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HISTORY mined its contagious nature, observing that the consumptive

Tuberculosis has been described since at least the time of
Hippocrates, who referred to it as “phthisis,” connoting the
wasting character of the disease. Aristotle correctly deter-
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has around him a “pernicious air” that is “disease-producing”
(95, 140).

However, tuberculosis did not become a major public health
problem until the Industrial Revolution, when cities became
overcrowded and public health facilities became over-
whelmed—ideal circumstances for the spread of tuberculosis
(157). In the 18th and 19th centuries, tuberculosis was respon-
sible for 25% of all adult deaths in European cities, a chilling
commentary on the poor living conditions that prevailed (22).
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Osler recognized the impact on tuberculosis rates of people
living in close quarters: “Poverty and tuberculosis are every-
where associated, particularly in the large centers of popula-
tion. . . Wherever the population is so crowded that the fami-
lies live in one or two rooms the tuberculosis death-rate is fully
double that of districts in which the families live in houses with
four rooms and upward” (237).

Long before there were effective medications such as isoni-
azid (INH) or streptomycin, the incidence of tuberculosis de-
creased (76). Several public health measures led to this re-
markable improvement: pasteurization of milk, thereby
removing Mycobacterium bovis; improved housing and ventila-
tion; and earlier diagnosis of tuberculosis with isolation of
infectious cases.

With the introduction of the first tuberculosis agents, strep-
tomycin in 1944, p-aminosalicylic acid (PAS) in 1946, and INH
in 1952, control of tuberculosis seemed a possibility. Stories of
miraculous cures became common, and Selman Waksman,
who led the group that synthesized streptomycin, traveled
around the world to meet people whose lives streptomycin had
saved.

However, despite these drugs and the subsequent introduc-
tion of many additional effective antituberculosis agents, erad-
ication of tuberculosis has remained elusive. Worldwide, tu-
berculosis still kills 3 million persons a year, making it the
leading infectious cause of death. Even in countries such as the
United States, where sufficient funds, physicians, hospitals, and
medicines are available, there has been a resurgence of tuber-
culosis (18, 31, 41, 60, 108, 128, 131, 178, 251, 271, 310). This
demonstrates that without firm resolve, control of diseases
such as tuberculosis cannot be achieved (40).

In addition, there has been a coincident rise in cases of
drug-resistant tuberculosis, the ultimate result of effective
drugs ineffectively administered (118, 220, 290). In one report
from Africa, 30% of cases in 1992 were resistant to all four
first-line agents (276). Thus, the problem confronting physi-
cians who cared for the tuberculous in the 19th century—the
lack of effective medicines—may be reexperienced by the phy-
sicians of the 21st century. Containment of this growing prob-
lem is one of the great challenges in public health.

Two unique aspects of tuberculosis have continued to thwart
eradication efforts. First, Mycobacterium tuberculosis requires 2
to 8 weeks to grow in culture, and, second, 6 to 12 months of
treatment is required to cure the disease. The former problem
results in numerous missed or delayed diagnoses, often allow-
ing spread of infection, and the latter problem leads to high
rates of patient noncompliance, which in turn contributes to
the emergence of resistant strains and to further spread of the
disease. It may well be that until courses of therapy are mea-
sured in weeks rather than months, tuberculosis will continue
to be an ineradicable public health problem.

PATHOGENESIS AND NATURAL HISTORY

The tuberculin skin test (TST) is now done in a standardized
fashion with purified protein derivative, a filtrate of cultured
M. tuberculosis that is precipitated. This test has been the
cornerstone upon which much of our understanding of the
natural history of tuberculosis has been built. Koch, who is
known for his identification of the tubercle bacillus (105), de-
veloped a glycerol-based suspension containing killed M. fu-
berculosis organisms and announced that a series of injections
of this “brownish transparent fluid”—later called tuberculin—
would cure tuberculosis (15). After a few years, the claim was
discredited, a failure that haunted Koch for the remainder of
his career. According to many, Sir Arthur Conan Doyle, the
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TABLE 1. Interaction of HIV infection and
M. tuberculosis infection

Influence of HIV infection on M. tuberculosis infection
Higher rates of reactivation disease (7-10%/yr vs. 5-8%)/lifetime)
Higher rates of acute disease (37%/6 mo vs. 5%/2 years)
Higher rates of skin anergy
Higher rates of extrapulmonary tuberculosis
Malabsorption of antituberculosis medications

Influence of M. tuberculosis infection on HIV infection
Activation of macrophages in response to M. tuberculosis infection
may increase macrophage expression of HIV
More rapid progression to AIDS if latent M. tuberculosis is
untreated

physician who created the Sherlock Holmes mysteries, was the
first person to recognize the diagnostic value of the TST for the
detection of latent infection (94). The TST is still used today to
identify persons with tuberculosis infection (latent subclinical
infection) or disease (overt clinical tuberculosis).

Studies done through the years have defined how efficiently
tuberculosis is spread. In general, about 30% of persons who
have sustained contact with an index case patient from whom
a stained sputum smear contains acid-fast bacilli (AFB)
(smear-positive sputum) will develop tuberculosis infection,
reflected by a positive TST (144, 263, 264, 296). Persons in
contact with an AFB sputum smear-negative patient have less
than a 10% rate of new infection (76, 144).

Most commonly, tuberculosis infection remains latent. Such
primary infections are presumably unremarkable “colds” or
“flus” for which the person has sought no medical attention.
Without prophylaxis, 8 to 10% of persons with tuberculosis
infection will develop tuberculosis disease, 3 to 5% in the first
2 years (acute and early disease) and another 5% during the
remainder of life, often at senescence (reactivation disease).
These rates increase for human immunodeficiency virus
(HIV)-infected persons with tuberculosis infection.

Until recently, it was thought that most adult tuberculosis
was the result of reactivation (317, 318). However, by using
restriction fragment length polymorphism analysis, high rates
of acute primary disease, often occurring among HIV-positive
individuals, have been found among adults. One survey found
that 54% of cases among adults from a group of hospitals in
New York City were due to acute primary disease (119). In
addition, cases of exogenous reinfection have been reported,
wherein persons with a well-documented previous episode of
tuberculosis later develop a second acute episode, often from
an outbreak-associated strain. These reinfections have oc-
curred among veterans (267), family members (236), the
homeless (228), and persons with HIV infection (164, 307). In
one study, persons with a history of previous tuberculosis in-
fection had a worse clinical outcome than persons infected
with the same outbreak strain who had no history of tubercu-
losis (228).

Influence of HIV Infection on Pathogenesis

HIV infection currently affects over one million persons in
the United States and up to 10 million worldwide. It exerts a
pronounced influence on the natural history of tuberculosis in
several ways (32); in addition, infection with M. tuberculosis
appears to affect the course of HIV disease, as follows (Table
1). (i) Among persons latently infected with tuberculosis who
become HIV infected, active tuberculosis develops at a rate of
7 to 10% per year rather than 8% per lifetime (9, 34, 285, 286).
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(ii) Persons with HIV (regardless of CD4™" cell counts) who are
newly infected with M. tuberculosis progress to active tubercu-
losis at a rate as high as 37% in the first 6 months rather than
2 to 5% in the first 2 years (83, 88). (iii) HIV confers anergy
upon a large number of persons with HIV infection, thus
confounding TST interpretation (138, 221, 252, 286). the prev-
alence of anergy increases as the CD4 cell count decreases
(181, 285, 286). In many areas where tuberculosis is endemic,
prophylactic INH therapy is recommended for anergic persons
with HIV infection (221, 286). (iv) HIV-infected persons may
malabsorb drugs (29, 246), perhaps because of HIV-related
enteropathy, which may further complicate the treatment of
tuberculosis. In addition, immunocompetent persons who have
undergone gastrectomy may, in the course of treatment for
drug-susceptible tuberculosis, progress to drug-resistant tuber-
culosis because of malabsorption of drugs (340).

Tuberculosis may influence the natural history of HIV in-
fection by activating macrophages that harbor HIV (333, 338).
The result of activation is expression of HIV, rather than
prolonged latency without expression of HIV. In one study,
progression to AIDS occurred sooner among TST-positive
persons not treated with INH than those treated with INH,
even when tuberculosis was excluded as AIDS indicator dis-
ease (240). This suggests that treatment of latent tuberculosis
can help preserve the immune function of HIV-infected indi-
viduals.

These influences have conspired to create an epidemic of
tuberculosis within the HIV epidemic that is particularly
threatening to the public health in areas such as Africa, where
large numbers of individuals are dually infected with M. tuber-
culosis and HIV (87).

EPIDEMIOLOGY

About one-third of the world’s population, or 1.8 billion
people, have been infected with M. tuberculosis. Active disease
develops in 8 to 10 million people per year, and tuberculosis is
responsible for 3 million deaths per year, making it the leading
infectious cause of death in the world, far surpassing measles
(2 million deaths per year) and malaria (1 million). In addition,
the World Health Organization and Centers for Disease Con-
trol and Prevention (CDC) calculate that tuberculosis is re-
sponsible for about 27% of the preventable deaths worldwide
(192).

Such dramatically high morbidity and mortality rates are in
contrast to the experience in the United States, even at the
height of the problem. Beginning in the 1920s, annual rates of
tuberculosis in the United States declined. In 1953, when of-
ficial annual reporting began, there were 84,304 reported cases
of tuberculosis; by 1984, reported cases had dropped to 22,255,
a decrease of about 5% per year (62). However, in 1984 the
trend reversed, and by 1988 the annual rate of tuberculosis in
the United States began to rise. In 1990, nearly 26,000 cases, or
about 10/100,000 persons, were reported. More disturbingly, in
certain populations, case rates exceeded 300/100,000 (41, 62,
257).

There are several reasons for the increase in the incidence of
tuberculosis: the deterioration of public health care facilities,
the rise in the number of homeless persons and persons living
in congregate settings, the continued influx of immigrants from
countries where tuberculosis is endemic, and the emergence of
the AIDS epidemic, which has placed a new and large group of
patients at risk for tuberculosis (41).

