PNAS

@ COMMENTARY

L)

Check for
updates

af® OPEN ACCESS

The Titanic question in TB control: Should we worry

about the bummock?

Sarah M. Fortune®’

In the study of sea ice, the portion of an iceberg that sits below
the water is known as the bummock, counterpart to the hum-
mock, the visible crest of ice. As amateur oceanographers
know, the bummock makes up ~90% of an iceberg's mass,
lurking out of sight but capable of great impact—such as sink-
ing the Titanic. The iceberg analogy is uncomfortably accurate
in describing our current understanding of Mycobacterium
tuberculosis (Mtb) infection, disease, and transmission risk. As
the field develops higher-resolution tools to study tuberculosis
(TB) in humans, we increasingly find what we don't know about
TB's bummock—individuals infected with Mtb but who would
not meet current clinical criteria for active TB disease but in
whom there is emerging evidence of Mtb respiratory carriage,
raising alarm bells for TB control.

The most recent challenge to domain dogma comes from
Patterson et al. in the current issue of the Proceedings (1).
These researchers used recently developed approaches to
respiratory aerosol sampling to assess Mtb respiratory tract
carriage in people presenting to TB clinics outside of Cape
Town, South Africa, which has one of the highest prevalences
of TB in the world. The research team found near ubiquitous
carriage of viable, albeit metabolically quiescent, Mtb in the
respiratory aerosols of these people. Surprisingly, they found
high rates of carriage in people who were not ultimately diag-
nosed with TB using clinical diagnostics and persistent car-
riage after treatment. However, carriage did resolve with the
resolution of symptoms, indicating biologic logic to the pres-
ence Mtb in the respiratory tract, but challenging our under-
standing of TB disease and transmission risk.

The definition of TB disease used to seem straightforward.
TB disease or active TB, the hummock in our iceberg analogy,
is diagnosed in individuals with signs of disease (objective
findings such as cough, fever, weight loss, etc...) and diagnostic
evidence of Mtb infection. These are the cases that we invoke
when we say that in 2022, 10.6 million people had active TB
(2). When health systems take on TB, the priority is finding and
treating people with active disease. This makes sense; in the
absence of treatment, ~50% of these patients will die (3).
Moreover, rapid detection and treatment of active TB align
with both intuitive and data-driven understandings of Mtb
transmission in which the highest risk occurs where the
patient is coughing has cavitary disease and heavily smear-
positive sputum (4).

There is ambiguity in our understanding of transmission,
however. Tracking Mtb transmission is complicated by the fact
that most people infected with Mtb do not develop active dis-
ease and even if they do, it can take years for symptoms to
emerge. Transmission may be tracked via incident disease or
using guinea pig infection, but more often, it is inferred through
the acquisition of an immune response to Mtb in close contact
as measured by skin test tuberculin skin test (TST) or IFNy
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release assay (IGRA) (4). However, new technologies are chang-
ing our understanding of these tests. For example, serologic
screening was applied to people who had high Mtb exposure
but did not seem to become Mtb infected as measured by TST
or IGRA (5). A substantial minority of highly exposed, TST or
IGRA-negative individuals have mounted an adaptive immune
response to Mtb that is qualitatively distinct--not dominated by
IFNy production-and thus missed by conventional testing.
Interestingly, it is possible that the intensity of exposure influ-
ences whether a contact develops TB disease and/or the quality
of the contact'simmune response (6). Thus, the use of TST/IGRA
as a measure of transmission could systematically bias trans-
mission studies toward over-estimating the importance of
index cases expelling high numbers of bacteria (7).
Considering this type of bias is important because our
understanding of TB disease is also evolving as better tools
are applied in human populations. High-sensitivity diagnos-
tics like GeneXpert are being applied in community and
population-level screening studies (8). Stunningly, in some
studies, up to 80% of people with evidence of TB in their
sputum by GeneXpert have no reported clinical symptoms,
meaning that they do not report being sick or even coughing
(9). These people would not be identified as TB cases by most
health systems. Indeed, it is unclear whether one should call
them TB cases. The rates of asymptomatic sputum positivity
in household contacts are higher than the number of people
expected to progress to overt TB disease (8), suggesting that
some asymptomatic infection could either be a stable state
or individuals may move bidirectionally in and out of it.
Here, Patterson and colleagues define a different mani-
festation of Mtb infection, which forces us to further recon-
sider disease states and the implications for Mtb transmission.
This team previously established the tools to collect respira-
tory aerosols from people (10). Respiratory aerosol is not
sputum, but rather the little bursts of airway lining fluid
exhaled upon cough but also less forceful ventilatory maneu-
vers like deep breathing (11). Aerosol collection was paired
with air capture to enrich exhaled organisms and fluorescent
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trehalose-based labeling active bacterial cell wall synthesis
to identify viable Mtb (12). For a visual of the complexity of
the experimental setup, think Tardis not sputum cup. These
tools were applied to people presenting with symptoms to
TB clinics, some of whom were diagnhosed with TB by con-
ventional diagnostics (GeneXpert and/or culture) and some
of whom were not (1). The team found near ubiquitous aer-
osol carriage of viable Mtb in both cases and putative con-
trols. Importantly, aerosol positivity declined over time
corresponding to a reduction in symptoms, but also very
importantly it did not change with treatment. The prevalence
of carriage was higher than that in studies of aerosol sam-
pling in a similar population which used culture as a readout
(13). However, the current study rigorously addresses rea-
sonable alternative hypotheses including batch effect, con-
tamination, and nontuberculous mycobacterial carriage.

