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TB is a disease ……. 

TB poverty



% POPULATION LIVING ON < 2 USD

Country % living on <2 USD per day

India 68.7 (2010)

Bangladesh 76.5 (2012)

Pakistan 60.2 (2008)

Tanzania 87.9 (2007)

South Africa 31.3 (2009)

Brazil 10.8 (2009)

China 27.2 (2009)







Over 50 million smear microscopy 
investigation per year



Background - Patient Perspective
Day 1. Present.  Provide 1st "spot" specimen.
Day 2. Return. Morning spec and 2nd "spot"
Day 3. Return. Results.  Referred/appointment
Day 4. Return.  Start treatment.



• Less than 20% of those being 
investigated will  have tuberculosis

• Less than 10% of those being 
investigated will have smear-positive 
tuberculosis

• Multiple visits required
• "Catastrophic" costs



TB is a disease ……. 

TB poverty



Background – Laboratory perspective

• District hospital/busy health centres
• Heavy workload
• Fatigue
• Quality
• M/T/W/T/F



The "I Love Lucy Study"

• With thanks to Barry Kosloff, LSHTM, 
YAMBART Project, Lusaka, Zambia

http://www.youtube.com/watch?v=8NPzLBSBzPI



LABORATORY PATHWAY
• Three specimens
• Ziehl-Neelsen
• Smear positive case – 2 positive specimens (1+)





Smear microscopy – is it worth 
improving it? 

• Very good specificity
• Relatively low-cost
• Can be used to monitor treatment
• Employs people
• Possible at health centre level
BUT
• Limited sensitivity – quality/workload
• Protracted and expensive pathway for patients
• Overwhelming workload for labs
• No direct information on drug resistance





Starting to rationalize (formally) ……

Reducing workload to improve quality
• Are three specimens necessary?
• Could we reduce to two?
• (LED FM)?

Improving patient experience
• If we reduced to two, could we do the smears 

on the same day and get a "one-stop shop"?





Are three specimens necessary?



Incremental yield of 3rd specimen

Approx 85/12/3%

Worked example:
• 1000 TB suspects
• 3 x 1000 smears
• 100 Sm+ TB patients (10%)
• First 1000 smears identifies 85 of 100 cases
• Second 1000 smears identifies additional 12
• Third 1000 smears identifies additional 3 cases



New questions…….

• Is morning specimen important?

• Are two positive specimens really necessary to 
confirm a case of TB?

• How important is it that positive smears are 
graded 1+ and above?  What about scanty 
smears (1-9 AFB per 100 fields)?







http://www.who.int/tb/dots/laboratory/en/index.html















• WHO recommends that:
• Countries that have successfully implemented the current WHO 

policy for a two-specimen case-finding strategy consider a 
switch to the same-day-diagnosis approach, especially in 
settings where patients are likely to default from the diagnostic 
process;

• Countries that are still using the three-specimen case-finding 
strategy consider a gradual change to the same-day-diagnosis 
approach, once WHO-recommended external microscopy 
quality assurance systems are in place and good quality 
microscopy results have been documented; 

SAME-DAY-DIAGNOSIS OF TUBERCULOSIS BY MICROSCOPY

POLICY STATEMENT









Scale-up of WHO-recommended 
diagnostic tools



• Prospective
• Adults with suspected PTB 
• SMS compared to SSM (and SM compared to SS)
• Cluster-randomized (4 week block-randomization)
• Non-inferiority vs superiority trial (Sample, cost, bias)
• Multi-country:  Brazil, Ethiopia, Nepal, Nigeria, 

Yemen
• Rate of recruitment limited by culture w/load
• Intention To (diagnose and) Treat Analysis (ITT)
• Per Protocol Analysis (PP)



Primary Objectives

• To determine sensitivity, specificity and predictive 
values of a "two samples in a single day" strategy 
for the diagnosis of TB and compare it to the 
standard strategy

• To determine the proportion of patients who 
could initiate, or be referred for, treatment  
within 24, 48 or 72 hours of initiating specimen 
collection.

• To describe the effect of different thresholds to 
define a positive smear and smear positive case.



Secondary Objectives

Included:
• To describe the costs incurred by patients 

assigned to the different specimen collection 
arms. 

• To describe initial default among patients 
assigned to the different specimen collection 
arms.



Sites
• Brazil: Hospital General Otavio de Freitas, Recife.  

