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differences in the RGV were used as equivalent to those of the
electron density. In order to confirm the position of the PM and OM
in the plot profile (Figure S1B), a line of 150 nm, which was
perpendicular to the CE, was drawn on each RGV measurement,
where the center dot was set on the OM (Figure S1A). The differ-
ences of RGV between the PM and the median position of the CE
(i.e., the midpoint between the PM and OM) along with the 150 nm
line were calculated and compared among the 3 strains. At least 3
different positions in each bacterial cell were determined. For the
measurement of the RGV of the bacterial cell, squares (250 nm on
a side) were set on the cell and background; then, the RGV of the
cell area was calculated by subtracting the background RGV
(Figure S1C). The size measurements were also performed using
the plot profile option of Image] (Figure S1D).

2.5. Statistical analysis

Averages and standard deviations were calculated, and the
randomization test for 2 independent samples was used to calcu-
late statistical significance according to the formula®3:

X-y
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t =

where x and y are the average values, and n and m are the number
of the examined cell and the subject of one group and another,
respectively. Finally, the p value was determined from the obtained
t value using a t distribution table.

3. Results
3.1. Confirmation of loss of acid-fastness in dkasB strain

We first confirmed the loss of acid-fastness in the AkasB strain
by conventional Ziehl-Neelsen staining using basic fuchsin as the

primary stain. As shown in Figure 1b, the AkasB strain completely
lost acid-fastness and was counterstained with methylene blue,

while wild-type (Figure 1a) and complement strains (Figure 1c) -

were resistant to destaining and retained the primary stain.

3.2. Comparison of cell wall thickness among three strains in RFS
and CEM samples

We initially compared electron micrographs obtained by the RFS
method of the AkasB strain with the wild-type and complement
strains, focusing on the difference in CE thickness, because the

AkasB strain should have a thinner CE than the other strains due to
its envisaged shortened MA composition. As shown in Figure 2a—f,
examination of RFS samples revealed that all 3 strains had a similar
CE structure, including the PM, periplasmic space, and OM. As the
thickness of the CE varies from position to position in the same cell
with this preparation, this comparison could not identify any
significant differences in CE thickness among the 3 strains (Table 1).

We then examined glutaraldehyde-fixed bacterial cells with ice-
embedded whole mount CEM. Electron micrographs obtained by
CEM are shown in Figure 3a—f. Similar to the results obtained from
the RFS preparation, there were no apparent differences in CE
structure or thickness among the 3 strains (wild-type:
4335 + 6.13 nm; AkasB: 4598 + 1132 nm; complement:
40.71 £ 6.3 nm; Figure 4a).

3.3. Electron density of the cell wall significantly decreased in
AdkasB mutant strain compared to wild and complement strain

As mentioned above, we found that loss of acid-fastness did not
correlate with the thickness of the CE, as determined by RFS and
CEM. However, there should be logical reason, which discriminates
between positive and negative property in Ziehl-Neelsen staining.
Then, we compared the electron density in the CE, where MA plays
an important structural role. As shown in Figure S1A and S1B, in CE
area, plasma membranes had the highest electron density, then, the
density decreased gradually toward the region just beneath the
outer membrane and increase again at the outer membrane. We
calculated and compared RGV, which were measured by Image]
software and equal to the difference of the electron density
between plasma membrane and median position of CE as described
in Materials and methods (Figure S1A and S1B), among the three
strains. Using the plot profile analysis in the analyze menu of
Image], plot profiles were obtained, then, the difference of RGVs
between plasma membrane and the midpoint of the cell wall were
calculated. There were significant differences in the RGVs between
the AkasB and wild-type strains (567.1 + 372.7 vs. 3014 + 2621,
respectively, p < 0.02; Figure 4b) and between the AkasB and
complement strains (567.1 & 372.7 vs. 235.2 + 174.9, respectively,
p < 0.001; Figure 4b), but not between the wild-type and
complement strains (3014 + 262.1 vs. 235.2 £ 1749, p > 0.2;
Figure 4b).

Furthermore, we compared the whole bacterial cell electron
density, which were measured by Image] and calculated as RGVs.
However, there were no significant differences among three strains
(wild; 1928.7 £ 685.6 RGV, AkasB; 1954.2 + 783.0 RGV, comple-
ment; 1738.3 + 626.5 RGV, Figure S2). Finally, the total shape

Figure 1. CDC1550 wild-type (a), AkasB (b), and kasB complement (c) strains were stained with the Ziehi-Neelsen method. The AkasB mutant (b) was shown to completely lose its

acid-fastness. Bar indicates 10 pm.
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Figure 2. TEM images of RFS-processed CDC1551 wild-type (a and d), AkasB mutant (b and e), and kasB complement (c and f) strains. a, b, and ¢ were taken at 60,000x
magnification, while d, e, and f were taken at 100,000x magnification. Bar indicates 100 nm (a—c), 50 nm (d—f).

properties of the cells were determined and compared with Image];
interestingly, there were significant differences in the width, the
length and the aspect ratio among three strains, where the
complement strain had a significantly thinner width than the wild-
type and AkasB strains (complement; 0.51 £ 0.03 um vs. wild;
0.54 + 0.04 pm, p < 0.02, and vs. AkasB; 0.54 £ 0.03 um, p < 0.005),
was significantly longer than the AkasB strain (complement;
3.09 + 0.54 nm vs. AkasB; 2.66 + 0.48 um, p < 0.02), and showed
a significantly higher aspect ratio than the AkasB strain (comple-
ment; 6.15 £ 1.25 vs. AkasB; 4.97 + 0.85, p < 0.05, respectively,
Figure S3).

