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ABSTRACT

Tuberculosis (TB) continues as a major public health challenge world-
wide. HIV-TB coinfection is especially concerning as it accelerates progres-
sion of infection to active disease and amplifies spread of TB including
drug resistant disease. Application of molecular biology and insights from
classic microbiology to TB control have resulted in important innovations
in diagnosis and treatment.

Radiometric assay and, particularly, PCR, with nucleic acid probing,
have reduced the time to diagnosis. Moreover, the sensitivity of these
techniques is potentially log orders of magnitude more sensitive. Molecu-
lar techniques can be adapted to drug susceptibility testing.

The differential activity and post-antibiotic effect of various drugs
against TB have led to highly effective briefer regimens and to directly
observed therapy. Insights into basic host defense against TB and descrip-
tion of the M. tuberculosis genome have created optimism for developing
new treatments and effective vaccines in the years to come.

TUBERCULOSIS

Introduction

Despite being treatable and, indeed, preventable, tuberculosis (TB)
continues to be a major public health challenge in many parts of the
world. Moreover, the global burden of TB is growing as reflected by
increases in new cases and per capita incidence rates of 1.8 percent per
year and 0.4 percent per year, respectively, between 1997 and 2000. (1)
The facilitation of TB by HIV coinfection is now an important factor in
TB worldwide. While the situation is much better in the United States
and other areas of the industrialized world, many of these nations now
“import” a substantial proportion of their TB cases given immigration
patterns from so-called high burden countries. Containing and elimi-
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nating TB will require taking creative approaches in the clinical,
scientific, and political sectors on a global basis.

Epidemiology of Tuberculosis

Worldwide, TB is second only to HIV/AIDS as a cause of death from
infectious disease. There are an estimated eight to nine million new TB
cases annually and an estimated two million deaths each year attrib-
utable to TB (1,2). It has been estimated that TB ranks seventh among
all illnesses as a cause of disability adjusted life years (DALYs) lost, an
estimate of disease morbidity, and it is projected that ranking is
unlikely to change through the early part of the twenty-first century
(3). This mirrors the increasing incidence of TB noted above. Tubercu-
losis is unevenly distributed throughout the world with 22 so-called
“high burden” countries accounting for about 80 percent of all new
cases; just five countries (Bangladesh, China, India, Indonesia and
Pakistan) have fully half the global burden of the disease (4). Because
most new cases occur in adults aged 15–49 years (3), TB has a tre-
mendous economic impact on these countries by removing many indi-
viduals from the workforce during the most productive period of their
lives. Case numbers appear to be increasing most rapidly in the former
Soviet Union and in sub-Saharan Africa (4). In many of these same
areas, rates of multidrug resistance (i.e., resistance to at least isoniazid
and rifampin) among new TB cases are now in double digits (5,6).
World-wide, the rate of multidrug resistant TB (MDR-TB) in the year
2000 was estimated at about 3.1 percent or more than a quarter of a
million cases (7).

A critically important factor in the epidemiology of TB worldwide is
HIV/AIDS. Because of its adverse effect on the immune system, HIV
infection facilitates acquisition of tuberculosis infection and co-infec-
tion with HIV is the most powerful risk factor associated with progres-
sion of latent TB infection (LTBI) to active tuberculosis (8). In effect,
HIV serves to catalyze the acquisition and progression of TB and has
been shown to be an important factor in the spread of MDR-TB.
Worldwide, approximately 9 percent of new TB cases in 2000 were
attributable to HIV. However, this varies greatly between regions and
in sub-Saharan Africa, for example, some 31 percent of case were HIV
related (1).

