DRUGS
Four major drugs are considered first-line agents for the treatment of
TB: isoniazid, rifampin, pyrazinamide, and ethambutol (Table 202-2).
These drugs are well absorbed after oral administration, with peak
serum levels at 2–4 h and nearly complete elimination within 24 h.
These agents are recommended on the basis of their bactericidal
activity (i.e., their ability to rapidly reduce the number of viable organisms and render patients noninfectious), their sterilizing activity (i.e.,
their ability to kill all bacilli and thus sterilize the affected tissues,
measured in terms of the ability to prevent relapses), and their low
rate of induction of drug resistance by selection of mutant bacilli. Two
additional rifamycins, rifapentine and rifabutin, are also available in
the United States; however, the level of cross-resistance with rifampin
is high. For a detailed discussion of the drugs used for the treatment
of TB, see Chap. 205e.
Because of a lower degree of efficacy and a higher degree of intolerability and toxicity, six classes of second-line drugs are generally
used only for the treatment of patients with TB resistant to first-line
drugs: (1) the fluoroquinolone antibiotics; (2) the injectable aminoglycosides kanamycin, amikacin, and streptomycin; (3) the injectable polypeptide capreomycin; and the oral agents (4) ethionamide
and prothionamide, (5) cycloserine and terizidone (therizidone),
and (6) PAS. Streptomycin, formerly a first-line agent, is now rarely
used for drug-resistant TB because resistance levels worldwide are
high and it is more toxic than the other drugs in the same class;
however, the level of cross-resistance with the other injectables is
low. Of the quinolones, later-generation agents such as levofloxacin
and moxifloxacin are preferred. Gatifloxacin (no longer marketed in
several countries, including the United States, because of previously
observed dysglycemia) has recently been tested in a 4-month regimen that produced no detectable major side effects; thus, this drug
could be reconsidered as a good alternative. Other drugs (referred
to by the WHO as “group 5”) whose efficacy is not clearly defined
are used in the treatment of patients with TB resistant to most of the
first- and second-line agents; these drugs include clofazimine, linezolid, amoxicillin/clavulanic acid, clarithromycin, and carbapenems
such as imipenem/cilastatin and meropenem. Today amithiozone
(thiacetazone) is used very rarely because it has been associated with
severe and at times fatal skin reactions among HIV-infected patients.
Two novel drugs belonging to two new antibiotic classes—the diarylquinoline bedaquiline and the nitroimidazole delamanid—have
recently been approved for use in severe cases of MDR-TB by stringent regulatory authorities (the U.S. Food and Drug Administration
TABLE 202-2 Recommended Dosagea for Initial Treatment of
Tuberculosis in Adultsb
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The two aims of TB treatment are (1) to prevent morbidity and death
by curing TB while preventing the emergence of drug resistance and
(2) to interrupt transmission by rendering patients noninfectious.
Chemotherapy for TB became possible with the discovery of streptomycin in 1943. Randomized clinical trials clearly indicated that the
administration of streptomycin to patients with chronic TB reduced
mortality rates and led to cure in the majority of cases. However,
monotherapy with streptomycin eventually was associated with
the development of resistance to this drug and the resulting failure
of treatment. With the introduction into clinical practice of paraaminosalicylic acid (PAS) and isoniazid, it became axiomatic in the
early 1950s that cure of TB required the concomitant administration of at least two agents to which the organism was susceptible.
Furthermore, early clinical trials demonstrated that a long period
of treatment—i.e., 12–24 months—was required to prevent recurrence. The introduction of rifampin (rifampicin) in the early 1970s
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heralded the era of effective short-course chemotherapy, with a 1115
treatment duration of <12 months. The discovery that pyrazinamide, which was first used in the 1950s, augmented the potency
of isoniazid/rifampin regimens led to the use of a 6-month course of
this triple-drug regimen as standard therapy.

