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Serological (antibody-detection) tests for TB… 
…have been around for a long time 
…are attractive, especially if made into point of care tests 
 But existing serological tests have variable accuracies and a 

limited clinical role (based on 3 systematic reviews) 



WHO/TDR Laboratory-based…2008 

 Rapid - test result (< 15 mins) 
 Simple - 1 or 2 steps, minimal training 

and no equipment 
 Easy to interpret - card or strip 

format with visual readout 
 Gold standard - culture plus clinical 

follow-up 
 Archived specimens 

 



ROC curve, commercial rapid tests for the diagnosis 
of pulmonary TB (n=355) 

 

Sensitivity range:   1 to 60% 
Specificity range: 53 to 99% 



While everyone acknowledged these 
problems 

 Nobody quite acted on the evidence… 
 ISTC discouraged use of serology 

 
 WHO, for quite sometime, declined to consider a 

“negative” policy recommendation 



 TB serologics have silently penetrated the market in many 
high burden countries 
 

 Dozens of commercial serological tests based on 
detection of antibodies are marketed in many parts of the 
world, especially in developing countries with weak 
regulatory systems 

In the meantime… 



Survey of 22 high burden countries re serological 
tests for TB: 17 of 22 use these tests! 

Grenier J et al. ERJ 2011 (in press) 
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The market is flooded with tests with unproven 
claims of high accuracy 

Sensitivity = 98% 
Specificity = 100% 

Sensitivity = 93% 
Specificity = 100% 

Sensitivity = 100% 
Specificity = 100% 





Kits that are not used in developed countries 
are exported to those with weak regulation 
 

Anda TB 
France 

Pathozyme TB 
UK 

Other such countries: USA, Canada, Italy, Australia, Germany, Japan 
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Growing awareness of the problem of bad 
diagnostics... and the magnitude of the problem in 
countries like India 

>1.5 m serological 
tests in India per year 



In 2010 
 WHO finally agreed to consider a policy 

recommendation! 
 Updated meta-analysis was commissioned (Steingart et al. PLoS 

Med 2011) 
 Cost-effectiveness model was also conducted (Dowdy et al. 

PLoS Med 2011) 
 WHO EG meeting was held along with meeting on IGRAs 

 WHO EG recommendations were endorsed by STAG in 
2010 

 Final WHO policy is expected in a few weeks… 



Steingart KR, Flores LL, Dendukuri N, Schiller I, Laal S, et al. (2011) Commercial Serological Tests for the 
Diagnosis of Active Pulmonary and Extrapulmonary Tuberculosis: An Updated Systematic Review and Meta-
Analysis. PLoS Med 8(7): e1001062. doi:10.1371/journal.pmed.1001062 

“Despite expansion of the literature since 2006, commercial serological tests continue to produce 
inconsistent and imprecise estimates of sensitivity and specificity. Quality of evidence remains very low.” 



Dowdy DW, Steingart KR, Pai M (2011) Serological testing versus other 
strategies for diagnosis of active tuberculosis in India: A cost-effectiveness 
analysis. PLoS Med 8: e1001074. doi:10.1371/journal.pmed.1001074. 



Dowdy D et al. PLoS Med (in press) 

If used instead of sputum microscopy, serology generated an estimated 14,000 more TB diagnoses, but also 121,000 
more false-positive diagnoses, 102,000 fewer DALYs averted, and 32,000 more secondary cases than microscopy, at 
approximately four times the incremental cost ($47.5 million vs. $11.9 million). When added to high-quality sputum 
smear, MGIT culture was estimated to avert 130,000 incremental DALYs at an incremental cost of $213 per DALY 
averted. Serology was dominated by (i.e., more costly and less effective than) MGIT culture and remained less 
economically favorable than sputum smear or TB culture in one-way and multi-way sensitivity analyses. 



Upcoming negative policy from WHO 
 Commercial serological tests provide inconsistent and 

imprecise estimates of sensitivity and specificity. There 
is no evidence that existing commercial serological 
assays improve patient-important outcomes.  

