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N the 1980s, after decades of steadily declining
rates of tuberculosis, ambitious plans were made
to eliminate the disease in the United States. De-

spite these plans, the control of tuberculosis was ne-
glected, resulting in a resurgence of the disease.

 

1

 

 This
resurgence has reminded us that the overall goal of
public health programs must be not merely the pro-
vision of health care for marginalized persons, but a
systematic commitment to protect the health of the
general public in a time of increasing globalization.
Regrettably, these lessons have come at considerable
costs, in terms of both individual health and health
care budgets.

Fortunately, renewed attention to basic public health
practices has reversed this trend, and the rate of tuber-
culosis is now at a historical low in the United States.
A recent Institute of Medicine study concluded that
we have been given another, perhaps final, chance to
control and even eliminate tuberculosis in the United
States.

 

2

 

 The study further concluded that capitalizing
on this opportunity will require continued attention
to the treatment of cases of active tuberculosis, plus an
expanded initiative to identify and treat persons with
latent tuberculosis infection. In this article, we will
review what health care providers must know and do
as part of the effort to eliminate tuberculosis in the
United States.

 

EPIDEMIOLOGIC FEATURES

 

Between the mid-1980s and the early 1990s, the
synergistic combination of a deteriorating public
health infrastructure, inadequate institutional control
of infection, urban crowding, the epidemic of human
immunodeficiency virus (HIV) infection, and immi-

I

 

gration resulted in a resurgence of tuberculosis (Fig. 1),
including infections with multidrug-resistant strains.

 

3

 

A conservative estimate is that this resurgence result-
ed in 67,000 more cases of tuberculosis than would
have occurred had the strategy designed by the Cen-
ters for Disease Control and Prevention (CDC) and
its Advisory Council for the Elimination of Tuber-
culosis been successfully implemented.

 

4

 

Since its peak in 1992, the case rate for tuberculosis
has decreased steadily. In 2000, 16,377 cases (5.8 cases
per 100,000 population) were reported to the CDC,
which represented a 45 percent decrease from the peak
rate and was the lowest rate in U.S. history.

 

5

 

 This im-
provement is largely attributable to a comprehensive
strengthening of control activities and the resulting
decrease in the transmission of 

 

Mycobacterium tuber-
culosis

 

 from persons with active disease. The financial
costs of losing control of tuberculosis have been im-
mense; in New York City alone, this cost has been
estimated as approximately $1 billion.

 

6

 

 As the rates
of tuberculosis have declined, the distribution of cases
has been limited to identifiable populations, primarily
in urban and immigrant communities.

 

7-9

 

However, the previous era of uncontrolled trans-
mission of 

 

M. tuberculosis 

 

and continued immigration
from areas with high rates of tuberculosis have result-
ed in a large number of cases of latent tuberculosis in-
fection. The development of active disease in persons
with latent infection poses a continual threat of trans-
mission, the control of which will be particularly dif-
ficult in regions where low case rates have resulted in
decreased expertise in the identification and control
of outbreaks of tuberculosis.

 

10

 

In contrast to the situation in the United States, it
is not realistic even to contemplate the global elimina-
tion of tuberculosis with available interventions. Cur-
rently, more than one third of the world’s population
is infected with 

 

M. tuberculosis;

 

 8 million new cases
and approximately 2 million deaths are reported each
year.

 

11

 

 Although progress is being made in controlling
the disease with the use of directly observed short-
course treatment, this strategy may not be adequate in
the many regions with high rates of HIV infection and
drug-resistant tuberculosis.

 

12-14

 

 The active participa-
tion of the United States in global programs to control
tuberculosis is both a responsibility and an essential
component of our efforts to eliminate the disease in
this country.

 

CLINICAL CONSEQUENCES

OF INFECTION

 

Virtually all 

 

M. tuberculosis 

 

is transmitted by air-
borne particles that are 1 to 5 µm in diameter (Fig. 2
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and 3).

 

15

 

 Transmission is greatly influenced by char-
acteristics of the source case (such as the number of
bacteria excreted) and the nature of the encounter
(such as the duration and closeness of exposure). How-
ever, regardless of these factors, it is thought that in-
fection results when as few as one to five bacteria are
deposited in a terminal alveolus. Primary tuberculosis,
a self-limited, mild pneumonic illness that generally
goes undiagnosed, may develop in a subgroup of in-
fected persons. During this illness, bacillemia and
seeding of other organs may occur, setting the stage
for subsequent reactivation in extrapulmonary sites.