The situation in the United States and most developed nations is
such that rates of TB have been declining for the past decade (9).
Although total annual cases are now less than 15,000 and case rates
have declined 25 percent since 1998 to 5.1 per 100,000 population (10),
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major challenges remain. More than a quarter of TB cases in the
United States appear attributable to HIV infection (1) underscoring
the importance of both TB and HIV/AIDS treatment programs. For
some years the proportion of TB cases occurring in immigrants to the
United States has been increasing (Figure 1). The United States now
has over half of its cases occurring in foreign-born immigrants, often
within the first several years after their arrival in the United States.
Cases rates in 2003 of 2.7 and 23.4/100,000 in United States born and
foreign-born persons respectively, reflect this phenomenon. Because
drug resistance is common in some parts of the world, the potential for
difficult to treat resistant disease is increased. Among U.S. born cases,
the majority have traditionally been understood to arise from the
activation of remotely acquired latent TB infections (LTBI). Our long-
standing concept of TB held that once infected with TB an individual
was vulnerable to progression or reactivation of that infection but
relatively resistant to an acquiring new exogenous reinfection. Persons
previously treated and cured of TB or treated for LTBI were, therefore,

FIG. 1. The horizontal axis lists years. The left vertical axis enumerates number of
foreign born cases and the right vertical axis the percent of U.S. tuberculosis cases in a
given year that occurred in foreign born immigrants to the U.S.
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thought to be at low risk for new infection. Application of the tools of
molecular epidemiology, however, has shown that this may not be the
case, at least not to the extent previously thought (11). This has
important implications for public health programs aimed at TB con-
trol. Finally, TB in the United States is very much effected by adverse
social conditions, poverty and inadequate infection control practices
(12,13). These situations have contributed to transmission of TB in-
cluding MDR-TB, inadequate or unsustained treatment programs, and
inadequate application of prevention measures. Because TB is now
infrequently seen by many healthcare providers in the United States,
they often do not consider it in a timely fashion with important and
potentially adverse effects for patients and their contacts.

The U.S. Public Health Service has officially committed itself to a
policy of tuberculosis elimination (defined as a case rate of � 1 case/
million population). The Institute of Medicine estimates that even with
acceleration of the decline in case rates from the current 7.5 percent/
year to an annual rate of decline of 20 percent by 2013, it will still take
until 2035 to achieve the goal (14). Moreover, achieving this goal will
likely require development of new tools for tuberculosis control and a
global perspective on TB containment. Table 1 summarizes the general
approach advocated by the IOM Committee.

Approaches to Diagnosis

Diagnosis of TB must be thought of as having two aspects, diagnosis
of TB infection and diagnosis of active disease. Diagnosis of infection
typically occurs in the setting of latent infection with the intent of
preventing progression to active TB. However, evidence of infection by
M. tuberculosis may be pursued in the course of evaluation of sus-
pected active TB. Molecular biology and other technical advances are
having a major impact in this area, at least in resource rich developed
countries.

TABLE 1
Approaches to Tuberculosis Elimination

● Maintain control of TB by adapting to a declining incidence of disease and
changing systems of health care financing and management.

● Develop tools needed for TB elimination, including new diagnostic tools, new
treatments and an effective vaccine.

● Speed the decline of TB through increased efforts in targeted tuberculin skin
testing and treatment of latent infection.

● Increase U.S. engagement in global TB elimination efforts.
● Mobilize support for elimination and measure progress toward that goal.
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Diagnosis of Infection

Traditionally, this has been accomplished by tuberculin skin testing
(TST) with purified protein derivative (PPD). This approach dates back
almost to the time of Koch’s discovery of the tubercle bacillus. Infection
by M. tuberculosis of an immunocompetent host results in skin test
sensitization over a period of about 8–12 weeks following infection.
Application of an intradermal dose of tuberculin—purified protein
derivative (PPD) illicits an immune response which can be measured
as induration of the skin 48–72 hours after injection. Variation of the
threshold size of induration required for a positive test is used to
increase the test’s sensitivity (small reaction) and specificity (larger
area of induration) for detecting LTBI. Although the test is cheap, safe
and easy to use it has limitations (15). Tuberculin testing requires that
the test subject return for reading, it is nonspecific in that it does not
clearly distinguish between reactions from infection by virulent M.
tuberculosis or sensitization by more benign nontuberculous mycobac-
teria or vaccination with Bacillus Calmette Guerin (BCG), and it does
not define the likelihood of progression from latent infection to active
disease. Of greatest concern, skin tests may be falsely nonreactive in
the setting of overwhelming disease or immune compromise. For these
and other reasons, attempts have been made to develop new tests.
Recently, assays that utilize the observation that the immune response
to M. tuberculosis is a Th-1 type response characterized by release of
interferon gamma (IFN-�) have been used. The QuantiFERON test has
probably been most widely applied. It involves measurement of whole-
blood release of IFN-� after overnight incubation with a variety of
antigens including PPD-tuberculin. The test is currently recommended
for use in certain subgroups at risk for LTBI but not persons suspected
to have active tuberculosis (17). Anecdotal reports suggest it may
compliment TST as a method for identifying tuberculosis infection in
persons who are immune compromised or otherwise anergic. The ap-
plication of more specific antigens such as ESAT-6 and CFP-10 pro-
teins coded by a portion of the M. tuberculosis genome not shared by
most other mycobacteria may enhance the specificity of IFH-� release
tests in the future (18,19).

