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UBERCULOSIS (TB) HAS EMERGED

as a global public health epi-

demic. The World Health Or-

ganization estimates that there
will be approximately 9 million indi-
viduals who develop active TB disease
and more than 2 million deaths due to
TB this year."* The global epidemic of
TB has affected the United States where
the majority of cases now occur among
non-US-born persons. In the United
States, there were 14511 cases re-
ported in 2004 (4.9 cases per 100 000
individuals).’ Despite decreasing num-
bers of cases since 1992, TB remains a
serious public health problem among
certain patient populations and is highly
prevalent in many urban areas.* Given
the decline in TB cases in the United
States, there has been renewed inter-
est in the treatment of those with la-
tent TB infection as a TB-control strat-
egy for eliminating the large reservoir
of individuals at risk for progression
to TB.

The treatment of TB and the treat-
ment of latent TB infection in the
United States are reviewed in this
article. National evidence-based
guidelines for the treatment of TB>
and latent TB infection®” have been
developed in collaboration by the
American Thoracic Society, the Cen-
ters for Disease Control and Preven-
tion (CDC), and the Infectious Dis-
eases Society of America. Additional

CME available online at
www.jama.com
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Tuberculosis (TB) has emerged as a global public health epidemic. Despite
decreasing numbers of cases in the United States since 1992, TB remains a
serious public health problem among certain patient populations and is highly
prevalent in many urban areas. The responsibility for prescribing an appro-
priate drug regimen and ensuring that treatment is completed is assigned to
the public health program or the clinician not to the patient. The initial pre-
scribed regimen for the treatment of TB usually consists of 4 drugs: isonia-
zid, rifampin, pyrazinamide, and ethambutol. The minimum length for the
treatment of drug-susceptible TB with a rifampin-based regimen is 6 to 9
months. Providing medications directly to the patient and watching him/
her swallow the anti-TB drugs, which is termed directly observed therapy,
is recommended for all patients diagnosed with TB and can help ensure higher
completion rates, prevent the emergence of drug resistant TB, and enhance
TB control. There has been renewed interest in the treatment of those with
latent TB infection as a TB-control strategy in the United States for elimi-
nating the large reservoir of individuals at risk for progression to TB. The 2
broad categories of persons who should be tested for latent TB infection are
those who are likely to have been recently infected (such as contacts to in-
fectious TB cases) and persons who are at increased risk of progression to
TB disease following infection with Mycobacterium tuberculosis (eg, hu-
man immunodeficiency virus infection and selected medical conditions; re-
cent immigrants to the United States from high TB-burden countries). The
preferred regimen for the treatment of latent TB infection is 9 months of iso-
niazid. There is now renewed interest in and great need for the develop-
ment of new drugs to treat TB and latent TB infection.
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guidelines for the treatment of latent
TB infection in children and adoles-
cents have also been published.®

TB Treatment

Successful treatment of TB depends on
more than the science of chemo-
therapy and should be provided within
a clinical and social framework based
on the patient’s circumstances.’ The re-
sponsibility for prescribing an appro-
priate drug regimen and ensuring that
treatment is completed is assigned to

the public health program or the clini-
cian not to the patient.” The initial pre-
scribed regimen usually consists of iso-
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niazid, rifampin, pyrazinamide, and
ethambutol. Providing medications di-
rectly to the patient and watching him/
her swallow the anti-TB drugs, which
is termed directly observed therapy, is
recommended for all patients diag-
nosed with TB and can help ensure
higher completion rates (FIGURE 1),
prevent the emergence of drug-
resistant disease, and enhance TB con-
trol.>® The infrastructure to provide di-
rectly observed therapy is generally only
available through public health agen-
cies. Tuberculosis should never be
treated with a single drug and a single
drug should never be added to a fail-
ing regimen because of the risk of emer-
gence of drug-resistant disease. Thus,
multidrug therapy is required. The
minimum length of therapy for the
treatment of drug-susceptible TB is 6
to 9 months (often termed short-
course therapy) with a rifampin-based
regimen.

Indications for Initiating Therapy.
The decision to initiate combination

TREATMENT OF TB AND LATENT TB INFECTION

anti-TB chemotherapy (eg, 4-drug
therapy) should be based on epidemio-
logical information; clinical, pathologi-
cal, and radiographic findings; and the
results of microscopic examination of
acid-fast bacilli (AFB)-stained spu-
tum smears as well as other appropri-
ately collected diagnostic specimens and
cultures for mycobacteria.” Empirical
therapy with an appropriate multi-
drug regimen (TABLE 1) needs to be ini-
tiated when there is a high clinical sus-
picion for active disease prior to culture
confirmation and in some cases before
AFB smear microscopy results are
known. The use of nucleic acid ampli-
fication tests may be useful in selected
cases in providing an immediate de-
finitive diagnosis (eg, confirmation of
AFB smear-positive respiratory speci-
mens).'"! The threshold for initiating
empirical therapy should be low for pa-
tients with potentially rapid, life-
threatening conditions such as tuber-
culous meningitis, pericarditis, or
miliary disease.

