is inexpensive. In this setting, the drug is taken daily or intermittently
(i.e., twice weekly) as DOT for 9 months. The 9-month course is more
efficacious than the 6-month course (75–90% vs ≤65%), but extension
of treatment to 12 months is not likely to provide further protection.
A 6-month course of daily or intermittent isoniazid is considered
second-line, but acceptable, therapy. A recent large open-label, multicenter, randomized, controlled trial showed that weekly DOT with
isoniazid and rifapentine, administered over 3 months, was not inferior to daily isoniazid given for 9 months and had a higher treatment
completion rate than the single-drug regimen.
For treatment of TB disease, isoniazid is used in combination with
other agents to ensure killing of both actively dividing M. tuberculosis
and slowly growing "persister" organisms. Unless the organism is resistant, the standard regimen includes isoniazid, rifampin, ethambutol,
and pyrazinamide (Table 205e-2). Isoniazid is often given together
with 25–50 mg of pyridoxine daily to prevent drug-related peripheral
neuropathy.

Pharmacology Isoniazid is the hydrazide of isonicotinic acid, a small,
water-soluble molecule. The usual adult oral daily dose of 300 mg
results in peak serum levels of 3–5 μg/mL within 30 min to 2 h after
ingestion—well in excess of the MICs for most susceptible strains of M.
tuberculosis. Both oral and IM preparations of isoniazid reach effective
levels in the body, although antacids and high-carbohydrate meals may
interfere with oral absorption. Isoniazid diffuses well throughout the
body, reaching therapeutic concentrations in body cavities and fluids,
with concentrations in cerebrospinal fluid (CSF) comparable to those
in serum.
Isoniazid is metabolized in the liver via acetylation by
N-acetyltransferase 2 (NAT2) and hydrolysis. Both fast- and slowacetylation phenotypes occur; patients who are “fast acetylators” may
have lower serum levels of isoniazid, whereas “slow acetylators” may
have higher levels and experience more toxicity. Satisfactory isoniazid
levels are attained in the majority of homozygous fast NAT2 acetylators given a dose of 6 mg/kg and in the majority of homozygous slow
acetylators given only 3 mg/kg. Genotyping is increasingly being used
to characterize isoniazid-related pharmacogenomic responses.
Isoniazid’s interactions with other drugs are due primarily to its
inhibition of the cytochrome P450 system. Among the drugs with
significant isoniazid interactions are warfarin, carbamazepine, benzodiazepines, acetaminophen, clopidogrel, maraviroc, dronedarone,
salmeterol, tamoxifen, eplerenone, and phenytoin.
Dosing The recommended daily dose for the treatment of TB in the
United States is 5 mg/kg for adults and 10–20 mg/kg for children, with
a maximal daily dose of 300 mg for both. For intermittent therapy in
adults (usually twice per week), the dose is 15 mg/kg, with a maximal
daily dose of 900 mg. Isoniazid does not require dosage adjustment in
patients with renal disease. When the 12-dose, 3-month weekly LTBI
regimen is used, the dose of isoniazid is 15 mg/kg, with a maximal dose
of 900 mg, and the drug is coadministered with rifapentine.
Resistance Although isoniazid, along with rifampin, is the mainstay
of TB treatment regimens, ~7% of clinical M. tuberculosis isolates in
the United States are resistant. Rates of primary isoniazid resistance
among untreated patients are significantly higher in many populations
born outside the United States. Five separate pathways for isoniazid

