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Why we should all care that
“Everything is Tuberculosis,”
and what we can do about it

By Wendy Thanassi MD, MA, MRO

for 140 years, there are still many mysteries about

the disease,” states John Green in his 2025 book
Everything is Tuberculosis: The History and Persistence of Our
Deadliest Infection.»” The story unfolds through the eyes of
Henry Reider, a 17-year-old from Sierra Leone who has
suffered with tuberculosis (TB) for much of his young life.
The author met Henry at a hospital in Lakka and Henry
immediately took him to the hospital lab to see TB under
a microscope. “He showed me the lab where a technician
was looking through a microscope. Henry looked into the
microscope, and then asked me to, as the lab tech explained
that this sample contained tuberculosis even though the
patient had been treated for several months with standard
therapy.”

That’s where the hope for the elimination of TB lies —
through laboratorians’ eyes. Henry’s — and so many others’
- stark reality underscores our critical role. In the same way
thatlabs were indispensable during the COVID-19 pandemic
by helping to diagnose, monitor and guide treatment, we
are equally essential in the global effort to curb TB. Through
precise, rapid diagnostics and strong infrastructure, laborato-
ries can drive early detection, inform therapy and ultimately
help stop transmission. Green’s book also contains broader
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information about TB diagnostics and argues for improving
laboratory capacity in high-burden countries.

This brief article reviews tuberculosis demographics, trans-
mission and available diagnostics, focusing on comparative
considerations for laboratories performing IGRA testing,
including collection requirements, preanalytical variables
and technical pitfalls that may lead to invalid or indetermi-
nate outcomes.

TB by the numbers: Then and now

TB is not a new disease. It can be traced back 9000 years,
where it was found in the human remains of a mother and
child buried together in a city now submerged beneath the
Mediterranean Sea.The earliest written mentions of TB were
in India 3300 years ago and in China 2300 years ago.’ Between
the 1600s and 1800s in Europe, TB caused 25% of all deaths,
with a similar impact in the United States.* The New York
City Department of Health and Hygiene published its first
report on TB in the city in 1893. Dr. Robert Koch identified
the bacterium on March 24,1882, a date now commemorated
each year as World TB Day to raise public awareness about
the global TB epidemic.’

Fast forward to today, and despite over a century of progress
and after decades of decline, tuberculosis has again become
the world’s leading infectious disease killer.TB still devastates
populations, especially where diagnostics, funding and care
are limited. An estimated 25% of the world’s population has
alatent TB infection (TBI). In 2024, approximately 1.2 million
people died from tuberculosis and an estimated 10.7 million
more people developed active TB disease (TBD), a popula-
tion comprised of 54% men, 35% women and 11% children.®
Further, in the U.S,, an active case of TB typically carries a
mortality rate of about 7% within one year of diagnosis, with
delayed mortality (beyond one year) of approximately 16%.”
Although U.S. mortality data for drug-resistant TB is unavail-
able, multidrug-resistant and extensively drug-resistant TB
fatality rates average 35% in studies in China and Peru.*’

But there is some good news too. Globally, there was an
overall drop inTB incidence in 2024 for the first time since 2020.

In the United States, the Centers for Disease Control and
Prevention’s (CDC) 2024 provisional data shows an estimated
13 million Americans have TBI and 10,347 TBD cases were
provisionally reported.”” That’s a corresponding rate of 3 cases
per 100,000 population, which is extremely low on the global
scale of disease. The percentage increase in both TBD case
counts (8%) and rates (6%) from 2023 to 2024 in the United
States were less than the increases from 2022 to 2023 (15% in
case count and rate) (See Figure 1). Thirty-four states and the
District of Columbia reported increases in TBD case counts
and rates from 2023 to 2024.

Consistent with previous years, in 2024 TB disease dispro-
portionally affected non-US-born persons. Among US-born
persons, there were 2356 (23%) provisionally reported TB
disease cases with a corresponding rate of 0.8 per 100,000
persons. Among non-US-born persons, there were 7915 (76%)
provisionally reported TB disease cases with a vastly higher
corresponding incidence rate of 15.5 per 100,000 persons.

