Original Article

https://doi.org/10.4046/trd.2021.0134

ISSN: 1738-3536(Print)/
2005-6184(Online)

Tuberc Respir Dis 2022;85:264-272

A Rapid Assessing Method of Drug
Susceptibility Using Flow Cytometry for
Mycobacterium tuberculosis Isolates
Resistant to Isoniazid, Rifampin, and R

Check for

Ethambutol

Copyright © 2022 The Korean
Academy of Tuberculosis and

e 2 . ; 3 . Respiratory Diseases
Sun-Kyoung Lee, M.S. , Seung-Hun Baek, Ph.D. , Min-Sun Hong, M.S.’, Jong-Seok Lee, Ph.D.”, Eun-Jin

Cho, Ph.D.?, Ji-Im Lee, B.S.%, Sang-Nae Cho, D.V.M., Ph.D.” and Seok-Yong Eum, DV.M., Ph.D."

"Division of Immunopathology and Cellular Immunology, International Tuberculosis Research Center, Changwon, 2Department
of Microbiology, Yonsei University College of Medicine, Seoul, *Division of Microbiology, International Tuberculosis Research
Center, Changwon, Republic of Korea

Address for correspondence
Seok-Yong Eum, D.V.M., Ph.D.
Division of Immunopathology
and Cellular Immunology,
International Tuberculosis
Research Center, 236
Gaposunhwan-ro, Masanhappo-
gu, Changwon 51755, Republic
of Korea

Phone 82-55-246-1139

Fax 82-55-246-1182

E-mail syeumkr@gmail.com
*These authors contributed
equally to this work.

Received Sep. 27, 2021
Revised Nov. 26, 2021
Accepted Feb. 22, 2022
Published online Feb. 23, 2022

Abstract

Background: The current conventional drug susceptibility test (DST) for Mycobacte-
rium tuberculosis (Mtb) takes several weeks of incubation to obtain results. As a rapid
method, molecular DST requires only a few days to get the results but does not fully
cover the phenotypic resistance. A new rapid method based on the ability of viable Mtb
bacilli to hydrolyze fluorescein diacetate to free fluorescein with detection of fluores-
cent mycobacteria by flow cytometric analysis, was recently developed.

Methods: To evaluate this cytometric method, we tested 39 clinical isolates which

were susceptible or resistant to isoniazid (INH) or rifampin (RIF), or ethambutol (EMB)
by phenotypic or molecular DST methods and compared the results.

Results: The susceptibility was determined by measuring the viability rate of Mtb and
all the isolates which were tested with INH, RIF, and EMB showed susceptibility results
concordant with those by the phenotypic solid and liquid media methods. The isolates
having no mutations in the molecular DST but resistance in the conventional pheno-
typic DST were also resistant in this cytometric method. These results suggest that the
flow cytometric DST method is faster than conventional agar phenotypic DST and may
complement the results of molecular DST.

Conclusion: In conclusion, the cytometric method could provide quick and more accu-
rate information that would help clinicians to choose more effective drugs.

Keywords: Mycobacterium tuberculosis; Drug Susceptibility Test; Flow Cytometry;
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Introduction

Tuberculosis (TB) remains a leading cause of death
from infectious diseases with an estimated 10 million
new TB cases and 1.2 million deaths in 2018". Drug
susceptibility test (DST) for Mycobacterium tuberculo-

https://doi.org/10.4046/trd.2021.0134

sis (Mtb) is critical for the treatment and the control of
TB. The process of the test involves the primary culture
of clinical TB specimens to isolate Mtb and DST assay.
Conventional DST is a solid culture-based method that
uses egg-based or agar-based media. This is the ref-
erence method for phenotypic DST (pDST). However,
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this method requires a long turnaround time for Mtb
culture, so it takes 2-3 months to confirm the DST re-
sults®®.

In order to shorten the turnaround time, rapid liquid
culture-based techniques with automation systems
have been developed and DST results could be ob-
tained within a month because Mtb relatively grows
faster in liquid media than solid media. The most com-
monly used systems are BACTEC 460 (Becton Dickin-
son, Sparks, MD, USA) which detects carbon dioxide
production, and Mycobacteria Growth Indicator Tube
(MGIT; Becton Dickinson) which detects oxygen con-
sumption®®.

