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Background: Tuberculosis treatment and infection control are hampered by difficulty

assessing mycobacterial viability to determine infectiousness and early treatment response. TB

culture takes weeks; molecular tests are technically demanding; and acid-fast staining cannot

differentiate live from dead tuberculosis.

Objectives: To develop and evaluate a simple slide-microscopy test to rapidly determine

tuberculosis viability.

Methods: A protocol was optimized to stain viable but not dead tuberculosis in

decontaminated sputum dried onto microscope slides and stained with the vital stain fluorescein

diacetate (FDA). The reliability of this FDA slide microscopy for determining the concentration of

viable tuberculosis in sputum was then compared with quantitative culture.

Results-laboratory evaluation: In untreated patients, tuberculosis

auramine staining was unaffected whether sputum was fresh or had been sterilized by boiling,

whereas FDA stained only un-boiled, viable tuberculosis. Quantification of viable tuberculosis by

culture was reliably predicted by FDA, but not by auramine microscopy.

Results-clinical evaluation : Sequential sputums were collected from 35

patients before and after 3, 6 and 9 days of first-line tuberculosis treatment. Culture quantification

of viable mycobacteria in sputum was predicted by slide microscopy with FDA (r2=0.77) but not

auramine (r2=0.33). Quantification of viable tuberculosis in sputum by both quantitative culture

and FDA microscopy fell 10-100 fold during the first nine days of treatment in all patients with

drug-susceptible tuberculosis, whereas there was little change for patients with MDRTB.

Specifically, 70% of samples from patients with drug-susceptible tuberculosis had a decline in the

FDA count of viable tuberculosis of at least 0.2 logs/treatment-day, compared with none of the

samples from MDRTB patients (P<0.001).

Conclusion: FDA slide microscopy determined the viability of tuberculosis in sputum in

minutes, compared with >1 month required for culture. This simple and inexpensive technique

rapidly assessed patient infectiousness on treatment, potentially guiding infection control

measures. FDA staining also revealed differences in early treatment response between non-MDR

and MDRTB and may allow early field screening for MDRTB and impending treatment failure.
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In vitro analysis
3+ sputum 1+ sputum H37RV suspended in X.

2 mL of each sample decontaminated 

in NALC-NaOH for 20 minutes.

Half of each sample is boiled 

for 30 minutes (killed).

Half of each sample is not 

boiled (live).    

Samples are recombined in varying killed:live proportions.

0% live – 100% boiled 100% live – 0% boiled10% live – 90% boiled1% live – 99% boiled
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In vivo analysis
35 patients with new diagnoses of tuberculosis 

recruited after diagnosis by positive health post 

sputum smear (≥1+) and before initiation of 

treatment.

Treatment day 3 sputum 

sample.

35 Day 3 samples collected
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Pretreatment sputum sample. 
35 Day 0 samples collected

Treatment day 9 sputum 

sample.

26 Day 9 samples collected

Treatment day 6 sputum 

sample.

31 Day 6 samples collected

Drug 
Susceptibility 

Testing

31 patients with non-MDR TB

4 patients with MDR TB

log (cultured colonies)
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