4. Discussion

The mechanisms underlying acid-fastness and Ziehl-Neelsen
staining were extensively studied in the 1960s by Murohashi
et al. 333 and Barksdale et al>*; however, they have still not been
elucidated. Recently, Bhatt et al. constructed the AkasB mutant
strain of M. tuberculosis CDC1551, and revealed that the mutant lost
its acid-fastness and had attenuated pathogenicity in mice. They
also examined total MA levels by thin layer chromatography and the
relative abundance of the 3 classes of MA methyl esters in the AkasB
mutant. They demonstrated a decrease in the levels of keto-MA and
an increase in the levels of «-MA in the AkasB mutant.” On the other
hand, MA cyclopropane synthases have been shown to play roles in
cording, persistence, and virulence.® Furthermore, Barkana et al.
demonstrated that dioctylamine, an inhibitor of methyltransferase,
which plays a role in the cyclopropanation of MA, caused the loss of
acid-fastness.>® Furthermore, Deb et al. have shown that multiple

Table 1
CE thickness data obtained from rapid freeze-substitution samples (nm).

wild AkasB Complement

(n = 10) (n=14) (n=12)
Plasma membrane 6.3+ 0.8 8.1+18 7.0+ 17
Cell wall 9.8 +£3.0 9.7 £ 3.8 7.0+3.8

Data were measured and calculated using Image] software from electron micro-
graphs and expressed as average + SD.

stress factors led to the loss of acid-fastness in tubercle bacilli with
the accumulation of triacylglycerol and wax ester.®

We initially thought that there would be significant differences in
CE thickness among the 3 strains because itis believed that KasB may
contribute to the final elongation of the MA chain; however, we
observed no such differences. On the contrary, there were significant
differences in electron density, as determined by CEM, among the 3
strains; the electron density in the area of the CE was significantly
reduced in the AkasB. mutants, with normal thickness between the
PM and OM, compared to the wild-type and kasB complement
strains. Therefore, in the AkasB mutant strain, it is suggested that the
full-length MA formed by the intact KasA may result in the appar-
ently intact CE thickness,” while the mixture of full-length and
truncated MA chains and less density of total MA molecule bundles
due to loss of KasB function may cause the reduced electron density
in the CE area located between the PM and OM, which might cause
the loss of acid-fastness in the AkasB mutant.

Although some authors examined the ultrastructure of myco-
bacterial CE with cryo-electron microscopy of vitreous section
(CEMOVIS) in the auxotroph mutants of tubercle bacilli, precise
image analyses on CEMOVIS, such as measurement of thickness in
CE, may be influenced because of distortion by sectioning and the
differences of measured value raised from the position of sectioned
bacterial cell.}??1?2 Therefore, we compared CE ultrastructure with
whole mount bacterial cells of glutaraldehyde-fixed wild type and
mutant strain of virulent tubercle bacilli without distortion, where
measurements can be precisely performed in CE throughout the
surface of the cells.

In addition, to correlate MA density with the loss of acid-
fastness, it is suggested that the attenuated pathogenicity of the
AkasB mutant might be the result of the reduced ability to increase
host response as well as the increased permeability of its CE due to
the reduction in the number of tight bundles of MA, which facili-
tates the direct attack of effector molecules from host cells, such as
nitric oxide or lysosome hydrolytic enzymes, and also results in
their inability to resist the acidic environment of the host cell
caused by the phagosomal membrane HTATP pump.>510.1135.36

Several models for mycobacterial CE have been proposed. In
some models, MA chains were located in and proposed as the major
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wild-type

AkasB

complement

Figure 3. CEM of CDC1551 wild-type (a and d), AkasB mutant (b and e), and kasB complement (¢ and f) strains are shown. As described in the materials and methods in the
supporting online material, the micrographs were taken at 10,000x magnification. The areas indicated by the squares in a, b, and ¢ were enlarged with Image] and are shown in d, e,

and f, respectively. Bar indicates 1 um (a—c), and 250 nm (d—f).

component of OM.'>?122 In other models, authors have proposed
schemata for mycobacterial CE, where MA chains were located in
periplasmic space, between PM and outer layer (capsule) or outside
of PM without Om.37—3°

In the former models, Zuber et al. compared thickness of
mycobacterial CE components with those of Corynebacterium glu-
tamicum in detail although there were few discussion with those of
Gram-negative bacteria with OM, but not MA in their CE.%? In the
report, CEM data revealed that the thickness of mycobacterial OMs
is equivalent or similar to that of Gram-negative bacteria, for
example, the average thickness of OM in M. smegmatis and
Escherichia coli was 71 + 0.6 nm and 6.9 4+ 1.0 nm, respectively,
without significant difference between them.?? On the other hand,
Sani et al. proposed different model, in which MA chains were
located in ‘mycomembrane’ layer with free intercalating glyco-
lipids.'> However, there was only a little discussion about difference
between mycomembrane and OM of Gram-negative bacteria. Our
RFS data (Figure 2) correlate well to the report by Yamaguchi
et al,?* in which several Gram-negative bacilli as well as Gram-
positive bacteria were examined after processed by RFS proce-
dure. Therefore, because the OMs of both Gram-negative bacteria
and mycobacteria have quite similar structural properties, at least
in electron microscopy, it is not rational that OMs of Gram-negative
bacteria are constituted with non-MA lipid bilayer and, on the other
hand, those of mycobacteria are composed of mycobacteria-specific
extremely long MA chains, defects of which may be responsible for
the loss of acid-fastness.