Government hospital.
• Ethiopia: Bushollo and Awassa Major Health 

Centres.  Faith-based NGO and government.
• Nepal:  Tribhuvan University Teaching Hospital. 

Kathmandu.
• Nigeria. Wuse General Hospital, Abuja.  

Government General Hospital.
• Yemen: National TB Institute, Sanaa.

Referral and self-presentation.



Patients

• Consecutive patients
• ≥ 18 years of age
• Cough ≥ 2 weeks
• Provides informed consent

Rate of recruitment limited by ability 
to perform culture.



Cluster-randomization

• Randomized by week (4 week block) 
• Minitab Statistical Software – list of random 

numbers ranging from 1 – 5.
• AABB, ABAB, BABA, ABBA and BAAB.
• Sealed envelopes opened each week.
• Study coordinators unaware of block size.



Figure 1.  Patient flowchart. 
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Blinding

• All slides labeled with study and lab numbers.
• All slides identifiers masked with wrap-around 

tape and mixed (by coordinator) prior to 
microscopic examination.

• Microscopy result written on tape.
• Identifiers unmasked by a separate lab staff 

member when entering results in lab book



Sample Size and Analysis
• Calculated to establish non-inferiority of frontloaded 

compared to standard
• Assumed Std Approach identifies 50% of patients with 

positive cultures
• Sample size of 1696 for each arm would achieve 90% 

power to detect a non-inferiority margin between the 
arms of 5%

• Significance level of the test targeted 0.05
• Assumption: 50% of patients will have +ve cultures
• No of patients to be recruited = 6,784 (1696x2x100/50)
• Analysis by ITT and PP (SMS vs SSM, subanalysis SM vs

SS)



Ethics and Standards

• Study approved by WHO Ethics Committee, 
LSTM Ethics Committee, national/institutional 
ERCs (as appropriate)

• Study registered with International Standard 
Randomized Controlled Trial Register.

• GCP
• GCLP



Oversight

• Regular visits by LSTM and/or WHO TDR staff.



Results

• 6,627 patients recruited
• 1,909 in Ethiopia, 630 in Nepal, 1,238 in 

Nigeria, 2,850 in Yemen.
• 3, 574 in Std App and 3,053 in frontloaded
• No statistically significant differences in the 

baseline characteristics of patients recruited in 
SMS vs SSM arms.  









Findings

• Sensitivity and specificity of SSM were non-
inferior to SMS

• Sensitivity and specificity of SS were also non-
inferior to SM

• Patients screened using the SSM/SS scheme 
were more likely to submit two specimens. 

Study was included in the systematic review



Should we do it this way again?

Would we do it this way again?



Same-day light-emitting diode fluorescence 
microscopy for the diagnosis of tuberculosis in 
Chhattisgarh, India

Authors: Nayak, P.; Kumar, A. M. V.; Agrawal, T. 
K.; Chandraker, S.; Nair, S. A.

The International Journal of Tuberculosis and Lung 
Disease, Volume 18, Number 6, 1 June 2014, pp. 
666-670(5)



SETTING:
Three medical college hospitals using light-emitting diode 
fluorescence microscopy (LED-FM) for diagnosing tuberculosis (TB) in 
Chhattisgarh, India. 

OBJECTIVES:
To assess and compare the proportion of sputum smear-positive TB 
patients diagnosed through same-day microscopy (spot-spot) 
strategy or with the conventional (spot-morning) strategy. 

METHODS:
During November 2012 - March 2013, all consecutively enrolled 
presumptive TB patients (aged 18 years) were requested to provide 
three specimens: two spot specimens collected 1 h apart on the first 
day and one early morning specimen the next day; these were 
stained using auramine-O and examined using LED-FM. 



• RESULTS:

Of 1716 (93% of total 1845) presumptive TB patients who 
provided all three specimens, 218 (13%) were smear-
positive: 200 (11.7%) by same-day microscopy and 217 
(12.7%) by the conventional method (McNemar's χ2 13.5, 
df 1, P = 0.0002). Eighteen (8.3%) cases were missed by the 
same-day method. 

CONCLUSION:

Although LED-FM is more sensitive to paucibacillary
samples, 8% of smear-positive cases were missed using the 
same-day method. These findings indicate the need to 
revisit the global applicability of the current World Health 
Organization recommendation of switching to same-day 
diagnosis from the conventional policy.





Thank You
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