Principles of Multidrug Treatment.
The goals of anti-TB therapy include en-
suring a cure without relapse, prevent-
ing death, stopping transmission of My-
cobacterium tuberculosis, and preventing
the emergence of drug-resistant dis-
ease.' Therapy is initiated with a mul-
tidrug regimen to kill tubercle bacilli

]
Figure 1. Treatment Completion Rates for
Pulmonary Tuberculosis
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Error bars indicate range. DOT indicates directly ob-
served therapy; TB, tuberculosis. Source: Chauk et al.®
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Table 1. Drug Regimens for Culture-Positive Pulmonary TB Caused by Drug-Susceptible Organisms®

Rating/Evidence
Initial Phase Continuation Phase Level}'®
[ [ ] Range of  EEEEE—
Interval and Dose Interval and Dose Total Doses HIV HIV
Regimen (Minimum Duration)* Regimen (Minimum Duration)*t (Minimum Duration) Negative Positive

Isoniazid, rifampin, 7 d/wk for 56 doses Isoniazid and rifampin 7 d/wk for 126 doses 130-182 (26 wk) A/l Al
pyrazinamide, (8 wk) or 5 d/wk for (18 wk) or 5 d/wk for
and ethambutol 40 doses (8 wk)§ 90 doses (18 wk)§

Isoniazid and rifampin 2 d/wk for 36 doses (18 wk) 76-92 (26 wk) A/l A
Isoniazid and 1 d/wk for 18 doses (18 wk) 58-74 (26 wk) B/l E/l
rifapentineq]

Isoniazid, rifampin, 7 d/wk for 14 doses Isoniazid and rifampin 2 wk/d for 36 doses (18 wk) 58-62 (26 wk) A B/l
pyrazinamide, and (2 wi# Isoniazid and 1 d/wk for 18 doses (18 wk) 40-44 (26 Wk) B/ B/
sthambutol rifapentine]

Isoniazid, rifampin, 3 d/wk for 24 doses Isoniazid and rifampin 3 d/wk for 54 doses (18 wk) 78 (26 wk) B/l B/
pyrazinamide, and (8 wk)
ethambutol

Isoniazid, rifampin, and 7 d/wk for 56 doses Isoniazid and rifampin 7 d/wk for 217 doses 195-273 (39 wk) C/ c/
ethambutol (8 wk) or 5 d/wk for (21 wk) or 5 d/wk for

40 doses (8 wk)§ 155 doses (31 wk)§
Isoniazid and rifampin 2 d/wk for 62 doses (31 wk) 102-118 (39 wk) C/ c/

Abbreviations: HIV, human immunodeficiency virus; TB, tuberculosis.
*When directly observed therapy is used, drugs may be taken 5 d/wk and the necessary number of doses adjusted accordingly. No studies compare regimens taken 5 d/wk with regi-

mens taken 7 d/wk, but this should be effective.
TPatients with caviation on initial chest radiograph and positive cultures at completion of 2-month therapy should receive a 7-month continuation phase (31 weeks; either 217 doses if

taken daily or 62 doses if taken twice weekly).
fRating level: A indicates preferred regimen; B, acceptable alternative; C, offer when A and B cannot be given; D, generally should not be given; E, should never be given. Evidence level:

| indicates based on data from a randomized trial with clinical end points; I, data from clinical trials that were not randomized or were conducted in other populations; Ill, expert opinion.
§Five days per week administration is always given by directly observed therapy. The rating and evidence level is A/IIl.
|INot recommended for HIV-infected patients with CD4 cell counts lower than 100/pL.
{IShould be used only in HIV-negative patients who have negative sputum smears at the time of completion of 2-month therapy and who do not have caviation on initial chest radiograph.

For patients started on this regimen and found to have a positive culture from the 2-month specimen, treatment should be extended an extra 3 months.

#Then twice weekly for 12 doses (6 wk) or 5 d/wk for 10 doses (2 wk), which is always given by directly observed therapy, and then twice weekly for 12 doses (6 wk).
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Box 1. First- and Second-Line
Anti-TB Drugs

First-Line Drugs
Isoniazid
Rifampin
Rifapentine
Rifabutin™®
Pyrazinamide
Ethambutol

Second-Line Drugs
Cycloserine
Ethionamide
Levofloxacin™®
Moxifloxacin™®
Gatifloxacin™®
P-Aminosalicylic acid
Streptomycin
Amikacin/kanamycin™
Capreomycin

*Not approved by the Food and Drug Ad-

ministration for use in the treatment of
tuberculosis (TB).

