.
Resistance The basis of pyrazinamide resistance in M. tuberculosis is
a mutation in the pncA gene coding for pyrazinamidase, the enzyme
that converts the prodrug to active POA. Resistance to pyrazinamide
is associated with loss of pyrazinamidase activity, which prevents
conversion of pyrazinamide to POA. Of pyrazinamide-resistant M.
tuberculosis isolates, 72–98% have mutations in pncA. Conventional
methods of testing for susceptibility to pyrazinamide may produce
both false-negative and false-positive results because the high-acidity
environment required for the drug's activation also inhibits the growth
of M. tuberculosis. There is some controversy as to the clinical significance of in vitro pyrazinamide resistance.

Pharmacology Like rifampin, rifabutin is lipophilic and is absorbed
rapidly after oral administration, reaching peak serum levels 2–4 h
after ingestion. Rifabutin distributes best to tissues, reaching levels
5–10 times higher than those in plasma. Unlike rifampin, rifabutin and
its metabolites are partially cleared by the hepatic microsomal system.
Rifabutin’s slow clearance results in a mean serum half-life of 45 h—
much longer than the 3- to 5-h half-life of rifampin. Clarithromycin
(but not azithromycin) and fluconazole appear to increase rifabutin
levels by inhibiting hepatic metabolism.
Adverse effects Rifabutin is generally well tolerated, with adverse effects
occurring at higher doses. The most common adverse events are gastrointestinal; other reactions include rash, headache, asthenia, chest pain,
myalgia, and insomnia. Less common adverse reactions include fever,
chills, a flulike syndrome, anterior uveitis, hepatitis, Clostridium difficile–
associated diarrhea, a diffuse polymyalgia syndrome, and yellow skin
discoloration (“pseudo-jaundice”). Laboratory abnormalities include
neutropenia, leukopenia, thrombocytopenia, and increased levels of liver
enzymes. Approximately 80% of patients who develop rifampin-related
adverse events are able to complete TB treatment with rifabutin.
Resistance Similar to rifampin resistance, resistance to rifabutin is
mediated by some mutations in rpoB.
Rifapentine Rifapentine is a semisynthetic cyclopentyl rifamycin,
sharing a mechanism of action with rifampin. Rifapentine is lipophilic
and has a prolonged half-life that permits weekly or twice-weekly dosing. Therefore, this drug is the subject of intensive clinical investigation
aimed at determining optimal dosing and frequency of administration.
Currently, rifapentine is an alternative to rifampin in the continuation
phase of treatment for noncavitary drug-susceptible pulmonary TB in
HIV-seronegative patients who have negative sputum smears at completion of the initial phase of treatment. When administered in these
specific circumstances, rifapentine (10 mg/kg, up to 600 mg) is given
once weekly with isoniazid. Because of higher rates of relapse, this
regimen is not recommended for patients with TB disease and HIV coinfection. A large randomized controlled trial recently demonstrated
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Pharmacology Rifapentine’s absorption is improved when the drug
is taken with food. After oral administration, rifapentine reaches peak
serum concentrations in 5–6 h and achieves a steady state in 10 days.
The half-life of rifapentine and its active metabolite, 25-desacetyl rifapentine, is ~13 h. The administered dose is excreted via the liver (70%).
Adverse effects The adverse-effects profile of rifapentine is similar to
that of other rifamycins. Rifapentine is teratogenic in animal models
and is relatively contraindicated in pregnancy.
Resistance Rifapentine resistance is mediated by mutations in rpoB.
Mutations that cause resistance to rifampin also cause resistance to
rifapentine.
Streptomycin Streptomycin was the first antimycobacterial
agent used for the treatment of TB. Derived from Streptomyces
griseus, streptomycin is bactericidal against dividing M. tuberculosis organisms but has only low-level early bactericidal activity. This
drug is administered only by the IM and IV routes. In developed
nations, streptomycin is used infrequently because of its toxicity, the
inconvenience of injections, and drug resistance. In developing countries, however, streptomycin is used because of its low cost.
Mechanism of action Streptomycin inhibits protein synthesis by binding at a site on the 30S mycobacterial ribosome.
Pharmacology and dosing Serum levels of streptomycin peak at 25–45
μg/mL after a 1-g dose. This agent penetrates poorly into the CSF,
reaching levels that are only 20% of serum levels. The usual daily dose
of streptomycin (given IM either daily or 5 days per week) is 15 mg/kg
for adults and 20–40 mg/kg for children, with a maximum of 1 g/d
for both. For patients ≥60 years of age, 10 mg/kg is the recommended
daily dose, with a maximum of 750 mg/d. Because streptomycin is
eliminated almost exclusively by the kidneys, its use in patients with
renal impairment should be avoided or implemented with caution,
with lower doses and less frequent administration.
Adverse effects Adverse reactions occur frequently with streptomycin (10–20% of patients). Ototoxicity (primarily vestibulotoxicity),
neuropathy, and renal toxicity are the most common and the most
serious. Renal toxicity, usually manifested as nonoliguric renal failure,
is less common with streptomycin than with other frequently used
aminoglycosides, such as gentamicin. Manifestations of vestibular
toxicity include loss of balance, vertigo, and tinnitus. Patients receiving streptomycin must be monitored carefully for these adverse effects,
undergoing audiometry at baseline and monthly thereafter.
Resistance Spontaneous mutations conferring resistance to streptomycin are relatively common, occurring in 1 in 106 organisms. In the
two-thirds of streptomycin-resistant M. tuberculosis strains exhibiting
high-level resistance, mutations have been identified in one of two
genes: a 16S rRNA gene (rrs) or the gene encoding ribosomal protein
S12 (rpsL). Both targets are believed to be involved in streptomycin
ribosomal binding. However, low-level resistance, which is seen in
about one-third of resistant isolates, has no associated resistance
mutation. A gene (gidB) that confers low-level resistance to streptomycin has recently been identified. Strains of M. tuberculosis resistant
to streptomycin generally are not cross-resistant to capreomycin or
amikacin. Streptomycin is not used for the treatment of MDR-TB or
XDR-TB because of (1) the high prevalence of streptomycin resistance
among strains resistant to isoniazid and (2) the unreliability of drug
susceptibility testing.
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OTHER FIRST-LINE DRUGS
Rifabutin Rifabutin, a semisynthetic derivative of rifamycin S, inhibits mycobacterial DNA-dependent RNA polymerase. Rifabutin is recommended in place of rifampin for the treatment of HIV-co-infected
individuals who are taking protease inhibitors or non-nucleoside
reverse transcriptase inhibitors, particularly nevirapine. Rifabutin’s
effect on hepatic enzyme induction is less pronounced than that of
rifampin. Protease inhibitors may cause significant increases in rifabutin levels through inhibition of hepatic metabolism. Rifabutin is more
active in vitro than rifampin against MAC organisms and other NTM,
but its clinical superiority has not been established.

that, for latent TB, a 12-dose (3-month) regimen of weekly DOT with
a weight-based dose of isoniazid and rifapentine was noninferior to
daily isoniazid for 9 months. Although the rate of permanent drug
discontinuation due to adverse events was higher with rifapentine/
isoniazid, this regimen had a higher treatment completion rate than
daily isoniazid in this study. The efficacy of this combination regimen
in HIV-infected individuals not receiving ART and in children <12
years of age is under study. The regimen is not recommended for pregnant women, for persons with hypersensitivity reactions to isoniazid
or rifampin, or for HIV-infected individuals taking ART.