A precarious balance is subsequently struck between
the host and the pathogen. In about 5 percent of per-
sons, the infection progresses from a latent form to
active disease within two years after infection, and an
additional 5 percent have active disease at some later
point in their lives. Although the majority of cases of
active tuberculosis are thought to arise from a reac-
tivation of latent infection, exogenous reinfection with
a second strain of 

 

M. tuberculosis

 

 can occur, particularly
in profoundly immunocompromised persons and in
those heavily exposed to new bacilli.

 

16-18

 

The symptoms of tuberculosis are protean and non-
specific and can be classified as either systemic or or-
gan-specific. Classic systemic symptoms include fever,
night sweats, anorexia, weight loss, and weakness.
However, since tuberculosis is associated with other ill-
nesses that have similar symptoms, this lack of spec-

ificity can result in a delayed diagnosis or even a mis-
diagnosis.

Organ-specific symptoms of pulmonary tuberculosis
include cough, pleuritic pain, and hemoptysis. In pa-
tients with primary tuberculosis, chest radiographs of-
ten show infiltrates in the middle or lower lung zones,
with ipsilateral hilar adenopathy. In patients with re-
activation tuberculosis, the classic radiographic find-
ings include upper-lobe infiltrates, frequently with cav-
itation.

 

19

 

 The clinical signs of pulmonary tuberculosis
are more varied and less specific in persons with HIV
infection.

 

20

 

Although the lung is the primary site of disease in
80 to 84 percent of cases of tuberculosis in the Unit-
ed States,

 

7

 

 extrapulmonary tuberculosis has become
more common with the advent of HIV infection, and
the risk of tuberculosis increases as immunosuppres-
sion progresses.

 

21-23

 

 The most commonly reported ex-
trapulmonary sites of disease are the lymph nodes,
pleura, and bones or joints.

 

7

 

 Other sites include the
genitourinary system, the central nervous system, the
abdomen and pericardium, and in rare cases, virtually
any other organ.

 

19

 

TREATMENT OF DISEASE

 

Comprehensive treatment of tuberculosis requires
a complex interaction between clinical care and public
health. All states require that cases of tuberculosis be
reported to public health authorities. Such reports

 

Figure 1.

 

 Reported Cases of Tuberculosis in the United States from 1975 to 1999.
The shaded area represents the 67,000 cases that would not have occurred if earlier plans for the elimination of the
disease had been successfully implemented.
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set in motion a range of activities designed not only
to treat the individual patient but also to protect the
health of other persons in the community. Even when
care is provided by the private medical sector, the treat-
ment of patients with tuberculosis should be moni-
tored by public health officials to ensure compliance,
prevent the emergence of drug-resistant organisms, co-
ordinate the evaluation of contacts, monitor patterns
of drug resistance in the community, provide patient
education, and identify possible outbreaks.

 

Antituberculosis Drugs

 

Five first-line antimicrobial agents (Table 1) form the
basis of currently recommended antituberculosis ther-
apy. Extensive studies of these drugs have shown that
they have favorable therapeutic ratios.

 

30,31

 

 An addition-
al drug, rifabutin, can be substituted effectively for
rifampin in order to minimize interactions with pro-
tease inhibitors and nonnucleoside reverse-transcrip-
tase inhibitors used to treat HIV infection.

 

32

 

 The sec-
ond-line medications (Table 1) either have been shown
to be less effective and more toxic than the first-line
agents or have not been studied as extensively. Because
these medications have not been proved to be equiva-
lent to the first-line agents, they should be used only
in patients who cannot tolerate the first-line drugs
or who are infected with organisms that are resistant
to them.

 

Current Recommendations

 

According to the current recommendations, when-
ever possible, isoniazid should be used (in conjunction
with other drugs) for the duration of therapy because

of its efficacy, low cost, and tolerability.