TREATMENT OF TB AND LATENT TB INFECTION

rapidly, to minimize or prevent devel-
opment of drug resistance in M tuber-
culosis, and to eliminate persistent or-
ganisms from the host’s tissue to
prevent relapse. The first randomized
trial was published in 1946 and ex-
plored the use of streptomycin for the
treatment of TB."? Subsequent random-
ized trials performed by the British
Medical Research Council, the US Pub-
lic Health Service, and other investiga-
tors have helped to define regimens for
the treatment of TB including rifampin-
based short-course therapy regimens,
which are now the standard of care.'*""
Box 1 lists the first- and second-line
drugs available for the treatment of TB.
TABLE 2 lists the recommended doses
and adverse effects for first-line drugs.

There are 2 phases of treatment for
patients with TB—the initiation phase
(bactericidal or intensive phase), which
consists of 2 months of therapy, and the
continuation phase (subsequent ster-
ilizing phase), which lasts 4 to 7 months
for patients with drug-susceptible dis-

ease. Therapy for TB should be initi-
ated with a 4-drug regimen consisting
of isoniazid, rifampin, pyrazinamide,
and ethambutol because of concerns
about the prevalence of drug resis-
tance (Table 1). Appropriate clinical
specimens should be obtained to make
a definitive diagnosis and recover M tu-
berculosis from a culture so that sus-
ceptibility testing may be performed.
For patients with drug-susceptible dis-
ease, pyrazinamide should be discontin-
ued after 2 months of therapy, which is
the end of the initiation phase. Etham-
butol can also be discontinued after 2
months of therapy or as soon as drug sus-
ceptibility is confirmed. Isoniazid and rif-
ampin are continued for an additional 4
months during the continuation phase
to complete a minimum of 6 months of
therapy for drug-susceptible disease. Pa-
tients at high risk for relapse after 6
months of therapy are those with cavi-
tary pulmonary TB who continue to have
positive TB cultures after 2 months of
therapy.!” Such patients should have

]
Table 2. Recommended Dosages and Drug-Related Adverse Effects of First-Line Anti-TB Drugs Used for Initial Treatment in Children and Adults

Dosage Frequency*

Type of I ]
Drug Administration Daily 2 d/wkt 3 d/wkt Adverse Effects
Isoniazid Oral, intramuscular, Hepatic enzyme elevation; hepatitis; peripheral
or intravenous neuropathy; CNS effects; rash
Children 10 mg/kg 20-30 mg/kg .
Adults 5 mg/kg 15 mg/kg 15 mg/kg
Maximum 300 mg 900 mg 900 mg
Rifampin Oral or intravenous Orange discoloration of secretions and in urine
(occurs in all patients); hepatitis; rash
thrombocytopenia, flu-like symptoms;
many drug interactions
Children 10-20 mg/kg 10-20 mg/kg S
Adults 10 mg/kg 10 mg/kg 10 mg/kg
Maximum 600 mg 600 mg 600 mg
Rifabutin Oral Similar to rifampin; uveitis
Adults 5 mg/kg 5 mg/kg 5 mg/kg
Maximum 300 mg 300 mg 300 mg
Pyrazinamide Oral Gastrointestinal tract upset; hepatitis;
hyperuricemia; arthralgias
Children 15-30 mg/kg 50 mg/kg (2 g max) S
Adults 25 mg/kg 50 mg/kg 35-40 mg/kg
Maximum 29 49 39
Ethambutol  Oral Optic neuritis
Children 15-20 mg/kg (1.0gmax) 50 mg/kg (2.5 g max) S
Adults 15-25 mg/kg 50 mg/kg 25-30 mg/kg
Maximum 1600 mg 2400 mg 4000 mg

Abbreviations: CNS, central nervous system; TB, tuberculosis. Ellipses indicate no recommended dosage.
*Doses per weight are based on ideal body weight. Children weighing more than 40 kg should receive adult doses.
TMust be administered by directly observed therapy only.
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therapy extended for an additional 3
months during the continuation phase
for a total of 9 months of therapy. A treat-
ment algorithm for drug-susceptible pul-
monary TB is shown in FIGURE 2.