Tuberculosis: A spectrum of infection

Highly contagious, TB is an airborne infectious disease caused
by Mycobacterium tuberculosis (MTB), a member of the MTB
Complex of pathogens. It usually affects the lungs but can
also infect any part of the body, including all solid organs
and even the eyes, ears, and brain.

For decades, TB infection has been dichotomized as either
latentTB (TBI) or active TB disease (TBD). However, emerging
research supports a more nuanced continuum that includes
incipient and subclinical TB. Studies demonstrate that tu-
berculosis infection is actually a continuous spectrum of
metabolic bacterial activity with antagonistic immunological
responses. This paradigm shift in understanding has led to
the proposal of two additional clinical states (incipientTB and
subclinical TB), providing opportunities for early diagnostic
and therapeutic interventions to prevent progression toTBD
and transmission of TB bacilli.

Practically, this means that not everyone infected with TB
mycobacteria will progress toTB disease, but they are in fact
living with a fluctuating disease state — an epic battle between
the immune system and the invading bacteria. That means
infectivity is subtle, intermittent and very hard to detect.

Where do we come in as diagnosticians? We come in right
here- at the beginning- with the careful and considered diag-
nosis of TB infection so that oral antibiotics can be initiated
by the providers. Since TBI causes no symptoms or discom-
fort, most infected people are unaware of their condition.
But without treatment, TBI can progress to TB disease and
can also infect other people, repeating the relentless cycle of
disease.This most often occurs when the previously healthy
host’s immune system is challenged with a disease such as
cancer or an autoimmune condition.

How does one prevent TBI from becoming TBD and how
does TBD get treated? These options are worlds apart. Early
TB infection, like that detected by interferon-gamma release
assays (IGRAs), is treated with short-course oral antibiotics
and complete recovery is anticipated. TB disease regimens take
many months to complete, require patient isolation and often
cause permanent pulmonary dysfunction. Drug-resistantTB
is very expensive to treat, often fatal and treatment regimens
can last two years or more.

This is why screening, accurately diagnosing and treating
TBI are focal points of global efforts to end TB, and how you
play a crucial role in the global TB elimination effort. Due
to diagnosis and treatment of both TBI and TB disease, the
WHO estimates that more than 83 million lives were saved
since the year 2000.°

Diagnostic options for TB infection

Without question, today’s laboratories have a growing role to
play in support of newer, more specific, less subjective, and
faster testing solutions and can spur use of new diagnostic
tools over outdated skin testing techniques.

The tuberculin skin test
Tuberculin skin tests (TSTs) are over 100 years old. The tine
test, a multipronged tuberculin skin test was used for about
a century but was abandoned in about 2000 in favor of the
MantouxTST. Still in use today, the MantouxTST is adminis-
tered in a physician’s office, occupational health clinics, and
even pharmacies. This test is not done in a laboratory setting.
The TST is a delayed-type hypersensitivity test requiring
intradermal administration (usually in the forearm) of tu-
berculin units of purified protein derivative (PPD) solution.
A follow-up visit is required within 48 to 72 hours so the
results can be interpreted in the office by a licensed profes-
sional (registered nurse or higher). The reading of the test
is a subjective, tape measure estimation of induration at the
injection site.The reading should only be done by a registered
nurse, since clinical correlation with the patient’s risk factors
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and medical history determine the result. For example, the
induration size cutoff for a “positive” test result varies by
risk category: >15mm for individuals without risk factors,
>10mm for healthcare workers and >5mm for those with
immune dysfunction, among many other variations. There
is no straightforward“positive” or“negative”result, and a great
deal of room exists for interpretation and error. A control is
rarely, if ever, placed on the opposing arm, despite the CDC’s
recommendation for their use.