It is particularly instructive to consider the lesson learned by
dismantling the public health infrastructure in the 1970s and
1980s. As annual rates of tuberculosis dwindled, so too did
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public concern about tuberculosis as a public health threat.
There followed a systematic taking apart of public health care
facilities, making it increasingly difficult for persons with tu-
berculous infection or disease to be treated in an efficient,
professional manner (341). Many infected patients therefore
simply did not seek further care until they were in need of
hospitalization.

The amount of money saved in the 1970s and 1980s by
relaxing antituberculosis efforts in the public health care sys-
tem is now dwarfed by the enormous expenditures required to
manage the resultant problems. Treating the increased number
of cases, creating safe hospitals and clinics, and confronting the
growing problem of resistant tuberculosis are problems that
might have been averted had proper attention been paid to
tuberculosis in previous years. Hopefully, if current efforts
result in better control of tuberculosis and decreasing annual
incidence, the response will not once again be to decrease
public health dollar support of tuberculosis treatment pro-
grams (268). Even now, only a fraction of requested dollars are
approved by the Federal government. In 1994, $484 million
was requested, of which only $111 million to $124 million is
expected to be approved. Notably, implementation of the same
program in 1989 (when no funds were allotted) was estimated
to cost $36 million (156).

In the United States, the highest recent increases in the
annual number of cases of tuberculosis occurred among Asian,
black, and Hispanic persons, paralleling the high rates of HIV
infection in these specific groups, while rates for non-Hispanic
whites, American Indians, and Alaskan Natives have continued
to decrease. Among age groups, the most striking rise was
among persons aged 25 to 44, also reflecting the epidemiology
of HIV infection. Significant increases were also noted among
children, probably owing to the rise in the 25- to 44-year-old
age group, who are persons of childbearing age (58, 62, 271).
The only decrease in the number of cases of tuberculosis was
in persons over the age of 65, a vestige of the era of better
tuberculosis control.

Epidemiology of Drug-Resistant Tuberculosis

In addition to the rise in the number of cases of tuberculosis
in the United States, the number and proportion of cases of
drug-resistant tuberculosis have increased. Although high rates
of resistant tuberculosis in developing countries have long
been described, this is a relatively recent phenomenon in the
United States (92), although two hospitals in the United States,
Harbor General in Los Angeles, Calif. (27), and Kings County
Hospital in Brooklyn, N.Y. (324), have reported that 16 to 22%
of primary tuberculosis cases have been drug resistant for the
past 25 years.

Resistance to antituberculous medications may be either
primary or secondary. Primary resistance occurs when patients
are infected with an already resistant strain of tuberculosis.
Secondary resistance occurs when resistant mutations of an
initially drug-susceptible infection emerge in the setting of
incomplete compliance with therapy or incorrect selection of
treatment.

In the United States, primary drug resistance was 1 to 2% in
the 1950s and rose to about 3% over the next decade (92, 348).
By the 1970s, primary drug resistance had increased to 8.6%
(194). Some populations and areas of the country were found
to have a much higher incidence of resistant disease. For ex-
ample, rates of resistant disease as high as 50% among Asian
wives of servicemen returning from Southeast Asia (44), 27%
among the homeless in Texas (222), and 15 to 20% in some
groups of Asian and Hispanic Americans (194) were found. A
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national survey from the early 1980s found 7% primary resis-
tance (47), while a later survey found 9% primary resistance
and 23% secondary resistance (311).

Recent reports from New York City have documented a rate
of resistance to at least one drug to be 28 to 33%, with rates of
multidrug-resistant (MDR) tuberculosis at 14 to 19% (93, 118,
290). In addition, in three of the four most populous boroughs
(counties) of New York, the prevalence of MDR tuberculosis
has risen dramatically: from 0-3% in 1987 to 14-16% in 1991
(290).

Outside the United States, drug resistance remains a signif-
icant problem. In surveys done in the last 15 to 20 years,
resistance rates to at least one commonly used agent ranged
from 20 to 30% in India, Pakistan, and Central Haiti, while
11% of cases in Taiwan were resistant to both INH and strep-
tomycin (189, 282). In Spain, 13% of cases were resistant to at
least one antituberculosis drug, as were 9% of cases in France
(189). The highest reported rate of resistant tuberculosis is
from the Republic of Djibouti, Horn of Africa, where 36% of
cases were resistant to all first-line drugs and 78% were resis-
tant to at least two first-line drugs in 1992 (276).

Patients with cavitary tuberculosis or HIV infection and
those born in a country where tuberculosis is endemic have an
increased risk for developing drug-resistant tuberculosis (5, 19,
118, 273). Historically, it had been thought that most resistance
occurred as a result of intermittent compliance by a specific
patient over months to years or of incorrect physician-prescrib-
ing practices (secondary resistance) (205).

However, recent work has suggested that primary resistance
accounts for a large number of drug-resistant adult cases, par-
ticularly among HIV-infected persons (119, 123, 164, 293, 307,
314). This has contributed to an improved understanding of
how the current drastic rise in the incidence of resistant tuber-
culosis has occurred. A likely scenario is that several patients
with already resistant tuberculosis had the opportunity, either
in hospitals or in other congregate settings, to expose HIV-
positive persons to tuberculosis. The exposed HIV-positive
persons in turn progressed to active tuberculosis at high rates,
each infected with the strain (and susceptibility profile) of the
index case. Thus, the resistance pattern of the index case was
amplified by a series of secondary cases, all with acute primary
resistant disease. The decreases in rates of MDR tuberculosis
that have been reported (187, 294) may therefore have as much
to do with interruption of ongoing spread of primary disease as
with long-term compliance by a group of patients.

TRANSMISSION

Tuberculosis is transmitted in three ways: (i) inhalation of
infectious droplet nuclei containing M. tuberculosis bacteria;
(i) ingestion of contaminated material, usually milk; and (iii)
direct inoculation, usually occurring among health care work-
ers. The respiratory route accounts for the overwhelming num-
ber of cases worldwide, especially in countries that routinely
pasteurize milk, thereby removing M. bovis, which is part of the
“M. tuberculosis complex” and causes human tuberculosis.

Much has been learned about the transmission of tubercu-
losis as a result of a series of well-studied outbreaks. We will
review some of the more instructive of these.

Tuberculosis Outbreaks in Hospitals

Many outbreaks of tuberculosis have occurred in hospitals,
affecting health care workers and patients (4, 6, 46, 84, 106,
124, 266, 287, 347). Some of these are described below and in
Table 2.
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TABLE 2. Hospital outbreaks of tuberculosis

Duration of No. of NO'. (%) of .
people skin test Conclusions Reference
cexposure exposed  conversions
29 days 158 30 (19%) Presence of MAI can 249
confound diagnosis
of tuberculosis in
AIDS patients
4h 129 23(17.8%) Rare patients are 147
hyperinfectious
6 mo 56 9(16%)  Undiagnosed 182
tuberculosis is a
risk for health care
workers
2 wk 442 68 (15%)  Nonpulmonary 167
tuberculosis can be
infectious

In 1992, an AIDS patient admitted with fever and cough was
diagnosed with both Preumocystis carinii pneumonia and My-
cobacterium avium-intracellulare (MAI) infection (249). Be-
cause two diagnoses had been already been secured, tubercu-
losis was not suspected. Sputum smears for AFB had been
negative, and the M. tuberculosis in culture was initially over-
grown by MAI. After tuberculosis was diagnosed, contact trac-
ing revealed that 19 (20%) of 93 hospital workers, 11 (17%) of
65 hospice workers, and 5 (45%) of 11 visitors had converted
to a positive TST. This episode underscores the fact that AIDS
patients may have several concurrent diagnoses, as well as the
particular problems encountered when a patient has concur-
rent MAI and tuberculosis.

An intubated patient with cavitary tuberculosis spent 4 h in
an emergency room (147). His copious pulmonary secretions
required frequent, vigorous suctioning via the endotracheal
tube. Contact tracing revealed that 15 (12%) of 129 emergency
room staff converted to a positive TST including 5 persons who
developed tuberculosis.

An elderly patient with metastatic small cell carcinoma of
the lung and a chronically abnormal chest radiograph was
treated with chemotherapy and corticosteroids (182). Four
years earlier, he had been found to have a positive TST but was
not treated. During his admission to the hospital, his chest
radiograph appeared worse and he developed a productive
cough, necessitating vigorous pulmonary suctioning. He died 6
months after admission to the hospital. At autopsy, dissemi-
nated tuberculosis was found. Contact tracing revealed that 8
(14.5%) of 55 exposed employees had converted to a positive
TST.

The particular risk of performing bronchoscopy and intuba-
tion was demonstrated by Malasky et al. (206), who compared
the incidence of TST conversions among infectious disease
fellows and pulmonary fellows. They found a higher conversion
rate among the pulmonary fellows (11% compared with 2.4%).

Extrapulmonary tuberculosis may also be infectious (117,
167). A recent outbreak involved a patient with a draining
tuberculous thigh abscess that was frequently irrigated, aero-
solizing M. tuberculosis (167). Although it was well known by
the health care workers caring for the patient that the abscess
drainage was teeming with M. tuberculosis, no special precau-
tions were taken, because the patient did not have pulmonary
tuberculosis. However, 55 (12%) of 442 hospital employees
converted to a positive TST, and nine cases of tuberculosis
occurred. Proximity to the index patient’s room correlated with
an increased rate of tuberculin positivity.
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Transmission of tuberculosis (but not simultaneous trans-
mission of HIV) from a needle stick has been described, a rare
instance of transmission of blood-borne M. tuberculosis (196).
In this case, a nurse sustained a superficial laceration from a
needle. The source patient had advanced HIV infection and
tuberculosis. Five weeks later, the nurse noted abscess forma-
tion at the laceration site and developed fever and local ade-
nopathy. Cultures of the lymph node biopsy specimen grew M.
tuberculosis. The authors noted that cutaneous infection has
resulted from ear piercing, tattooing, circumcision, injections,
and mouth-to-mouth resuscitation (196). Among pathologists,
the so-called “prosector’s wart” of primary cutaneous tuber-
culosis occurs as a result of inadvertent inoculation during
postmortem examination. Among laboratory workers, tuber-
culosis is the sixth most common occupationally acquired dis-
ease (72, 141, 298).

