
 

Diagnostic revolution targets tuberculosis,
other deadly diseases

November 1 2017, by Richard Harth

  
 

  

Postdoctoral researcher Dali Sun adjusts his mobile adaptation of a dark-field
microscope at the ASU Biodesign Institute . Dark-field microscopes can cost
over $60,000 USD and Sun aimed to make a mobile phone adaptation of the
microscope that could be used in developing areas where access to a traditional
desktop darkfield microscope might not be possible. Credit: Deanna
Dent/ASUNow
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Skeletal remains dating to the Neolithic era in Egypt bear tell-tale traces
of tuberculosis (TB)—a disease that is estimated to have killed a billion
people in the last two centuries alone.

The bacteria responsible for TB can lurk in a person's lung tissue for
decades before producing active, infectious TB disease and it is
estimated that a third of the global population may have such dormant
infections, with 5 percent to 10 percent progressing to active disease.
Detecting TB is notoriously challenging.

In a series of new studies, Tony Hu, a researcher at Arizona State
University's Biodesign Institute, describes the development of several
new methods for TB diagnosis that improve the speed, accuracy, and
cost of TB detection. They should also dramatically improve TB
treatment.

TB remains among the top 10 causes of death world-wide, and was
responsible 1.8 million deaths in 2015 alone. Rapid and accurate TB
diagnosis is critical both for patient care and to prevent TB transmission.
"There are over 10 million new cases of tuberculosis each year," Hu
says, adding that "one third of them cannot be diagnosed using any
available technology."

While tuberculosis can be cured, this requires that patients adhere to a
strict drug regimen for months, despite common side effects, and multi-
drug resistant TB bacteria are becoming more common. Current
diagnostic methods can take a long time and poorly detect TB in certain
types of patients, including children and patients with HIV infections,
making it difficult to determine who needs to be treated and when they
have been cured of disease.

New approaches for improved TB detection
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One of the new methods described addresses these issues by measuring
proteins that TB bacteria release into the bloodstream during active
infections. Hu's group has applied this approach to detect patients with
all forms of TB disease, including patients co-infected with HIV, many
of whom cannot be diagnosed by common methods like bacterial
culture.

Speed, cost and the sample type required are also major issues in
resource-limited settings where TB is often more common. For this
reason, Hu's group has developed an inexpensive nanotechnology
approach to detect another factor released into the blood in patients with
active TB disease. This method requires very little equipment or supplies
and is read by a mobile phone.

These TB assays address the critical need for rapid, accurate TB tests as
outlined by the World Health Organization's 2016 TB report and should
have broad use for detecting active TB cases and monitoring their
response to treatment.

An elusive enemy

Standard TB tests suffer from a number of serious shortcomings that
limit their usefulness, particularly in areas where medical resources are
scarce. For example, skin tests for TB reactivity can detect if an
individual has been infected by TB, but not whether the infection still
present or whether it is active or dormant.

Bacterial culture is the gold standard for TB diagnosis, but often requires
4 to 6 weeks to achieve a final result, and it and other TB detection
methods can fail when TB bacteria are not present at high concentration
within a sample. Respiratory tract mucus (sputum) is usually used for
these analyses since TB is an airborne infection, but invasive procedures
may be required to obtain specimens for culture if the patient cannot
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produce enough sputum or if it is suspected that the infection has
escaped the lungs.

Dr. Hu and his colleagues have applied nanotechnology-based
approaches to detect TB proteins in patient blood samples to improve
disease detection. Unlike existing methods that attempt to identify
bacteria or bacterial DNA in sputum or tissue samples, his two methods
measure TB-derived factors released into the blood only during active
TB infections and provide a measure of the number of active TB
bacteria in the patient.

In the most sensitive and high-tech version of these two TB assays, Hu's
group used porous silica nanodisks adorned with antibodies to the TB
proteins CFP-10 and ESAT-6 and performed a proof-of-concept study
to prove that this method could identify patients with TB infections
within or outside of their lungs, regardless of their TB culture results or
HIV co-infection status.

Double trouble: TB and HIV

The ability to detect TB and HIV co-infected patients, who often have
negative sputum TB culture results, is critical due to the high global rate
of HIV-TB co-infection and its lethal consequences. Studies indicate that
35 percent of HIV patients in the US die of TB infections, and this
mortality rate is even higher in Africa and South Asia, where 75 percent
of HIV patients die from TB infections.

HIV-positive patients are also 20-30 times more vulnerable to TB
infection than individuals who are HIV-negative, while TB patients are
more susceptible to HIV infection. TB symptoms can resemble other
complications of HIV, and standard TB tests are less sensitive when used
to test HIV-infected patients, so that HIV-positive patients often have
undiagnosed TB cases.
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The study for BMC Medicine examined HIV-positive adults enrolled in
the Houston Tuberculosis Initiative, a large TB screening and
surveillance study which ran from October 1995 to September 2004. By
measuring the TB protein CPF-10 in the blood of HIV-infected subjects,
his group detected 85 percent of all TB cases and 67 percent of culture-
negative TB cases, much better than the best available molecular test,
which is reported to detect only 9 percent of culture-negative TB cases
in HIV-infected patients.

  
 

  

Associate professor Tony Hu, of the Biodesign Virginia G. Piper Center for
Personalized Diagnostics poses for a portrait in his lab at the ASU Biodesign
Institute Credit: Deanna Dent/ASUNow
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Learning from the body's response

Hu's team has also used a similar approach to identify factors in the
blood that can identify HIV elite controllers—a very rare group of
individuals who can suppress HIV without antiretroviral drug treatment.
The ability to rapidly identify these individuals promises to be of great
medical importance, since further study of how they achieve this
impressive feat may lead to improved therapies to treat and perhaps cure
HIV infections. Indeed, the results of the study published by Dr. Hu
suggest one mechanism by which HIV elite controls may control HIV, a
promising discovery that merits further study.

Think globally, screen locally

The ability to rapidly diagnose a patient with TB, preferably at the same
visit, has major public health benefits, but most TB tests are difficult or
impractical to perform at patient care sites in resource-limited areas
where TB is frequently most common. This problem can be addressed to
some degree by rapidly testing samples at central laboratories, but this is
frequently not done.

Hu's group has developed a rapid test that is suitable for blood-based
diagnosis of TB and other infectious diseases in resource limited
settings, and which uses a mobile phone as a microscope to read the
signal from this assay. This system currently weighs less than a pound,
costs less than $2000, and provides results similar to those produced by
large, expensive microscope systems, which are restricted to laboratories
or hospitals. His team hopes to produce a more robust system with
improved sensitivity that costs about $200, and weighs half as much, to
improve the decice's applicability for point-of-care sites in resource poor
areas.

Hu underlines the power and versatility of the new diagnostic: "Our goal
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is the diagnosis of all forms of TB. We're targeting pulmonary, extra-
pulmonary, culture positive, culture negative, adult and pediatric, HIV or
no HIV," he says. "As long as you have bacteria in the body, we can
capture it."

Further, the advances described in these TB diagnostic studies also open
the door to rapid, accurate diagnosis of a broad range of infectious
agents, since both systems can be adapted to work with other human
pathogens.
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