
  

    

 
 

 
 
 

 
TB patients are still diagnosed with the techniques of 

the 19th Century. New, regulated diagnostics could get 
more sufferers into treatment - before they 

transmitted the disease to others.  
 

Huanming Yang, BGI  
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Summary  
 

The EAGLES International Symposium 
on Tuberculosis Research, Shenzhen, 

China, 5-7 November 2008, heard that 
TB is the most important infectious 
disease in China, that multidrug-

resistant varieties are being spread by 
infection in cities like Shanghai - and 

that the threat of TB outbreaks even in 
Europe and America costs countries 
100s of millions of Euros to control. Yet 

the immediate, solvable challenge in TB 
is simply to diagnose the disease 

quickly and simply with robust, fully-
tested kits. If sufferers were diagnosed 
earlier and got treatment more quickly, 

chemoprophylaxis could be initiated 
prior to manifestation of the clinical and 

transmissible aspects  of TB But TB 
diagnostics development needs serious 

investment, and óuselessô tests already 
on the market need independent testing 
and effective regulation. Both are direct 

challenges to policy-makers. 
 

Introduction  
 
Tuberculosis (TB) was one of the first 

diseases for which the causative agent 
(Mycobacterium tuberculosis) was 

identified. In 1921, an early vaccine 
(Bacillus Calmette-Guerin or BCG) was 
developed and antibiotics - effective 

against most strains - are not  available 
until 1940s.   

Yet TB remains one of the great killers, 
causing nearly two million deaths, and 
an estimated eight million new cases a 

year (WHO Global Report on TB, 2007). 
Although the disease is currently 

endemic only in low-income countries, 
epidemics in wealthier nations are only 
prevented by ceaseless monitoring and 

treatment, the national costs of which 
run into many hundreds of millions of 

Euros per year.  
 

New drugs and vaccines are urgently 
needed, to shorten treatment courses, 

reduce patient drop-out, and improve 
on the BCG vaccine whose effectiveness 

wanes a decade or so after vaccination. 
So what difference can diagnostics 
make? The fact is that they could have 

a dramatic impact on existing control 
programmes.  

 
Policy-makers neglect research on 
diagnostics. Diagnosis doesnôt have the 

obvious  scientific challenge and at-
traction of creating new of creating 

drugs or vaccines. But a great 
opportunity is being missed - because 
with modern biology diagnostics are 

relatively easy to develop, donôt need 
billion-dollar clinical trials, and could 

dramatically improve control and 
treatment. 

 
The majority of TB patients are still 
diagnosed using the tools of the 

Victorian era - Tuberculin skin tests, 
sputum smears and a microscope. But 

the Tuberculin test is unspecific and the 
smear microscopy insensitive, and in 
rural areas in developing countries even 

a microscope is not always available. 
Cheap, simple but more accurate 

techniques are needed, that can be 
used in primary health care settings in 
the developing world. 

 
TB is a slowly developing disease, like a 

cancer, and it is particularly important 
to get people into treatment 
programmes as quickly as possible.  

 
One study of treatment-seeking 

behaviour in developing countries 
showed that once a person gets 
symptoms severe enough to start 

seeking care; it takes on average five 
months to get treatment.  

 
Not only are people infectious during 
that period, but many actually die. The 
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lack of simple, early diagnosis is a 
major cause of sickness and mortality in 

tuberculosis.  
 

Itôs also a central reason why the 
directly-observed treatment of TB 
[DOTS] - even when well-implemented 

- has not been as successful as 
multidrug therapy for leprosy [MDT], 

the remarkable programme on which 
DOTS was based.  
 

TB is more contagious than leprosy. 
Identifying leprosy cases and close 

contacts covers most of its spread. But 
thatôs not the case with TB. The longer 
a patient is coughing and untreated, the 

larger the community he or she infects.  
 

MDT, first recommended by WHO in 
1981, reduced the global burden of 

leprosy from 5.2 million cases in 1985 
to 286 000 at the end of 2004.   
 

WHO introduced DOTS as global 
strategy for TB in 1995. But over a 

decade later in 2007, according to 
WHOôs Stop TB programme,  there were 
9.15 million cases of TB, with 489 

thousand  that were multidrug-resistant 
and 50 thousand extremely drug-

resistant. There were 1.65 million TB 
deaths. Over 700 thousand cases were 
associated with HIV. 