Since 1990, the CDC has investigated several institutional
outbreaks of MDR tuberculosis in hospitals (25, 52, 79, 91, 104,
115, 180, 241, 253). Much of our current understanding of the
natural history, clinical presentation, treatment, and outcome
of MDR tuberculosis in persons with AIDS has been learned
from this series of outbreaks, which have affected hundreds of
persons. In addition to the HIV-infected patients, an outbreak
has been described among renal transplant patients (179).

Common to each outbreak has been the failure to isolate
patients early. This possibly occurred because HIV-infected
persons with tuberculosis often have atypical clinical presen-
tations. In addition, as noted above, HIV-infected persons
progress to active tuberculosis at unusually high rates. There-
fore, although many persons may have become infected during
these outbreaks, those who were HIV infected were the most
likely to progress to active disease. In the coming years, the
hundreds of immunocompetent persons who were infected
with MDR tuberculosis during these outbreaks will remain at
risk for reactivation of their now latent infection. The impact
of this series of outbreaks will therefore be felt for the next 40
to 50 years.

Tuberculosis Outbreaks in Congregate Housing and Prisons

Congregate housing (8, 55, 63, 83, 208, 228, 232, 260, 283,
320, 334), including housing for the homeless, and prisons (26,
33, 57, 59, 127, 242, 309, 319) have features particularly con-
ducive to the spread of tuberculosis. In a study of 169 homeless
men in New York City in 1990 (334), Torres et al. found that
63 (67%) of 94 were TST positive. HIV infection was shown to
be a significant risk factor for progression to active disease: 27
(26%) of 105 HIV-positive men developed tuberculosis, as
opposed to 3 (5%) of 64 HIV-negative men. Development of
tuberculosis was correlated with the duration of time spent in
the shelter but not with risk factor for HIV or stage of HIV
disease.

In early 1991, a tuberculosis outbreak occurred in a residen-
tial facility for HIV-infected individuals (83). Of 30 persons, 11
(37%) developed active tuberculosis with a strain that shared a
restriction fragment length polymorphism pattern in common
with the index case. In addition, four other HIV-positive per-
sons had documented TST conversions. This outbreak demon-
strated the startlingly high rates of development of active dis-
ease that may occur among HIV-positive persons.

Persons in prisons have been known for many years to have
high rates of M. tuberculosis infection and disease (319). A
report on prisoners in New York State compared rates of
tuberculosis in the 1970s and the 1980s (33) and found a rise
from 15 cases per 100,000 in the 1970s to 105 cases per 100,000
in the 1980s. Inmates with a history of intravenous drug use
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TABLE 3. Risk factors for the development of active tuberculosis
among persons infected with M. tuberculosis”

Increased risk (fold)
compared with
persons with no

known risk factor

Risk factor

AIDS .......... 170
HIV POSItIVE ..o 113
Other immunocompromising conditions 4-16
Recentness of infection (=2 yr) ............. 15
Age of contact (=5 and =60 yr) ..c.covevererrercrerrenencnne 2-5

“ Modified from reference 56.
? Includes diabetes mellitus, renal failure, carcinoma of the head and neck, and
iatrogenic immunosuppression.

were at highest risk. In this study, all tested prisoners with
tuberculosis were HIV positive. Intravenous drug users with
HIV infection were found to be at highest risk for developing
tuberculosis. The rising number of tuberculosis cases in prison
paralleled the increasing numbers of incarcerated persons with
AIDS. This led the authors to deduce that HIV infection
predisposed persons to the development of active tuberculosis.

A follow-up study demonstrated that long incarcerations
and multiple incarcerations were risk factors for development
of tuberculosis (26). In addition, because the risk of developing
active tuberculosis was four times greater among inmates as-
signed to methadone detoxification programs, full evaluations
including TST and chest radiography, with sputum examina-
tion when indicated, are now performed before assignment to
the detoxification units. Inmates are also educated on the im-
portance and ramifications of taking antituberculous therapy.

Tuberculosis Outbreaks in Other Settings

While the spread of tuberculosis most commonly has been
found in hospitals and residences, there have been reports of
tuberculosis outbreaks in the community (49, 51, 54, 54a),
schools (21, 85, 272, 278), the workplace (125, 215, 223), ships
(150, 166), and choirs (21, 102, 335). The risk of transmission
on airplanes appears low (24). In 1965, Edith Lincoln summa-
rized the world literature pertaining to outbreaks, recounting
features of 109 different epidemics (201).

CLINICAL PRESENTATION

Active tuberculosis may develop in two settings: first, per-
sons with latent infection may, under certain conditions, reac-
tivate and develop clinical disease. This classically has been
described with immune senescence but also may occur as a
result of immunosuppressive therapy, HIV infection, or other
immunocompromising conditions. In many persons, no obvi-
ous cause of immunocompromise is apparent. Second, acute
infection may progress immediately to active disease, espe-
cially among infants and HIV-infected persons. The calculated
risk of developing active disease according to underlying con-
dition is shown in Table 3.

Normal Host

The protean manifestations of tuberculosis have been well
appreciated for centuries. Although the classic consumptive
suffering from progressive pulmonary disease, fever, produc-
tive cough, and/or hemoptysis, with an abnormal chest radio-
graph, is familiar, also well known is the difficulty in diagnosing
extrapulmonary and even pulmonary tuberculosis. Many phy-
sicians have experienced the humbling call from the microbi-
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ology laboratory, weeks after a certain patient has been dis-
charged, informing them of a culture growing M. tuberculosis.
The dermatologic, hematologic, neurologic, gastrointestinal,
urologic, and other manifestations of tuberculosis have filled
many textbooks, and each presentation cannot be covered in
this review. It should be sufficient to say that in the 1990s, as in
the 1890s, any puzzling multisystem disease may turn out to be
tuberculosis. This is well documented by the continued preva-
lence of tuberculosis as the final diagnosis in 5 to 10% of cases
of fever of unknown origin reported over the last 40 years (191,
197, 248).

Influence of HIV Infection on Clinical Presentation

As difficult as tuberculosis can be to diagnose in immuno-
competent persons (188) and in patients with cancer (183,
258), its manifestations among the HIV infected are even more
subtle and less specific. Because of this, many cases are diag-
nosed late or not at all (195), resulting in persons remaining
infectious longer and thereby potentially spreading tuberculo-
sis to hospital staff and other patients. Numerous articles and
reviews examining different aspects of the interrelationship
between AIDS and tuberculosis have been published (13, 20,
48, 64, 65, 67, 116, 145, 155, 203, 219, 238, 254, 256, 291, 306,
328).

Overall, persons with higher CD4 ™" cell counts often present
in “classic” fashion whereas persons with low CD4 ™ cell counts
are more likely to present atypically (181): brain abscess (30),
meningitis (28), bacteremia (280), skin lesions (316), breast
abscess (151), and visceral abscess (204) have been described.
Some “atypical” presentations are in fact typical presentations
of primary disease and, as such, are well known to pediatricians
(308).

The sputum smears of approximately 50% of HIV-infected
patients with pulmonary tuberculosis are negative by acid-fast
stain, a rate possibly higher than that encountered in HIV-
negative patients (284). There is debate whether bronchoscopy
increases the incidence of positive smear and culture (23, 214).

Extrapulmonary tuberculosis is seen commonly in patients
with HIV-associated tuberculosis (292, 305). Such patients
should be placed in respiratory isolation pending evaluation of
sputum specimens, since many have concurrent pulmonary
infection, even in the absence of respiratory symptoms. In
addition, extrapulmonary tuberculosis may be infectious (167).

Patients with HIV infection and pulmonary tuberculosis may
present with an atypical chest radiograph (114, 224, 255, 295).
Lobar infiltrates with or without hilar adenopathy or diffuse
infiltrates resembling the interstitial pattern seen in P. carinii
pneumonia are seen. The chest radiograph is normal in up to
10 to 20% of patients with AIDS (295), whereas cavitary dis-
ease is much less common, possibly reflecting the overall im-
mune dysfunction of patients with advanced HIV infection.

The symptoms of tuberculosis in this population are partic-
ularly nonspecific. Signs and symptoms such as fever, weight
loss, and fatigue may be due to tuberculosis but also may be
due to MAI infection, lymphoma, AIDS-wasting syndrome,
cytomegalovirus infection, or other diseases (289). Because of
this and because of the contagious nature of tuberculosis, the
treating physicians may be uncertain about when to institute a
trial of anti-tuberculosis therapy in a patient with AIDS who
has nonspecific but significant constitutional symptoms. Such
decisions should be guided by the prevalence of tuberculosis in
a given community, any special risks for tuberculosis that a
specific patient might have, and the results of various tests. The
contribution of liver biopsy (262) and bone marrow biopsy
(231) in such cases has been disappointing.
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LABORATORY DIAGNOSIS

In the past, the mycobacteriology laboratory has had to rely
on diagnostic methods that often do not rapidly give a defin-
itive diagnosis of tuberculosis or rapidly determine the antimi-
crobial susceptibility pattern of the organism. Conventional
methods include the acid-fast stain, culture, and biochemical
tests for detecting and identifying M. tuberculosis. An agar
proportion method has been the standard for drug susceptibil-
ity testing. However, the resurgence of tuberculosis and an
increase in the recovery of single-drug-resistant and MDR
strains of M. tuberculosis have coincided with the development
of rapid laboratory methods. New tests include amplification
methods and probes that aid in rapidly detecting and identify-
ing M. tuberculosis and a radiometric method that rapidly de-
tects organisms in culture and the resistance of an isolate to
primary drugs. The new methods, when applied directly to
clinical specimens or actively growing cultures, may dramati-
cally reduce the time to diagnosis of infection (185).