More rapid tests, molecular DST (mDST) methods,
have been developed and used widely to detect drug
resistance by identifying genetic mutations associated
with specific drugs. These tests include line probe as-
say and GeneXpert and with these assays, it takes only
a few days to get the results®®®. However, although
95% of rifampicin (RIF) resistance-associated muta-
tions are present in the rpoB gene, not all resistance-re-
lated genes for the different antituberculosis drugs
and their sites of the mutation have been found®®'°,
Therefore, opposite results between pDST and mDST
could be obtained sometimes and such incomplete
information of susceptibility might increase the risk of
treatment failure and development of resistance to ad-
ditional drugs.

A new rapid method based on the ability of viable
Mtb bacilli to hydrolyze fluorescein diacetate (FDA) to
free fluorescein with detection of fluorescent Mtb by
flow cytometric analysis, has already been developed
by a couple of research groups'"'%. The accumulated
fluorescein in viable cells can be easily detected by
flow cytometric analysis and the susceptibility results
are obtained only in 24 hours'*"'®. However, their results
do not provide the Mtb growth and the viability informa-
tion during the incubation period with anti-TB drugs'’.
Therefore, we have extended this cytometric method to
measure the viability rate during the incubation of Mtb
with anti-TB drugs. In this study, in order to assess the
susceptibilities of isoniazid (INH), RIF, and ethambutol
(EMB), we tested 39 clinical isolates and compared the
results with those of the standard phenotypic and mo-
lecular methods. We demonstrated that the cytometric
method would be faster than the standard pDST meth-
od and provide drug-tolerance information per time.
This new method could be used as an alternative DST
testing and provide useful information to the clinician.

Tuberc Respir Dis 2022;85:264-272
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Materials and Methods

1. Bacterial strains and culture conditions

The strain H37Rv and hypervirulent clinical HN878
strain were provided by Dr. R. Cho (Yonsei University,
Seoul, Korea) and used as reference strains. The Mtb
clinical isolates were originally isolated from the spu-
tum of TB patients at the National Masan Tuberculosis
Hospital (NMTH). Human tissue collection was ap-
proved by the Institutional Review Board of NMTH (IRB-
05-1-N69) and written informed consent was obtained
from the patients. The isolates were cultured in Mid-
dlebrook 7H9 broth supplemented with 0.5% glycerol,
0.05% Tween 80, and 10% OADC.

2. Antimycobacterial agents

INH, RIF, and EMB were purchased from Sigma (St.
Louis, MO, USA). Stock solutions of INH and EMB were
prepared at 5 mg/mL in distilled water and sterilized
by filtration with a 0.2-mm-pore-size filter before being
dispensed in 1.0-mL aliquots and stored at -80°C until
used. RIF (5 mg/mL) was prepared similarly in metha-
nol.

3. pDST and mDST for drug resistance

Two pDST methods were employed. First, Mtb isolates
were processed on Lowenstein-Jensen (L-J) plates
containing anti-TB drugs using an absolute concentra-
tion method®®. The critical concentrations of each test

Figure 1. Intensity of fluorescence showing the
counts for dead and viable Mycobacterium tuberculo-
sis cells. Killed M. tuberculosis by boiling was used for
the positive control range of dead cells. The cultured
H37Rv cells were stained with fluorescein diacetate
(FDA) and analyzed with flow cytometry. The % of vi-
able cells was measured.

Dead cells Viable cells

Count
A 1004
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drug for resistance were 0.2 ng/mL of INH, 40 ug/mL
of RIF, and 2 pug/mL of EMB. Drug resistance was de-
fined when more than 1% of colony isolate grew on a
drug-containing medium after 4 weeks of incubation at
37°C. As another pDST method, MGIT 960 system was
used with the grown isolates on L-J culture®. The drug
concentrations were 0.1 ug/mL of INH, 1 pg/mL of RIF,
and 2 pg/mL of EMB.

Molecular genetic identification of the isolates was
also performed using two assay commercial kits from
Hain Lifescience GmbH (Nehren, Germany), Genotype
MTBDRpl/us for the mutations detection of rpoB (RIF),
kat@, and inhA (INH) genes and Genotype MTBDRs/ for
embB (EMB) gene according to manufacturer’s instruc-
tions.