Additionally, the TST can require up to four visits for the
patient or job applicant, which creates a high non-compliance
rate. In the case of a missed visit, the test must be redone
with more follow-up visits. Moreover, the results of the TST
test can be affected by the Bacille Calmette-Guérin (BCG)
vaccination. TST can have a specificity as low as 59% in
BCG-vaccinated patients, translating to an increase in false
positive results from cross reaction with patients who have
had the BCG vaccination." This is a critical point: Persons
born in countries with medium and high endemicity for TB
give BCG vaccination to prevent disease in children, but this
results in unreliable TST results in the persons at highest risk
for actually having TB infection.

The interferon gamma release assays

Interferon-gamma release assays (IGRAs) have become es-
sential tools in the detection of Mycobacterium tuberculosis
infection, offering improved specificity over the tuberculin
skin test and eliminating the need for return patient visits. As
IGRA use expands globally and testing volumes rise, clini-
cal laboratories continue to refine best practices to ensure
accurate, reliable results.

Conducted from a single blood sample in the laboratory,
IGRAs measure the immune response to TB-specific proteins,
providing highly accurate, reproducible and objective results
compared to TST. Three assays are currently approved in
the United States: QuantiFERON-TB Gold Plus (QFT-Plus),
LIASON QuantiFERON-TB Gold Plus and T-SPOT.TB. Both
IGRAs measure secretion of cytokine interferon gamma
(IFN-y) as a marker of cell-mediated immune response to
TB-specific peptides.The IFN-y response provides an indirect
indicator of infection. This interferon gamma is measurable,
stable and typically absent from normal circulation. The degree
of IFN-y response does not differentiate betweenTB infection
and TB disease presence.

The presence of both a negative and a positive control are
two critical improvements over the TST that is shared by both
the FDA-approved IGRAs. The negative control is the “nil”
value reported on both tests. This is the quantity of IFN-y (IU/
ml for QFT-Plus; spots for -SPOT.TB) that is measured in the
negative control tube and is circulating in the patient’s blood
as background immunologic function. The nil/background is
later subtracted from the IFN-y quantified in the antigen and
mitogen components. The “mitogen” is the positive control,
functioning primarily as an assurance that the patient has
an intact immune system that is able to respond to a highly
immunogenic stimulus, such as phytohemagglutinin.

The QFT-Plus test employs tube-specific technology that
adheres heparin (all tubes), TB-specific antibodies (TB1 and
TB2 tubes) and phytohemagglutinin (mitogen) to the assay
tube walls. Whole blood drawn into the tubes must be im-
mediately exposed to the walls of the tubes to initiate the
cellular-level responses that release IFN-y. After incubation
and centrifugation, plasma IFN-y is measured via ELISA
or CLIA technology. For T-SPOT.TB, PBMCs are separated
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from whole blood and exposed to TB-specific antigens. A
reagent is added to detect the IFN-y and visually “capture”
the spots where it is secreted. The number of spots in each
well is counted.

To deliver these diagnostics effectively, laboratories must
emphasize pre-analytical rigor, robust quality assurance and
collaboration with clinical and public health partners. Blood
collection for IGRA, for instance, demands careful handling
to maintain viable lymphocytes, appropriate incubation times
and timely processing.

2) QFT-Plus uses whole blood stimulation followed by
enzyme-linked immunosorbent assay (ELISA) or chemilu-
minescent detection of interferon-gamma.The assay evaluates
both CD4 and CD8 T-cell responses, allowing a nuanced as-
sessment of immune activity, particularly among those with
recent or high-risk exposures.

a.In the registration trials and publications on QFT-Plus by
Barcellini et al., "> the isolated CD8 response was calculated
by subtracting the quantitative values of TB1 from TB2 and was
found to be potentially enhanced in the following conditions:
¢ Frequently in active, untreated pulmonary tuberculosis
* Among some persons with a higher risk for TB expo-

sure
* Among some persons recently exposed to active TB
* Among some contacts who had a higher association to

cumulative exposure and who were European-born (as
opposed to being born in higher burden settings)

2) T-SPOT.TB isolates peripheral blood mononuclear cells
from whole blood and uses ELISPOT methodology to count M.
tuberculosis-sensitized T cells and capture interferon gamma
in the vicinity of the T-cells from which it was secreted. The
procedure involves isolating peripheral blood mononuclear
cells (PBMCs), typically using a density gradient method such
as Ficoll to visualize the secreted proteins as spots on a plate.