Here, we propose a novel model for the mycobacterial CE in
which the OM is composed of a lipid bilayer, not of MA, similar to
those of the PM and OM observed in Gram-negative bacteria with
electron microscope (Figure 5). In this model, because MA chains
are embedded in the periplasmic layer, not in OM, non-acid-
fastness observed in AkasB mutant can be explained from our
present data. This novel model of mycobacterial CE structure is
similar to those of the latter previous models above”3° and
supports them. However, these previous models have not described
about OM in detail, it seems that it is because the authors did not
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Figure 4. (a) Comparison of CE thickness of the cells among CDC1551 wild-type
(n = 18), AkasB mutant (n = 19), and kasB complement (n = 28) strains. NS: not
significant. (b) Comparison of RGVs of the cells among CDC1551 wild-type (n = 19),
AkasB mutant (n = 17), and AkasB mutant complement (n = 28) strains. As described in
the materials and methods in the supporting online material, the data are expressed as
the average difference of the RGVs between the PM and the midpoint of the cell wall
and analyzed with Image]. Higher RGVs indicate the more reduced electron density.
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Figure 5. Schema of proposed CE structure illustrating the normal (wild-type) and
shortened and thin-dense (AkasB) MA-containing cell wall and OM. As KasB activity
was lost in the AkasB mutant, while KasA activity was retained, it is assumed that the
mutant can synthesize full-length meromycolate, although at a reduced level
compared to wild-type strain; however, it cannot synthesize the tight MA bundles in
the cell wall. The reduced bundle formation and the consequent reduced MA density
may result in the loss of acid-fastness and attenuated pathogenicity, independent of
normal OM formation, which is similar or equivalent to the PM or OM observed in
Gram-negative bacteria.

examine bacilli with CEM and could not obtain detail data about
OMs. Then, there were less discussion about comparison of OMs
between mycobacteria and Gram-negative bacteria.

In conclusion, our results are the first evidences obtained from
electron microscopical observation of tubercle bacilli which lost
acid-fastness. These data strongly suggested that AkasB mutant
might have less density of MA, embedded in periplasmic space, with
normal thickness in the CE, which results in loss of acid-fastness
and, therefore, that the acid-fastness of wild-type strains might be
kept by the rigid cell wall structure constructed by closely bundled
of MAs and show highly virulent phenotype in M. tuberculosis. In
future, investigation combined with both biochemical and ultra-
structural approaches will provide further evidences which
discover the differences between intact and MA synthesis related

genes disrupted mutant, and lead the detailed understanding of the -

mechanisms of the acid-fastness, persistence, drug resistance and
ability to resist against killing activity by host cells.
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Figure S1. Illustration of the methods used to obtain the plot profile data. The area indicated by the yellow square in the top image was
enlarged with ImageJ and shown in the middle panel. The inset is a further enlargement of the area of measurement, where the 150 nm line
perpendicular to the CE is drawn (A). Plot profile data were obtained along with the line. (B) The chart shows an example of a plot profile
that indicates a representative RGV of the CE. (C) and (D) illustrate the measurement of the RGV of the bacterial cell and the size of the
cell, respectively. For the measurement of the RGV of the bacterial cell, squares (250 nm on a side) were set on the cell and background,;
then, the RGV of the cell area (2) was calculated by subtracting the background RGV (1)
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Figure S2. Comparison of the electron density of whole bacterial Figure S3. Comparison of cell sizes determined from CEM and the
cells determined from CEM and measured with ImageJ software calculated aspect ratio among the 3 strains. The complement strain
among the wild-type (n = 27), AkasB mutant (n = 24), and had the narrowest width, longest length, and highest aspect ratio.
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differences in the RGVs for the cells among the 3 strains strain and the wild-type (p < 0.02) and AkasB mutant (p < 0.005)

strains. There were also significant differences in the length and
aspect ratio between the AkasB mutant and complement strains (p <
0.02, p < 0.005, respectively).
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MTBDRs! THH L 72 198k EASHIZ2 D328Y % 2 8k, D354A, G406D, G406S DER % ZhZh 1 BT >
MW L7z BAREMNGEEMRICRET 5 GenoType® MTBDRsI D& {5 F 28 MR X, FQ, KM, AMK,
CPMTIE Y —27 2V AL IZIERAETHY, BBTEY—Z7 202 LD L2055 00FEE T
2720 (F%) GenoType® MTBDRsI T EIN G BEIZ DO WTIRKM B L UEBHHEORENEL S H D0,
FQ T34 80% DT tEM MR EAFER X N7zs GenoType® MTBDRsIHTIR/EAHE T, MERE L H 6
Ff & iz, BEHHEEEORMBIICEHATH2 L E 2 5N,

# — 17 — X ! Line Probe Assay, Fluoroquinolone, Aminoglycoside, Ethambutol, gyrA, rrs, embB, % %l
PR, BE AR

EABRERICE o TELS I Ehn, HERERIC

[ =S DA > N e
B 2 AR & DBEHRZWBESLETH S, BN
SR EAEE  (Multi-drug resistant Mycobacterium tu- D& E 7 T MDR-TB #! XDR-TB O £ 4 1 28.3~28.6%
berculosis: MDR-TB) ¥ L OB LA EEE (Exten- TH YLD, ZRBEIZDOWT D EE L BH BRZERAEIRE
sively drug-resistant Mycobacterium tuberculosis: XDR-TB) i, BATHEELEECTH L, L LEHRZHEREOR
T AREIIETNBE L 7 7 L ¥ AEMERER EREOE L EAMBAR, BETHSEEMEIMEEL 77 LU R