4. Assessment of drug susceptibility by flow
cytometry

A DST was performed using a flow cytometer (Cytomic
FC500, Beckman Coulter, Miami, FL, USA) that has la-
sers with excitatory wavelengths of 488 nm (Arogon-ion
Laser). FDA fluorescence emission (ex/em 488 nm/530
nm) was detected in channel FL1 [620-550 Band Pass].
Un-stained control samples were analyzed to set a
population gate around the Mtb to be analyzed by us-

ing the forward scatter versus side scatter parameters.
The voltages were adjusted in channels FL1 (FDA) so
that the fluorescence histogram of the un-stained Mtb
appeared within the first order of the logarithmic scale
of fluorescence. The remaining stained samples were
analyzed at the settings. The 20,000 events were col-
lected at a set standard ‘Low’ event rate.

The Mtb isolates were grown in the above culture
media and transferred to a 50 mL conical tube and ad-
justed to 0.01 of optical density with a final volume of
4 mL 7H9 media. The tubes were added with 0.1 mL of
INH at 0.1 pg/mL, RIF at 1 ug/mL, or EMB at 2 pg/mL
and incubated at 37°C shaking incubator. These drug
concentrations were the same as those used in the
MGIT liquid culture DST method. At the time points of O,
3, 7, 10 days post-infection, 0.5 mL of the incubated iso-
lates were transferred to an Eppendorf tube and treat-
ed with FDA at 50 ug/mL. After incubation at 37°C for
30 minutes, the isolates were harvested and washed
twice with distilled water by centrifuging at 12,000 rpm
for 10 minutes. The supernatant was discarded, and 4%
paraformaldehyde was added at 500 pL/tube.

The acquired data were analyzed to create a one-pa-
rameter fluorescence histogram plot. The x-axis (FL1
log) is a plot indicating the intensity of fluorescence

Figure 2. Effect of isoniazid (INH) on the % viability of H37Rv and an extensive drug-resistant (XDR) strain. Mycobacte-
rium tuberculosis strains were incubated with or without INH at 0.1 pg/mL for 10 days before treatment with fluorescein
diacetate (FDA). The % viability was measured at the time points of 3, 7, and 10 days by flow cytometry and represented

as a histogram and a line graph.
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stained by Mtb and the y-axis (count) is a plot indicating
the number (Figure 1). Using un-stained Mtb bacilli as
a control, regions were determined, and samples were
analyzed. The percentages indicated on the histogram
mean live bacteria.

5. Statistical analysis

Statistical analysis using a t-test was performed to de-
termine differences in viability rate of Mtb isolates be-
tween the drug-untreated and drug-treated groups.

Results

1. Assessment of drug susceptibility of Mtb using
flow cytometry

The cultured Mtb cells stained with FDA were as-
sessed with flow cytometry and the % of viable cells
was measured as shown in Figure 1. Heat-killed Mtb
bacilli were used for the positive control of dead cells.
With this method using flow cytometry, the Mtb-killing
rate of INH could be measured in H37Rv and an exten-
sive drug-resistant (XDR) strain (Figure 2). During the
incubation of H37Rv without INH, the viability rate was
more than 95% for 10 days and similar results were
observed in the XDR strain. Co-incubation of H37Rv
with INH suppressed the % of viability to less than 10%
at day 3 post-incubation and lasted until day 10. As
expected, XDR strain with INH showed no reduction of

Drug susceptibility test by flow cytometry

viability and similar levels to the no-INH group for 10
days (Figure 2).

The lab standard H37Rv and the clinical standard
HNB878 strains’ response to INH, RIF, and EMB were
tested and the susceptibility pattern of each drug was
examined to determine the cutoff value of the suscep-
tibility. Co-incubation of these two strains with INH and
EMB suppressed the viability rate to less than 10% at
day 3 and lasted until day 10. In contrast, RIF induced
different patterns of killing H37Rv and HN878. The vi-
ability rate of both strains reduced slowly after incuba-
tion with RIF and at day 10 the % of viability was about
20% and about 40% in H37Rv and HN878, respec-
tively (Figure 3). The group with no drug showed no
reduction of viability for 10 days in both strains. Since
the strains to be tested in this study were Mtb clinical
isolates, the cutoff value of the susceptibility was set
as 10% for INH and EMB and 40% for RIF, which were
chosen for the clinical drug-sensitive standard strain of
HN878 (Figure 3).