TREATMENT OF TB AND LATENT TB INFECTION

TB Treatment in

Special Circumstances
HIV-Infected Persons. All patients di-
agnosed with TB should be strongly
encouraged to undergo human immu-

nodeficiency virus (HIV) testing.’ Tu-
berculosis may be the first disease that
brings an HIV-infected person into the
health care system. Treatment of TB
among HIV-infected persons is simi-

Figure 2. Treatment Algorithm for Drug-Susceptible Pulmonary TB®
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Patients in whom tuberculosis (TB) is proved or strongly suspected should have treatment initiated with isoniazid, rifampin, pyrazinamide, and ethambutol for the initial
2 months of treatment. A repeat acid-fast bacilli (AFB) smear and culture should be performed when the initial 2 months of drug treatment has been completed. If
cavitation was present on the initial chest radiograph and the TB culture was positive after 2 months of therapy, the continuation phase should be extended to 7
months (total treatment: 9 months). If cavitation was present on the initial chest radiograph but the TB culture was negative at 2 months, the total length of therapy
should be 6 months (2 months of initial therapy and 4 months in the continuation phase). If a patient was infected with human immunodeficiency virus (HIV) and
his/her CD4 cell count was lower than 100/pL, the continuation phase should consist of isoniazid and rifampin daily or 3 times weekly. In patients without HIV, without
cavitation on chest radiograph, and negative AFB smears at completion of initial 2-month treatment, the continuation phase may consist of either (1) once-weekly
isoniazid and rifapentine or (2) isoniazid and rifampin daily or twice weekly (total treatment: 6 months). In patients who took isoniazid and rifapentine and whose
2-month cultures were positive, treatment should be extended 3 months (total treatment: 9 months). Asterisk indicates ethambutol may be discontinued when results
of drug susceptibility testing indicate no drug resistance. Dagger indicates pyrazinamide may be discontinued after it has been taken for 2 months. Double dagger
indicates rifapentine should not be used in patients who have HIV and TB or in patients with extrapulmonary TB. Section symbol indicates therapy should be extended
to 9 months if the 2-month culture was positive. Source: Blumberg et al.®
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lar to that in those not infected with HIV
with 2 exceptions. One exception is that
HIV-infected patients should not be
treated with a once-weekly isoniazid
and rifapentine regimen during the con-
tinuation phase because of an unac-
ceptably high increased risk of relapse
with this regimen, which occurs fre-
quently with organisms that have ac-
quired rifamycin resistance.'® Second,
HIV-infected patients with CD4 cell
counts lower than 100/pL should not
receive twice-weekly intermittent regi-
mens (eg, isoniazid and rifampin or iso-
niazid and rifabutin during the con-
tinuation phase) because acquired
rifamycin resistance has also been re-
ported in this setting.' It has been rec-
ommended that HIV-infected patients
with low CD#4 cell counts should re-
ceive therapy daily or 3 times weekly.>"
Patients infected with HIV who have
drug-susceptible TB can generally be
treated for 6 months (Table 1). For
those HIV-infected patients with TB
who are slow to respond to therapy or
who have a suboptimal response (eg,
cultures are still positive after 2 months
of therapy), prolongation of the con-
tinuation phase to 7 months for a total
of 9 months of treatment is suggested.

The use of antiretroviral therapy
among HIV-infected patients with TB is
complicated by overlapping toxicity pro-
files of some anti-TB and antiretroviral
drugs, complex drug interactions, and
the occurrence of immune reconstitu-
tion reactions.” The use of antiretrovi-
ral therapy during TB treatment is com-
plex for both the patient and the
physician.”! Thus, there needs to be close
coordination of care between HIV and
TB clinicians. A long list of clinically sig-
nificant drug interactions involving ri-
famycins has been published.”* Rifa-
mycins induce the hepatic cytochrome
P450 3A system. Rifampin is the most
potent inducer and cannot be given with
most protease inhibitors and some non-
nucleoside reverse transcriptase inhibi-
tors because it results in low serum lev-
els of these drugs. Rifabutin has less of
an effect and therefore can be used with
certain protease inhibitors. Updated rec-
ommendations on the use of antiretro-

2780

JAMA, June 8, 2005—Vol 293, No. 22 (Reprinted with Corrections)

viral regimens among patients under-
going treatment for TB have been
published*? and are available from the
CDC at http://www.cdc.gov/nchstp/tb
/TB_HIV_Drugs/TOC.htm.

Persons infected with HIV who be-
gin taking antiretroviral agents early in
the course of their anti-TB therapy are
more likely to experience the immune
reconstitution syndrome, which is char-
acterized by exacerbation of symptoms
and signs or by radiographic manifes-
tations of TB.” There are no data to in-
dicate the optimal timing of initiation of
antiretroviral therapy among HIV-
infected patients with TB. However, to
try to reduce the risk of immune recon-
stitution reactions from occurring, it has
been recommended to delay initiation
of antiretrovirals until after 2 months of
anti-TB therapy if possible.’