Conventional Laboratory Methods for Diagnosing
Tuberculosis

Acid-fast stain. Smears for AFB can be prepared directly
from clinical material or from concentrated specimens and can
give an early indication of mycobacterial infection. The more
sensitive concentrated smear is prepared from specimens that
have been digested with a mucolytic agent (e.g., N-acetyl-L-
cysteine) to free AFB from proteinaceous material and have
been decontaminated with sodium hydroxide to kill non-acid-
fast organisms. The fluorochrome fluorescent stain (auramine-
rhodamine) has replaced the basic fuchsin stain (Ziehl-
Neelsen or Kinyoun) as the preferred acid-fast stain (315). The
fluorochrome stain is as sensitive and specific as the basic
fuchsin stains, and the slide can be rapidly scanned by low-
power microscopy. Approximately 75% of state public health
laboratories now use the fluorochrome stain (154).

The sensitivity and specificity of acid-fast stains are not op-
timal, however. Approximately 10* bacilli per ml of specimen
are required for a positive result; therefore, smear-negative,
culture-positive results often occur (134). Culture of specimens
from nonpulmonary sites may be useful in increasing the sen-
sitivity (190). Also, specificity is compromised since positive
results indicate only that AFB are present. Mycobacterial spe-
cies are not distinguished by microscopy, and more than one
species of mycobacteria may be present.

Culture. Despite recent improvements, the sensitivity of cul-
ture is also not optimal. During specimen digestion, all myco-
bacteria may not be released from proteinaceous material by
the mucolytic agent, thus decreasing the inoculum size; also,
the decontaminating agent used to kill non-acid-fast organisms
may kill some of the mycobacteria, thus further decreasing the
inoculum size. For culture, most laboratories use a combina-
tion of liquid and solid media, either individually or in a single-
component system, incubated at 37°C for 6 to 8 weeks in an
atmosphere of 10% CO, and 90% air. Liquid media include
Middlebrook 7H9 and BACTEC radiometric 12B broth (Bec-
ton-Dickinson Diagnostic Instrument Systems, Sparks, Md.),
and solid media include Lowenstein-Jensen egg-based medium
and Middlebrook 7H10, 7H11, and selective 7H11 agar (132).

The BACTEC radiometric broth system has been an impor-
tant addition to culture methods. The system uses Middle-
brook 7H12 broth with [**C]palmitic acid, and growth of my-
cobacteria is detected by an instrument that measures
radiolabeled CO, which is released when the organism metab-
olizes the palmitic acid. The system includes a decontaminat-
ing solution (PANTA), containing polymyxin B, amphotericin
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B, nalidixic acid, trimethoprim, and azlocillin, and a growth
factor, polyoxyethylene stearate (POES). In an early evalua-
tion of smear-positive specimens, the BACTEC system de-
tected M. tuberculosis in an average of 8.3 days compared with
19.4 days for conventional agar or egg-based media. The sen-
sitivity of the BACTEC system was 96.4%, compared with
91.3% for conventional media (275).

The Septi-Chek AFB system (Becton-Dickinson Microbiol-
ogy Systems, Cockeysville, Md.) is a biphasic single-bottle sys-
tem that combines a paddle containing 7H11, modified egg-
based, and chocolate solid media with a bottle containing 20 ml
of 7H9 broth and an internal CO, source. Solutions with an-
timicrobial agents and growth factors are also provided. In two
studies, Septi-Chek was as sensitive as BACTEC for the re-
covery of M. tuberculosis (95.7 and 95.9% for Septi-Chek com-
pared with 93.3 and 95.0% for BACTEC) but the organisms
were detected later by Septi-Chek (21.8 and 19.1 days with
Septi-Chek versus 18.5 and 13.4 days with BACTEC) (1, 176).

Blood culture systems used primarily for detection of MAI
bacteremia also recover M. tuberculosis. The Isolator lytic sys-
tem (Wampole Laboratories, Cranbury, N.J.) can be used to
quantitate mycobacteremia. Lysed blood from the Isolator col-
lection tube is inoculated onto agar plates (e.g., 7H11); the
colonies that develop can be counted; and the number of CFU
per milliliter of blood can be calculated. Quantitative changes
can be used to monitor the effect of antimycobacterial therapy.
Radiometric 13A broth blood culture bottles can be used as
part of the BACTEC TB system. The Isolator and BACTEC
systems were shown to be approximately equal in sensitivity
and time to detection of mycobacteremia (186, 343).

Identification. Until recently, identification of M. tuberculo-
sis from positive cultures depended on biochemical tests for
the production of niacin, catalase, and nitrate reductase after
test media were incubated for 2 to 3 weeks. More-rapid iden-
tification was made available with the BACTEC NAP test. The
NAP compound, p-nitro-a-acetylamino-B-hydroxypropiophe-
none, selectively inhibits the M. tuberculosis complex group of
mycobacteria. The test is performed on actively growing or-
ganisms, including those from a positive BACTEC bottle, and
is completed in 5 days. The test results correlate well with other
identification methods (299).

Cultures of mycobacteria can also be identified with DNA
probes on the basis of the principle that complementary nu-
cleic acid strands bind to form stable double-stranded (hybrid)
complexes. Methods in which whole chromosomal DNA
probes or DNA probes that detect a complementary sequence
on the 16S rRNA are used are highly specific. The AccuProbe
system (GenProbe, San Diego, Calif.) uses a DNA probe la-
beled with an acridinium ester directed at the rRNA of the
mycobacterium. After the mixture of probe and organism is
briefly incubated, unhybridized probe is chemically degraded,
and the esterified acridinium on the hybridized probe is hy-
drolyzed by the addition of an alkaline hydrogen peroxide
solution, resulting in the production of visible light, which is
measured with a luminometer. The AccuProbe M. tuberculosis
probe was shown to be 100% specific for the M. tuberculosis
complex (M. tuberculosis, M. bovis, and M. africanum), but the
probes have a detection limit of approximately 10° CFU/ml
and hence require actively growing cultures for use (137).

Cultures of M. tuberculosis containing at least 107 mycobac-
teria can be identified by reverse-phase high-performance lig-
uid chromatography (HPLC). Most species of mycobacteria
have unique patterns of mycolic acid esters. A sample of the
organism is prepared, saponified overnight, and analyzed by an
instrument with a detector linked to a computer that stores
data from control organisms (43). The equipment is rather
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expensive, but sample preparation is inexpensive. HPLC is
used primarily by reference laboratories.

Laboratories can now use a combination of new culture and
identification procedures to shorten the time required for di-
agnosing tuberculosis. For example, culture-positive broth
from the BACTEC bottle has been concentrated by centrifu-
gation and the pellet has been used as a source of organisms
for identification by the Gen-Probe TB DNA probe. Organ-
isms were usually detected and identified within 2 weeks of
culture inoculation (109, 110). Approximately 75% of state
public health laboratories now use a combination of nucleic
acid probes, HPLC, and the NAP test for rapid identification
of M. tuberculosis in culture (154).

PCR

Definitive laboratory diagnosis of tuberculosis relies on the
production of a sufficient number of mycobacteria or amount
of product that can be identified. Accumulation of the slowly
growing organism by culture takes several days or weeks.
Methods that shorten the accumulation time to hours by rap-
idly amplifying nucleic acids of the organism with the use of
primers are being developed (279). Primers used in the ampli-
fication process can be either species specific or genus specific.
Once amplified, the characteristic nucleic acids of mycobacte-
ria can be rapidly identified. Assays in which PCR (297) is used
for amplification with species-specific primers for M. tubercu-
losis are the most thoroughly studied of the new techniques.

Species-specific primers. PCR is part of the diagnostic pro-
cess in which mycobacterial DNA in a clinical sample is ex-
tracted, amplified, and identified. The double-stranded target
DNA of the organism is first denatured by heating. The opti-
mal temperature of denaturation is determined empirically
and depends on several factors, including the guanine-cytosine
content of the DNA fragment. Next, a pair of oligonucleotide
primers is annealed to the complementary (usually 5) ends of
each of the target single strands. These primers determine the
specificity of the reaction. Several sets of primers have been
constructed to detect M. tuberculosis. For example, primers
have been designed to detect single-copy genetic elements
encoding proteins such as the conserved mycobacterial 65-kDa
heat shock protein (36, 239) or repetitive insertion sequences,
such as IS6110 (1S986) (107, 153, 332), which are specific to
and repeated 1 to 20 times in the chromosome of members of
the M. tuberculosis complex. The enzyme polymerase then cat-
alyzes the extension of the new DNA strand with the target
single strand as a template. This cycle is repeated 20 to 40
times. Thus, a single copy of the DNA fragment is amplified to
approximately 10° copies in about 30 cycles in 2 to 3 h. The
amplified product is then detected and identified. In one de-
tection method, the DNA is resolved by agarose gel electro-
phoresis and stained with an ethidium bromide stain, and the
product is visualized by UV transillumination (149). Since the
molecular weight of the amplified product is known, electro-
phoresis adds to the specificity of the reaction. In another
detection method, amplified DNA is bound to a nylon or
nitrocellulose membrane matrix (dot or slot blot) and the
product is hybridized with a probe that is complementary to an
internal region of the amplified product (149).

The sensitivity of the PCR assay for M. tuberculosis varies
from approximately 50 to 100%, and the specificity is uniformly
high at 95 to 100%. A recent seven-laboratory blinded study
(234) confirms earlier observations (35, 80, 107, 239, 297, 342)
that there is considerable laboratory-to-laboratory variability
in the sensitivity and specificity of the PCR assay for detecting
M. tuberculosis in clinical specimens. PCR sensitivity is depen-
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dent on the DNA extraction procedure, cycling parameters,
and methods used to detect and identify the amplified DNA
product. Because of their waxy coat, M. tuberculosis bacilli are
quite resistant to simple disruption procedures. The detection
limit of purified DNA by PCR has been reported to be as low
as 1 fg (equivalent to one-fifth of an organism), but in clinical
specimens such as sputum, the detection limit has varied from
100 to 1,000 organisms (149, 153). Sensitivity can be enhanced
by extraction procedures that involve protease digestion, phe-
nol-chloroform extraction, and ethanol precipitation of the
extracted DNA; however, these laborious procedures may not
be conducive to use in the busy clinical laboratory. A simpler
preparation method, in which samples are heated in lysis buffer
containing nonionic detergents, is less sensitive (297).