 
The Millennium Development Goals 

include halting and beginning to reverse 
the incidence of TB by 2015. Simple 
primary care level diagnostics are 

critical to that goal. ñIf we could do just 
that one thing we could make a huge 

impact on the number of TB cases, just 
with the tools we have available todayò 
said Mark Doherty, of the Department 

of TB Immunology, Statens Serum 
Institute, at the EAGLES International 

Symposium in Shenzhen.  
 

Of course health systems also need 
strengthening to bring improved 

diagnosis to neglected communities in 
rural areas and slums, and to bring the 

drugs that must follow a diagnosis. 
 
In fact, good reliable diagnosis could be 

a political driver for better treatment. 
 

Research is also essential to improve 
delivery methods, the EAGLES meeting 
heard. And the global Stop TB 

programme, which supports all these 
aims and is building a TB Research 

Movement, which is calling strongly for 
more research, needs greater support. 
 

But hiding behind those needs is this 
little, critical, and solvable problem: 

good diagnostics. 
 

The killer bacterium  

 
Mycobacterium tuberculosis - the agent 

of TB - inflicts substantial losses of life, 
health and the economy across the 

globe. The reasons for this are manifold, 
but most of them relate to the peculiar 
lifestyle of M. tuberculosis. The disease 

is airborne and can be acquired by 
anyone who inhales the microscopic 

droplets produced by coughing or 
spitting. A single case of TB can thus 
infect hundreds of people. Of the people 

infected, only about 5% develop disease 
soon after infection ï the rest remain 

latently infected, probably for the rest 
of their lives. They may never suspect 
they are infected ï but another 5% of 

them will also develop TB later in life. 
 

These facts make TB control extremely 
difficult. New cases can arise from the 
general population without warning, due 

to reactivation of latent disease.  
 

We know that the best way to control 
TB is to prevent infection and treating 
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the disease as early as possible. Failure 
to treat the disease properly is the 

cause of multidrug-resistant (MDR) and 
extremely drug-resistant (XDR) TB. The 

latter is a virtual death sentence, even 
today. In Shanghai, EAGLES heard, 
research shows that new drug-resistant 

cases are not being caused by 
mistreatment, but by the transmission 

of existing MDR strains of the 
mycobacterium - so if control could be 
improved with diagnostics, control of 

the drug-resistant strains could improve 
too. 

 
Diagnosing M. tuberculosis infection, 
identifying drug resistance and treating 

those are most at risk of TB is at the 
heart of TB control. But in most of the 

world, we rely on tools such as the 
Tuberculin skin test, and sputum 

microscopy, to identify those who are 
infected with M. tuberculosis or who are 
developing disease. These are 

diagnostic techniques developed in the 
19th century.  

 
These techniques are cheap and robust 
and can be applied almost anywhere in 

the world. But the Tuberculin skin test 
is not very specific, and sputum 

microscopy detects only about 40-60% 
of TB patients. Neither identifies drug 
resistance and both are less effective in 

HIV co-infected patients.  
 

The weakness of the existing tests leads 
to treatment of people who are not 
infected, wasting resources in the 

countries that can least afford it ï and 
risking complications from side effects. 

And a failure to diagnose TB means 
many infectious TB patients are not 
treated, spreading disease. The best 

drugs in the world wonôt help a patient 
who does not receive them. 

 

X- rays and bacterial multiplication  

 
These basic tools are supplemented in 

most countries ï even if only to a 
limited extent - by chest X-ray and the 

culture - multiplication - of M. 
tuberculosis organisms. Chest X-ray 
requires a skilled, experienced 

physician, while culture (which is 
considered the gold standard) takes 

from 1-2 months to deliver a final 
verdict, which is too slow to have much 
impact on patient management and 

outcome.  
 

In addition, both techniques require 
equipment that is limited to hospital or 
central laboratory settings, meaning 

that they are not readily accessible to 
the bulk of the populations at risk.  

 
In wealthier countries, these 

technologies are further augmented by 
a variety of other tests, including 
molecular probes and in vitro interferon 

release assays. While some of these 
technologies have been introduced to 

resource-limited, high-burden countries, 
their cost, complexity and the lack of 
local laboratory infrastructure means 

that their likely impact will be small. 
 

Most importantly, these tests are not 
applicable at point of care: the TB 
clinics and physicians in the community. 

One of the contributing factors to the 
continued TB epidemic is that it takes 

(on average) five months from the time 
a TB patient becomes symptomatic (and 
thus infectious) until they receive 

appropriate therapy. Almost no 
intervention would have the immediate 

impact on TB control of reducing this 
delay.  
 

