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Background : The resurgence of tuberculosis and outbreaks of multidrug resistant (MDR) tuberculosis
have increased the emphasis for the development of new susceptibility testing of the Mycobacterium
tuberculosis for the effective treatment and control of the disease.

Conventional drug susceptibility testings, such as those using egg-based or agar-based media have
some limits, such as the time required and difficulties in determining critical inhibitory concentrations,
but these are still being used in many diagnostic laboratories because of no better alternatives,
considering cost and accuracy. To overcome these limits, a rapid and simple method for new
susceptibility testing, using live and dead assays, was applied for a bacterial cell viability assay to
distinguish dead from live bacterial cells based on two-color fluorescence.

Materials and Methods

Strains : Forty strains were used in this study, 20 susceptible to all antituberculosis drugs and the
other 20 resistant to the four first line antituberculosis drugs isoniazid, rifampicin, streptomycin and
ethambutol.

Antibiotics : The four antibiotics were dissolved in 7H9 broth to make the following solutions: 0.1xg
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isoniazid(INH
ml.
Results

(Syto 9) and propidium treatments, respectively.

)/ml, 04ug rifampicin(RMP)/mé, 4.0xg streptomycin(SM)/m¢ and 4.0ug ethambutol(EMB)/

Live and dead Mycobacterium tuberculosis cells fluoresced green and red with the acridin

These results are very well accorded with

conventional drug susceptibility testing by proportional method on Lowensen-Jensen media (L-])
containing 4 drugs (INH, RMP, EMB and SM), showing a 937 % accordance rate in susceptible

strains and 95% in resistant strains.

Conclusion : The results of the drug susceptibility testing using the live and dead bacterial cell assay

showed high accordance rates compared with the conventional proportion method on L-J. This finding

suggests that the live and dead bacterial cell assay can be used as an alternative to conventional drug

susceptibility testing for M. tuberculosis strains. (Tuberculosis and Respiratory Diseases 2004, 56:261-267)

Key words : Tuberculosis, Live and dead cell, Susceptibility testing.

M B
A ml A oFwE FAA He 7P T2 -
A Fol shrh oAl ATl ZdE Bl

o
- k=i
2o oA Aele Fbe A&e A 7
_/,:}\é JA]. u]—m 7HaLoﬂ ];HﬁL], I o Ao 1;1_91_ %7]_;\]

= =210 =2

13 Q. A AANA AE BAaE A )

7hEdl oF 32 %7F A kAl il thAlE
Ba Ha Qo gk 2o Aty A

el AdEe ART AL
BRCEE)T AFOEE)S TRIORA A%

0% s 2dite dyenE BEs: of

Al g A S A ESHe] Bttt

Thet % s

1. AlS 35 U AR

i3

Boqge] oz tiEAQl 4 7HA] A ok
(Isoniazid Rifampicin, Streptomycin, Ethambutol)
of WF WAel e AdE 20 e RE

RS 1=}
ofAlell ]l el Adat 20 s AR
SHTE ol 40 v = 7 7 v 409 29

ﬁx}i—r‘ﬂ 2 ® Holw Lowensen—Jensen Wi
Ao A WAduEHol ogk At A A A
APES Abgakel oAl WA ol R7h AR E T
o] Adytel gk kAl A HArbe 2T
u] A E5-o A AT FAE FEE Isoniazid
0.2 pg/ml, Rifampicin 40.0 pg/ml, Streptomycin 4.0
rg/ml, Ethambutol 2.0 gg/m¢ ©] AT

2. M= A

MacFarland #1 B=E BHdsFF= 108 843

— 262 —



— Trial for drug susceptbility testing of M ycobacterium tuberculosis w ith live and dead cell differentiation —