Sensitivity is also affected by the method used to detect and
identify the amplified DNA product. Most research laborato-
ries now use a hybridization procedure with probe identifica-
tion. The sensitivity of the reaction is dependent on the type of
reporter signal complexed to the probe. A probe labeled with
32P produces the most sensitive reaction; however, because of
disposal problems, routine use of radioisotopes in the clinical
laboratory is being discouraged. Recent reports suggest that
enzyme-conjugated probes, including those labeled with alka-
line phosphatase, digoxigenin, or biotin and detected by colo-
rimetric (297, 342) or chemiluminescent (233) methods, are at
least as sensitive as the ethidium bromide stain method.

The sensitivity of the PCR assay can also be improved by
subjecting the amplified DNA product to a second PCR assay
with a second set of primers designed to amplify an internal
segment (nested PCR) (250). This method is more laborious
and may be unsuitable for routine use in the clinical laboratory.
Recently, a simpler one-tube nested PCR test was described
(342).

Genus-specific primers. A clinical specimen may contain M.
tuberculosis and/or other mycobacteria. Therefore, there are
advantages to using genus-specific primers in the amplification
step of PCR. The amplified product could then be identified
with species-specific probes. Recently, laboratories have used
combinations of Mycobacterium-specific primers for amplifica-
tion, and the amplified product has been hybridized with spe-
cific probes (329) or analyzed by RFLP (259, 330). In one
study, restriction fragment profiles of known organisms were
normalized to a fixed distance and the similarity of patterns
were calculated by using a computer-aided comparison pro-
gram. Patterns of unknown organisms could be compared with
this database for identification (259).

Fingerprinting. Products of the PCR assay have a variety of
uses. The repetitive DNA elements present in M. tuberculosis
have been used as strain-specific markers, and the information
has been used in epidemiologic studies of tuberculosis (146).
Strains can be identified, or fingerprinted, by growing the or-
ganisms, extracting the DNA, digesting the DNA with restric-
tion enzymes, and blotting and probing for the repetitive ele-
ment. Data from fingerprints can be compared by computer-
aided analysis. Rapid strain identification will be very valuable
in providing insight into global transmission of tuberculosis,
studying outbreak investigations of MDR strains, and answer-
ing questions of reactivation versus reinfection disease. Rec-
ommendations for a standard fingerprinting method have re-
cently been made (336).

PCR in the clinical laboratory. At present there are no
commercial kits that have been evaluated and licensed by the
Food and Drug Administration available for PCR detection of
M. tuberculosis in clinical laboratories. In addition to improve-
ments needed in the sensitivity and specificity of the system,
other practical considerations include the following. (i) What
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combination of genus and species primers and probes will be
used, and in what order? (ii) What conventional stain and
culture methods can be replaced? (iii) How will the antimicro-
bial susceptibility pattern of the organism be determined? (iv)
How will mixed mycobacterial infections be detected? (v) Can
these new procedures be used in developing countries, where
tuberculosis is a major problem and conventional biochemical
and radiometric methods are not easily implemented? (vi) Are
there other amplification methods that are more practical for
the diagnostic laboratory? (vii) What is the level of service
laboratory that will use these new procedures?

Antimicrobial Susceptibility Tests

Most laboratories use either the agar-based proportion
method or the broth-based radiometric method for antimicro-
bial susceptibility testing of M. tuberculosis obtained either
directly from acid-fast positive specimens or indirectly from
positive cultures. Results of the indirect test are available in 2
to 3 weeks for the agar method and in 5 days for the broth
method. Surprisingly, 80% of state public health laboratories
still use the slower agar method (154).

Proportion method. With the proportion method (229), var-
ious concentrations of antimicrobial solutions or antimicrobial
disks are incorporated into quadrants of 7H10 agar plates.
Standardized dilutions of the organisms are inoculated onto
the agar medium. The plates are incubated at 37°C and exam-
ined for colonies after 2 and 3 weeks. Growth on drug-con-
taining media that represents more than 1% of the colonies
that develop on drug-free media defines resistance. Both first-
and second-line drugs have been tested by this method.

Radiometric method. In the radiometric method (168), var-
ious concentrations of the organism and antimicrobial agents
are inoculated into BACTEC 12B broth bottles. Each day for
5 days, growth, as indicated by an increasing growth index
reading in the drug-containing bottles, is compared with
growth, indicated in the same way, in a control bottle. Contin-
ued growth in a bottle containing drug indicates resistance,
while a declining or leveling rate of growth indicates suscepti-
bility. Commercially available reagents are available for using
the BACTEC method to test strains of M. tuberculosis for
susceptibility to INH, streptomycin, rifampin, ethambutol, and
pyrazinamide (PZA).

New methods. New and innovative methods for rapid drug
testing are being developed. In one method, mycobacteria
were infected with specific reporter phages expressing the fire-
fly luciferase gene (177). Light production was dependent on
phage infection, expression of the luciferase gene, and the level
of cellular ATP. Signals could be detected within minutes after
infection of virulent M. fuberculosis isolates with reporter
phages. When organisms were exposed to drugs to which they
were susceptible, the light was extinguished. Light was pro-
duced from a strain resistant to that drug.

Recommendations

Patients suspected of having active tuberculosis should have
early laboratory documentation by rapid performance of acid-
fast stained smears, culture and identification, and drug sus-
ceptibility testing. Federal and state health agencies, including
the CDC (331) and New York State (228), have made the
following recommendations, among others, regarding the di-
agnostic laboratory. (i) Good communication should be en-
couraged between the clinician and the laboratory regarding
proper specimen selection and rapid transport of the specimen
to the laboratory within 24 h. (ii) Fluorescence microscopy
should be used for reading smears for AFB. (iii) Concentrated



188 SEPKOWITZ ET AL.

specimens should be inoculated immediately to liquid and
solid media, and media should be inspected weekly or more
often as specified by the manufacturer. (iv) As soon as myco-
bacterial growth is detected, identification should be con-
ducted by using probes, NAP methodology, and/or mycolic
acid analysis. (v) All initial isolates of M. tuberculosis should be
tested for susceptibility to INH, rifampin, streptomycin,
ethambutol, and PZA in a BACTEC or similar system. Sus-
ceptibility tests for second-line agents are usually conducted at
reference laboratories. The drugs tested may include amikacin,
capreomycin, ciprofloxacin, cycloserine, ethionamide, kanamy-
cin, PAS, and rifabutin. (vi) The decision to perform drug
susceptibility studies on later isolates should be based on the
patient’s response to therapy. Susceptibility testing should be
repeated if the patient remains culture positive at 3 months.
(vii) All results of AFB-positive smears, positive cultures, and
results of susceptibility studies should be reported within 24 h,
preferably immediately, to the clinician. The appropriate pub-
lic health agency should also be notified of results mandated to
be reported to that agency. (viii) The laboratory should main-
tain up-to-date records and review laboratory procedures and
facilities to guarantee the safety of personnel.

TREATMENT OF TUBERCULOSIS

When streptomycin first was introduced, miraculous “cures”
of severely ill persons were described. Almost immediately
thereafter, however, a new and wunexpected problem
emerged—many patients suffered relapses of tuberculosis, this
time with streptomycin-resistant strains (210, 265, 346). Studies
demonstrated that M. tuberculosis developed resistance to
streptomycin within 3 months of therapy (265, 346).

Fortunately, the efficacy of combination therapy was soon
demonstrated. When a second drug, PAS, which had been
recently introduced, was added, the emergence of resistant
strains was delayed and in most cases prevented (211). With
the introduction of INH a few years later, initial treatment with
INH and streptomycin proved even more effective at prevent-
ing the emergence of drug-resistant disease. Some physicians
used all three available medicines—INH, PAS, and streptomy-
cin—to gain further leverage against the potential emergence
of resistant disease (212). Since that time, standard practice
has been to treat with an initial three- or four-drug regimen,
with modifications made on the basis of susceptibility results.

Medications

First-line therapy. Five medications are “first-line therapy”:
INH, rifampin, PZA, ethambutol, and streptomycin (126, 130)
because of their activity and favorable toxicity profile. Dose
schedules depend on the site of disease, but, in general, only
meningitis, osteomyelitis, and miliary tuberculosis need pro-
tracted courses of therapy (18, 213). Treatment of disease at
other extrapulmonary sites, such as lymph nodes (39) and
pleura (97), follows the recommendations for pulmonary tu-
berculosis, which is routinely treated for 6 months (98).

INH has been the mainstay of therapy since its introduction
in 1953. The usual dose is 300 mg daily. The most common side
effect is liver toxicity, which correlates with increasing age and
dose and is generally reversible with cessation of the drug.
Rare fatal cases of fulminant hepatitis have been described,
particularly among postpartum women (148). Most fatal cases
occurred when persons continued to take the drug despite
developing symptoms of liver disease. Rapid acetylators me-
tabolize INH more quickly and so rapidly accumulate a hepa-
totoxic metabolite, increasing the frequency of adverse reac-
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tions (216). The frequency of another common side effect,
peripheral neuropathy, is reduced with coadministration of
vitamin B, (pyridoxine) at 50 mg daily. Arthralgia may de-
velop, particularly among the elderly, and other patients may
develop a lupus-like syndrome, including a positive antinuclear
antibody test.

Rifampin, discovered in 1966, is an equally potent agent for
tuberculosis. The usual dose is 600 mg daily. Like INH, ri-
fampin is hepatotoxic. More importantly, it induces hepatic
microsomal enzymes, thereby affecting the metabolism of
many medications. Methadone, birth control pills, coumadin,
dapsone, and many antiseizure medications are only some of
the medicines that may require dose adjustment (generally an
increase) and heightened vigilance during rifampin therapy.
Most patients develop an orange discoloration of the urine,
which some clinicians use as a means of gauging patient com-
pliance and absorption. INH and rifampin appear to have
additive, rather than synergistic, hepatotoxicity (323).

PZA has been increasingly used in recent years. The usual
dose is 25 mg/kg once daily. Only recently has standardized in
vitro susceptibility testing been developed. Because of its ex-
cellent activity, regimens containing PZA may be given for as
briefly as 6 months. It is hepatotoxic and causes hyperuricemia.
Unless gout or renal failure from hyperuricemia develops,
most clinicians continue to administer PZA, despite a high (up
to 12- to 15-mg/dl) uric acid level. The uric acid level, if ele-
vated, may provide indirect evidence that a given patient is
compliant with medicines.