The iceberg analogy is uncomfortably accurate
in describing our current understanding of

tuberculosis (TB) infection, disease and
transmission risk.

Are these findings biological plausible? One of the challeng-
ing aspects of these data is that treatment did not clear carriage.
Previous work has shown that appropriate antibiotic treatment
of active TB disease leads to clearance of acid-fast bacteria from
the sputum, resolution of clinical symptoms, and rapidly stops
transmission in the experimental human to guinea pig model
(14). However, the organisms that the team identified in aero-
sols were largely a stealth form of Mtb. They were detected
through trehalose incorporation and thus were viable, but they
were not acid-fast and so would be missed by smear micros-
copy and did not grow well enough to form a colony on a plate
(nonculturable). Viable, nonculturable (VNC) bacteria are
thought to be in a poorly understood but well-described stress
resistant state, and in TB, VNC cells have been implicated in
functional drug tolerance (15). These data are consistent with
other recent data suggesting that antibiotic cure does not mean
complete eradication of infection. For example, a study of
patients after drug treatment using Positron emission tomog-
raphy-computed tomography (PET-CT) imaging revealed per-
sistent foci of inflammation in the lungs, and some patients had

Mtb mRNA in the airways suggestive of persistent viable bac-
teria (16).

If plausible, we next must ask whether zombie Mtb in res-
piratory aerosols is important? Obviously, respiratory carriage
suggests transmissibility, which poses a problem where cur-
rent efforts to limit transmission focus on classic active TB
(17). So is there unexplained Mtb transmission at a population
level? Investigators have begun to address this question using
bacterial population genomics. Genomic reconstruction of
population level transmission chains can identify an index TB
case in a minority of cases—fewer than 10% in some places
(18). While there are many reasons index cases are missed,
potential explanations include they don't come in (asymp-
tomatic) or their sputum culture doesn’t grow (noncultura-
ble). Of course, sick people with large numbers of bacteria
in their sputum might be the most effective transmitters
but a huge number of individuals without classic
evidence of active TB, but transmitting at low
levels could be the Titanic-threatening bummock
to TB control (19).

A changing understanding of TB disease and
transmission risk raises new questions. If we believe
transmission is driven primarily by the overtly unwell
who meet conventional diagnostic standards, the goals of better
treatment of the individual and limiting transmission are well-
aligned—and make the case for faster diagnosis and faster
implementation of the appropriate antibiotic regimen (17). But
what should we do with a symptomatic person with VNC bacte-
ria in their respiratory secretions? What about a clinically well
person with culture or molecular evidence of Mtb in their spu-
tum? Should we be exploring new drug regimens and if so, with
what endpoints (20)?

There is reason for optimism in the iceberg analogy. Ships
today are not sunk by icebergs thanks to better monitoring
systems and ship design. We have the tools to make analo-
gous advances in our understanding and control of TB trans-
mission. However, this will require enough resources to free
the TB field to think outside the box without compromising
clinical care. The demise of the Titanic captured outsized
attention because of the wealth and prominence of many of
its victims. We must remember the equal value of investment
into the lives of the global poor for whom TB is an ever-
present threat.
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