CHAPTER 202

IFN-γ Release Assays Two in vitro assays that measure T cell release
of IFN-γ in response to stimulation with the highly TB-specific
antigens ESAT-6 and CFP-10 are available. The T-SPOT.TB test
(Oxford Immunotec, Oxford, United Kingdom) is an enzymelinked immunospot (ELISpot) assay, and the QuantiFERON-TB
Gold test (Qiagen GmbH, Hilden, Germany) is a whole-blood
enzyme-linked immunosorbent assay (ELISA) for measurement of
IFN-γ. The QuantiFERON-TB Gold In-Tube assay, which facilitates blood collection and initial incubation, also contains another
specific antigen, TB7.7. These tests likely measure the response of
recirculating memory T cells—normally part of a reservoir in the
spleen, bone marrow, and lymph nodes—to persisting bacilli producing antigenic signals.
In settings or population groups with low TB and HIV burdens,
IFN-γ release assays (IGRAs) have previously been reported to be more
specific than the TST as a result of less cross-reactivity due to BCG
vaccination and sensitization by nontuberculous mycobacteria. Recent
studies, however, suggest that IGRAs may not perform well in serial
testing (e.g., among health care workers) and that interpretation of test
results is dependent on cutoff values used to define positivity. Potential
advantages of IGRAs include logistical convenience, the need for fewer
patient visits to complete testing, and the avoidance of somewhat
subjective measurements such as skin induration. However, IGRAs
require that blood be drawn from the individual and then delivered to
the laboratory in a timely fashion. IGRAs also require that testing be
performed in a laboratory setting. These requirements pose challenges
similar to those faced with the TST, including cold-chain requirements
and batch-to-batch variations. Because of higher specificity and other
potential advantages, IGRAs have usually replaced the TST for LTBI
diagnosis in low-incidence, high-income settings. However, in highincidence TB and HIV settings and population groups, there is limited
and inconclusive evidence about the performance and usefulness of
IGRAs. In view of higher costs and increased technical requirements,
the WHO does not recommend the replacement of the TST by IGRAs
in low- and middle-income countries.
A number of national guidelines on the use of IGRAs for LTBI testing have been issued. In the United States, an IGRA is preferred to the
TST for most persons over the age of 5 years who are being screened
for LTBI. However, for those at high risk of progression to active TB
(e.g., HIV-infected persons), either test—or, to optimize sensitivity,
both tests—may be used. Because of the paucity of data on the use of
IGRAs in children, the TST is preferred for LTBI testing of children
under age 5. In Canada and some European countries, a two-step
approach for those with positive TSTs—i.e., initial TST followed by
an IGRA—is recommended. However, a TST may boost an IGRA
response if the interval between the two tests exceeds 3 days. Similar
to the TST, current IGRAs have only modest predictive value for incident active TB, are not useful in identifying patients with the highest
risk of progression toward disease, and cannot be used for diagnosis
of active TB.

Dosage
Drug
Isoniazid
Rifampin
Pyrazinamide
Ethambutolc

Daily Dose
5 mg/kg, max 300 mg
10 mg/kg, max 600 mg
25 mg/kg, max 2 g
15 mg/kg

Thrice-Weekly Dose
10 mg/kg, max 900 mg
10 mg/kg, max 600 mg
35 mg/kg, max 3 g
30 mg/kg

The duration of treatment with individual drugs varies by regimen, as detailed in
Table 202-3. bThe World Health Organization recommends the following dosages for
children: isoniazid,10–15 mg/kg daily, max 300 mg/d; rifampin, 15 (range, 10–20) mg/kg
daily, max 600 mg/d; pyrazinamide, 35 (range, 30–40) mg/kg daily; ethambutol, 20 (range,
15–25) mg/kg daily. cIn certain settings, streptomycin (15 mg/kg daily, with a maximum
dose of 1 g; or 25–30 mg/kg thrice weekly, with a maximum dose of 1.5 g) can replace
ethambutol in the initial phase of treatment. However, streptomycin generally is no longer
considered a first-line drug.

a

Source: Based on recommendations of the American Thoracic Society/Infectious Diseases
Society of America/Centers for Disease Control and Prevention and the World Health
Organization.
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