 Overall data quality was graded as very low and the 
Expert Group strongly recommended that these tests 
not be used for the diagnosis of pulmonary and extra-
pulmonary TB. 

http://www.who.int/tb/advisory_bodies/stag_tb_report_2010.pdf 

Lancet, 
Jan 8, 2011 



Important to note 
 WHO policy does not discourage research on TB 

serology… 
 

 In fact, it strongly encourages research because of the 
potential for an antibody based POC test! 
 

 The issue of unintended consequences were debated at 
the WHO EG meeting – nobody wanted to kill 
innovation! 



Some interesting reactions to upcoming 
WHO policy 
 “ It is true that we do not yet have a perfect 

serodiagnostic test for TB but perhaps it is the only 
platform which holds promise for poor countries and 
also especially for extra-pulmonary TB. It has become 
fashionable to deprecate this platform itself which sends 
wrong message to those actively engaged in development 
of such tests. “ – CEO of Indian diagnostic company 
 

 “It is not correct to say that serological tests do not 
work… They do a good job of detecting TB antibodies. 
What the antibodies mean is another issue altogether…” 
– CEO of Indian diagnostic company 



So, how do we translate the policy into 
practice in India? 



Understanding the TB serology market in 
India: 

a root cause analysis 

Dr. Szymon Jarosławski, PhD 
Dr. Madhukar Pai, MD, PhD 
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Methodology 
 Data collection: face-to-face or phone interviews with stakeholders of TB 

control in India relevant to the private sector (private doctors, private 
hospital labs, private stand-alone labs, distributors of diagnostic tests, 
manufacturers of diagnostic tests (Indian), Government hospitals, NGOs) 

 Semi-structured interviews: 
 Why are TB serologies  used in the private sector? Could you list all possible reasons? 

 Each answer was followed by asking Why an undesirable effect happened. 
 What are the interests of the stakeholders (e.g. economic)? 

 Interviewees were prompted to speak about their personal experience with TB diagnostics 
(rather than generalizing).  

 
 Data analysis: Root Cause Analysis, Current Reality Tree diagram 
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Types of respondents 

Type of respondent Number Percent 

Private hospital lab or 
doctor 

11 27% 

Distributor of diagnostic 
tests 

7 17% 

Manufacturers of 
diagnostic tests (Indian)  

7 17% 

Private standalone lab  7 17% 
NGO 5 12% 

Government hospitals  4 10% 
Total 41 

•77% on interviews were done in person 
•Over 90% of respondents had a minimum of 10 years experience in the 
diagnostics/healthcare sector in India 
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Quantitative analysis of the interviews* 
“Why is ELISA the major test for TB in the private 
sector?” 



Freakanomics of TB diagnostics 
Characteristics 
per single test 

Sputum Smear 
 (Z-N and fluo.) ELISA Liquid  culture PCR-based 

Cost of reagents and 
consumables (Rs) 

 15 • 90 TB IgG 

• 90 TB IgM 

•200 (detection) 

•500 (detection and 
drug sensitivity testing) 

•300 Gel PCR   

•500 QRT PCR 

•1100 DNA STRIP (HAIN) 

•1400 Xpert 
Profit margins to the 

lab (Rs) 
 85-125 310-510  700-2500  700-2100 

Price to the patient 
(Rs) 

100-150 •400-600 for single Ig  

•800-1200 for IgG+IgM 

•900-1500 (detection) 

•2000-3000 (detection 
and drug sensitivity)  

• 1000 Gel PCR   

•1500 QRT PCR 

•2500 DNA STRIP (HAIN) 

•3500 Xpert 
Time spent by 

technician 
 45 min   3-4 hrs* 1h *  3-4 hrs* 

Technician training 
time required  

 2 days  2 days  2-3 days  2days - 2 weeks 

Requirement of 
instrumentation (Rs) 

 Microscope  ELISA reader (90,000)  Instrument (100,000 -
150,000)** 

PCR MACHINE,  
REAL TIME PCR 

Requirement of 
special working 

conditions 

 Minimal biosafety  Minimal biosafety  BSL III (1000,000)   Moderate biosafety, 
Separate room for each step 

*- several tests can be prepared during the same time (limited by centrifuge / machine capacity) 
**-reagent rental possible (free instrument, obligation to do10 samples/day for sensitivity testing during 3 years  
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Freakonomics of TB ELISA – who makes 
money along value chain? 