 

33

 

 If rifampin
is not used, 18 months is the minimal duration of ther-
apy associated with acceptable rates of cure. In the ab-
sence of drug resistance, a regimen of isoniazid and
rifampin administered for nine months is curative. The
addition of pyrazinamide for the first two months of
treatment allows the regimen to be shortened to six
months and is associated with improved compliance
and cure rates. No regimen administered for less than
six months has acceptable cure rates for cases of cul-
ture-confirmed tuberculosis.

 

33

 

Of equal importance for successful therapy is the
administration of medications according to a sched-
ule conducive to adherence. An important advance in
this respect has been the use of six-month regimens,
with an initial period of daily drug administration,
followed by administration two or three times a week
under direct observation. The currently recommended
regimens include initial treatment with three or four
antituberculosis agents, followed by a four-month con-
tinuation phase in which two drugs are administered.
In selecting a regimen for an individual patient, the
clinician should consider the local rates of drug resist-
ance and the schedule of administration that is most
likely to ensure adherence.

The most commonly used regimen consists of iso-
niazid, rifampin, and pyrazinamide administered daily
for 8 weeks, followed by isoniazid and rifampin given
daily, twice a week, or three times a week for 16 weeks.
Unless the rate of resistance to isoniazid is document-
ed to be less than 4 percent in the community, etham-
butol or streptomycin should also be used until the
organism is known to be fully susceptible to all drugs
used. An alternative approach is to use the same initial
drugs but to administer them daily for 2 weeks, then
twice a week for 6 weeks, followed by the administra-
tion of isoniazid and rifampin daily, twice a week, or
three times a week for 16 weeks. Alternatively, isoni-
azid, rifampin, pyrazinamide, and ethambutol or strep-
tomycin can be administered three times a week for
the entire six-month period. Finally, for patients with
cultures that remain negative for 

 

M. tuberculosis,

 

 ther-
apy can be discontinued after only two months of the
continuation phase of treatment with isoniazid and
rifampin.

 

33

 

In the late 1980s, it became clear that a substantial
number of patients were not completing treatment

 

34

 

and that noncompliance was unrelated to the level
of education, race or ethnic group, income, or other
demographic or social factors. To address this prob-
lem, the American Thoracic Society and the CDC rec-
ommended that direct observation of therapy (often
referred to as DOT) by a trained health care worker
be considered for all patients as part of a comprehen-
sive patient-centered program with features that en-
courage patients to complete therapy (e.g., incentives
such as meals, food coupons, or cash, as well as ex-
panded clinic hours, child care, and transportation

 

Figure 2.

 

 Photomicrograph of an Acid-Fast Smear of 

 

Mycobac-
terium tuberculosis.

 

The pathogen is likely to kill more than 20 million persons in
the coming decade. Photograph provided courtesy of Alfredo
Ponce de Leon.
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vouchers), as well as staff members who can commu-
nicate in the patient’s native language and who are sen-
sitive to cultural issues and a mechanism to ensure im-
mediate follow-up of patients who do not adhere to
the treatment regimen.

 

35,36

 

 The value of directly ob-
served therapy is supported by a comprehensive review
of 27 studies of adherence to treatment regimens for
pulmonary tuberculosis, which showed that the rate
of adherence increased with the intensity of the pro-
gram of directly observed therapy.

 

37

 

 A regimen that
includes the use of rifapentine, a long-acting rifamy-
cin, once a week in the continuation phase of treat-
ment is being studied in a further effort to increase
adherence.

 

38,39

 

Because treatment differs for persons infected with
drug-resistant strains, every effort should be made to
obtain adequate specimens for culture and suscepti-
bility testing before treatment is initiated. In adults,

base-line measurements of hepatic enzymes, bilirubin,
and creatinine and a complete blood count with a
platelet count should be performed. If pyrazinamide
is used, uric acid levels should be measured, and if
ethambutol is given, visual acuity and red–green col-
or perception should be tested. In general, only visual
acuity and color-perception tests are necessary in chil-
dren. During treatment, all patients should be asked
about symptoms, and monitored for adverse effects
on a monthly basis.

A chest radiograph should be obtained at the be-
ginning of treatment to help establish the diagnosis.
For culture-negative cases of tuberculosis, the response
to therapy is monitored by reviewing symptoms and
obtaining a chest radiograph at three months. A chest
radiograph should also be obtained at the end of treat-
ment as a base line for future reference.

The rapidity of the resolution of symptoms, al-

 

Figure 3.