Extrapulmonary TB. The basic prin-
ciples that underlie the treatment of pul-
monary TB also apply to extrapulmo-
nary forms of the disease. A 6-month
course of therapy is recommended for
treating drug-susceptible TB involving
any site with the exception of the me-
ninges for which a 9- to 12-month regi-
men is recommended.’ Prolongation of
therapy also should be considered for pa-
tients with extrapulmonary TB that is
slow to respond to treatment. The ad-
dition of corticosteroids is strongly rec-
ommended for patients with TB peri-
carditis and meningitis to improve
outcomes and decrease mortality.>**

Drug-Resistant TB. Treatment of
drug-resistant TB, especially multidrug-
resistant TB, which is defined by resis-
tance to at least isoniazid and rif-
ampin, is quite challenging and should
only be performed by or in close con-
sultation with an expert in the man-
agement of drug-resistant disease.
Treatment guidelines for multidrug-
resistant TB have been published.”

Response to Treatment. For pa-
tients undergoing treatment for pul-
monary TB, it is recommended that a
sputum specimen for an AFB smear and
culture should be obtained at least
monthly until 2 consecutive speci-
mens are culture-negative.’ It is cru-
cial to obtain a sputum specimen for an

AFB smear and culture after 2 months
of therapy because this result is an im-
portant risk predictor of relapse. Drug-
susceptibility tests should always be
performed on the initial positive cul-
ture and should be repeated on M tu-
berculosis isolates from patients who
have positive cultures after 3 months
of treatment. All patients undergoing
treatment for TB should be seen on a
monthly basis and have a clinical evalu-
ation to identify possible adverse ef-
fects of the anti-TB medications and to
assess adherence.

New Drugs for TB Treatment

Following decades of neglect, there is
now renewed hope and interest in the
development of drugs to treat TB.?” The
effort for drug development is in large
part being coordinated by the Global Al-
liance for TB Drug Development,*® a re-
cently established organization that has
been building public-private partner-
ships with the objective of creating a
portfolio of new TB drugs and bring-
ing anew TB drug to the market in the
next decade. There has been consider-
able excitement about the potential of
anewly discovered novel diarylquino-
line that considerably reduces the time
necessary to treat TB in mice.”” Fur-
ther studies are needed to determine if
this potential will be met in the treat-
ment of humans with TB.

Latent TB Infection

As cases of TB have decreased in the
United States,’ there has been re-
newed interest and focus on the treat-
ment of latent TB infection as an im-
portant TB-control strategy.?®** Two
broad categories of candidates for la-
tent TB infection testing are persons
who are likely to have been recently in-
fected (such as contacts to infectious TB
cases) and persons who are at in-
creased risk of progression to TB dis-
ease following infection with M tuber-
culosis because of certain clinical
conditions (eg, HIV infection and se-
lected medical conditions; recent im-
migrants to the United States from high
TB-burden countries).® Prior to begin-
ning treatment for latent TB infection,
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it is essential that active TB be ex-
cluded by a chest radiograph and symp-
tom review in all persons suspected of
having latent TB infection.

For more than 100 years, the only test
to identify latent TB infection was the
tuberculin skin test. Diagnostic crite-
ria for what constitutes a positive tu-
berculin skin test appear in Box 2.°
Limitations of the tuberculin skin test
include (1) reader variability; (2) false-
positive test results due to cross-
reactivity with environmental myco-
bacteria and with previous BCG
vaccination; and (3) false-negative test
results due to anergy in immunosup-
pressed individuals, emphasizing the
need for new and better diagnostic tests
for latent TB infection.” In recent years,
peripheral blood T-cell-based inter-
feron vy (IFN-v) assays have been de-
veloped and investigated. There are 2
commercially available tests: a whole-
blood IFN-y release assay (QuantiF-
ERON-TB Gold, Cellestis Ltd, Victo-
ria, Australia), which has been recently
approved by the Food and Drug Ad-
ministration; and an enzyme-linked im-
munospot assay (T SPOT-TB, Oxford
Immunotec, Oxford, England), which
is approved for use in Europe. The CDC
has published guidelines on the use of
the first generation QuantiFERON-TB
assay, which is no longer available,*
and will be publishing guidelines for use
of second generation QuantiFERON-TB
Gold, which uses TB-specific anti-
gens, in selected patient populations.
These T-cell-based assays offer hope for
improved sensitivity and specificity for
the diagnosis of infection with M tu-
berculosis.*'*> However, prospective
studies are needed to determine (1)
whether IFN-y responses are predic-
tive of those who have a high risk of
progression to active TB, (2) the util-
ity of such tests in specialized sub-
groups of patients (including children
and HIV-infected persons), and (3)
whether treating latent TB infection
based on IFN-y results will reduce the
TB burden in low-incidence countries
such as the United States.