FRMIBEMRAR,, T 204~8533 REAHEMWHARIL3-1-24
(E-mail: chikamatsu@jata.or.jp)
(Received 15 Mar. 2012/Accepted 25 May 2012)
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REBL2CEHORET 2RO THr oA A FHET 5
FETA~12H, 1%/ EHT 5 EHEERZ 4~
6B DB, ED0, BEBHEE U CHERITMEIC
g 28 ETEREBET 2 FESHwLR TV S,
Lo Ly —27 L v RAEIE— AR Tl ERs L7
@ fi§i 18 T & 7 Solid Phase Reverse Hybridization Assay
(Line Probe Assay: LPA) XS fHEH I TS, RIE
HARCH—REEROHLLPATH SV =/ AN T —
‘RifTB (= 7'1) & rpoBZEREAEH L T\» 5 Refampicin
Resistance Determining Region (RRDR) FEIKDZER ) 5
rifampicin (RFP) P& ¥E T %0 72, HRMHIZE

FIH STV 5 LPA T3 % GenoType® MTBDR plus (Hain
Lifescience, Germany) 3, rpoB, katG B & UinhA promo-
ter DZEHL A & RFP & isoniazid (INH) Ok % [F BB
W35, LeL, ZRIUVFHBZE & ethambutol (EB) D3
HEZWRAED 72O DLPAIZINE TR 5720 Geno
Type® MTBDRs/ (Hain Lifescience, Germany) & fluoroqui-
nolone (FQ), aminoglycoside (AG) 3 & U'EB 4 ICBAFR
T 5% gyrd, rrs BX P embBBIZTFER LRI T HLPAT
b5, S, FEAERIEHIERZ RS & GenoType® MTBDR
sl gyrAlrrslembBODNA T A V7 b — 27 2 7 AT
X MR 2 K L, GenoType® MTBDRsIIZ & %
FQ, AGH X U'EBIZBT % WL OB BE & 5F40 L 720

MERETE

U iR

2002 4F BEIZ i & MR BEF R R &I X B
PEREAZ W 2 FE A CIF € S 72 XDR-TB 134, MDR-TB
298k, 2010 IR TR S+ T TOBE S i
LR EHIRSZE T H S KL H 4 #REB & UF Supra-national
Reference Laboratory Network (SRLN 29 jfiz%) TH i &
NI BRI RSSO Rl 72 75 & TR L7
KRR 30k E M E L7

(A BZ MR TE)

BB L ZEFBEZERTIZ 1%/NIERE 20
Lowenstein-Jensen 55 31 % i\ C, R HE MRS 2007 12
P o TRIZITFERRIC T 2 B CERM L 720 BENSINT A

MZX DEERIEZIToCTn5b, BN THEES N
B (& levofloxacin (LVEX), kanamycin (KM) # X UVEB,
AR ERAESVIRAE BRI 7 1 7 & T L 72k
H#iiZ ofloxacin (OFLX), KM, amikacin (AMK), capreo-
mycin (CPM) B & UWEB 2D W TERERZMBRE* £
L7z

(GenoType® MTBDRs/)

GenoType® MTBDRs/IC & % ¥ s 3 S ICHE -
T4 5 720 GenoType® MTBDRs/ & PCR IZ CHIIE L 72 %
#ETFE 70— THPEMEINIZZA MYy TN, T

R B587% #10% 20124108

FAXEEHR, BEERAM T ITEI Y ERRML
TEFF U-TEI VRERZITVHREREHZRML,
BERFIGICE ) SRETFPHELEG LT o —T O
ErOEMETFAOERERNT 2, $9, SHNEH
DNA % ISOPLANT (= v R¥ V=) THHL, €45
VT IA =X L FF Fe &L PNM (Primer
Nucleotide Mix) % L C gyrd, rrs, embBHAIB % multi-
plex PCRIZ X DIIE L 720 KIZA MU v 7 RICEMLS
hiz&70—7 L PCREMEZ EROREA ¥ F 2 xX—
% — (TwinCubator: Hain Lifescience, Germany) % ff - T
45CTNA TY A REE] 2, Tu—TZHERMEER
EAH Y, FERIT gyrA 3T, rrs 2TEHH, embB 1 TS,
LRIIL gyrA 6TEE, rrs 2TEHH, embB 1 2 B TR
ENTw5B (Fig)o M TUy FEEBRLETT—7
WKOWTRABEIREITV, A M)y T EORB LNV
RDISF — 2 &Y gyrA, 1rs, embB DERBEZTFE (&
RoFE ZHEL:.