 

 Transmission of Tuberculosis and Progression from Latent Infection to Reactivated Disease.
Among persons who are seronegative for the human immunodeficiency virus (HIV), approximately 30 percent of heavily exposed
persons will become infected. In 5 percent of persons with latent infection, active disease will develop within two years, and in an
additional 5 percent, progression to active disease will occur later. The rate of progression to active disease is dramatically increased
among persons who are coinfected with HIV.

Transmission

Progression
within 2

years, 5%

Progression with
concurrent HIV infection,

10% each year

“Reactivation”
Tuberculosis

Latent
Tuberculosis

Primary
Tuberculosis

Skin-test
conversion in
6 to 8 weeks

Spontaneous
healing in
6 months

Progression
after 2 years,

5%

Downloaded from www.nejm.org at ST MATTHEWS UNIV SCH MED on May 29, 2004.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



 

MEDICAL PROGRESS

 

N Engl J Med, Vol. 345, No. 3

 

·

 

July 19, 2001

 

·

 

www.nejm.org

 

·

 

193

 

though helpful in assessing an individual patient’s re-
sponse to therapy, can be highly variable.

 

40

 

 Thus, in
persons with positive sputum cultures, the conversion
to negative cultures provides the only objective meas-
ure of successful treatment, and cultures should be
obtained monthly until conversion is documented.
More than 85 percent of patients who receive both
isoniazid and rifampin have negative sputum cultures
within two months after the initiation of treatment. If
cultures remain positive for more than three months,
nonadherence, malabsorption of drugs, drug resist-
ance, or some combination of these factors should be
suspected. Adherence to the treatment regimen can
be assessed by pill counts, as well as by evaluation of
urine for discoloration in patients taking rifampin and
testing for elevated uric acid levels in those taking
pyrazinamide. Although blood levels of antitubercu-
losis medications are usually not monitored, such
monitoring may be prudent if therapy is ineffective.
A sputum sample should be cultured at the comple-
tion of treatment to document a cure.

 

TREATMENT IN SPECIAL SITUATIONS

 

HIV-Infected Patients

 

HIV-infected persons who adhere to standard reg-
imens of treatment for tuberculosis do not have an in-
creased risk of treatment failure or relapse. Thus, in
general, the duration of treatment with antitubercu-
losis drugs in such persons is six months. Treatment
should be prolonged, however, if the bacteriologic or
clinical response is slow or suboptimal.

 

32,41

 

The use of protease inhibitors and nonnucleoside
reverse-transcriptase inhibitors for the treatment of
HIV infection has complicated the treatment of tuber-
culosis in HIV-infected persons. The administration of
these drugs with rifampin can result in subtherapeu-
tic blood levels of antiretroviral agents and toxic levels
of rifampin. Rifabutin has fewer interactions with pro-
tease inhibitors and nonnucleoside reverse-transcrip-
tase inhibitors. The protease inhibitors indinavir and
nelfinavir, the nonnucleoside reverse-transcriptase in-
hibitor nevirapine, and all the other currently available
nonnucleoside reverse-transcriptase inhibitors can be
used with rifabutin; the protease inhibitors saquinavir
and amprenavir and the nonnucleoside reverse-trans-
criptase inhibitor efavirenz can probably be used with
rifabutin. However, the protease inhibitor ritonavir and
the nonnucleoside reverse-transcriptase inhibitor dela-
virdine should not be used with rifabutin.

 

32

 

Extrapulmonary Tuberculosis

 

Given the excellent tissue penetration of antituber-
culosis agents and the relative paucity of organisms at
extrapulmonary sites of infection, as compared with
the numbers of organisms in the lung, the treatment
of extrapulmonary disease should be no more difficult
than that of pulmonary disease. Thus, the six-month

regimens outlined above should suffice. However,
there have been few controlled trials of treatment in
patients with extrapulmonary disease, and the use of
12-month regimens is still recommended for menin-
gitis in infants and children, and for miliary tubercu-
losis and bone or joint involvement in patients of all
ages, with the extra months added to the continuation
phase of treatment.

 

33

 

Drug-Resistant Tuberculosis

 

Drug-resistant tuberculosis can sometimes be an-
ticipated on epidemiologic grounds but is more com-
monly recognized on the basis of the results of cultures
and susceptibility tests. Isolated isoniazid-resistant tu-
berculosis should be treated with rifampin, pyrazin-
amide, and ethambutol for six months.