Diagnosis of Active Disease

Diagnosis of active tuberculosis has long been problematic because of
the diseases’ often nonspecific and protean manifestations and the
slow growth of the organism making its isolation a protracted process.
Perhaps no aspect of clinical tuberculosis has progressed more in
recent years than diagnosis of disease.
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Imaging of the chest has been substantially augmented by the ap-
plication of CT scanning. An array of CT patterns (Table II) have now
been correlated with stages of pulmonary tuberculosis ranging from
the so-called tree-in-bud presentation of early disease to the fibrotic/
bronchiectatic pattern of late stage tuberculosis scarring. These pat-
terns may be useful in predicting the activity of pulmonary tuberculo-
sis (20). Extrapulmonary tuberculosis has long presented a diagnostic
dilemma. Specimens are often not readily available or available only
through somewhat invasive means. Moreover, extrapulmonary disease
often involves lower concentrations of tubercle bacilli, so-called pauc-
ibacillary disease, rendering many culture techniques less sensitive
and slower in providing a definitive diagnosis. Adenosine deaminase
(ADA), an enzyme produced by activated T-lymphocytes, appears to be
elevated in many of these sites. Measurement of ADA levels has been
most extensively studied in the setting of pleural tuberculosis and
appears to be a potentially helpful adjunct to conventional diagnostic
tests (21). In that setting sensitivity and specificity of ADA for the
diagnosis of tuberculosis have been from 85 to 100 percent and 80 to 97
percent respectively. Efforts at detecting antibodies against a variety
of mycobacterial products or at detecting specific mycobacterial anti-
gens have shown varying results and this approach remains experi-
mental at this time.

Conventional agar-based tuberculosis cultures, while highly specific
and useful for drug testing susceptibility, can take weeks to perform
and has somewhat limited sensitivity. The application of new technol-
ogies to tuberculosis has provided an array of innovative tests that are
more rapid and at least as sensitive and specific as conventional
culture techniques. Radiometric assays, such as BACTEC (Becton

TABLE 2
Chest CT Patterns Associated with Tuberculosis

Pattern
Early Active

(Pre-Therapy)
Active

(On Therapy)
Late/Inactive

(Post Therapy)

