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Abstract: [ Objective] To provide basic experimental basis for quantitative detection and analysis of antibiotic
susceptibility and heteroresistance in Mycobacterium tuberculosis by flow cytometry, we investigated the performance of
propidium iodide (PT) and 6—carboxyfluorescein diacetae (6—cFDA) in identifying dead or living Mycobacterium tubercu-
losis. [ Methods] PI and 6-cFDA were used to stain 10 strains of pure cultured living Mycobacterium tuberculosis suspen-
sion with turbidity of 1 McClell and the corresponding suspension with turbidity of 1 McClell heated at 85°C for 30
minutes, respectively. The mean fluorescence intensity (MFI) was measured by flow cytometry. The MFI boundary value
for distinguishing dead and living Mycobacterium tuberculosis were determined according to receiver operating characteristic

(ROC) curves. The same experiments were carried out with other 10 strains of living Mycobacterium tuberculosis suspen-
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sion and 10 dead Mycobacterium tuberculosis suspension, and the MFI threshold was used to determine the viability of
bacteria. [Results] (1) In the experiment of determining MFI boundary value, the MFI of 10 strains of dead bacteria
suspension stained with PI was non—normal distribution, the median value was 2 459, and the MFI of 10 strains of living
bacteria suspension stained with PI was normal distribution, the mean value was 426+180. The MFI boundary value of
dead bacteria stained with PI was 1 329. The MFI of 10 strains of dead bacteria and 10 strains of living bacteria suspen-
sion stained with 6—cFDA was normal distribution, and the mean value was 49+4 and 7 144+4 511, respectively. The
MFTI threshold of 6-cFDA staining for living bacteria was 1 021. (2) The MFI thresholds for identifying dead bacteria by
PI staining and the MFI thresholds for identifying living bacteria by 6—cFDA staining were used to detect 10 other living
bacterial suspensions and 10 dead bacterial suspensions. The accuracy, sensitivity, specificity, Yonde index, positive
predictive value and negative predictive value were 95% and 100% , 1.00 and 1.00, 0.90 and 1.00, 0.90 and 1.00, 0.91
and 1.00, 1.00 and 1.00, respectively. [ Conclusions] PI staining can detect dead Mycobacterium tuberculosis and 6-cFDA
staining can detect living Mycobacterium tuberculosis. Identification of Mycobacterium tuberculosis activity based on PI and
6—cFDA staining will have broad application prospects.
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Table 1 Detection of MFI of clinical isolates of Mycobacterium tuberculosis after staining with PI or 6—cFDA

Dye Groups Number of cases P Range PR Psy(Pss~Pss)

PI Dead 10 0.014 1 886~5 967 - 2459(2 184~4 399)
Living 10 0.383 219~772 426180 -

6-cFDA Dead 10 0.804 43~56 49+4 -
Living 10 0.162 1986~13 530 7 144+4 511 -

P value of normality test, >0.05 were regarded as according with normal distribution
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Table 2 Identification of dead or living status of clinical
isolates Mycobacterium tuberculosis by PI or
6—cFDA staining

_— Pl 6-cFDA

Living Dead Living Dead
1 341(+) 3198(-) 5345(+)  37(-)
2 1278(+) 4142(-) 14280(+)  49(-)
3 334(+) 2593(-) 3664(+) 77(-)
4 1342(-) 4685(-) 12867(+)  40(-)
5 706(+)  3644(-)  6554(+)  37(-)
6 472(+)  2211(=)  1713(+)  37(-)
7 725(+) 3034(-) 4778(+)  49(-)
8 596(+) 5139(-) 15580(+)  49(-)
9 436(+) 2348(-) 3598(+)  58(-)
10 350(+) 4168(-) 6560(+)  48(-)

(+) : The staining results were living bacteria; (- ) : The staining

results were dead bacteria.
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Fig.2 Analysis of ROC curves of PI staining MFI for dead bacteria detection (A) and 6—cFDA staining MFI for living

bacteria detection (B)
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Table 3 Diagnostic performance of PI or 6—cFDA staining for identification of dead or living clinical isolates of

Mycobacterium tuberculosis

Dye Sensitivity Specificity Yonden Positive predicitive value Negative predicitive value
PI 1.00 0.90 0.90 0.91 1.00
6-cFDA 1.00 1.00 1.00 1.00 1.00
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