(gyrA, rrs B & U embB OIEFEF RN

ovrA, rrs BEX P embBDWIBB L TF A VL7 b¥—7
I AT DT Sekiguchi HY D S5 4 < — (Table 1)
A L7z 3% b5 gyra id Fluoroquinolone Resistance
Determining Region (QRDR) % #¥r398 bp, rrsid 1329 bp
% B4R % nucleotide 1401, 1484 % &5 & HiIH, embB 132748
bp % W IE#% codon306 2 & Ll 2 ¥ — 7 LV X L7z,
DNAYH & 7V 1 pllZEX Taq HS (¥ 1 5754 %) 025,
75 4 = — 10 pmol, buffer, dNTPs % Jll & & & 50 01 &
L, 98C10#, 62C308, 72C1~255DH% 1 7 V%30
[ D€ L 7o PCREY % MagExtractor™ (GREERGE)
T ¥ B4 1%, BigDye® Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) 3 & UFABI 3137 automatic sequencer
(Applied Biosystems) {Z& 0, ZNEFNOFEBIZI DT
FAVI by =0 L ARE LT2e V=7 2V ADMR
H1 12 1Z GENETYX-WIN ver. 5.2 (GENETYX Co., Japan)
AL,

& xR

(FQ =M 12B 7 % GenoType® MTBDRs/ & & — 7 L
A D )

FQEZ WAL B 420k D 9 B 41k (97.6%) 1% Geno
Type® MTBDRs! TFQI&Z ML HIE SN, gyrda v —7
VATHERIRED N otz 1B 2.4%) THAE
#170— 7 WT1 (codon 85-90) 252 L FQIiHE & ¥ 52
ENJze F72, gyrA TIEG88C D % T ¥ GenoType®
MTBDRs/ D#E R E —F L 7zo FQIED 348D S & 28
R (82.4%) 13 GenoType® MTBDRsI CFRQIif 14 & ¥ & &
N, grA CERZ O b DIE 288k (824%) TH o7z,
BERFQHERAZWE 9 B ENTHHES Rz BTR X 20
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Fig. Hibridization patterns observed in GenoType® MTBDRs!/ assay. CC, conjugate control; AC, amplification control;
TUB, M.tuberculosis complex-specific control; gyrA, control for gyrA amplification; gyrA WT1 to WT3, gyrA wild-type
probes located in regions from codons 85 to 97; gyrA MUT1 to MUT3D, gyrA mutant probes testing mutations for codons
A90V, S91P, D94A, DI4N/Y, D94G, and D94H; rrs, control for rrs amplification; rrs WTI and WT2, rrs wild-type
probes located in regions for nucleotides 1401 and 1402 and nucleotide 1484; rrs MUT1 and MUT?2, rrs mutant probes
testing mutations for A1401G and G1484T; embB, amplification control for embB; embB WT1, embB wild-type probe
located in codon 306; embB MUT1A and MUTI1B, mutant probes testing mutations M306I and M306V. Typical
hybridization patterns were obtained and are shown in the figure as follows: lane 1=Representative patterns of a pan-
susceptible strain; lane 2= gyrA mixtures of strain, gyrA WT and gyrd MUT3C (D94G), embB MUT1B (M306V); lane 3
=gyrA MUT3A (D94A), rrs MUT1 (AS0V), embB WT1 disappearing (306); lane 4=gyrA MUT3C (D9%4G), rrs MUT1
(A1401G), embB WT1 disappearing (306); lane 5=gyrA MUT3A (D%4A), embB MUT1IB (M306V); lane 6=_gyrA
MUT3C (D94G), embB MUT1B (M306V); lane 7= gyrA MUT1 (A90V), embB WT1 (306) disappearing.

Table 1 Oligonucleotide primers used in PCR and direct sequencing

Target gene Primer name Nucleotide sequence (5'-3")
PCR primers
gyrA PR15 (forward) GAT GAC AGA CAC GACGTT GC
PR16 (reverse) GGG CTTCGG TGT ACCTCAT
rrs PR13 (forward) AAA CCT CTT TCA CCATCG AC
PR14 (reverse) GTA TCC ATT GAT GCT CGC AA
embB PR7 (forward) CCG ACC ACG CTG AAA CTG CTG GCG AT

PR8 (reverse)

Sequencing primers

gyrA PR15
7S PR31
embB PR23

GCC TGG TGC ATA CCG AGC AGC ATA G

GAT GAC AGA CAC GACGTITGC
GTT CGG ATC GGG GTC TGC AA
ACG CTG AAA CTG CTG GCG AT

BETH Y, WFH % Table 21278 L 720 FQRHEM =1
80.0% T - 720

(AG 2 IZBE 3 5 GenoType® MTBDRsI & rrs ¥/ — 77
I ADHE)

KM B2 3 A% 41 B 97X T GenoType® MTBDR s/ i
ACEEZBMDHETH o720 T72, sl bERIZAD

LN o 7oo KMIFPERAZEE 358D 9 B GenoType®
MTBDRsIDOZERI 70— THEMETH - 72208k (57.1%)
MAGHHE & HE SN Tze AMKIBZ R E 2083
‘T GenoType® MTBDRs/ 1Z AGIEZEDH ETH - 720
AMK T ERAZH 1048 (100%) 3T GenoType® MTBDR
SHTAGTHEDHETH - 720 CPMIRAZMER R 188k
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Table 2 GenoType® MTBDRs/ in comparison with DNA sequencing for the detection of LVFX,
KM and EB resistances in clinical M.muberculsis isolates in Japan
GenoType® MTBDRs! DNA sequencing No.(%) of isolates

DST Probes Mutations analyzed Mutations analyzed XDR-TB (13) MDR-TB (29) S-TB (4)
gyrA LVFX" MUTI (+) A90V A0V 1(7.7 1(3.4)

LVFX" MUTIL (+), MUT3C (+), A90V#, D94G* G88A*, A90V*, D94G* 1 ( 7.7)