55 538 LdEnE
mmmb 225 MrExﬂMr
= = 8 5T R T
5y Te2 WP
EZE Hmawb% SLoop VMR
5 S w2 — ®
S v n oﬁA_;o#,_qqmu
B & 7 55 @ P L S
-y LEE E L gew
) 3 nOyW o 2= s
4 3 .2 B o= O
2% 2 242 2R
53 E 2= L i
EPE E T 5 RN <
§_-8 52 Mo < T
88 = o X3 —_ = ~—~— Tn
E2TES mm.m Hﬂ&.p_.ww
So 2 g° % G
£=_ 8 = Il o
S =% 5T %3 o He o =R
S S w2
2858 g o2 Km o
= 8 as - 38 x ]tﬂﬁ@_ﬂ
- i X ¢ 2
T o ﬂﬁﬂ%wwﬂ
o o COl )
i iC W™ ol W
THTTWET XN BT YR FETY T S L T H X g B
t&%m%ﬁqﬁﬁNOMﬂ.)dﬂmm o 16 W oW R T B 3R BT o= 2
oﬂ%ﬂmﬂw7ﬂabllﬁﬂ”%.wxwwc aoﬂrplﬂiiﬂ ElC =
3 o KR W B N o) T n o f
o A sz@rﬁligﬂ_anmlu%ﬂrqwz x T T T o o © oy Tz B oy
E,ILU.7.EE1__/I ,AE.E]roE s 2 ° 5 = 1X_l,|1_.o‘t~|ﬂ To = ~ n =
A el N - R SERYITE YEewc
_io,ﬂnon_lmu‘mﬂ — o @ P W 3 B H o mom o X = T < 1 o
@gwﬁ_dmw%%ﬂ%méﬂmawpoﬁ%m P E o P TR G o
— = M A =m0 ob R = 0 = o—
T 5 d@ﬂ%%&%%%mE%Mﬂmﬂﬂ?ﬂw I ol 523 =3
] o = 0 —_ —_ —~ O K —_—
I I @d;ismwi M ﬁem%ﬁét%% &ﬁ%%wﬂow
< ; L s
=R R .oﬁ mwl Mum Wﬂnﬂmﬁ Mo H M. =0 o] - o W ooy 8 g iy o N
wﬁo#,ﬂﬁrm%ﬂmawrmﬁu]ﬁuﬁ(immo%uoﬁ}ﬁ Rl = oofop B D R hﬁmu%l
oo WG W oo MKWk oo X0 Mo oy NE = OB OTE oy e Xy O a 2
B — 2 Wi T oy o O ) X W e M &3
= Mdﬂ_/vmwﬂ_olatuam. - | ) nmw,,..m. S o % Po#iAT,wUnmE
9&L.hEJx| B o T S o e Yo T8 7WHHL1m_|9 xﬂ% <
Hﬁoﬂr.m%%%ﬂli?@rsﬂou%wwﬁiao w oW Do o B w o
SEm iy Trraee T By o e o PWE T TS NT LR D
ol " F T E T T Sr w4 TR TR TR o w
o M8 %o No o) o) zo TR oo S W R R _ MO E o g W ™S
iz 5 il 7| S W %o T L i zn X & L H T w0 Wl M oA X w = X o . &
® = o/ M A ) o} RS BT < o o B 5
W T =2 T kR oo T OF W o oo Wer oW o W g T oF do

— 263 —



— S.W .Ryu, et al —

Table 1. Mycobacterial cell colors under the microscopy (Total)

Cell colors observed

Strains tested

No. of cells with Red No. of cells with Green

Total
(%) (%)
Susceptible strain 1875 (93.7) 1.25 6.3 20
Resistant strain 1 5) 19 (%) 20

Table 2. Mycobacterial cell colors under the microscopy (Each drugs).

Cell colors observed

Drug Strains tested No. of cells with Red No. of cells with Green
tested (%) Total
Isoniazid Susceptible strain 1 2 (10) 20
(INH) Resistant strain 19 (95) 20
Rifampicin Susceptible strain 1 15) 20
(RIF) Resistant strain 20 (100) 20
Streptomycin  Susceptible strain 20 (100) 0 20
(SM) Resistant strain 19 (95) 20
Ethambutol ~ Susceptible strain 1 2 (10) 20
(EMB) Resistant strain 2 (10 18 (90) 20
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Table 3. Syto 9 color reaction by the staining time (Total)

Susceptible strains

Resistant Strains

Time - - : -
. strain numbers with strain numbers with
(minutes) Red (%) Green (%) Total Red (%) Green (%) Total
0 0 20 (100) 20 20 (100) 20
15 185 (925) 6 (1.5) 20 1 (%) 19 (95) 20
30 195 (975) 05 (2.5) 20 45 (225) 15 (75) 20
60 20 (100) 0 20 1575 (78.7) 5 (25) 20
Table 4. Syto 9 color reaction by the staining time (Each drug).
. Susceptible strains Resistant Strains
Drug Time : - - -
tested (minutes) strain numbers with Total strain numbers with Total
Red (%)  Green (%) Red (%)  Green (%)
0 0 20 (100) 20 0 20 (100) 20
Isoniazid 15 18 (90) 2 (10) 20 15 19 (%) 20
(NIH) 30 19 (95) 15 20 5 (25) 15 (75) 20
60 20 (100) 0 20 15 (75) 5 (25) 20
0 0 20 (100) 20 0 20 (100) 20
Rifampicin 15 19 (95) 1 (5) 20 0 20 (100) 20
(RIF) 30 20 (95) 0 20 4 (20) 16 (80) 20
60 20 (100) 0 20 16 (80) 4 (20) 20
0 0 20 (100) 20 0 20 (100) 20
Streptomycin 15 19 (95) 1 (5) 20 1 (5) 19 (%) 20
(SM) 30 20 (100) 0 20 5 (25) 15 (75) 20
60 20 (100) 0 20 17 (%) 3 (15) 20
0 0 20 (100) 20 0 20 (100) 20
Ethambutol 15 18 (90) 2 (10) 20 2 (10) 18 (90) 20
(EMB) 30 19 (95) 15 20 4 (20) 16 (80) 20
60 20 (100) 0 20 15 (75) 5 (25) 20
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