In summary, IGRAs offer numerous benefits for both clini-
cians and patients. IGRAs are a single-visit screening test, they
are highly accurate and they produce reproducible results.
They are objective lab-based tests in comparison to the TST,
which is subjective. For almost every patient population, these
laboratory-based assays are favored for adults and children,
especially in individuals who have received BCG vaccination
or are unlikely to return forTST readings. In almost all settings,
the CDC encourages their use over TSTs.!5

A brief look at diagnostic options for TB disease
Beyond immunologic assays, molecular diagnostics have
revolutionized active TB detection and treatment resistance
profiling. Cartridge-based nucleic acid amplification tests
(NAATS), such as Xpert MTB/RIF, provide rapid detection of
M. tuberculosis and rifampicin resistance, often within hours.
These molecular tools allow laboratories to identify both active
disease and drug resistance, facilitating release from hospital
isolation or timely initiation of appropriate therapy.

TB tests in the pipeline

Emerging high-throughput molecular platforms, point-of-
care PCR assays, cfDNA, CRISPR and innovative phenotypic
resistance testing are in varying stages of study and FDA
application to expand laboratory capabilities. For example,
biosensor-based detection of lipoarabinomannan (LAM) in
urine and machine-learning-based screening approaches,
such as audio-based cough analysis, show promise as rapid,
low-cost diagnostic adjuncts for TB disease detection, par-
ticularly in resource-limited countries.
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TB Cases and Incidence Rates, United States, 1993-2023
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Shared responsibility

Healthcare systems must integrate these diagnostic tools with
evidence-based testing protocols to maximize clinical impact.
For laboratories, implementation requires careful attention
to specimen collection, workflow optimization and quality
assurance. Staff training, calibration and periodic competency
assessments ensure accurate, reliable results. Laboratory teams
should work closely with their clinicians and public health
partners, facilitating confirmatory testing, sharing resistance
profiles and contributing to TB surveillance databases.

Today's guidelines and

recommendations for TB testing

Both TST and IGRA tests are approved for use in the United

States, and both are generally covered by Medicare, Medicaid

and private insurance plans.

* In 2016 and again in 2023, the CDC and the US Preven-
tive Services Task Force have recommended testing
people who are at increased risk for TB infection."”

* In 2017, the American Thoracic Society/Infectious
Diseases Society of America (ATS/IDSA) guidelines
recommended IGRAs over TST in individuals aged five
and older who meet any of the following criteria:*

e Likely to be infected with MTB

e Have a low or intermediate risk of disease progression

e Have had a BCG vaccination, or

¢ Are unlikely to return to have a TST read™

e In 2019, the CDC and the National TB Controllers As-
sociation recommended healthcare worker testing be
conducted on hire and after exposure, with a greater
emphasis on encouraging treatment of early infection
in lieu of annual testing.'s"

¢ In 2024, the American Academy of Pediatrics lowered
the recommended age for IGRA use to include all ages.”

The path forward

Effective TB elimination requires thoughtful testing strate-
gies. High-priority populations include close contacts of TB
disease cases, individuals from high-burden regions, people

living with HIV, young children and immunocompromised
individuals. These groups benefit most from the sensitivity
and specificity of IGRAs, and benefit from early TB preventive
therapy treatment to prevent progression to active disease,
which is more likely in these immune-compromised patients.

Our laboratories are not observers in the TB ecosystem. We
are active, strategic partners in global elimination efforts. By
scaling up IGRAs, harnessing rapid molecular diagnostics
and supporting resistance testing, laboratories deliver the
precision and speed that TB control
demands. As we expand capacity,
refine and automate workflows and
strengthen collaborations, laborato-
ries will continue to drive progress in
tuberculosis control. This work brings
us closer to a future where TB is rapidly
and accurately diagnosed, treated
before it can reactivate and become
infectious and ultimately eliminated. &
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