Tree-in-bud �� � �

Centrilobular nodule or
branching structure

��� � �

Lobar consolidation �� � �

Cavitation �� � �

Thickened bronchus �� �� ��

Bronchiectasis � �� ��

Bronchovascular distortion and
fibrotic bands

� �� ���

� � relative frequency.
� � generally does not occur.
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Dickinson, Franklin Lake, N.J.), which utilize a radioisotope labeled
nutrient in a liquid broth medium which is incorporated into growing
mycobacteria, have reduced the time needed to identify the presence of
mycobacteria to two weeks or less for many clinical specimens. Tech-
niques for rapid speciation and for drug susceptibility testing of major
drugs using these systems have provided an important new tool for
diagnosis and managing TB. Radiometric assays have now been
adapted to nonisotopic broth-based systems that can be more easily
used by many laboratories (22). These systems are now being combined
with nucleic acid probes. When used with DNA probes for highly
conserved regions of the M. tuberculosis genome, most sputum AFB
smear positive specimens (i.e., high concentration of organism) pro-
duce a confirmation of the organism within 10 days to 2 weeks with
smear negative specimens (i.e., lower concentration of organisms) tak-
ing about one additional week. Perhaps the most exciting development
with respect to identifying tubercle bacilli involves the combined ap-
plication of nucleic acid amplification (NAA) techniques and genetic
probes for diagnosis. These tests are far more rapid than existing
systems with excellent sensitivity/specificity profiles. There are cur-
rently two Food and Drug Administration NAA tests approved for
commercial use in the U.S., the Mycobacterium Direct Test/MTD (Gen-
Probe, San Diego, California) and Amplicor (Roche, Branchburg, New
Jersey). The former uses an isothermal approach to DNA amplification
and is approved for use with AFB smear-negative and positive speci-
mens. The latter uses the polymerase chain reaction (PCR) to amplify
nucleic acid sequences specific to M. tuberculosis and is currently
approved for use with only smear positive specimens. Both systems
seem to perform with a similar sensitivity/specificity profile of about
83/97 percent (23) which is far superior to acid fast staining and which
approaches the 85/99 percent characteristics long associated with con-
ventional culture. The NAA systems are, however, much faster than
conventional culture providing results within several days. The NAA
test systems do have problems with naturally occurring inhibitors and,
because of their high sensitivity, are more easily contaminated leading
to falsely positive results. The NAA systems are also more expensive
on a per test basis than conventional culture systems, particularly in
laboratories processing a low volume of specimens. The CDC has
provided guidance on the use of NAA tests which emphasizes their
combined use with AFB staining to enhance the predictive value of
results obtained with either of these rapid tests alone (24). Moreover
knowledge of common alterations in the M. tuberculosis genome asso-
ciated with anti-tuberculosis drug resistance is leading to the devel-
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opment of probes for commonly encountered genetic patterns predic-
tive of resistance to key drugs.

Despite much progress in this area, there are still major issues to
resolve. For example, many new diagnostic approaches are expensive
and/or technically difficult limiting their applicability. In addition,
much of our approach to such important issues as infectiousness and
response to therapy is based on well studied methods such as smear
and conventional culture. Finally, although NAA holds the promise of
extremely sensitivity for TB diagnosis, its main contributions to date
has been speed with acceptable specificity. Additional technical adap-
tations and experience may address these issues.

Therapy of Tuberculosis

Treatment of Active Disease

Although drugs that are effective in treating TB have been available
for over half a century, the impact of such treatment, particularly in
the developing world, has been far less than might have been expected.
Indeed, the annual number of TB cases and deaths worldwide has
changed little since the advent of the chemotherapy era. Several fac-
tors contribute to this situation including the biology of the tubercle
bacillus, the emergence of drug resistant organisms, and the problems
associated with HIV coinfection. Social and economic factors also limit
adequate treatment in many areas.

Actively growing tubercle bacilli have a relatively long generation
time compared to many bacterial pathogens. Moreover, the organism is
an effective intracellular parasite, in part facilitated by its ability to
utilize fatty acids as a source of energy and carbon. This is distinct
from metabolic pathways involved with in vitro growth and possibly
growth during early infection. Utilization of fatty acid metabolism may
permit tubercle bacilli to mitigate the effect of host immune defenses
such as IFN-� (25). The net effect of these biologic realities is that
effective treatment of tuberculosis has been recognized as requiring a
protracted course so as to eliminate three critical subpopulations of
organisms: a relatively large, extracellular population of actively mul-
tiplying organisms; a smaller, intermittently active extracellular pop-
ulation; a small relatively inactive population of intracellular para-
sites. The first of these is thought to account for infectiousness and the
possibility of drug resistance and the latter two for the recurrence and
ultimate failure of treatment regimens that are not sustained for
sufficient time to permit eradication of the organism (26). Because
antituberculosis drugs have typically worked as metabolic “poisons”
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and because drugs are not equally effective against these diverse
populations of organisms, eradication was traditionally slow and inef-
fective requiring many months to produce a cure. This, in turn, created
many opportunities for nonadherence to treatment, side effects, and
emergence of drug resistance. More recently, the concept of combining
drugs to target these subpopulations in the most efficient manner has
been used to create more effective regimens which can produce cures in
relatively short periods of time, so-called short-course chemotherapy
(26).