 

33

 

 For cases of
tuberculosis in which the strains are resistant solely to
rifampin, an alternative regimen is the administration
of isoniazid and ethambutol for 18 months or isonia-
zid, pyrazinamide, and streptomycin for 9 months.

 

42

 

Multidrug-resistant tuberculosis (defined as resistance
to at least isoniazid and rifampin) is curable even in
low-income countries, but the necessary therapy is
complex and should be administered in collaboration
with a clinician who has expertise in treating such
cases.

 

43-45

 

MANAGEMENT OF LATENT 

TUBERCULOSIS INFECTION

 

As the number of reported cases of tuberculosis in
the United States continues to decline and the disease
retreats into specific populations, general internists
may not diagnose or treat a case of active tuberculosis
for decades. However, most health care providers will
frequently see patients who should be screened or
treated for latent tuberculosis infection. In a recently
released statement, the American Thoracic Society and
the CDC recommended that the more precise phrase
“treatment of latent tuberculosis infection” replace the
ambiguous terms “preventive therapy” and “chemo-
prophylaxis.”

 

46

 

 Treatment of latent tuberculosis infec-
tion is both a basic component of preventive health
care for individual patients and an increasingly impor-
tant public health intervention. An emphasis on the
diagnosis and treatment of latent tuberculosis infec-
tion represents a substantial shift in the approach to
tuberculosis control.

 

47

 

Candidates for Tuberculin Skin Testing

 

Testing for tuberculosis infection should be per-
formed only in persons who are at high risk for infec-
tion and who would benefit from treatment. Because
of the limited specificity of screening procedures, their
widespread application to low-risk populations is likely
to generate false positive results in most cases. A de-
cision to test a patient should reflect a commitment to
treat the patient if the test is positive. Groups that are
at high risk for tuberculosis infection and should be
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targeted for tuberculin testing include HIV-infected
persons, immigrants from countries with high rates of
tuberculosis, homeless persons, health care profession-
als, and persons living or working in long-term care
facilities.

Persons who are at high risk for the progression
from latent infection to active disease and who should
therefore be specifically targeted for testing include
those with immunosuppressive conditions and those
who have recently been exposed to infectious tuber-
culosis. Persons coinfected with HIV and M. tuber-
culosis have the highest rates of progression to active
disease, with an annual rate of progression ranging
from 3.5 to 16.2 percent. Other conditions that confer
a predisposition to the progression from latent infec-
tion to active disease include diabetes mellitus (relative
risk as compared with that in the general population,
2 to 4), chronic renal failure (relative risk, 10 to 25),
head or neck cancer (relative risk, 16), and organ trans-
plantation (relative risk, 20 to 74). Injection-drug use
is a strong risk factor, even in the absence of HIV in-
fection. Silicosis, the presence of radiographic mani-
festations suggestive of untreated tuberculosis, and a
body weight that is 5 to 15 percent less than the ideal
weight are also indications for testing.46 In addition,
close contacts of patients with infectious tuberculosis
and persons who have immigrated to the United States
within the previous five years from areas with a high
incidence of tuberculosis should be tested.48,49

Interpreting Tuberculin Skin Test Results

Although it is imperfect, the gold standard for diag-
nosing latent tuberculosis infection remains the intra-
dermal injection of purified protein derivative (5 TU)
into the volar or dorsal surface of the forearm (Man-
toux method). Multipronged devices should not be
used, because it is difficult to quantify accurately the
amount of antigen being applied. The diameter of in-
duration (not erythema) should be measured in milli-
meters 48 to 72 hours after injection, although posi-
tive reactions usually persist for at least seven days.19,50

Because the tuberculin skin test is imperfect, three
different diameters of induration have been defined as
indicative of latent tuberculosis infection in order to
increase the predictive value of the test.51 The lowest
cutoff value (5 mm) is used for persons who may not
have a strong immunologic response, including per-
sons who are infected with HIV or are being treated
with immunosuppressive drugs such as corticosteroids.
A cutoff value of 5 mm is also used for those with
recent exposure to persons with infectious tuberculo-
sis, who may not yet have mounted a full immunologic
response. The same cutoff value is used for persons
with a high pretest probability of infection, as evi-
denced by abnormalities on a chest radiograph. A cut-
off value of 15 mm is used for persons at low risk for
tuberculosis. For all other persons, the cutoff value is
10 mm. A person with a negative initial tuberculin

test and a subsequent test performed within two years
that shows an increase of at least 10 mm in the diam-
eter of induration is considered to have had a conver-
sion to a positive skin test, indicating recent infection
and a high risk of progression to active disease.

