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Implementing New Approaches to Tuberculosis Control
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As someone who has studied tuberculosis (TB) for
many years, it is difficult for me to admit, but
tuberculosis has not been the most exciting field in
medicine for a long time. The vaccine that is used in
much of the world was developed in the 1930s. The
foundational clinical research that defines how we treat
TB was performed in India in the 1960s. And the last
new drug to enter the TB armamentarium was
introduced in many countries almost 30 years ago.

This slow pace has had an important consequence.
Opver the last few decades the emphasis in public health
has moved from new therapies to doing a better job of
implementing what we already have. This means that
basic public health measures, including large-scale
diagnostics, contact tracing, drug supply logistics and
ensuring that patients are able to complete long
treatment courses, have become the leading edge in
efforts to control TB.

But changes are on the horizon, with both
challenges and opportunities emerging in TB
intervention. New diagnostics, new treatments and,
potentially, new ways to prevent TB have the potential
of dramatically changing how we approach disease,
both at the level of the individual patient and also for
the uninfected public. But employing these new tools
is going to require reinvention at the level of
implementation. And they must be applied in a
landscape of significant and increasing drug resistant
disease. Thus, the challenge of the next several years is
not only going to be in developing tools but also
determining how we’re going to use them to produce
real change.

THE PROBLEM OF DRUG RESISTANCE

Antibiotic resistance in TB is hardly a new problem.
Very early after the introduction of streptomycin
patients were seen to fail monotherapy. And, since the
disease is transmissible, resistance could easily spread in
the population. That problem could be mitigated, to
some extent, using combination therapy. In theory,
this could limit the evolution of new drug resistance as
combinatorial selection makes escape mutations much
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less likely.

However, practice has not kept up with theory. As
each new antibiotic was developed, it was introduced
into populations that had already serially acquired
individual resistance mutations to the existing drugs.
This was exacerbated by inappropriate prescribing,
inconsistent drug supply and imperfect patient
compliance all leading to increased development and
subsequent transmission of drug resistant TB. To make
matters worse, many countries and localities have little
ability to detect drug resistance. In the most recent
World Health Organization (WHO) report (7), of 10
million worldwide incident TB cases, 465,000 are
thought to be multidrug resistant. This is a frightening
number but is also undoubtedly an underestimate.
Because drug resistance is either detected late or not at
all, many patients are being treated inadequately,
resulting in greater morbidity and mortality and
unchecked transmission of resistant strains.

BETTER DIAGNOSTICS

For close to a century we've relied on two
approaches to definitively diagnose TB. Sputum
smears are fast but relatively insensitive while culture is
highly sensitive but extremely slow. Fortunately, this
has changed dramatically in recent years. The most
dramatic results have come from culture-independent
methodologies that result from the combination of
engineering, genetics, and biochemistry such as the
GeneXpert MTB (2) and TrueNat MTB (3) devices.
These have two substantial advantages. They are very
rapid and can provide answers directly from sputum.
And these tests can not only diagnose disease but can
simultaneously predict drug resistance. These tests
come on the heels of other technical improvements,
including the growing use of broth culture methods
which can also accelerate growth.

Of course, these new technologies are only useful if
they are actually used. New devices and the supplies
they require are prohibitively expensive for most
endemic parts of the world even after international
subsidies. Reference labs that perform reliable culture-
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based testing, which is essential for quality control in
TB control programs, are not widely available. As
multidrug- and extensively drug-resistant TB become
more widespread, traditional drug susceptibility testing
for second- and third-line drugs becomes even more
important. Yet labs capable of reliably testing for these
antibiotic susceptibilities, like the excellent lab at the
Chinese CDC, are unavailable in most of the world.
And, finally, how the information generated in the lab
gets translated into practice remains problematic.

MORE EFFECTIVE THERAPIES AND
TREATMENT STRATEGIES

The current therapeutic strategy for TB has served
us fairly well for a long time. In controlled
circumstances, cure rates are very high, 90%, at least
for drug-susceptible disease. Unfortunately, real-world
results still translate to an estimated >1.2 million
annual deaths (7). There are many reasons for this.
Patients are lost all along the “TB care cascade,” with
many never diagnosed, others never getting connected
to care following their diagnosis, others not having
access to drugs, and still others starting but not
completing therapy (4). There is no question that the
cumbersome and extended multidrug course of therapy
is a contributor to our frustratingly high failure rates.
In addition, rising drug resistance rates mean that
many patients receiving standard therapy are being
inadequately treated with very high failure rates.

The problem with current therapy is two-fold. The
length of therapy means that a substantial
infrastructure needs to be built to ensure compliance
— though infrastructure is expensive and, as shown by
failure rates, doesn’t always work. And our treatments
for drug resistant disease are typically even longer, with
higher failure rates.

Over the past few years we have seen real changes,
however. Several new antibiotics have entered the TB
armamentarium. For most of these, there is no real
pre-existing resistance, so they are active against
circulating drug resistant Mycobacterium tuberculosis
(Mtb) strains. Three novel classes of antituberculous
drugs are now available and more are on the horizon.
Bedaquiline (5), an inhibitor of the mycobacterial ATP
synthase, is a very potent drug. Relative resistance is
rare, though there is cross-resistance with the third-line
agent clofazimine so that there is some pre-existing
resistance (6). Two nitroimidazoles, delamanid () and
pretomanid (8), have nearly identical mechanisms but
pre-existing resistance is rare if it exists at all. And
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linezolid, an oxazolidinone drug, is not new but has
been shown to be useful for drug-resistant disease (9).
Because it is not widely used, pre-existing linezolid
resistance is uncommon. Using these drugs in
combination with existing second- and third-line
agents has resulted in much higher cure rates for drug-
resistant TB. And, most intriguingly, an open label
clinical trial showed that using only three oral drugs,
bedaquiline, pretomanid and linezolid, resulted in high
cure rates within six months in patients with either
extensively- (XDR) or multidrug-resistant (MDR) TB
who had failed or could not tolerate other regimens
(10). These regimens hold great promise for many
patients, many of whom were previously untreatable.