The emergence of drug resistance is directly related to the number of
organisms present in a focus of tuberculous disease. Drug resistant
strains occur randomly and predictably in nature. Although the math-
ematical probability of random resistance to a single drug is such that
it will likely be encountered in a previously untreated patient, espe-
cially when many tubercle bacilli are present, the likelihood of spon-
taneous resistance to two or more drugs is very low. For that reason,
multiple antituberculosis drugs are used to prevent selection of resis-
tant strains. However, because of the difficulties involved in correctly
prescribing, taking, and sustaining regimens requiring multiple med-
ications per dose, drug resistant and even multidrug resistant (MDR)
strains are sometimes selected out and can then be transmitted to
others in a community. In this way, resistant TB has become a major
problem worldwide with some regions reporting prevalence of
MDR-TB in excess of 20 percent. The major implication of this is the
potential need for using salvage regimens that are more protracted,
more toxic and more expensive than first-line regimens and which may
ultimately be less effective than the preferred regimens (28). Moreover,
when prevalence of resistance is high, transmission of resistant organ-
isms is high.

Coinfection with HIV presents a particular challenge with a respect
to TB treatment. Fortunately, available antituberculosis drugs appear
quite effective even in the presence of HIV infection (29). On the other
hand, the occurrence of TB in an HIV infected person may accelerate
multiplication of the HIV virus and has been reported to be associated
with a shorter survival time (30,31); treatment of TB appears to
reverse this effect on HIV replication (31). For its part, HIV coinfection,
by producing immune compromise, can accelerate tuberculosis disease,
increase the rate of more aggressive or occult forms of disease such as
miliary and meningeal tuberculosis, and increase the rate of side
effects from antituberculosis treatment. Thus, well-coordinated pro-
grams to treat both diseases will be essential to control TB (32) but also
for optimal HIV management.
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The past several decades have seen major innovations in TB treat-
ment that have resulted directly from the microbiologic insights noted
above. By the 1960s TB treatment, when applied to susceptible organ-
isms was effective in approximately 95 percent of patients. However,
regimens required 18–24 months of daily medication and were asso-
ciated with a high rate of toxicity and side effects. Building on the
seminal observations of Mitchison (33) and McDermott (34) and aided
by the introduction of rifampin in 1966, a series of innovative clinical
trials were pursued that revolutionized TB therapy. By using multi-
drug regimens that contained agents with particular activity against
one or another of the three populations of tubercle bacilli, investigators
were able to enhance the efficacy of treatment. This increased effi-
ciency permitted a substantial reduction in the duration of treatment.
In a landmark clinical trial conducted by the British Medical Research
Council, patients with limited pulmonary tuberculosis were assigned
to and received either 6 or 12 months of treatment and those with the
extensive disease received 9 months or 18 months of treatment. All
therapy included daily isoniazid (INH) and rifampin supplemented by
either streptomycin or ethambutol during the first two months of
treatment. The results showed that the 9-month regimen for extensive
disease produced results equivalent to the 18-month regimen and was
superior to either of the briefer regimens used for more limited disease
(35). Nine months of treatment, known as “short course” chemother-
apy, was soon adopted as a standard regimen. Subsequent studies
showed that the addition of streptomycin or ethambutol was not nec-
essary in the regimen. However, when pyrazinamide, an agent known
to be especially active against intracellular tubercle bacilli (34) was
added to INH and rifampin during the initial two months of therapy,
treatment efficiency was enhanced permitting a further decrease in
duration of therapy from nine to six months (36). Because it was known
that there was post antibiotic effect (i.e., persistent suppression) of
antituberculosis agents on tubercle bacilli, investigators next at-
tempted to give short course regimens on an intermittent rather than
a daily basis using standard doses of INH and increased dosages of
rifampin and pyrazinamide. The fact that there was little if any
decrease in efficacy with these regimens established intermittent
treatment as a reasonable option (37). Such twice-weekly therapy
facilitated the establishment of directly administered and observed
regimens. The implication of such an approach, which has come to be
termed DOTS (Directly Observed Therapy—short course) was impres-
sively demonstrated by Weiss and colleagues. By replacing a, then
standard, daily self-administered INH-rifampin based regimen with a
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DOTS regimen using the same drugs, they were able to reduce treat-
ment failures and relapse following treatment by about 75 percent.
Perhaps most remarkable, within several years of instituting the
DOTS program, there was a seven-fold reduction in secondary drug
resistance (i.e., drug resistance in patients previously treated for TB
and presenting with relapse) and primary resistance in the community
was halved (38) presumably because of reduced transmission of resis-
tant tubercle bacilli in the community. The use of DOTS, though
initially somewhat more expensive than self-administered therapy,
was shown to be cost effective when improved outcomes including
reduced rates of TB relapses are factored in (39). For these reasons,
twice-weekly DOTS using core regimens of INH and rifampin given for
six months and supplemented for the first two months with pyrazin-
amide, has been strongly recommended for most patients with sensi-
tive organisms in the United States (40). A similar approach is also
being pursued in many other countries based on strong endorsements
from the World Health Organization (WHO) and other expert bodies.