Market value of the IVD kit in India for an EU manufacturer 
(invoice minus “costs of transport/insurance=5%”) 

1.61 m $ 

CIF price of the IVD kit (selling price including the cost of the test, the 
transport and insurance costs) 

1.69 m $ 

Duties paid to GOI (32% of the CIF price) by the Indian distributor 
 

0.54 m $ 

Price paid by Indian distributors (including duties) 
 

2.23 m $ 

Indian distributors NET profit margins (12%) 
 

0.27 m $ 

Market value of imported IVD kit sold in India (price paid by labs to 
distributor) 

2.5 m $ 

Profit margins of Indian private labs + doctors’ referral fees 
 

11.5 m $ 

Assumptions:  
•Market Value of ELISA TB diagnostics in India: 15 m $ 
•100% of tests sold come from imports 
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  Doctors Patients Labs 
Clinical Doctors think smears are not sensitive 

and antiquated  
  
Sputum-based tests are not suitable for 
diagnosis of Extrapulmonary TB, smear-
negative and childhood TB 

Some patients are not able to produce 
sputum 

Labs think that smears are antiquated 
and are keen on replacing them with a 
more modern technology 

Practical Unlike tests such as chest X-ray, 
doctors cannot directly see the smear 
result (have to rely on lab 
interpretation) 
  
Doctors have been told that 3 sputum 
specimens need to be examined and 
this is not convenient for patients and 
drop-outs are likely 
  
In case of respiratory infections or 
chronic fevers, patients are giving blood 
sample for CBC / ESR and ELISA can 
be performed on the same sample. 

Patients ask for a test that requires a 
single visit  

ELISA is a “bench” technique and is 
perceived as “cleaner” than smear. 
  
Technician training is necessary for 
microscopic examination of smear. 
  
RNTCP does not reach to the private 
labs to give guidance on the quality 
assurance for sputum smears 

Economic Smears are cheap and referral fees are 
too low (referral fees to doctors are 
higher for x-rays, serology, PCR, etc)  
  
Doctors want to start TB treatment to 
keep patients with them for 6 months, 
and because smear is perceived as 
having low sensitivity, they do not like 
to use it. 
  

Some patients are ready to pay more 
than approx 100Rs for the smear if 
they believe that they are offered a 
better test. 

Smears are cheap and give low profit 
margins so labs do not promote them 
to doctors. 
  
  

Societal Doctors want to be perceived as 
“modern” by the community and 
refrain from antiquated techniques 

Patients associate sputum with TB and 
that increases stigma; so, patients 
prefer a blood test over sputum 

Labs want to be perceived by doctors as 
“modern” and refrain from antiquated 
techniques 

Why smears are unpopular in the private sector 



We have seen the enemy – it is the 
powerpoint! 
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A PowerPoint diagram meant to portray the complexity of 
American strategy in Afghanistan!  



GOI/RNTCP have not made 
sufficient efforts to educate 
private doctors on TB 
diagnosis ( in contrast to 
NACO for example) 

ELISA is the major TB 
test in the private 
sector 

ELISA is easily available in most private 
labs (while quality smears may not be) 

Referral fees might 
incentivise unnecessary 
diagnostic procedures (not 
used for clinical decisions) 

TB might be 
misdiagnosed  

Patients’ money 
is wasted 

Doctors believe ELISA is 
a test of choice in TB 
diagnosis (has better 
sensitivity than sputum 
smear) 

Liquid culture or PCR tests 
not easily available (in both 
government and private 
labs) due to high capital 
investment and uncertain 
volume of samples  

ELISA TB is prescribed 
to increase referral fee 
to  doctors (either 
without any clinical 
symptoms of TB, or as a 
redundant test) 

Prices of diagnosis tests to patient include high 
(50-70%) profit margins (partially due to a 
perceived necessity to pay referral fees) 

ELISA TB is more 
affordable to patients 
than liquid culture or 
PCR 

Inaccurate tests for TB are licensed for marketing 
(state drug offices) and for laboratory use (NABL) 

GPs in the private 
sector beyond the 
scope of RNTCP / lack 
of other national TB  
guidelines No affordable 

instrumentation/ 
reagents available 
for liquid culture or 
PCR on the market 

(Indian) manufacturers have not 
seen a market potential for a new 
TB diagnostic tool 