2. Testing drug susceptibility of clinical Mtb isolates
using flow cytometry

Thirty-nine clinical Mtb isolates susceptible to INH,

RIF, and EMB by mDST testing were collected. Pheno-

typically, however, some of these isolates were drug-re-

sistant (Tables 1-3). These isolates were tested for sus-

ceptibility by flow cytometry method and the obtained

Figure 3. The pattern of the % viability of H37Rv (A) and HN878 (B) strains to isoniazid (INH), rifampin (RIF), and etham-
butol (EMB). The cutoff value for the susceptibility of each drug was determined as 10% for INH, and EMB and 40% for
RIF. The Mycobacterium tuberculosis strains were incubated with or without INH at 0.1 ug/mL, RIF at 1 ug/mL, and EMB
at 2 pg/mL for 10 days before treatment with fluorescein diacetate. The % viability was analyzed and measured by flow
cytometry at the time points of 3-, 7-, and 10-days post-incubation and represented as line graphs. The experiments were
repeated 3 times and the results are expressed as meansztstandard error of mean. Unpaired student’s t-tests were used
to determine the significance between drug-treated with no drug-treated groups. A p-value <0.05 was considered signifi-

cant.
A H37Rv
—e— No drug —— [INH (0.1 pg/mL)
120 - —— RIF (1 pg/mL)  —¥— EMB (2 pg/mL)
100 A
—~ 80 A
X
g p<0.001
Z 60
Ne)
8
= 40
p<0.001
{0 1 IO U R
ol ——— Y —— o000
0 3 7 10
Days

Tuberc Respir Dis 2022;85:264-272

B HN878

—e— No drug
—o— RIF (1 pg/mL)

—&— INH (0.1 pg/mL)
120 - —— EMB (2 pg/mL)
100

80

60 - p<0.001

p<0.001

Viability (%)

p<0.001
IO I I A NG E

20 A

p<0.001
1

https://e-trd.org/ 267



SK Lee et al.

Table 1. Comparison of the susceptibility test results in response to INH for phenotypically 9 susceptible and 12 resistant

clinical isolates of Mycobacterium tuberculosis

Phenotypic DST

Molecular DST Flow cytometry

No. ID Hoienstein: MGIT INH INH
(0.2 pg/mL) (0.1 pg/mL) (katG & inhA) (0.1 pg/mL)
1 0B078 s S NM s
2 0B156 s S NM s
3 0A068 s S NM s
4 0A070 s S NM s
5 08033 s S NM s
6 08292 s S NM s
7 0A061 s S NM s
8 0B166 s s NM s
9 0B175 s S NM s
10 0B030 R R NM R
11 0B095 R R NM R
12 0B108 R R NM R
13 0B170 R R NM R
14 0B113 R R NM R
15 08183 R R NM R
16 0B185 R R NM R
17 0B202 R R NM R
18 0B234 R R NM R
19 0B262 R R NM R
20 0B272 R R NM R
21 0B277 R R NM R

INH: isoniazid; DST: drug susceptibility test; MGIT: Mycobacteria Growth Indicator Tube; S: susceptible; NM: no mutation; R: resistant.

results were compared with those of pDST and mDST.
Figure 4 shows the susceptibility results of the tested
isolates to INH, RIF, and EMB by cytometry. All isolates
that were phenotypically drug-resistant to INH, RIF, and
EMB showed no reduction of % viability for 10 days,
indicating they are also drug-resistant by cytometric
method (Figure 4). Significant and suppressive reduc-
tion of the % viability was observed in phenotypically
drug-susceptible isolates in response to INH and EMB
and the results were under a cutoff value of 10%. In
contrast, the five isolates susceptible to RIF showed a
slow reduction of the Mtb viability measured by cytom-
etry but eventually at day 10 after co-incubation with
the drug, the % viability fell to the cutoff value of 40%
(Figure 4). Two of these five isolates showed a little
more than 40% viability but were considered suscep-
tible because they induced a significant reduction of
Mtb viability compared to the resistant group (Table 2).

https://doi.org/10.4046/trd.2021.0134

At day 14 post-incubation, these two isolates showed
less than 40% viability (data not shown).