Potential New Therapies

Because treatment for six months is still difficult to sustain and
because of concerns relating to the increasing prevalence of drug
resistance world-wide, there is considerable interest in finding new
therapeutic agents for TB. Although there has been much interest in
several antibiotic classes, including the quinolones and oxazolidinones
(linezolid), none of these agents is likely to represent a major break-
through in TB treatment. Their greatest usefulness may be in treating
select patients intolerant of standard therapy or resistant to other
drugs. Immune modulating agents may hold greater promise. Prelim-
inary studies using IFH-�, interleukin-2 (IL-2) and various tumor
necrosis factor (TNF) antagonists as treatment adjuncts have been
conducted and are encouraging.

Prevention and Treatment of Latent TB Infection

There have been two general approaches to preventing active TB,
identifying and treating latent TB infection (LTBI) and vaccination
with BCG to prevent infection. The former has been pursued most
extensively in the United States and the latter in many other parts of
the world.

Targeted tuberculin skin testing and treatment of LTBI reduce the
risk of active TB by up to 90 percent. Such treatment has traditionally
utilized INH. Although effective and relatively inexpensive, to gain
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maximum benefit it must be taken for about nine months. Side effects
and toxicity from INH can be serious and increase in frequency with
advancing age. Recent expert panels have provided guidelines for
provision of treatment of LTBI so as to maximize benefit relative to
risk (15). In essence, groups with the greatest risk of developing active
disease if infected with TB are targeted for skin testing and, if found to
be infected, for treatment. Moreover, the threshold for diagnosing
infection, as defined by the size of the tuberculin skin test reaction, is
adjusted up or down thereby modulating the sensitivity of the skin test
(Table 3). A number of treatment options are available for both daily or
intermittent use (15).

Because of the difficulty of sustaining and monitoring a protracted
period of preventive treatment and because recent studies suggest that
acquisition of multiple TB infections over time is possible, the appli-
cation of a vaccine is extremely attractive particularly in areas with a
high rates of TB transmission due to TB prevalence (41). The most
widely used TB vaccine, BCG, has been extensively studied and has
shown widely varying efficacy ranging from zero to about 80 percent.
Indeed, the only consistent benefit that has been demonstrated is a

TABLE 3
Criteria for Tuberculin Positivity by Risk Group

Reaction � 5 mm
in Duration

Reaction � 10 mm
in Duration

Reaction � 15 mm
in Duration

● HIV-seropositive
persons

● Recent immigrant high
prevalence countries

● Persons with no TB
risk factor

● Recent contacts TB
case

● Injection drug users

● Fibrotic changes on
chest radiograph
consistent with prior
untreated TB

● Residents/employees of high risk
congregate settings (e.g.,
nursing homes, jails, etc.)

● Patients with organ
transplants and other
immunosuppressed
persons

● Mycobacteriology laboratory
personnel

● Persons with high risk (for TB)
Clinical conditions: silicosis,
diabetes mellitus, chronic renal
failure, leukemia/lymphoma,
other select malignancies,
weight loss �10% ideal body
weight, gastrectomy/ileal bypass

● Children younger than four
years or all children/adolescents
exposed to adults at high risk

Modified from MMWR 2000; 49 (No. RR-6).
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reduction in the most severe forms of childhood tuberculosis (42).
Moreover, given the continuing high prevalence of TB in countries
where BCG has been widely used, it is difficult to argue that it has
been of any practical value in preventing tuberculosis. Finally, because
BCG uses live attenuated mycobacteria, it cannot be used in HIV
infected and other immune compromised persons.