Isoniazid remains the drug of choice
for treatment of latent TB infection

©2005 American Medical Association. All rights reserved.
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Box 2. Criteria for a Positive Tuberculin Skin Test by Risk Group

Response With =5-mm Induration

Positive test result for human immunodeficiency virus (HIV)

Contact with someone who has tuberculosis (TB)

Fibrotic changes on chest radiograph consistent with prior TB

Organ transplant recipients, patients receiving tumor necrosis factor a inhibitors
(eg, infliximab, etanercept, adalimumab) or other immunosuppression (receiv-
ing the equivalent of >15 mg/d of prednisone for =1 month)*

Response With =10-mm Induration

Recent immigrant from high-prevalence country

Injection drug use

Resident or employeet of a prison or jail, nursing home or other long-term facil-
ity for the elderly, hospital or other health care facility, residential facility for
patients with AIDS, or a homeless shelter

Works at mycobateriology laboratory

Person at high risk due to having silicosis, diabetes mellitus, chronic renal failure,
some hematologic disorder, other specific malignancy (eg, carcinoma of the head
or neck and lung), weight loss higher than 10% of ideal body weight, gastrec-

tomy, or jejunoileal bypass
high risk
Response With =15-mm Induration

Source: American Thoracic Society.®

duration.

Child younger than 4 years; and infant, child, or adolescent exposed to an adult at

Anyone (including a person without risk factors for TB)

*Risk of TB in patients treated with corticosteroids increases with higher dose and longer

tFor persons who are otherwise at low risk and are tested at the start of employment, a 15-mm
induration response or higher is considered positive.

(TABLE 3).%" The effectiveness of iso-
niazid for treatment of latent TB infec-
tion has been reported to range from
25% t0 92%.° However, when the analy-
sis was restricted to persons who were
compliant with the medication, the pro-
tective efficacy was approximately 90%.
The preferred duration of treatment
with isoniazid for latent TB infection in
all patient populations is 9 months be-
cause clinical trial data suggest that the
maximal benefit is achieved by this pe-
riod (Table 3).%%¢ Treatment with iso-
niazid for 6 months is an alternative for
HIV-seronegative adults.

The most important adverse effect of
isoniazid is hepatitis. The rate of symp-
tomatic isoniazid-related hepatitis has
been estimated to be 1 to 3 per 1000
persons.’’*® However, asymptomatic
liver enzyme abnormalities are rela-

tively common.*** The most impor-
tant cofactor for the development of iso-
niazid-induced hepatitis is alcohol
consumption. All persons taking iso-
niazid should be educated about the
symptoms of hepatitis so that they can
be evaluated before hepatitis becomes
severe. In an effort to prevent the de-
velopment of neuropathy, 25 to 50 mg/d
of pyridoxine should be given concur-
rently with isoniazid to persons
predisposed to neuropathy (such as pa-
tients with diabetes, uremia, malnutri-
tion, and HIV infection), pregnant
women, and persons with seizure
disorders.

Treatment with rifampin alone for 4
months is an alternative choice for treat-
ment of latent TB infection (Table 3).
However, rifampin for treatment of la-
tent TB infection has not been exten-
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sively studied. In the only large ran-
domized trial evaluating its use, 10% of
the patients taking rifampin alone for
3 months developed TB within 5 years
of completing therapy.” Rifampin is
best used in patients who are pre-
sumed to have infection with isoniazid-
resistant strains of M tuberculosis. Data
regarding toxicity in patients taking rif-
ampin alone for latent TB infection are
limited. However, rifampin alone ap-
peared to be well-tolerated and had a
very low rate of hepatotoxicity in 3 pub-
lished studies.”-*

For patients being treated for latent
TB infection, baseline and monthly
laboratory testing of liver enzymes are
not routinely recommended by the
guidelines from the American Tho-
racic Society and the CDC.° Baseline
and monthly laboratory testing of liver
enzymes is recommended for HIV-
infected persons; pregnant women and
those women who are within 3 months
postpartum; persons with a chronic
liver disease; and persons who con-
sume alcohol regularly.® Baseline and

monthly monitoring of liver enzymes
should also be performed for patients
with comorbid illnesses who are also
taking other medications that can be
hepatotoxic. Isoniazid or rifampin
should not be given if a symptomatic
patient’s serum transaminase level is
higher than 3 times the upper limit of
normal or if an asymptomatic pa-
tient’s serum transaminase level is
higher than 5 times the upper limit of
normal.®’ Recommendations on doses
and length of therapy for latent TB in-
fection are summarized in Table 3.