Discussion

Since the phenotypic methods usually take 3-4 weeks
to get the results, the clinicians had to wait to select
the exact regimen of drugs. As a rapid method, mDST
which requires only a few days to get the results is now
widely used. Although molecular testing is faster than
the standard pDST methods, it does not fully cover the
phenotypic resistance®’®. Consequently, the DST infor-
mation could be inaccurate and might increase the risk
of treatment failure and develop drug resistance.
Another rapid method using flow cytometry for
testing the drug susceptibility has already developed
elsewhere”®. This method is based on the ability of the
viable Mtb bacilli to hydrolyze FDA to free fluorescein

https://e-trd.org/ 268
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Table 2. Comparison of the susceptibility test results in response to RIF for phenotypically 5 susceptible and 4 resistant

clinical isolates of Mycobacterium tuberculosis

Phenotypic DST Molecular DST Flow cytometry
e . Clonsen MGIT RIF RIF
(40 pg/mL) (1 pg/mL) (rpoB) (1 pg/mL)

1 1A141 s s M S

2 0A149 S s M s

3 0A180 S s NM S

4 1B141 S s NM o

5 0B145 s s NM o

6 0B139 R R M -

7 0B401 R R NM R

8 1B014 R NIV o

9 0B086 R R M o

*These isolates induced the % viability a little more than 40% as cutoff line but considered as “Susceptible” because, differently from
the “Resistant” group, they showed the significant reduction of viability compared to control group (Figure 4).
RIF: rifampin; DST: drug susceptibility test; MGIT: Mycobacteria Growth Indicator Tube; S: susceptible; NM: no mutation; R: resistant.

Table 3. Comparison of the susceptibility test results in response to EMB for phenotypically 4 susceptible and 5 resistant

clinical isolates of Mycobacterium tuberculosis

Phenotypic DST

Molecular DST Flow cytometry

No. ID Hopenstein: MGIT EMB EMB
B (2 pg/mL) (embB) (2 pg/mL)

1 0B293 S S NM S
2 0A042 S s NM

3 0A207 S S NM S
4 0B215 s s NM S
5 68037 R R NM R
6 0B062 R R NM R
7 0B161 R R NM R
8 0B318 R R NM R
9 48340 R R NM R

EMB: ethambutol; DST: drug susceptibility test; MGIT: Mycobacteria Growth Indicator Tube; S: susceptible; NM: no mutation; R: resis-

tant.

with detection of fluorescent mycobacteria by flow
cytometric analysis and the susceptibility results are
obtained within 24 hours of drug co-incubation. Kirk et
al.”® tested the susceptibility of 35 clinical Mtb isolates
to INH, RIF, and EMB using flow cytometry and they
have shown the results agreement of 83%-95% with
those of the agar proportion method. However, they
have also found 11 discrepant results to these drugs
and the authors have attributed this to the low level of

Tuberc Respir Dis 2022;85:264-272

the metabolic activity of the isolates because the hy-
drolysis of FDA is affected by the metabolic level of Mtb
cells. This method did not require the multiplication of
mycobacteria and the majority of Mtb cells were not in
the exponential growth phase. However, their measure-
ments do not provide the information about the growth
and the viability of the Mtb population to drug exposure
in medium and a single FDA staining approach has
limitations in differentiating between viable bacteria
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SK Lee et al.

Figure 4. The susceptibility test results of the 39 clinical Mycobacterium tuberculosis isolates by flow cytometry. All the
isolates were drug-susceptible (S) in molecular drug susceptibility test (mDST) but some were drug-susceptible or drug-
resistant (R) in phenotypic drug susceptibility test (pDST). The isolates were incubated with or without isoniazid (INH) at
0.1 pg/mL (A) or rifampin (RIF) at 1 ug/mL (B) or ethambutol (EMB) at 2 ug/mL (C) for 10 days before treatment with FDA.
The % viability was measured at 3-, 7-, and 10-days post-incubation. The experiments were repeated 3 times and the
results are expressed as meansztstandard error of mean. Unpaired student’s t-tests were used to determine the signifi-
cance between drug-treated with no drug-treated groups. A p-value <0.05 was considered significant.
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with low metabolic activity and bacteria that are dead.
Therefore, in the present study, we have extended this
method to measure the % viability of Mtb cells during
10 days of co-incubation with anti-TB drugs, which also
provides the information of each drug tolerance per
time. We have used only one concentration, which is
the critical concentration of each drug in the conven-
tional pDST testing.