Challenges and Opportunities for the Future

Tuberculosis control in the United States continues to slowly im-
prove and major ongoing challenges will likely revolve around dealing
with subgroups of patients with psychosocial and economic impedi-
ments to treatment, drug resistance and complicating comorbid condi-
tions, particularly HIV/AIDS. Because more than half of the new cases
of TB identified each year in the United States now occur in immi-
grants to this country, it is essential that we closely monitor and assist
in worldwide TB control efforts. The situation on a global scale is far
more precarious. The WHO has set a target of detecting 70 percent of
estimated infectious cases and curing 85 percent of these by 2005.
While the expansion of DOTS to many parts of the world and improved
access to drugs makes it appear that the latter target is achievable,
case detection is lagging and was estimated at only 32 percent in 2001
(43). In addition, there is reason to believe that in many communities
and countries, TB and HIV treatment programs are not well coordi-
nated or have inadequate resources contributing to continuing propa-
gation of both infections (44, 45). Finally, socioeconomic and political
forces continue to play a major role in TB control and in health
generally around the world (46). Many believe that ultimately world-
wide tuberculosis control and elimination will only be possible when a
truly effective vaccine (preventive and/or therapeutic) becomes avail-
able. The possibility of such a vaccine, while still years in the future,
appears better than in years (47).
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DISCUSSION
Duma, Daytona Beach: Jeff, I enjoyed that overview and updating very much. In the

southeast part of the country we’ve seen a large number of patients with pulmonary
atypical mucobacteriosis. Many of those patients have been confused (and still are) with
tuberculosis. As far as the practicing clinician is concerned, the PCR and direct studies
of DNA of sputum and/or cultures have helped enormously in recognizing those people
rather quickly. But some of them still carry a label of tuberculosis. This is a very tough
problem in this country, a developed country as compared to underdeveloped countries.
I wonder what your thoughts might be in this area. These people with atypical myco-
bactoriz often require prolonged therapy, a year or year and half of very complicated
courses, very complicated regimens, very toxic regimens; and we’re not doing much nor
too well with these groups. They are often, of course the immunocompetent, I’m not
talking about immune deficient individuals.

Glassroth, Madison: Nontuberculous mycobacteria, the so called “atypical” mycobac-
teria, are a problem in the US, and becoming more appreciated elsewhere in the world
as well. Advances in microbiologic techniques developed for TB have clearly been helpful
with nontuberculous organisms as well. For example, some of the same gene probe
technigues have been adapted for M. avium. Likewise, some therapeutic developments
for TB could also have implications for these organisms. I think some of the new
knowledge and developments particularly with agents such as interferon, I think hold
the greatest promise for all these organisms. Interferon-gamma appears to play an
important role in containing mycobacteria, and defects in interferon-gamma receptor or
interferon generation seem to be central not only to MTB but to nontuberculous myco-
bacteria as well. I’m hopeful that we will see adjunctive therapies that use this type of
therapy whether it’s aerosolized or, as Bill Martin described in animals yesterday,
instilled in macrophage carriers perhaps to try to deal at least with the sickest and most
refractory of these patients; we are seeing more and more of them, and they are hard to
treat.

Duma: These individuals really haven’t been studied in-depth, especially those el-
derly females for example who have no underline lung disease and non-smokers. We
cannot identify any particular immune deficiency, but I did participate in a study using
inhalation interferon, and it really wasn’t successful in helping these individuals, but of
course maybe that needs to be studied in another way and in more depth.

Glassroth: In fact it has been studied. There’s a recent paper in the Journal of
Infectious Disease that actually looks at a group of immune competent individuals with
nontuberculous disease and actually shows defects in interferon production. So it may be
the way we administer the interferon, it may be the amount of interferon we give them,
there may be subtle defects in interferon gamma receptor, which is an even tougher
problem. A lot of this “story” seems to be funneling down into that pathway, and I’m sure
we’ll hear much more about it.