In 2000, guidelines from the Ameri-
can Thoracic Society and the CDC rec-
ommended a third option for the treat-
ment of latent TB infection in adults: a
2-month regimen of rifampin and pyra-
zinamide.® This recommendation was
based on studies performed in HIV-
infected persons that suggested this
regimen was as effective and safe as iso-
niazid.** Unfortunately, following the
initial recommendation for the wider
use of rifampin and pyrazinamide for
latent TB infection among all adults,®

48 cases of severe liver injury and/or
death were reported to the CDC among
patients treated with the regimen of rif-
ampin and pyrazinamide.” The CDC es-
timated the rate of hospitalization from
liver injury related to the regimen of rif-
ampin and pyrazinamide to be 3 per
1000 persons treated for latent TB in-
fection and the rate of death from liver
injury to be 0.9 per 1000 persons
treated, which is substantially higher
than the risk of death reported in the
literature for isoniazid (0-0.3 per 1000
persons; median, 0.04 per 1000 per-
sons).” As a result, revised guidelines
that rifampin plus pyrazinamide should
not be used to treat latent TB infection
in either HIV-infected or uninfected
persons were published by the Ameri-
can Thoracic Society and the CDC in
2003 and were endorsed by the Infec-
tious Diseases Society of America.”
Several additional studies have ex-
amined the risk of hepatic toxicity of
treatment with rifampin and pyrazin-
amide for latent TB infection.**° These
studies demonstrate an increased rate

]
Table 3. Recommended Regimens for the Treatment of Latent TB Infection*

Rating/
Dosage and Duration Evidence Levelt®
[ 10 1
Drug and HIV HIV
Regimen Adults Children Negative Positive Comment
Isoniazid Preferred regimen for adults and children; should be
given to HIV-infected persons and those with
fibrotic lesions on chest radiograph; concomitant
administration of antiretrovirals is permissible
Daily 5 mg/kg for 9 mo 10-15 mg/kg for 9 mo A/l A/l
Maximum 300 mg 300 mg
2 d/wk 900 mg for 9 mo 20-30 mg/kg for 9 mo B/l B/l Directly observed therapy must be used
Maximum 900 mg
Isoniazid Alternative regimen for HIV-negative adults
Daily 5 mg/kg for 6 mo NA B/ C/
Maximum 300 mg NA
2 d/wk 900 mg for 6 mo NA B/ C/l Directly observed therapy must be used
Rifampint Alternative regimen for the treatment of latent TB
infection; should be used to treat contacts of
patients with isoniazid-resistant TB
Daily 10 mg/kg for 4 mo 10-20 mg/kg for 6 mo B/ B/l
Maximum 600 mg 600 mg

Abbreviations: HIV, human immunodeficiency virus; NA, not recommended for children for 6 months; TB, tuberculosis.

*The use of rifampin and pyrazinamide for the treatment of latent TB infection is not recommended (D/Il) for any patients because of reports of high rates of severe hepatoxicity with
this regimen. Sources: American Thoracic Society,® Centers for Disease Control and Prevention,” and the Peditric Tuberculosis Collaborative Group.?

TRating level: A indicates preferred regimen; B, acceptable alternative; C, offer when A and B cannot be given; D, generally should not be given; E, should never be given. Evidence
level: | indicates based on data from a randomized trial with clinical end points; Il, data from clinical trials that were not randomized or were conducted in other populations; Ill,

expert opinion.

FCannot be taken by HIV-infected persons taking protease inhibitors or certain nonnucleoside reverse transcriptase inhibitors. These persons should take rifabutin. Current data are
available at: http://www.cdc.gov/nchstp/tb/TB_HIV_Drugs/TOC.htm or http://www.aidsinfor.nih.gov/guidelines. Many drug interactions can result in decreased levels of other
concomitantly administered drugs (eg, antiretrovirals, warfarin, methadone).
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of hepatotoxicity for patients not in-
fected with HIV and treated with rif-
ampin and pyrazinamide for latent TB
infection. Combining results from all
of these studies results in a rate of mod-
erate-to-severe liver injury of 7.3%. The
reason for the increased rate of hepa-
totoxicity among those taking this regi-
men for latent TB infection is not
known.