Since mDST cannot fully cover the phenotypic re-
sistance, molecular drug-susceptible isolates might
be drug-resistant phenotypically. Although the gene
involved in RIF resistance, rpoB, occupies 95% of the
mutation frequency®®, the clinical isolate having no
rpoB-mutation but showing resistance phenotypically
would appear as shown in this study. The INH- and
EMB resistance genes are katG/inhA and embB, and
the mutation frequencies are 8%-95% and 47%-65%,
respectively”®. Therefore, with such inaccurate infor-
mation, the clinicians could prescribe the wrong drug
regimen to the patients. In the present study, we have
evaluated the cytometry test as an additional rapid
pDST method. For this purpose, we selected the clini-
cal isolates showing discrepant DST results to the first-
line drugs between phenotypic and molecular tests.
The susceptibility results by cytometry in response
to INH, EMB, and RIF completely agreed with those
by the standard phenotypic solid and liquid media
DST methods although two RIF-susceptible isolates
showed a little higher level than the cutoff value. In our
results, all the tested isolates which were phenotypical-
ly drug-resistant but had no mutations in mDST testing
also showed the resistance in the cytometry test. In

https://doi.org/10.4046/trd.2021.0134

Days Days

addition, our method provides the Mtb viability infor-
mation by drug per time so we could compare the level
of drug tolerance in each isolate of the TB patients.
The information about the drug tolerance of the isolate
would be very important in the clinic. The reason why
it takes extremely long to treat TB is the ability of Mtb
to enter a tolerant state when exposed to drugs despite
the multidrug strategy. Drug tolerance is defined as an
increase of the bacterial survival time to a bactericidal
drug without changing the minimal inhibitory concen-
tration (MIC), the lowest concentration of a specific
antibiotic needed to prevent growth. Therefore, upon
exposure to bactericidal drugs, tolerant mycobacteria
are thus killed at a lower rate than the fully susceptible
population. In contrast, drug resistance, or the ability to
replicate in the presence of a drug that is most specific
to a single drug, is inheritable and increases the MIC™®,

Some of the main mechanisms conferring a drug
tolerance in Mtb are metabolic slowdown by reducing
the metabolism and metabolic shifting by rerouting
metabolic fluxes. Clinically, the variation in glpK gene,
which is required for glycerol catabolism and essential
for growth in media with glycerol as a carbon source,
was found to be associated with drug resistance in
clinical Mtb isolates'®?°. Also in vitro, the glpK-deleted
strain was less sensitive to INH and RIF than the wild-
type strain, suggesting that the variation in glpK gene
increases drug tolerance and consequently, may con-
tribute to the evolution of resistance’®. Another study
group has demonstrated that Mtb strain depleted with
phosphoenolpyruvate (PEP), a substate of multiple
pathways needed for Mtb replication, induced revers-
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ible drug tolerance to INH because the supplementa-
tion of PEP restored the growth and the drug sensitivi-
ty. They have also observed that the abundance of PEP
in the clinical Mtb isolates with multidrug-resistance,
and XDR was downregulated compared to that of
drug-sensitive isolates®'. This observation suggests
that reversible drug tolerance may stimulate the emer-
gence of drug resistance. Therefore, if we can obtain
the information about the drug tolerance of the pa-
tients’ Mtb isolates, we could predict the efficacy and
the appearance of the resistance of that drug. Finally,
this will be helpful for the clinicians to make an optimal
choice of drug selection in the clinic.

The observations in the present study demonstrate
this cytometry method as a potential complementary
useful tool for pDST testing. However, our study has
some limitations in arriving at a definite conclusion.
First, the number of tested isolates is small. This is be-
cause we have focused on selecting the isolate having
no mutation but phenotypic resistance to drugs and
it is rare to find these isolates, particularly in RIF and
EMB because the frequency is very low. So, it would be
necessary to test a bigger number of isolates for fur-
ther study. Second, more isolates with various MIC or
mutation types may need to be tested to increase the
reliability of this method.

Since many clinical laboratories do not have flow
cytometry, this could be a challenge for general use of
this method but as shown in the present study, it would
be a very useful DST testing method for selective use
for clinical cases showing opposite DST results. In con-
clusion, we have evaluated the basic feasibility of the
flow cytometry method as another rapid susceptibility
test and that this might be a useful assistant tool in TB
clinics.
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