Gaps in research and application  

 

A number of improved technologies 
have addressed the problems outlined 
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above. The development of fluorescent 
LED (light-emitting diode) microscopes 

should improve the sensitivity of 
microscopy and has the advantage that 

they can be introduced directly into 
existing programs with little retraining.  
 

Both simplified nucleic acid testing and 
interferon release assays show promise, 

although both will still be limited to 
reference centres for the foreseeable 
future in resource-limited settings.  

 
On top of these a variety of simple 

serological tests have been introduced 
to the market, without control - which 
have the major drawback of being 

almost uniformly useless (for a 
thorough discussion, see the recent 

reviews by Steingart et al., 2007).  
 

This last point is important: those 
countries with limited resources should 
spend money on tests that are 

ineffective, is terribly disappointing. This 
situation has arisen due to the lack of 

validated studies on the effectiveness of 
the tests: unlike drugs and vaccines, 
there are no clear guidelines on 

appropriate use of these products.  
 

We can therefore identify two major 
gaps in the field of development of TB 
diagnostics: 

 
× A lack of funding. While 

weaknesses in diagnostic capacity 
are generally agreed to hamper 
current TB control efforts and the 

development of new TB drugs 
and vaccines, diagnostics have 

received a much smaller amount 
of funding. Yet diagnostics are an 
enabling technology for all other 

disease control activities - and 
even for other research on drugs, 

vaccines, and drug-resistant TB. 
The limited range of new 
products under development 

(when compared to new vaccines 
and new drugs) reflects the lack 

of funding. 
 

× A lack of validation and 
standardized guidelines, leading 
to confusion over appropriate use 

of new tests ï and the marketing 
of ineffective tests. Ineffective 

tests not only waste resources, 
but they can lead to inappropriate 
or missed treatment and erode 

public and policy-makersô 
confidence in improved 

diagnostics. 
 
Recommendations for adoption in 

Bamako  
 

1. It is essential to establish of a set 
of guidelines for the testing and 

validation of diagnostic tests in 
general, and specifically for TB. 
In the absence of substantial 

changes in the laws regarding 
medical products and devices, 

these cannot be mandated, but 
respected advisory bodies such 
as WHO and UNICEF should adopt 

of a common set of 
recommended standards. These 

standards would promote 
voluntary adherence by 
manufacturers and provide 

guidance for purchasing bodies.  
 

2. There should be an increased 
emphasis on the development of 
robust, thermo stable and cheap 

point of care test or tests that 
can rapidly identify: 

 
× Smear positive and smear 

negative pulmonary TB  

 
× Extra-pulmonary and pedi-

atric TB 
 
× MDR/XDR TB 
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× Latent TB infection  

 
× Patients most at risk of 

progression to disease 
 

 

3. This emphasis should be reflected 
in funding, emphasizing research 

and development leading directly 
towards new products. A useful 
model might be European 

Commission-funded projects such 
as the vaccination research 

programme TBVAC, which was 
focused on preclinical to early 
clinical research. Although this 

project accounted for a small 
fraction of total TB research 

funding, it has helped create five 
out of seven of the new vaccines 

currently in clinical trials. 
 
4. Funding must be provided for 

late-stage clinical development of 
promising candidates, including 

cost-benefit analyses and 
practical studies on the 
integration of new tools into 

existing TB control programs.  
 

READ ON  

 

1. The STOP TB New Diagnostics 
Working Group Strategic Plan 

2006-2015. Released by STOP.TB 
2. Diagnostics for Tuberculosis: 

Global Demand and Market 

Potential. Released by WHO/ TDR 
and the Foundation for Innovative 

New Diagnostics. 
3. A systematic review of 

commercial serological antibody 

detection tests for the diagnosis 
of extrapulmonary tuberculosis. 

Karen R Steingart, et al., Thorax. 
2007. 

4. A systematic review of 

commercial serological antibody 
detection tests for the diagnosis 

of pulmonary tuberculosis. Karen 
R Steingart, et al., PLoS Medicine. 

2007. 
5. Facing the Crisis: Improving the 

Diagnosis of Tuberculosis in the 

HIV Era. Mark D. Perkins and 
Jane Cunningham. Journal of 

Infectious Diseases. 2007. 
6. Tuberculosis diagnostic trials: do 

they lack methodological rigor? 

M. Pai and R. OôBrien. Expert 
Review of Molecular Diagnostics. 

2006.
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