WT2 (+), WT3 (+)

LVEX" MUT3A (+) D94A D9%4A 5(38.5) 2(6.9)

LVFX" MUT3C (+) Do4G D%4G 3(23.1) 2( 6.9)

LVFX" MUT3C (+), WT3 (+) Do4G* G88A*, D94G* 1(7.7)

LVEX" None None 2(15.4) 2(69)

LVFX® Missing WT1 85-90 G88C 1(34)

LVFX® None None 21(72.4) 4 (100)
rrs KMF MUT1 (+) A1401G A1401G 10 (76.9)

KM* None None 3(23.1) 5(17.2)

Kwm?® None None 24 (82.8) 4 (100)
embB EB' MUTI1A (+) M306I (ATG—ATA) M306I (ATG— ATA) 2(69)

EB’ MUTIB (+) M306V M306V 1(7.7) 7(24.1)

EB' MUTI1B (+) M306V M306V, E378A 1( 3.4)

EB’ Missing WT1 306 M3061 (ATG— ATC) 7(53.8) 1(3.4)

EB’ None D328Y 2(15.4)

EB’ None D354A 1(3.4)

EB’ None G406D 1(34)

EB’ None G406S 1( 3.4

EB' None None 2(15.4) 8 (27.6)

EB® None E378A 1(25.0)

EB® None None 1(7.7 7 (24.1) 3(75.0)

*Wild type and mutation type

DST: Drug Susceptibility Testing, XDR-TB: Extensively drug-resistant Mycobacterium tuberculosis
MDR-TB : Multi-drug resistant Mycobacterium tuberculosis, S-TB: Susceptible Mycobacterium tuberculosis

~C GenoType® MTBDRsI iZ AG BEZ D HETH o 720
CPM ML H 1288 9 B 108k (83.3%) %% GenoType®
MTBDRs! TAG it & Hl € & L7z KM, AMK, B XU
CPM D WENDDTHED 36 BRD 9 B rrs ICEB %2 F0 72
b DIXE 208k (55.6%) TdH o7z,

BEERKM IHMERZ T 0 9 B N THHE S N7z R I
18%TH Y, WER#E Table 215K L 720 KM D PEHH SR
1% 55.6% T& o 72c GenoType® MTBDRsI D#E R idrrs ¥
— 7 LV ADRERE—F LT,

(EB B2 B 9 5 GenoType® MIBDRsI & ¥ — 27 >
2 D )

EB &5 MRS A% W 334k 37X T GenoType® MTBDRs/ 1
EBEZMOHETH > 720 —H, embBIZIZ 6Bk (18.2%)
ICERFZD DNEDHE L 2o 72 AFUITE3T8A DS
1Rk (EIABERK), V282A %% 5 Bk (FLE1HE B 534l 7 1
7T L) Thol. BBIEREEBHD D b 24K
(55.8%) %% GenoType® MTBDRsI TEBi £ & g s
726 embBY — 2 TV AIX328K (74.4%) I[CERPRD O
Nz, BIREBREHEE O 9 L ENTHME S Nz
WL 34 TH D, WERZ Table 218 L7zo EBTF AR
#13X55.9% TH o 720 GenoType® MTBDRs/ THH) L 72
embBDERXembBY — 7 TV ADFERE —F L7275,

embBD Y — 7 LY AT I N L DERLSNID328Y A
2 ¥R, D354A, G406D, G406S & € FH 1 B3 DR
L7z

(GenoType® MTBDRsl & DNA Y — 7 TV ADFEED
B

FQ, KM, AMK, CPM B & 'EB 2§ % K, 45
B, —3FE % Table 31278 L7zo FQ, KM; AMK B & OF
CPM O & 3% 12 D V> T i GenoType® MTBDRs/ & DNA
V- LU ADORKE, BRE, —HEEIFRLThHo .
EB J& % ¥ 122\ T id GenoType® MTBDRsI A DNA ¥ —
FIYRAERBLUTREIZS S D00, HEtHAREIT
Lol (Xtest: P=0.07) HEEIZOWTIE, ER
SHRTEAAFRICEREETIRD N2 o72b 00,
EW Tl GenoType® MTBDRsIZSDNA Y —Z7 TV R &
HEBLUTRFTH-7: (p=0.03)0

% %=

GenoType® MTBDRsI DAFEEIZ DWW THEIN THE E h
72 XDR-TB, MDR-TB, BEZ B E B L O SRLN D
FIRZ RV SR 7 1 2775 A CER LM
TR L 7ze 4 O35 Tld GenoType® MTBDR
SIDFQ, KM, AMK B X 'CPM D EEIZZF N F1 824
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Table 3 Total performances of GenoType® MTBDRs!/ and DNA sequencing
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Sensitivity (%) Specificity (%) Efficiency (%)
FQ (76) MTBDRs/ 82.4 (80.0) 97.6 (96.2) 90.8 (89.1)
Sequencing 82.4 (80.0) 97.6 (96.2) 90.8 (89.1)
KM (76) MTBDRs/ 57.1 (55.6) 100 (100) 80.3 (82.6)
Sequencing 57.1 (55.6) 100 (100) 80.3 (82.6)
AMK (30) MTBDRs! 100 100 100
Sequencing 100 100 100
CPM (30) MTBDRs!/ 83.3 100 93.3
Sequencing 83.3 100 933
EB (76) MTBDRs! 55.8(55.9) 100* (100) 75.0 (67.4)
Sequencing 74.4 (70.6) 81.8%(91.7) 77.6 (76.1)