A major limitation of the treatment
of latent TB infection is poor comple-
tion rates for self-administered
therapy.”””® Nearly 40 years after iso-
niazid was introduced into clinical prac-
tice for the treatment of latent TB in-
fection, little progress has been made
in the identification of new, shorter, and
safer regimens for the treatment of la-
tent TB infection.”®> Currently, the
CDC-funded TB Trials Consortium is
performing a randomized, multi-
center study to compare a 3-month regi-
men of isoniazid and rifapentine given
once weekly with a 9-month regimen
of isoniazid given daily. Results from
that study will not be available for sev-
eral years.

Conclusions

Updated recommendations on the treat-
ment of TB and latent TB infection ex-
ist. Prescribing an appropriate treat-
ment regimen for TB and ensuring
completion of therapy is best achieved
with directly observed therapy, which
is essential for curing patients with the
disease, minimizing the risk of emer-
gence of drug-resistant disease, and for
enhancing TB control. Thus, treat-
ment of TB often requires close col-
laboration between the public and pri-
vate sectors. New drugs are needed for
the treatment of multidrug-resistant TB
and to shorten treatment regimens to
less than 6 months for those with drug-
susceptible TB. Better diagnostic tests
for latent TB infection and shorter, safe,
and efficacious treatment regimens are
needed to enhance the use of detec-
tion and treatment of latent TB infec-
tion as a TB-control strategy.
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ence call aimed at closing the gap be-
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how much of this knowledge can be
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call, facilitated by clinical experts,
should help readers answer their
questions and consider the implica-
tions of the study results for their
practice. We will be studying the
degree to which readers who
participate report implementing
this change within their practice,
and participants will be asked to

complete 3 short surveys (at regis-
tration, immediately after the call,
and 3 months after the call), which
will assess clinical application.
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In Reply: Drs Harrison and Young criticize the source of
the estimate for IT project failures. This is understandable
because most of what we hear about, and most publicly re-
ported information including the research literature, tends
to be biased in favor of successes.! In addition, when does a
system “fail”—when it is rejected by users, when it does not
perform as was promised, or when its implementation costs
3 times the budgeted figure? Good estimates are hard to find,
and we opted for a conservative one. Other sources are com-
parable. Surveys of chief information officers conducted
yearly since 1994 have suggested that only 15% to 30% of
IT projects are completed successfully, on time, and within
budget. About 30% are abandoned uncompleted, and the
remainder have serious cost or time overruns (by a factor
of 2-3) or are seriously deficient in their ultimate function-
ality.>®> A Computer-based Patient Record Institute study in
1998 showed a dismal 95% failure rate in the case of elec-
tronic patient records.* Finally, even if the proportion of suc-
cessful systems is higher than we thought, that is no reason
for comfort, because the system studied by Koppel et al’
would have been considered a “success” by most accounts.
We agree, though, that more research is required into the
area of success and failure. At the same time, we also argue
that there is already much known about these failures, but
that understanding is at risk of being ignored in the cur-
rent climate of enthusiasm.

We agree with most of Dr Mitchell’s points. We do not
believe that the development of useful computer-based
aids to clinical work is completely impossible but, rather,
that it is difficult and may be impossible using traditional
development methods. Ethnographic techniques are
superb tools to truly understand the nature of work pro-
cesses, and we have frequently argued for such methods
ourselves.

Most important is the awareness that a vision of organi-
zational change has to precede IT systems implementation
for beneficial results to be achieved. That vision should rec-
ognize that clinical IT projects are incredibly complex so-
cial endeavors in unforgiving environments that happen to
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involve computers, as opposed to IT projects that happen
to involve physicians.® Throwing IT at a health care system
to remedy high medication error rates will not be effective
unless the organizational reasons for those failures also are
addressed. These reasons are hidden in the “messy details”
of clinical work”: complexity; uncertainty; conflicting goals;
gaps in supplies, procedures, and coordination; brittleness
of tools and organizational routines; and the lack of accep-
tance that high-risk work environments require “high-
reliability” working routines and organizational struc-
tures. As long as these deeper issues remain unaddressed,
introducing IT, particularly technologies focused on im-
proving decision making by individual clinicians, will not
advance us much further.
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CORRECTIONS

Error in Table: In the Original Contribution entitled “Secular Trends in Cardiovas-
cular Disease Risk Factors According to Body Mass Index in US Adults” published
in the April 20, 2005, issue of JAMA (2005;293:1868-1874), Table 1 contained
an error. The row labeled “High school education, %" should have been labeled
“Less than high school education, %."

Incorrect Dosage: In the Special Communication entitled “Update on the Treat-
ment of Tuberculosis and Latent Tuberculosis Infection” published in the June 8,
2005, issue of JAMA (2005;293:2776-2784), there was an incorrect dosage in
Table 2. The daily isoniazid dosage for adults should be 5 mg/kg not 300 mg/kg.
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