DuPont, Houston: Is BCG gone, is it of no value anywhere currently?
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Glassroth: BCG is not gone, and its main value seems to be political in nature. And
I don’t mean that facetiously or cynically. Even though most studies, the largest one
being of an elegant trial done in South India about ten years ago, showed no benefit other
than perhaps to reduce the frequency of the most aggressive forms of TB. All this aside,
BCG is still used because it’s a very visible way of demonstrating that national health
authorities are aggressive about a disease that’s of great concern to the population. So
it’s politically expedient if you will. Most people though agree that it’s not going to be the
answer to TB and we’re going to need much more effective vaccines using more protec-
tive, more immunogenic epitopes as the antigenic component of the vaccine. Ironically
though, many feel that the ultimate answer to this disease will be a vaccine but a more
effective one than BCG.

Southwick, Gainesville: You alluded to the issue of interferon, and the question I
have is – is the interferon low before the disease develops? Or does the disease cause a
reduction in interferon production?

Glassroth: It’s a good question, and we don’t know the answer. We know that some
people who get mycobacterial disease and it’s probably been best studied in patients with
nontuberculous disease, but it seems to occur in patients with MTB as well – actually
have defects in their interferon gamma receptor, and those are durable whether you
treat them or simply follow the disease. So in that small sub-group there seems to be a
problem in responding to interferon. Other patients seem, as I showed you, seem to have
disease and make plenty of interferon and in fact they have a phenotype that has fewer
cavities, smaller number of organisms; in a sense they seem to have more contained, less
aggressive disease if you will. And then we have people with the most aggressive disease
and they seem to have low levels of interferon as they are treated, they get better and
their levels of interferon-gamma rise. Now there’s still a chicken and egg kind of question
in there as you implied, but the preponderance of the information seems to imply that it
is not something acquired from the infection, but it is some innate aspect of the
individual’s host response that produces less interferon and predisposes to more aggres-
sive disease.

Wing, Providence: Jeff, that was a very nice talk. I wonder if you’d comment on the
effect of the HIV epidemic which is devastated many areas of the world, particularly
sub-Saharan Africa, and overwhelmed the medical systems in those areas, so that
tuberculosis has taken a back seat to the devastation of HIV. And I wonder if you would
comment on the interaction of the two.

Glassroth: Thanks for the compliment. It is a huge public health challenge. Some
would say a public health calamity in those parts of the world. I wouldn’t say though that
TB has taken a back seat. I think the World Health Organization, certainly the Gates
Foundation and other groups like that, have recognized the intimate linkage between TB
and HIV, and so there is a lot of money going into linked or coordinated TB/HIV projects.
Some countries have actually done a terrific job with their TB/HIV programs to great
advantage, and are actually containing both conditions. The problem, as I’ve said, is
often social, political, economic – getting drugs to people. Both of these conditions are, in
effect, chronic diseases. Both of them require some type of sustained medical treatment.
The therapies are not cheap. And I think as much as anything that’s where the problem
lies. And of course, you’ve got governmental issues in terms of organization. I have done
work in Ethiopia. They have over 100,000 cases a year. We have about 15,000 cases in
the US. In Atlanta we have several hundred people dedicated to TB. In Ethiopia they
have a handful of people in their central program, and some of them split their time
between several different activities. And it’s not unique just to TB in Ethiopia, it’s HIV
and it’s many other diseases in many other countries.

Wolf, Boston: I just wanted to tell a story about how people can make a difference. Jim
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Kim and Paul Farmer and their colleague Partners-in-Health got involved in multi-drug
resistant TB in Peru and then in Russia, and the countries refused to treat these people
because it was too expensive. Jim Kim figured out that all the drugs, which were very old
drugs, were still proprietary and they were not being made as generics. He convinced
companies to make these generics and dropped the cost of treating a case of multi-drug
resistant TB from $1,500 to $60. So it’s now possible to treat these people through that
one person’s intervention.

Glassroth: Marshall, let me come back with another story. There is now a Global
Bank – drug bank, so the price has come down. Some years back, a friend of mine went
to Peru on sabbatical with a lot of TB drugs to administer free. The problem there was
they couldn’t get the drugs to the people because of the distances, the roads, and so forth.
So again, I think all of this is important, but I wouldn’t underestimate the social and
political aspects of this. By the way, during the intervening years the situation has
dramatically improved in Peru showing that progress can be made.
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