() : 46 strains isolated in Japan
* : Chi-square test, p=0.03

%, 57.1%, 100%, 83.3%, FFREEIZENEN97.6%, 100
%, 100%, 100%, —IXFEILZN£190.8%, 80.3%, 100
%, 933% THY, grAB L FrsDFA VI by —r L
VALK BHFELOMICEREIRO LN Do T,
GenoType® MTBDRs/ D EB D& B, FFRER L O —F XK
I FNEINS558%, 100%, 75.0%THY, embBD T 1 L
PR = I VAL B FEEREBLIU-HERIFE
EEED Do 72h, FFRET GenoType® MTBDRs! 4%
FAVI Py =TT VALV ERTW . T-HAEEN
DR BERR BT 5 GenoType® MTBDRsI O §% [ 13
AV7 P72V RLFAETH 57z, MOWETOMH
R BERR IR 5 GenoType® MTBDRsI O i 14 O3 H 1%
BEIZ FQA%75.6~90.6%, KM A$43.2~100%, EB %562~
64.2% L RE SN TB DI PSHORKRIZI NS & FE
ThHo720

GenoType® MTBDRs/IZ &£ % gyrA ® QRDRIZ BT % &
FEFERIT0.0% ICED BN, TNE TORE~ 0 LIH
KT o 720 GenoType® MTBDRsI D ZE BRI H 7' 1
— 7B & CEAERMBRHBE 7T — 7% gyrA D QRDR O —
B4 (10%) THREENTVE LD, ZOHEBUSNOZE
BT T 5 2 EHTER V. An 5213 gyrB 2D AR
BEDOLNTHBL Word L gyrB EH HICHER PR
DONLh o2 I ENEFN46% B L TF174% & #HE
LT 5, SRV FQ D gyrBDER T
7ot gyrA & gyrBUSN O BIZFER N D 5 WD E 2
DY (A

GenoType® MTBDRs/IZ & 2 KM O K (X +4 T
137 %5 7253 GenoType® MTBDRsI & rrs ¥ — 7 TV A D
ERIZFE U TdH o722 LA 5 GenoType® MTBDRsl i s
BWEFEREORUEBREZRIFCho 2 E L ONT,
KM OB TFERIC K 5 e R E o i o~
Tl343.2~86.5% £ X LD DA SNz RIFORE M
B LT 5 Suzuki S50 KMTHERRIC B 5 s BT

DOERIZTA%THHE L, bhubho#ERKICT5
iR BERE TR 2o #HE L TWwb, Zaun-
brecher 5™ X KM B L 0P AMK EZHRRIZ OV T eis
H{=F promoter FIK D ¥ — 7 T ¥ R BT T9% DRRIZE
BWHo 2L #E LT3, Huang 57 & Campbell 510
KM ERD rrs BIZF OERIZENEN432%, 57.7
% TH 5D rrs BIET B & Weis #{nT promoter DEHIT
70.3%, 86.5% & & L TV %, GenoType® MTBDRs/ i
AGTHEZ rrs BIZTFOEROAZRIBT 22 L TIT- T
W5 729 rrs AR T & eis R promoter D R ABIFR T
5 KM EORIEEDMR W EE 2 b,

GenoType® MTBDRs! O EB DM K E X+ 4 CTid &
o7z EBBRMEICEHBLTWS EEHLNT W5 embB
codon 306 DZEFIL 47.6%~68.5% DI THD SN DL ED
WE0ODH L, SHEIRES L 72 GenoType® MTBDRs/ B
XUDNAY -2V ADEL 5 TH embB codon 306 DE
B13559% TdH 720 DNA Y — 27 LV A TIXEBTiHE®
hot spot T & % embB codon 306—497 DEEELD H % codon 306
PHOZERE 5K (14.7%) Bl L72. Plinke 5 1d embB
codon 306 ICZE R 72 VEB W EBED 91.2% I embCAB ©
BENH Y, I embB codon 406 3 X 17497 13 hot spot T
HDHEBRRTND, S HEOKETDH embB codon 406 124
BB 2T B L7o GenoType® MTBDRs! 2 embB
codon 406 B L 497 DEREKRIET 2 HER Y0 —7
FRGERE SO -T2 BINT 52 &2 L) EBi K
HEEOR EXRONZ TSI RE SN S, 4HEB
BZECDDP P DO T embBICERNDH 5 34 (embB
E378A, V282A) # M L 7225, embB codon 378 2% B
RO LEBEEZFEBBEEOREY DL I 0D,
embB codon 378 IZ BB ISR R WITRERE X &
i,

A FE U 72 EAE T2 R DT efflux pump F5 P 0 84
I X 2 HHWMEA I = X 2B RE BN THE S
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NTwb, efflux pump inhibitor {2 & 2 #HEH O RASHE
BHAE#FE  (minimum inhibitory concentration: MIC) D&
TF10~18 R efflux pump AT OBFIFEHIFLRINTS
D®, bt NAMER L 72 BRI DV T efflux pump I
ORI & A MEFEETN TS IREDE X b,
bbb III LI rpoB, katG, inhABIRTER % b
¥ % LPA T % 5 GenoType® MTBDR plus % f# - T MDR-
TB OIRE % 4T - 7219 %%, GenoType® MTBDRsI & #l A&
5 Z & TXDR-TB OREMB BT TH 5, 4
F v 72 EN o XDR-TB 134k 9 B & ) XDR-TB
EHRLZBRITSHR (615%) TH o720 GenoType®
MTBDRs/ 3B —BICHVSENTWSDNA Y — 7 T
v AELRBIBREIIFSTH ) DNAHI - HiE, ~A
TIFAE—Ta vy, BIETEROBE T TEH 6 KM
TRTCE, W ORMEZ A & BT 2 & BORM
BLABRICGER»RETE L2 00, BEHTMEEE
DOEMBHICERATH S LER N,