Ethambutol is bacteriostatic at doses of 15 mg/kg/day (the
usual dose) and may be bactericidal at 25 mg/kg/day (81). At
the lower dose, the feared toxicity of optic neuritis is rarely
encountered. Regular screening of color vision may disclose
early visual disturbances. Renal failure increases the risk of
optic neuritis.

Streptomycin was the first drug introduced for the treatment
of M. tuberculosis. Currently, its use is limited by the need to
deliver the medicine intramuscularly, although some hospitals
use intravenous administration (245). Like other aminoglyco-
sides, streptomycin causes ototoxicity and renal dysfunction.
Other active aminoglycosides include amikacin and kanamycin
(209). When available, streptomycin is the preferred aminogly-
coside.

Second-line therapy. The second-line agents are seldom
used except in areas with high rates of drug resistance (173) or,
as with thiacetazone, because of the low cost of the drug.
Shortages of some second-line agents have been described
(244).

The fluoroquinolones, such as ciprofloxacin (184), ofloxacin
(193), and its L-isomer, levofloxacin, are active in vitro and are
being actively investigated (135, 344) for their uses against
mycobacteria. The usual dose of ofloxacin is 400 to 800 mg/day.
Ciprofloxacin is usually used in doses of 500 to 750 mg twice
daily. Fever, rash, agitation, and gastrointestinal disturbance
are the most common side effects.

Cycloserine commonly causes central nervous system side
effects ranging from somnolence to irritability and seizure.
Addition of quinolones may increase the rate of serious central
nervous system side effects (345). The usual dose is 500 to 750
mg/day. Pyridoxine (vitamin By) administration may decrease
some central nervous system side effects.

Capreomycin is an injectable polypeptide that causes otic
and renal toxicity. It is given at 1 g daily intramuscularly,
although there is growing experience with intravenous dosing
that suggests that this route is also safe.
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TABLE 4. Rate of sterilization of culture according to
treatment regimen”

% Culture negative by mo:

. No. of
Regimen” patients 1 2 3 5
SHRZ (6 mo) 146 38 77 97 100
EHRZ (6 mo) 141 35 71 99 100
EHR (9 mo) 157 29 64 88 100

“ Reprinted from reference 143 with permission of the publisher.
s, streptomycin; H, isoniazid; R, rifampin; Z, pyrazinamide; E, ethambutol.

Ethionamide causes gastrointestinal upset. The usual dose is
500 to 750 mg/day, beginning at 250 mg and increasing slowly,
according to patient tolerance.

PAS can cause hepatitis, fluid retention due to an obligate
sodium load, and profound gastrointestinal upset. The usual
dose is 8 to 12 g/day.

Thiacetazone is not available in the United States because of
relatively poor efficacy and the high rate of severe skin reac-
tions, but it is used in many countries in Africa. The dose of
thiacetazone is 150 mg/day. Initial 2-month therapy with INH,
streptomycin, and thiacetazone followed by an additional 10
months with INH and thiacetazone costs less than $50 in many
countries and is effective. Persons with HIV infection have a
particularly high rate of severe, adverse reactions to thiaceta-
zone (247).

Rifabutin is a rifamycin similar to rifampin. Most experts do
not use rifabutin if a mycobacterial strain is resistant to ri-
fampin, even if in vitro tests show that rifabutin may be active.
However, levels of rifabutin in serum are 7 to 10 times lower
than those achieved with rifampin, and this may be insufficient
(243). The usual treatment dose is 600 mg daily, which has
been associated with development of uveitis in some patients
and is not recommended.

Clofazimine, an active anti-leprosy drug, has been given
rarely to patients with tuberculosis. The usual dose is 100 to
200 mg/day. It may cause gastrointestinal disturbance as well as
a bronze discoloration to the skin.

The macrolides, including azithromycin and clarithromycin,
which show excellent activity against many nontuberculous my-
cobacteria, are not active against M. tuberculosis (135). Amoxi-
cillin-clavulanic acid was suggested in an early report to be
active (225), although some experts do not recommend its use
(173).

Therapeutic Regimens

The current regimen for the treatment of pulmonary tuber-
culosis evolved over many years and is based on dozens of
clinical trials involving thousands of patients worldwide (142).
Trials conducted in Africa (7, 100, 101), Hong Kong (159-162),
Singapore (300-303), other Asian countries (16, 86, 200, 207),
the United States (2, 70, 73, 304, 312, 313), Europe (37, 38, 45,
349), and South America (112) have all contributed to current
recommendations (11, 12). Mitchison and Nunn reviewed fea-
tures of 12 trials headed by the British Medical Research
Council and involving over 8,000 patients (218). Not all trials
demonstrate identical results, and not all results are readily
explained. However, the strength of the current recommenda-
tion of a 6-month regimen for pulmonary tuberculosis with a
susceptible organism is well appreciated after a review of the
numerous trials (143) and subsequent commentaries (121, 122,
175) (Table 4). The current standard is 2 months of INH,
rifampin, PZA, and ethambutol followed by 4 months of INH

TUBERCULOSIS IN THE AIDS ERA 189

and rifampin (“4 for 2 and 2 for 4”) (11, 12). Doses are
calculated according to body weight (see the ranges above).

Space does not permit an exhaustive discussion of each,
although the references include many trials. We will review
four key studies that have led to the current recommendation.

The effectiveness of PZA in allowing a 6-month course of
combined therapy was established by the Hong Kong Chest
Service and the British Medical Research Council (159). They
reported a S-year follow-up of 792 patients with drug-suscep-
tible tuberculosis treated with one of five different supervised
6-month regimens: (i) thrice-weekly INH-RIF-SM-ETA (RIF
is rifampin, SM is streptomycin, and ETA is ethambutol), (ii)
thrice-weekly INH-RIF-PZA-SM, (iii) thrice-weekly INH-
RIF-PZA-ETA, (iv) daily INH-RIF-PZA-ETA, or (v) thrice-
weekly INH-RIF-ETA-SM. Patients receiving PZA-containing
regimens had a significantly lower initial relapse rates at 2
years (9 [1.4%] of 626 versus 13 [7.8%] of 166). This advantage
extended out to 5 years of follow-up: relapse occurred in 3.4%
of patients receiving PZA, in contrast to 10.4% receiving the
non-PZA regimens. In addition, patients in the PZA group had
better cure rates when the organism was resistant to INH,
streptomycin, or both.

The Singapore Tuberculosis Service along with the British
Medical Research Council established that streptomycin was
no longer essential in initial therapy. In a 1988 report (302),
three directly supervised 6-month regimens were evaluated.
Patients received either (i) daily INH-RIF-PZA-SM for 2
months and then thrice-weekly INH-RIF for 4 months, (ii)
daily INH-RIF-PZA-SM for 1 month and then thrice-weekly
INH-RIF for 5 months, or (iii) daily INH-RIF-PZA for 2
months and then thrice-weekly INH-RIF for 4 months. Re-
lapse rates after 5 years were similar for all regimens: only 7
(2.4%) of 297 patients with drug-susceptible strains relapsed.
This study demonstrated that streptomycin in the initial phase
of disease did not confer benefit when the strain was suscep-
tible to all first-line agents. Also, a thrice-weekly dosage sched-
ule for the continuation phase was effective in this study. Ad-
vantages to thrice-weekly dosing are less expense and better
ability to supervise all doses to ensure compliance.

In 1990, the U.S. Public Health Service evaluated short-
course chemotherapy (6 versus 9 months) for pulmonary tu-
berculosis (73). After 96 weeks, relapse rates were the same:
3.5% in the 6-month group versus 2.8% in the 9-month group.
Compliance was worse in the 9-month group, and on the basis
of this study, a 6-month course of INH-RIF-PZA for 2 months
followed by INH-RIF for an additional 4 months was recom-
mended for uncomplicated susceptible pulmonary tuberculo-
sis.

In an effort to further ensure compliance and decrease the
cost of therapy, the U.S. Public Health Service next devised a
62-dose, twice-weekly 6-month regimen, tested on consecutive
new cases of both pulmonary and extrapulmonary tuberculosis
(70). Of 125 patients, only 2 relapsed, 6 and 56 months after
completing therapy. Thirteen patients were lost to follow-up,
and 4 persons died of unrelated causes. During treatment, 17%
of patients had twofold or greater elevations of aspartate ami-
notransferase levels and 27% of patients had =1.5-fold eleva-
tions of alkaline phosphatase levels in blood. Over half of the
patients were alcoholics. Excluded patients included the eld-
erly, persons with HIV infection, those with a history of resis-
tant tuberculosis, or those with significant underlying liver or
kidney disease. This trial demonstrated that a short-course,
fully supervised, intermittent-dose regimen was effective,
cheap, and likely to be complied with.

The duration of therapy for patients with HIV and suscep-
tible tuberculosis is unclear. Some reports suggest that stan-
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dard 6-month courses of therapy are adequate (158), while
others report failures of standard 6-month regimens (99, 152,
247, 327) or have suggested longer therapy (171). Recent re-
ports describing exogenous reinfection raise the possibility that
some patients who had been considered as having relapsed
were in fact exogenously reinfected (82). The crucial issue of
duration of therapy is currently undergoing a large clinical trial
under the auspices of the National Institutes of Allergy and
Infectious Disease, Division of AIDS.

Patients with Negative-Stained Sputum Smears

In many series, the rate of AFB smear-negative tuberculosis
approaches 50%. In addition, many patients with a syndrome
suggestive of tuberculosis may have negative cultures, referred
to as culture-negative tuberculosis.