In contrast, persons infected with M. tuberculosis in
the distant past may lose the ability to react to tuber-
culin and initially have a false negative tuberculin skin
test. Immunologic stimulation from the initial skin test
may reinvigorate the immune response so that a sub-
sequent test will induce a stronger reaction (the boost-
er phenomenon). This result actually reflects long-
standing infection, but clinically, it mimics a tuberculin
conversion. To prevent confusion in interpreting this
result, persons who need to undergo serial testing and
who have negative results initially should be retested in
approximately two weeks (two-step testing). An in-
crease in the diameter of induration during this period
is interpreted as indicative of long-standing infection.
Even with frequent tuberculin skin testing, it is not
possible to induce induration in an uninfected person
with serial testing.51,52

Although bacille Calmette–Guérin (BCG) vaccine
has never been recommended for the control of tu-
berculosis in the United States, it is the most widely
used vaccine in the world and causes confusion in
diagnosing latent tuberculosis infection. The size and
persistence of the tuberculin reaction after BCG vac-
cination vary according to the dose, the manufacturer,
and the method and timing of administration.52 Thus,
it is impossible to distinguish with certainty induration
induced by BCG vaccination from that caused by
M. tuberculosis infection. However, because BCG vac-
cine is frequently used in areas with high rates of trans-
mission of tuberculosis and because it does not provide
protection against most forms of the disease, the CDC
recommends that a history of BCG vaccination be ig-
nored when administering and interpreting a tubercu-
lin skin test.46,52,53

Because persons dually infected with HIV and
M. tuberculosis are at extremely high risk for progres-
sion from latent infection to active disease, treatment
of their latent infection is critical. The defect in cell-
mediated immunity can cause HIV-infected persons
to have false negative tuberculin skin tests. However,
skin testing with nontuberculous antigens (anergy
testing) has not been standardized, the results have
not been shown to be reproducible,54 and tubercu-
losis has not been prevented when isoniazid has been
given to anergic HIV-infected persons.55,56 Thus, aner-
gy testing is no longer recommended for the evalua-
tion of tuberculosis infection in HIV-infected persons.

Choosing a Treatment Regimen

The American Thoracic Society and the CDC have
recently published revised recommendations that in-
clude new therapeutic regimens for treating latent tu-
berculosis infection. The key points are summarized
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here, and the treatment options are outlined in Table
2. Readers are encouraged to consult the final docu-
ment for a more detailed discussion of the data under-
lying this intervention.46

Before therapy for latent tuberculosis is initiated,
a history should be taken to document any previous
treatment for active disease or latent infection, other
medical conditions (such as HIV infection), and cur-
rent medications that may interact with antitubercu-
losis drugs. In addition, a chest radiograph should
always be obtained to ensure that active pulmonary
tuberculosis is not present.46,57

Since the 1950s, isoniazid has been the mainstay
of therapy for latent tuberculosis infection,48 though
there have been recent changes in the recommended
duration of therapy. The one study designed to test
the efficacy of various durations of treatment showed
that among persons with fibrotic lung lesions that
were consistent with the presence of inactive disease,
the incidence of tuberculosis over 5 years was lower
among those who received isoniazid for 12 months
(0.36 percent) than among those who received the
drug for 6 months (0.50 percent) or 3 months (1.13
percent).58 Among patients who took more than 80
percent of the prescribed doses, the 6-month regimen
decreased the incidence of active tuberculosis by 69
percent and the 12-month regimen reduced the inci-
dence by 93 percent, as compared with the 3-month
regimen.