E 3

S B OMENHEA LRI, 5 13 EHRERR G 5E
S S B RREREIC TE SN HBR L R
L L7 WMBIEMZEMSRS IS0 LTR#EHE L ETE
To
X [N
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EVALUATION OF GenoType® MTBDRs/ FOR TESTING RESISTANCE OF
MYCOBACTERIUM TUBERCULOSIS ISOLATES TO FLUOROQUINLONE,
AMINOGLYCOSIDE, AND ETHAMBUTOL

Kinuyo CHIKAMATSU, Akio AONO, Hiroyuki YAMADA, and Satoshi MITARAI

Abstract [Objective] To evaluate the ability of GenoType®
MTBDRs!/ (Hain Lifescience, Germany) in detecting resistance
to fluoroquinolone (FQ), aminoglycoside (AG), and ethambutol
(EB).

[Method] We evaluated the resistance of 76 Mycobacterium
tuberculosis samples, namely, 13 extensively drug-resistant
(XDR), 29 multi-drug resistant (MDR), and 4 susceptible
clinical isolates from Japan, and 30 strains from Supra-national
Reference Laboratory Network, to FQ, AG, and EB by using
GenoType® MTBDRs/. The gyrA, rrs, and embB were directly
sequenced for all the strains, and the mutations were con-
firmed. The susceptibility testing result obtained using the
standard proportion method with 1% Ogawa medium was
considered as the gold standard.

[Results] The sensitivities of GenoType® MTBDRs!/ for
resistance to FQ, kanamycin (KM), amikacin (AMK), capreo-
mycin (CPM), and EB were 82.4%, 57.1%, 100%, 83.3%,
and 55.8%, respectively. The specificity for FQ was 97.6%,
and that for KM, AMK, CPM, and EB were 100%. The mutant
strains detected by GenoType® MTBDRSs! were as follows: in
20 Japanese FQ resistant isolates, 7 gyrA MUT3A (D94A)
(35.0%), 6 MUT3C (D94G) (30.0%), 2 MUT1 (A90V) (10.0
%), and 1 MUT1 with MUT3C (5.0%); in 18 KM resistant
isolates, 10 rrs MUT1 (A1401G) (55.6%); and in 34 EB
resistant isolates, 9 embB MUTIB (M306V) (26.5%), 2
MUT1A (M3061) (5.9%), and 8 WT1 deficits (covering
codon 306; 23.5%). Direct sequencing showed additional
substitutions in embB (2 D328Y, 1 ’D354A, 1 G406D, and 1

G4068S). The sensitivity of GenoType® MTBDRs! was similar
to that by sequencing method for resistance to FQ and AG, but
that for EB was slightly less than by sequencing method, but
the difference was not significant.

[Discussion] The sensitivity of GenoType® MTBDRs! for
the detection of FQ resistance was approximately 80% to that
by standard drug sensitivity test results by using conventional
proportion methods, while it was relatively less accurate for the
diagnosis of resistance to KM and EB in Japanese isolates.
Thus, GenoType® MTBDRs! is useful for the early diagnosis
and infection control of XDR-TB, because of a short turn-
around time of approximately 6 h.

Key words: Line Probe Assay, Fluoroquinolone, Amino-
glycoside, Ethambutol, gyrA, rrs, embB, Multi-drug resistant
Mpycobacterium tuberculosis, Extensively drug-resistant Myco-

bacterium tuberculosis
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External Quality Assessment for Direct Acid-Fast Bacilli Smear Microscopy

Akio Aono,” Kinuyo Chikamatsu," Hiroyuki Yamada,” Syota Murata,”
Atsushi Yuki,” Shigeki Misawa,” Toyoko Oguri,” Satoshi Mitarai"
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A panel testing was conducted to assess the laboratory performance of smear microscopy examination for the detec-
tion of acid-fast bacilli (AFB), and its feasibility. A total of 87 volunteer facilities, including 83 hospitals and 4 private
laboratories, attended the external quality assessment (EQA) trial. The conventional Ziehl-Neelsen (Z-N) and fluores-
cent (i.e. auramine-O, auramine-rhodamine, or acridine orange) staining methods were used in 56 and 31 facilities, re-
spectively. Two facilities reported the results of Z-N and fluorescent staining methods. Five unstained slides with known
AFB smear positivity which were prepared using artificial sputum specimen were sent to each volunteer facility by mail,
and the total of 435 reading results (100%) was reported. Comparing to the standard results, 405 (93.1%) results were
correct, while 26 (6.0%), 2 (0.5%), 1 (0.2%) and 1 (0.2%) were low false negative, low false positive, high false posi-
tive and high false negative, respectively. Z-N was relatively less sensitive than fluorescent staining method in general.
The EQA for AFB smear microscopy was implemented. It was relatively easy to conduct using standardized panel testing
slides, and showed generally high quality of performance in the participating facilities. The activity could be further ex-
panded to monitor the general quality of smear microscopy in Japan.
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