In 1989, the Hong Kong Chest Service addressed the prob-
lem of patients with negative sputum smears (either culture
negative or culture positive) who have clinical tuberculosis
(162). Smear-negative patients are presumed to have a small
organism load, and therefore shorter courses of therapy were
studied: patients were treated with one of three regimens: daily
INH-RIF-SM-PZA for 3 months or thrice-weekly INH-RIF-
SM-PZA for 3 or 4 months. Data at 5 years revealed a com-
bined relapse rate for the 3-month regimens at 7% (unaccept-
ably high). In the 4-month group, an acceptable relapse rate of
4% was observed. Therefore, the Hong Kong Chest Service
advocates treating all sputum smear-negative patients (regard-
less of culture results) with 4 months of thrice-weekly INH-
RIF-SM-PZA.

In 1989, the Arkansas Department of Health published their
experience with 4-month treatment regimens in 452 patients
with smear- and culture-negative tuberculosis (96). They ad-
ministered shortened antituberculous regimens when sputum
cultures were negative but tuberculosis was the likeliest diag-
nosis clinically. Treatment was started before culture results
were final in anticipation of a 9-month course; however, when
three cultures were negative, therapy was discontinued at 4
months. Patients received Rifamate (combination capsule of
300 mg of INH and 600 mg of rifampin) for 1 month and were
then changed to twice-weekly therapy (900 mg of INH with 600
mg of rifampin). Twenty-eight percent (126 of 452) showed
clinical or radiographic response to treatment. Follow-up of
414 patients who completed 4 months of therapy revealed only
5 relapses (1.2%), 3 among responders and 2 among nonre-
sponders. All patients who relapsed had drug-susceptible or-
ganisms.

Directly Observed Therapy

Treatment noncompliance, the major cause of secondary
resistance of tuberculosis, is common, with at least 20% of
patients who start antituberculous regimens failing to complete
the course within 12 months (3, 14, 136, 326). Many tricks to
improve compliance have been tried (68). One method to
ensure patient compliance is with directly observed therapy
(DOT), wherein an observer dispenses medicine and then
watches a specific patient take the pills. This method is easiest
when patients keep scheduled clinic visits. However, field
workers may be asked to keep track of the whereabouts of 15
to 20 patients who cannot or will not come to the clinic. The
whereabouts of these patients may be difficult to ascertain, and
patients are occasionally found in drug “shooting galleries” or
other dangerous places. Delivery of medication to tuberculous
patients under these circumstances requires a dedicated and
organized staff, as well as generous financial backing. Induce-
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ments such as money, food, or subway tokens may increase the
likelihood of patient compliance (174).

Weis et al. (339) showed that DOT was more effective than
traditional unsupervised therapy. Of 407 patients on tradi-
tional therapy, 85 (21%) relapsed on therapy (25 [6%] had
MDR organisms), while only 32 (5.5%) of 581 on DOT re-
lapsed. No patients with relapses who were treated on the
DOT regimen had drug-resistant organisms on repeat cultures
(339).

In a DOT program in Denver, Colo., fewer than 10% of
patients were lost to follow-up (174). In a cost analysis, Iseman
et al. determined that there is not a significant cost difference
between running a DOT program and having patients take
self-administered regimens (174). However, when one takes
into account the decreased costs from better infection control
and less disease spread when compliance is improved, the cost
benefit of DOT is apparent. The savings from eliminating
development of new drug resistance more than compensates
for the operating costs needed to oversee such a program. In
1988, the estimated cost of an intermittently administered
DOT program for tuberculosis was about $400 per patient
(174). This included the cost of a salary and benefits for a
registered nurse, the medications, and laboratory costs. This
regimen was found to be less expensive than a daily, self-
administered regimen as well.

The exponential cost of treatment failure is well exemplified
by the following. In 1990, a man was hospitalized several times
for the treatment of tuberculosis (51). He took medications
while in the hospital but never after discharge. He developed
MDR tuberculosis and subsequently infected nine family
members, who also developed resistant tuberculosis. The cost
of the care of these 10 patients was $950,433.

Resistant Tuberculosis: Overview

Patient noncompliance, acute infection with already resis-
tant strains, and 40 years of ineffective administration of effec-
tive medicines have conspired to create a growing number of
persons with resistant tuberculosis. Therapy of resistant tuber-
culosis is slower, more toxic, and more expensive than therapy
of susceptible disease, with lower cure rates and an increased
likelihood that the patient will remain infectious for an ex-
tended period (90, 165, 173, 199, 311). Research to identify
genes coding for different antibiotic resistances appears prom-
ising and may lead to diagnostic and therapeutic innovations
(325, 350).

Current CDC recommendations are for persons with sus-
pected tuberculosis to receive at least four drugs initially, in-
cluding three drugs to which the patient’s organism is likely to
be susceptible. The best “empirical therapy” for patients with
possible resistant disease cannot be generalized, since resis-
tance patterns vary from hospital to hospital and city to city.
Also, the added toxicity of a broadened five-, six-, or seven-
drug initial therapy must be considered.

In general, there are two key drugs in the treatment of
tuberculosis: INH and rifampin. Susceptibility to both allows 6-
to 9-month regimens (218); susceptibility to rifampin but not
INH allows 9- to 12-month regimens; and susceptibility to INH
but not rifampin allows 12- to 18-month effective regimens
(218). However, when an isolate is resistant to both INH and
rifampin, the outcome is uncertain. Maintenance of suscepti-
bility to at least one of these two agents is therefore central to
the control and cure of tuberculosis.

Resistant tuberculosis in HIV-negative patients. A recent
report from National Jewish Hospital in Denver provided a
sobering reminder of how difficult it can be to cure MDR
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tuberculosis, even in the best of circumstances (129). In this
study, the outcome of 171 persons with MDR tuberculosis
from 1973 to 1983 was reported. The patients had previously
received a median of six drugs, were resistant to a median of six
drugs, and had received therapy for a median of 6 years.

Analysis revealed that only one-half of the patients were
cured medically; an additional one-fourth were surgically
cured; while one-fourth were treatment failures. Surgery has
been shown to be a viable alternative in some patients (129,
170, 261).

Resistant tuberculosis in HIV-positive patients. Because of
the particular susceptibility of HIV-infected persons for devel-
opment of active tuberculosis, acute resistant primary tuber-
culosis (primary resistance) is increasingly common among
persons with HIV infection. Initial reports of patients with
MDR tuberculosis and AIDS described extremely high mor-
tality rates, with most patients dying within 1 to 3 months (114).
A report of 62 patients with MDR tuberculosis and 55 patients
with susceptible or single-drug-resistant tuberculosis found
that patients with MDR tuberculosis were more likely to have
pulmonary and extrapulmonary active disease simultaneously
(114). Patients with MDR tuberculosis were eight times more
likely to have AIDS and less likely to have presented with a
productive cough or lymphadenopathy. Differences on chest
radiographs were subtle and could not be used to predict
whether a given patient was likely to have MDR tuberculosis.
Only 7% of patients with MDR tuberculosis achieved a dura-
ble sputum culture conversion to negative. Of 25 patients who
received at least 2 months of effective antituberculous therapy,
only 2 had three consecutive negative cultures (114). Addition-
ally, the mean time to the first of three negative cultures was 9
months. The other 23 patients had intermittently or persis-
tently positive sputum cultures.

Survival data in this study found a much worse prognosis for
patients with MDR tuberculosis and AIDS: 1.5-month survival
for patients with MDR tuberculosis and AIDS; 14.8-month
survival for patients with MDR tuberculosis who were HIV
negative; 14.3-month survival for patients with susceptible or
single-drug-resistant tuberculosis and HIV infection; and 17.9-
month survival for patients with susceptible or single-drug-
resistant tuberculosis without HIV infection. This report sug-
gests that the severe immune defect of AIDS patients may be
central to the drastically high mortality rates. Others have
reported similarly dismal results (42, 53, 118).

Against these data are results from two hospitals in New
York City (103, 202). Because outbreaks of MDR tuberculosis
had occurred at these hospitals, broadened initial empirical
regimens were given to patients with suspected resistant dis-
ease. In one study, patients with MDR tuberculosis who had
received at least two drugs to which their isolate was ultimately
found to be susceptible had better survival rates than those
who received less than two active drugs (13 of 21 [62%] versus
4 of 12 [33%]) (103). An update of these data extended the
observation and described a clear survival advantage to those
who had received at least three agents to which their isolate
was ultimately found to be susceptible.

At another outbreak hospital, the ultimate outcome of pa-
tients treated with a five- to six-drug regimen was described
(202). Of 12 patients studied, 7 were alive a median of 5
months after diagnosis. Median survival for the remaining five
patients was 6 to 7 months. The median CD4™ cell count in this
group was 50 (range, 0 to 160), indicating that patients were
severely immunocompromised.

These two reports suggest that a severe immune defect may
not necessarily be responsible for high mortality rates of MDR
tuberculosis; rather, the studies demonstrate that untreated
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MDR tuberculosis is a rapidly fatal disease in patients with
AIDS. In the early studies, resistant tuberculosis was not an-
ticipated; therefore, almost no patients who were subsequently
found to have MDR tuberculosis had received effective ther-
apy for their disease. The last two studies show that a response
can be obtained no matter how severe the immune defect and
suggest that a key determinant in survival for patients with
MDR tuberculosis and AIDS is prompt selection of an effec-
tive regimen.

The selection of specific empirical regimens will necessarily
depend on the local pattern of susceptibility at a given medical
center (173). One regimen used in New York City to treat
persons suspected to have an increasingly common strain re-
sistant to seven drugs includes INH, rifampin, PZA, ofloxacin,
cycloserine, and capreomycin.

While five- to six-drug empirical regimens do appear supe-
rior when given in the correct setting, a great deal of additional
study must be undertaken before a specific regimen can be
recommended. First, initiating a six-drug regimen, often with
several toxic second-line agents, to patients with AIDS, who
are often already receiving several other medicines, can com-
plicate an already complicated clinical picture. Management of
common toxicities such as rash, fever, or hepatitis is particu-
larly difficult, since it is seldom obvious which is the provoca-
tive agent.

In addition, the impact of administering a relatively toxic
six-drug regimen as empirical therapy to patients who may
have a susceptible M. tuberculosis strain, or may not have
tuberculosis at all, must be considered. Although some factors
increase the risk of resistant tuberculosis, many patients with
resistant disease have no discernible risk factors; conversely,
many persons with several risk factors turn out to have suscep-
tible tuberculosis. Until rapid tests to identify resistant tuber-
culosis are developed, recommendations concerning empirical
regimens will have to be determined by hospital-based infec-
tious-disease and pulmonary specialists.