In 1986, however, on the basis of the fact that the
cost of the 6-month regimen was half that of the 12-
month regimen59 and because of the difficulty of en-
suring prolonged compliance, the 6-month regimen
was recommended, and it subsequently became the

standard treatment in HIV-seronegative persons with
no abnormalities on chest radiographs. A recent re-
analysis of data from an outbreak of tuberculosis in
the 1960s showed that treatment with isoniazid for
9 or 10 months provided optimal protection against
the development of active tuberculosis and that treat-
ment for more than 12 months did not provide addi-
tional protection.60

Nine months of treatment with isoniazid is the new
standard for both HIV-seronegative and HIV-seropos-
itive persons and for those with fibrotic lung lesions
(findings consistent with previous untreated tubercu-
losis), and it is the only acceptable regimen for persons
under 18 years of age.46,61 Six months of isoniazid is
an acceptable, but inferior, alternative regimen for
HIV-seronegative persons. 

Combinations of drugs have been studied in an
effort to shorten the duration of treatment for latent
infection. A regimen of rifampin and pyrazinamide
administered for two months has been studied most
extensively.56,62-64 Although the results have varied, one
study showed that the protective effect of this regimen
was similar to that of a 6-month regimen of isoniazid
alone, and another study showed therapeutic equiva-
lence to a 12-month regimen of isoniazid in HIV-
infected persons.55,62 However, case reports and rates
of adverse drug reactions in some of these studies sug-
gest that the combination of drugs may not be as well
tolerated as isoniazid alone.65 According to the current
guidelines, two months of daily treatment with rifam-
pin and pyrazinamide is an effective alternative regi-
men.46 Although the trials included only HIV-sero-
positive persons, the efficacy of this regimen is assumed
to be similar in HIV-seronegative persons.

*HIV denotes human immunodeficiency virus.

TABLE 2. RECOMMENDED REGIMENS FOR THE TREATMENT OF ADULTS WITH LATENT TUBERCULOSIS INFECTION.*

DRUG

DURATION OF

TREATMENT DOSE COMMENTS

DAILY TWICE WEEKLY

mo

Isoniazid 9 5 mg/kg (maximum, 
300 mg)

15 mg/kg (maximum, 
900 mg)

Preferred regimen for all adults

Isoniazid 6 5 mg/kg (maximum, 
300 mg)

15 mg/kg (maximum, 
900 mg)

Acceptable for HIV-negative adults and may be more cost 
effective than a 9-month regimen of isoniazid; not recom-
mended for HIV-positive persons, those <18 years of age, 
or those with fibrotic lesions on chest films

Rifampin and 
pyrazinamide

2 10 mg/kg (maximum, 
600 mg) and 15–20 
mg/kg (maximum, 
2 g)

10 mg/kg (maximum, 
600 mg) and 2.5 g 
(<50 kg), 3.0 g 
(51–74 kg), 3.5 g 
(»75 kg)

Also appropriate for contacts of patients with isoniazid-
resistant tuberculosis; rifampin should generally not be 
coadministered with protease inhibitors or nonnucleoside 
reverse-transcriptase inhibitors in HIV-positive persons; in 
some cases rifabutin may be substituted; in general, pyra-
zinamide should not be used to treat pregnant women

Rifampin 4 10 mg/kg (maximum, 
600 mg)

— For persons who cannot tolerate pyrazinamide
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There is a paucity of data on rifampin monotherapy
for latent infection. A small, randomized trial of rifam-
pin given for three months to HIV-seronegative per-
sons with silicosis showed that the efficacy of this reg-
imen was similar to that of a six-month regimen of
isoniazid.66 Largely on the basis of this finding, a four-
month regimen of rifampin has been deemed an ac-
ceptable alternative for persons who cannot tolerate
isoniazid or pyrazinamide. The duration of treatment
has been extended one month beyond that of the
study because of the relatively high rate of active tuber-
culosis in that study (4 percent).66 There are no data
that support the use of fluoroquinolones, either sin-
gly or in combinations, for treating latent infection.
There are also no data demonstrating the efficacy of
alternative regimens for persons thought to be infect-
ed with M. tuberculosis strains that are resistant to both
isoniazid and rifampin. On the basis of expert opin-
ion, however, a regimen of pyrazinamide and etham-
butol or a fluoroquinolone and ethambutol has been
suggested for such persons with a high risk of pro-
gression to active disease.67

A periodic review of symptoms and physical exam-
ination are imperative for all patients taking medica-
tions. Regardless of age, laboratory tests at base line
and during treatment are indicated only for persons
with HIV infection, women who are pregnant or who
have given birth within the past three months, persons
with heavy alcohol use, and patients with chronic liver
disease.46 If a regimen of six months or longer is in-
terrupted, the patient should be given isoniazid for an
additional three months. Two-month regimens should
be completed within three months. If the lapse in
treatment is longer than three months, the regimen
should be restarted. In a previously treated person who
is reexposed to a person with infectious tuberculosis,
repeated treatment is generally not recommended, but
repeated treatment is prudent in contacts coinfected
with HIV.