TB is not listed as a “critical 
disease” by CDSCO/DCGI 

In smear –ve patients and 
extrapulmonary TB: 
doctors use ELISA to 
justify start of treatment 
to patients 

Private diagnostics 
market in general 
has weak regulation 
(i.e. no transparency 
in pricing, rampant 
referral fees)  

Lack of alternative 
rapid, simple or 
blood-based test for 
TB (all types of TB) 
on the market RNTCP has no 

detailed guidelines 
on diagnostics for 
smear –ve, X-ray -
ve and 
extrapulmonary 
TB 

Even patients with 
moderate to low 
incomes seek non-
subsidized private 
healthcare 

RNTCP is underfinanced / focused only 
on the control of smear+ve TB 

RNTCP/GOI does 
not finance 
diagnostics for 
smear –ve, X-ray -
ve and 
extrapulmonary 
TB 

Government 
financing of  
healthcare is 
largely insufficient 
in India 

red- root causes 

Indian manufacturers have seen market potential in cheap, 
generic versions of serology-based TB tests for private sector 

The “big picture” 

Overall lack of 
regulation private 
healthcare in India 
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Doctor orders 
test 

Correct test is 
ordered 

Patient gets it 
done 

Lab performs 
test with 
quality 

Results get 
reported 
quickly 

Doctor acts 
on the results 

Positive impact 
on patient 
outcomes 

How diagnostics 
should improve 

patient outcomes 
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Doctor 
orders test 

Correct test 
is ordered 

Patient gets it 
done 

Lab performs 
test 

Results get 
reported 
quickly 

Doctor acts 
on the results 

Impact on 
patient 

outcomes 

Underuse or overuse of diagnostics; 
empiricism; access to labs; patient’s 

SES; easier to give antibiotics; medical 
training 

Cannot afford the test; does 
not believe in testing; unhappy 
with doctors who ask for tests; 

wants quick therapy 

Cannot do it well; charges a lot of 
money; need to give kickbacks to 

doctors; imported tests are expensive; 
half-volume testing; kitchen sink testing 

Results do not get reported in time; no standards; 
no quality assurance; POC tests are not used at 

POC 

Doctor does not act on 
results (quality, lack of trust); 

has already given empiric 
therapy 

Doctor orders inappropriate or 
inaccurate tests; orders 

unnecessary test for kickbacks; 
has own lab that needs business 

Diagnostic 
“eco-system” in 

India 

No impact on patient 
outcomes 
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Accredited / certified labs in India 

NABL  

ISO 

NABH 

CAP 

JCI 

< 200 labs certified 

 

Total no. of labs – estimated 50,000 

 

John Kenneth, SJRI, India 



1990: 100 practitioners had prescribed 80 different drug regimens 
2010: 106 doctors prescribed 63 different drug regimens 

It is not just diagnosis... 







Impact of TB mismanagement 

Bhargava A et al. Hypothesis 2011 



How good is the quality of TB care in India? 



What we are trying to do 

 Get RNTCP to scale-up WHO endorsed tests, including 
Xpert 

 Get the RNTCP to issue a negative policy statement 
against serology 

 Get the DCGI to reclassify TB as a “critical” disease 
 Get the RNTCP to provide DCGI with minimum 

expected performance characteristics for all TB tests 
 Work with private labs and incentivize them to replace 

serology with WHO-endorsed tests 
 Work with consumers/civil society/media to raise 

awareness about this issue 



40 

What will incentivize the private sector to replace 
serology with WHO-endorsed tools? 



If a new test has to succeed in India, how should it look like? 

Test characteristic 

Should be perceived by doctors as a more sensitive and sophisticated than sputum smears 

Should be a rapid test – either a point-of-care* test which can be done in the clinic or a laboratory test that can 
produce results within the same day 

Should be done on blood sample and a single test should be sufficient for diagnosis 

Should be suitable for the detection of extrapulmonary TB 

Labs should not need to make big investments in capital/equipment  

It should not be too cheap or too expensive, but be in the middle range of about Rs 500 (price to the patient) in 
the private sector. 
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