For several years, preclinical animal studies have
suggested that there might be treatments that could
result in a shorter course of treatment for drug-
susceptible disease. Undil this year, however, clinical
trials have been disappointing. But a recently
announced trial (unpublished as of the date of writing)
has shown that a standard regimen that includes
rifapentine instead of the rifampin together with added
moxifloxacin for four months with directly observed
therapy is non-inferior to the standard six month
regimen. And animal experiments that test
combinations including new drugs could make that
even shorter (/7). Given the potency of the recently
released agents, it might even be possible to arrive at a
“universal regimen” that could simultaneously be
shorter and be used to treat all patients regardless of
drug resistance. Given the toxicity of some of the
newer drugs, particularly linezolid, more work will
have to be done before we get there, but it remains an
aspirational goal.

THE POSSIBILITY OF PREVENTION

Most of the world, including China, administers the
Mycobacterium bovis BCG (BCG) vaccine. This agent,
developed in the 1930s, helps to prevent the
devastating consequences of childhood TB but has
little efficacy in controlling TB in adults. There has
been a long search for a better vaccine that could offer
protection to adults but, until recently, trials have been
disappointing. However, over the past two years, two
studies have shown at least some promise. One
suggested that revaccination of adolescents with BCG
might protect against persistent Mtb infection (72).
Another used a new adjuvant together with a fusion of
two Mtb protein antigens, had efficacy of 50% in
preventing progression of infection to disease over the
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course of three years (13).

These new strategies are still far from clinical
application. But they do suggest that it is possible to
achieve better protection in adults than is afforded by
BCG. Having even a partially-effective vaccine could
change the TB control landscape, though how much of
a change it would bring about would entirely depend
on its performance characteristics.

THE CHALLENGE OF
IMPLEMENTATION

The early experience with rolling out vaccination
against COVID-19 has brought one aspect of disease
control into sharp relief — the vaccine is only as good
as the implementation strategy that utilizes it. This
lesson has long been clear in TB control. Right now,
we have good diagnostics and effective and inexpensive
drugs, even if they can be improved. But they are being
implemented inconsistently around the world,
resulting in a huge number of preventable deaths.
Having a strong TB control program is the best
weapon we have both to ensure proper treatment of
individuals and also, because treatment is our best form
of prevention, protecting public health.

But rapid change is a challenge to even the best TB
control programs. After all, one of the reasons that that
these programs can be successful is that they are
standardized, ensuring the same care to all patients.
However, some of the new technologies require much
more individualization, particularly when it comes to
drug-resistant disease. And changing even standardized
approaches can be very difficult in large and
bureaucratic organizations. In fact, many of us have
heard from programs that would prefer to stick with
older paradigms even when new interventions are
demonstrably superior.

Because there are so many new aspects of diagnosis
and treatment, it is now time to embrace change and
make it an integral part of TB control. Measures that
might help include:

- Algorithms that account for the varying speed and
sensitivity of newer diagnostics. It would be
simpler if any given country adopted a new
diagnostic modality at all nationwide sites
simultaneously. This will not happen. Instead,
TB controllers are going to be faced with different
types of information on each patient at each site.
They will need help in understanding how to
interpret these tests and what each finding should
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trigger for treatment and contact tracing.

- Rapid recognition of drug resistance. Earlier
appropriate treatment is associated with decreased
transmission but, in many programs, resistance
isn’t recognized until clinical failure occurs.
Finding patients with drug resistance not only
benefits them but has important consequences for
public health.

- An ability to rapidly incorporate advances in
therapeutics. WHO guidelines are changing
rapidly and the pace of change is likely to
accelerate. Not all drugs are equally accessible in
all parts of the world. But some of these hold the
promise of having a significant impact on
individuals and populations. TB control programs
should be planning for how they will change
rather than simply responding to new guidelines
when they arise.

Creating structures for individualized therapy.
Identifying and optimally treating drug resistant
TB requires a separate pathway within control
programs. The best programs not only diagnose
drug resistance early but also create individualized
regimens based on the specific
resistance profiles of isolates. This can be
accomplished either through expert guidance for
each individual or, perhaps more practically,

treatment

through predefined algorithms that change as new
information becomes available. In fact, most
clinical trials have been performed with patients
with varying degrees of drug resistance, enabling
the creation of appropriate algorithms.

Integration or, at least, coordination with HIV
treatment programs. Patients, particularly those
with low CD4 counts, benefit from starting HIV
treatment early when TB is diagnosed. And a

single program is best suited to monitor drug-
drug interactions between antiretrovirals and TB
antibiotics.

We live in an exciting time for TB control. After
decades of incremental changes we are on the edge of
substantive advancements in how we approach the
identification, treatment and prevention of TB. But
they will only make a difference if we can apply them
across the spectrum of translation, all the way from the
lab to the public health program.
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