NEW RESEARCH

There have been great gains in our understanding
of the basic biology of tuberculosis, although they are
not likely to contribute to the control of the disease
in the immediate future.68 The combination of a fully
sequenced genome, efficient methods for genetic ma-
nipulation, and a variety of in vitro and in vivo models
is providing insight into such fundamental issues as
virulence and latency.69-71 Post-genomic approaches are
detailing the precise mechanism of action of current
drugs and may suggest bacterial targets for new
drugs.72 Genome-wide linkage analysis may identify
regions of the human genome that contain genes that
confer susceptibility to tuberculosis.73 The steps for de-
veloping an improved tuberculosis vaccine have been
outlined,74 and as of June 2001, more than 190 can-
didate vaccines have been screened in animal models
(Ginsberg A: personal communication). The nature of

the protective immunologic response has been partial-
ly elucidated, and there is hope that with this knowl-
edge, correlates of protection will be identified that
will facilitate trials of new vaccines.75

There has also been progress in many aspects of
applied research. Molecular studies have clarified the
current epidemiology of tuberculosis and have shown
that targeted control measures are associated with de-
creased rates of tuberculosis.76 Bacterial genotyping
performed in an area with a high prevalence of tuber-
culosis has shown that exogenous reinfection is a cause
of recurrent tuberculosis after curative therapy.17 Al-
ternatives to tuberculin skin testing have had promis-
ing preliminary results in clinical trials.77 Comparative
genomic and proteomic analyses of M. tuberculosis and
BCG have identified genes that may ultimately make
it possible to distinguish between latent infection and
immunity induced by BCG.78-80

Insight into the molecular mechanisms of drug re-
sistance has already led to the development of rapid,
nucleic acid–based methods of susceptibility testing.81

A new, longer-acting rifamycin, rifapentine, has been
evaluated in clinical trials and approved by the Food
and Drug Administration for the treatment of tuber-
culosis.82 Preliminary clinical trials of adjunctive ther-
apy with immunomodulators, such as cytokines, have
had promising results.83 Additional, rigorous trials will
be required, however, before these advances can be in-
corporated into clinical practice.84

CONCLUSIONS

Despite the resurgence of tuberculosis in the late
1980s and early 1990s, we have been given a second,
perhaps final, chance to eliminate the disease in the
United States. The levels of public awareness and po-
litical support for this goal are high, but with recent
declines in rates of tuberculosis, there is a renewed risk
of complacency. The recent report on tuberculosis by
the Institute of Medicine is a wake-up call to maintain
our national commitment to this goal.2 Currently
available interventions will continue to reduce tuber-
culosis if they are correctly implemented, but elimi-
nation of the disease will require both an investment
in research and use of the fruits of that research to
develop effective new diagnostic tests, medications,
and vaccines.

Most important, the lessons from the recent in-
crease in cases of tuberculosis must be heeded if the
goal of eliminating the disease is to be accomplished.
In the coming decades, the public health infrastructure
must be maintained to ensure continued progress to-
ward that goal. Local health departments must con-
tinue to provide all the components of a comprehen-
sive tuberculosis-control program, including education
and training of health care providers, case finding, sur-
veillance, and laboratory monitoring, as well as direct
observation of treatment and the use of incentives and
other measures to improve adherence.85 The role of cli-
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nicians in this endeavor will be to remain vigilant for
cases of active disease, relying on updated laboratory
methods to establish a prompt diagnosis and to iden-
tify drug-resistant strains and following updated guide-
lines for treatment. In addition, clinicians need to
intensify their efforts to identify and treat latent tuber-
culosis infection. Failure to do so is likely to result in
another resurgence of disease and loss of hard-won
progress toward the elimination of tuberculosis in the
United States.
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