Adverse effects Although isoniazid is generally well tolerated, druginduced liver injury and peripheral neuropathy are significant adverse
effects associated with this agent. Isoniazid may cause asymptomatic
transient elevation of aminotransferase levels (often termed hepatic
adaptation) in up to 20% of recipients. Other adverse reactions include
rash (2%), fever (1.2%), anemia, acne, arthritic symptoms, a systemic
lupus erythematosus–like syndrome, optic atrophy, seizures, and psychiatric symptoms. Symptomatic hepatitis occurs in fewer than 0.1% of
persons treated with isoniazid alone for LTBI, and fulminant hepatitis
with hepatic failure occurs in fewer than 0.01%. Isoniazid-associated
hepatitis is idiosyncratic, but its incidence increases with age, with
daily alcohol consumption, and in women who are within 3 months
postpartum.
In patients who have liver disorders or HIV infection, who are
pregnant or in the 3-month postpartum period, who have a history
of liver disease (e.g., hepatitis B or C, alcoholic hepatitis, or cirrhosis),
who use alcohol regularly, who have multiple medical problems, or
who have other risk factors for chronic liver disease, the risks and
benefits of treatment for LTBI should be weighed. If treatment is
undertaken, these patients should have serum concentrations of alanine aminotransferase (ALT) determined at baseline. Routine baseline
hepatic ALT testing based solely on an age of >35 years is optional and
depends on individual concerns. Monthly biochemical monitoring
during isoniazid treatment is indicated for patients whose baseline
liver function tests yield abnormal results and for persons at risk for
hepatic disease, including the groups just mentioned. Guidelines recommend that isoniazid be discontinued in the presence of hepatitis
symptoms or jaundice and an ALT level three times the upper limit of
normal or in the absence of symptoms with an ALT level five times the
upper limit of normal (Table 205e-3).
Peripheral neuropathy associated with isoniazid occurs in up to
2% of patients given 5 mg/kg. Isoniazid appears to interfere with
pyridoxine (vitamin B6) metabolism. The risk of isoniazid-related
neurotoxicity is greatest for patients with preexisting disorders that
also pose a risk of neuropathy, such as HIV infection; for those with
diabetes mellitus, alcohol abuse, or malnutrition; and for those simultaneously receiving other potentially neuropathic medications, such
as stavudine. These patients should be given prophylactic pyridoxine
(25–50 mg/d).
Rifampin Rifampin is a semisynthetic derivative of Amycolatopsis
rifamycinica (formerly known as Streptomyces mediterranei). The most
active antimycobacterial agent available, rifampin is the keystone of
first-line treatment for TB. Introduced in 1968, this drug eventually
permitted dramatic shortening of the TB treatment course. Rifampin
has both sterilizing and bactericidal activity against dividing and
nondividing M. tuberculosis. The drug is also active against an array
of other organisms, including some gram-positive and gram-negative
bacteria, Legionella, M. kansasii, and Mycobacterium marinum.
Rifampin, administered for 4 months, is also an alternative agent to
isoniazid for the treatment of LTBI, although efficacy data are scant at
this time. A 3-month course of rifampin alone has been found to be
similar in efficacy to a 6-month course of isoniazid. Although the efficacy of the 4-month regimen of rifampin is under study, comparison
of this regimen with 9 months of isoniazid in randomized safety and
tolerability studies suggests fewer adverse events, including hepatotoxicity; less treatment interruption; a higher completion rate; and greater
cost-effectiveness.
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Mechanism of action Isoniazid is a prodrug activated by the mycobacterial KatG catalase-peroxidase; isoniazid is coupled with reduced nicotinamide adenine dinucleotide (NADH). The resulting isonicotinic
acyl–NADH complex blocks the mycobacterial ketoenoylreductase
known as InhA, binding to its substrate and inhibiting fatty acid synthase and ultimately mycolic acid synthesis. Mycolic acids are essential
components of the mycobacterial cell wall. KatG activation of isoniazid
also results in the release of free radicals that have antimycobacterial
activity, including nitric oxide.
The minimal inhibitory concentrations (MICs) of isoniazid for
wild-type (untreated) susceptible strains are <0.1 μg/mL for M. tuberculosis and 0.5–2 μg/mL for Mycobacterium kansasii.

resistance have been elucidated. Most strains have amino acid changes
in either the catalase-peroxidase gene (katG) or the mycobacterial
ketoenoylreductase gene (inhA). Less frequently, alterations in kasA,
the gene for an enzyme involved in mycolic acid elongation, and
loss of NADH dehydrogenase 2 activity confer isoniazid resistance.
In 20–30% of isoniazid-resistant M. tuberculosis isolates, increased
expression of efflux pump genes, such as efpA, mmpL7, mmr, p55,
and the Tap-like gene Rv1258c, has been implicated as the underlying
mechanism of resistance.