Finally, the ultimate disposition of patients with AIDS who
survive with MDR tuberculosis must also be considered in the
public health context. Many of these patients remain intermit-
tently smear and culture positive after 12 to 18 months of
therapy, despite clinical signs of response such as deferves-
cence, weight gain, and normalization of the chest radiograph.
Therefore, returning them to their previous residence, which
may be a home with HIV-infected family members, congregate
housing, or prison, may be unwise. As a result, such patients
may remain hospitalized indefinitely, which can be extremely
demoralizing and expensive.

PROPHYLAXIS

Soon after demonstration of the activity of INH in clinical
tuberculosis, a series of trials examining its efficacy as prophy-
laxis were performed (78, 113, 235, 337). Initial groups studied
included an assortment of persons with a positive tuberculin
test, including many with abnormal chest radiographs and
some with a history of treated tuberculosis (74, 77, 169). In
addition, many persons were enrolled who were subsequently
found to have microbiologically proven tuberculosis. Despite
the heterogeneity of populations studied, the results have re-
mained remarkably constant. About 65% fewer persons who
received INH daily for 1 year developed tuberculosis than did
patients who did not receive INH, and the protective effect
lasted for as long as 19 years (75).

Because of compliance problems and the risk of INH-in-
duced hepatitis, courses of INH chemoprophylaxis shorter
than 1 year have been studied. In one trial of 28,000 persons
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TABLE 5. Results of INH prophylaxis trials”

Regimen No. of No. of S-yr %
(wk) persons cases incidence® Reduction
Placebo 6,990 97 14.3 0
INH (12) 6,956 76 11.3 21
INH (24) 6,995 34 5 65
INH (52) 6,919 24 3.6 75

“ Reprinted from reference 169 with permission of the publisher.
b Incidence is defined as the number of culture-positive persons per 1,000
persons at risk.

with a positive TST and an abnormal chest radiograph, four
treatment groups were examined: (i) placebo; (ii) 12 weeks of
INH; (iii) 24 weeks of INH; and (iv) 52 weeks of INH (159)
(Table 5). The results at 5 years demonstrated that 12, 24, and
52 weeks of therapy reduced cases of active disease by 21%,
65%, and 75%, respectively. In addition, the group treated for
24 weeks had fewer cases of INH-induced hepatitis than the
group treated for 52 weeks. However, when the “completer-
compliers”—persons who took at least 80% of their pills—
were analyzed, the 52-week group had a 93% reduction in
cases compared with a 69% reduction for the 24-week group
(Table 6). In addition, among the completer-compliers in the
24-week group, a trend toward an increasing number of cases
in the fourth and fifth years was evident, whereas persons who
received 52 weeks of INH maintained a durable and low an-
nual rate of tuberculosis for the entire 5 years.

Subsequent analysis of additional trials suggested that the
risk-benefit ratio of 24-week therapy, as well as a higher like-
lihood of compliance, continued to favor its use (50, 52). Clin-
ical trials of 2-month therapy with rifampin and PZA are in
progress (198). For HIV-infected persons, a course of 52 weeks
is currently recommended.

The prevalence of positive TSTs in a given population has
not been closely studied recently, but it ranges from 12% in
New York City Board of Education employees (270) to 32% in
members of an alcohol unit (120) and 40% in new employees
at a New York City hospital (288).

TST

Despite the simple principles of INH prophylaxis, much
controversy (281, 322) and confusion continue to surround just
who should receive treatment (52). Much of the confusion
derives from a blurring of the distinction between documented
TST converters and newly identified TST-positive persons who
have not previously been tested. In general, all persons with a
documented conversion (increase in induration of more than
10 mm if <35 years old and 15 mm if =35 years old), should
receive prophylaxis. Persons with a reactive tuberculin and no
history of a TST should routinely receive prophylaxis if

TABLE 6. Results of INH prophylaxis trials—
Completer-Compliers®

Regimen No. of No. of S-yr %
(wk) persons cases incidence” Reduction
Placebo 5,616 83 15.0 0
INH (12) 6,039 61 10.4 31
INH (24) 5,437 25 4.7 69
INH (52) 4,543 5 1.1 93

“ Reprinted from reference 169 with permission of the publisher.
b Incidence is defined as the number of culture-positive persons per 1,000
persons at risk.
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younger than 35 years. Persons older than 35 who are positive
on an initial test should receive prophylaxis if they have an
underlying medical illness, such as HIV or other immunocom-
promising conditions (Table 3).

An additional area of confusion surrounds the definition of
a positive reaction. First, only induration, not erythema, is
measured. Second, the influence of previous M. bovis BCG
vaccination on adult TSTs remains unsettled (213a).

The exact size of a positive test is an additional source of
confusion. Persons at high risk for development of active dis-
ease, such as HIV-infected persons and recent contacts of
infected persons, are considered positive with only 5 mm of
induration. Persons who are either from areas where tubercu-
losis is endemic or at increased risk for progression to active
disease because of medical illness (such as dialysis) are con-
sidered positive with 10 mm of induration. For all others, 15
mm of induration is considered positive. The CDC will issue
updated guidelines in a forthcoming document (61).

The booster phenomenon describes the anamnestic re-
sponse that occurs when persons who are latently infected with
M. tuberculosis are given serial purified protein derivative skin
tests. A certain percentage of such persons, generally the eld-
erly, will have an initially negative response, despite being
latently infected; on subsequent tests given 1 week to 1 year
later, the skin test is positive because of the booster effect.
Because of this phenomenon, two-step skin testing is recom-
mended for persons being tested for the first time (10, 277). In
this scheme, two skin tests are administered 1 week apart.

Prophylaxis in Persons Exposed to Resistant Tuberculosis

In patients newly infected with strains of M. tuberculosis
resistant to INH but susceptible to rifampin, rifampin prophy-
laxis may be effective while INH is not (111). However, if the
exposure is to an MDR strain, treatment options are limited,
and no studies have been completed to evaluate efficacy. Drug
susceptibility results from the source case are the primary
consideration in selecting preventive therapy (56, 217). If nei-
ther INH nor rifampin can be used, preventive therapy should
include at least two drugs to which the index isolate is suscep-
tible. Alternative drugs for preventive therapy include PZA,
ethambutol, and a quinolone such as ciprofloxacin. The sug-
gested duration of preventive therapy of resistant tuberculosis
is 6 to 12 months. The CDC has suggested that persons with a
high likelihood of infection with a strain resistant to both INH
and rifampin might benefit from PZA-quinolone therapy (56).
Health care workers who have tried this regimen, however,
have had a high rate of dose-limiting toxicity (163).

BCG Vaccination

Although it has not been given routinely in the United
States, vaccination with BCG has been used for more than 50
years in most other parts of the world. Giving a vaccine to
millions of persons to prevent a common disease would seem
to allow a clear assessment of the efficacy of the intervention.
However, despite analyses and meta-analyses, there is still no
clear consensus as to the relative efficacy of the vaccine (17, 69,
269).

The vaccine was developed in the early 1900s from a strain
of M. bovis, and properties of immunogenicity without patho-
genicity were selected for. However, because of great variation
in stock quality, in the health of the recipients, and in the
ability of a given country to deliver the vaccine and record the
vaccination, debate continues. A recent meta-analysis of the
published literature demonstrated that, on average, BCG re-
duces the risk of tuberculosis by about 50% (71). Protection
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was observed across many populations, study designs, and
forms of tuberculosis. Protection against tuberculous death,
meningitis, and disseminated disease was higher than that ob-
served for total cases of tuberculosis. Given this study and
other results, continued calls have been sounded for BCG
vaccination among health care workers (139), but the debate is
unsettled. Central to the discussion is whether a vaccine that is
only 50% effective is sufficiently effective to warrant loss of the
TST as a marker of new infection, since BCG-vaccinated per-
sons predictably become TST positive (71).

INFECTION CONTROL ISSUES

Because of the threat of nosocomial tuberculosis to patients
and health care workers, development of guidelines to ensure
safety has become an important and actively debated issue (66,
133). Current recommendations (56, 61, 89, 230) include place-
ment of any person with suspected tuberculosis into respiratory
isolation. Rooms with negative ventilation and at least six air
exchanges per hour are considered optimal. In addition, use of
an effective respirator (personal protective device) by health
care workers is recommended, as is the use of high-efficiency
particulate air (HEPA) filtration, which is capable of filtering
AFB from the air. The use of germicidal UV light (172, 226,
227, 274), although possibly useful, has not been as strongly
advocated. Persons who work in high-risk areas such as bron-
choscopy suites may benefit from an even higher level of pro-
tection. Annual tuberculin screening for hospital employees is
recommended (321). The high cost of implementing these rec-
ommendations versus the need to protect workers make this
particular issue particularly difficult to settle.

FUTURE CONCERNS

As the 21st century approaches, it is ironic that we are again
confronted with the quintessential 19th century disease: tuber-
culosis. Application of modern technology may contribute to
better understanding of the pathogenesis of infection and dis-
ease, more rapid diagnosis and identification of resistant
strains, and newer treatments, including novel chemotherapeu-
tic agents and immune system modulators. In addition, candi-
date vaccines may be developed and tested.

However, faith that such advances will “solve the problem”
of tuberculosis is ill founded. In the U.S., tuberculosis is a
disease of the poor and the already sick. Its treatment contin-
ues to be measured in months rather than days or weeks.
Successful control of tuberculosis in the 1990s, therefore, de-
pends less on advances in molecular diagnostics or cytokine-
based therapies than on the nonglamorous work of identifying
and treating thousands of patients with hundreds of thousands
of pills.

The ultimate control of tuberculosis rests on development of
much shorter courses of therapy, vastly improved diagnostic
methods, and an unprecedented cooperation among medical
facilities, public health agencies, and governmental organiza-
tions. Given the difficulty of realizing these goals, it seems
inevitable that tuberculosis will remain a major public health
problem for years to come.
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