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COMPARATIVE STUDY OF BACTEC MGIT 960 AST AND CONVENTIONAL PROPORTION
METHOD USING OGAWA MEDIUM FOR THE DRUG SUSCEPTIBILITY TESTING OF
MYCOBACTERIUM TUBERCULOSIS TO ISONIAZID

'Satoshi MITARAL *Ikuo KOBAYASHI, *Chiyoji ABE, 2Masako WADA, “Katsuhiro SUZUKI,
*Tetsuya TAKASHIMA, ¢Yoshiko KAWABE, ®Kazuko MACHIDA, "Masao TANO,
8Shuichi TAKIGAWA, °Arisu KAMADA, '°Eriko SHIGETOH, ''Shunji FUHI, '?Kenichi MORI,
Hisashi SUYAMA, "“Shuichi YANO, "*Takeo KAWASHIRO, and '*Hideo.OGATA

Abstract [Objective] To evaluate the accuracy of drug
susceptibility testing to isoniazid with BACTEC MGIT 960
(MGIT AST) comparing with the standard proportion method
using Ogawa medium.

[Method] A total of 1,109 M. tuberculosis strains, which
were selected from the collection of RYOKEN drug resistance
survey in 2002, were selected and subjected to the suscepti-
bility testing to isoniazid using MGIT AST and 1% Ogawa
standard methods. The results from MGIT AST were com-
pared with the judicial diagnosis by Ogawa. The sensitivity
to detect drug resistance, the specificity for susceptible strain,
the efficiency of overall agreement, and kappa coefficient
were calculated to evaluate the performance. The treatment
process, outcome and prognosis were analysed for the patients
on whom the tests showed discrepant results.

[Results] Compared with the judicial results, the sensitivity,
specificity, efficiency, and kappa coefficient of MGIT AST
were 100%, 97.1%, 97.3%, and 0.798, respectively. The
strains, which showed discrepant results between MGIT AST
and Ogawa, were all susceptible by Ogawa and resistant by
MGIT AST. A total of 11 out of 30 discrepant cases were
followed clinically and no relapse cases were identified, irres-
pective of the modification of the treatment regimen. As for
the proportion of primary INH drug resistance in the present
study, it was 5.3% with MGIT- AST but was 2.7% with
Ogawa, and the difference was statistically significant (p=
0.005).

[Discussion] The discrepancies on the results of drug sus-
ceptibility testing of M. ruberculosis strains to isoniazid be-
tween MGIT AST and 1% Ogawa proportion method have
been reported. In the present study, the sensitivity, specificity,
and overall efficiency of MGIT AST on the prevalent strains
in Japan were all beyond 95%, and considered sufficient as
the anti-tuberculosis drug susceptibility testing (AST), though

2.7% of discrepancy was observed. Even for the discrepant
cases, there was no difference in the treatment outcome and
prognosis. Thus, MGIT AST was confirmed as a reliable AST
method comparable to Ogawa standard. However, MGIT AST
might increase the proportion of INH resistance if it was used
as a major AST method, compared with Ogawa.

Key words: Tuberculosis, Anti-tuberculosis drug suscepti-
bility testing, Isoniazid, Low concentration, MGIT AST
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Anti-tuberculosis drug susceptibility testing of
Mycobacterium bovis BCG Tokyo strain

Y. Shishido,* S. Mitarai,’ K. Otomo,! M. Seki,* A. Sato,* . Yano,* A. Koyama,* T. Hattori*

* Department of Infectious Disease and Respiratory Medicine, Post-graduate Division, Tohoku University, Miyagi,
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Association, Kiyose, Tokyo, * Japan BCG Laboratory, Kiyose, Tokyo, Japan

SUMMARY

SETTING: The Mycobacterium bovis bacille Calmette-
Guérin (BCG) vaccine is the only vaccine against tuber-
culosis (TB), owing to its valuable protective effects and
low virulence. However, it can occasionally cause sys-
temic infection in immunocompromised hosts. Isoniazid
(INH), rifampicin (RMP), streptomycin (SM) and etham-
butol (EMB) are known to be effective anti-tuberculosis
drugs and are used for the treatment of BCG infections.
Unfortunately, there are few studies of the susceptibility
~of BCG vaccine strains to these drugs.

OBJECTIVE: To measure the minimum inhibitory con-
centrations (MICs) of BCG Tokyo vaccine products for
anti-tuberculosis drugs and assess vaccinesafety in terms
of drug susceptibility.

DESIGN: We measured the MIC for one seed and five
product lots of BCG Tokyo strain for INH, RMP, SM
and EMB using Middlebrook 7H11 agar plates.
RESULTS: The MIC results for INH were 0.06 and
0.125 pg/ml for the product and seed lots, respectively.
The MIC results for RMP, SM and EMB were 0.25-0.5,
0.25 and 2-4 pg/ml, respectively.

CONCLUSION: Our results indicate that the BCG Tokyo
strain was susceptible to the major anti-tuberculosis drugs
and treatable even in cases of severe adverse events, in-
cluding systemic infection.

KEY WORDS: BCG; minimum inhibitory concentration;
drug susceptibility

TUBERCULOSIS (TB) is an infectious disease of
international importance that remains a major life-
threatening disease worldwide. It is estimated that ap-
proximately one third of the world’s population is in-
fected with Mycobacterium tuberculosis. Every year,
approximately 9 million people develop active dis-
ease and 1.7 million die of TB.1

Bacille Calmette-Guérin (BCG) vaccines are safe,
attenuated live bacteria and have been shown to have
valuable protective effects against TB. The BCG Tokyo
strain is recognised as a low virulence strain among
all BCGs,? and is widely used in several countries as a
vaccine strain. If used properly, it protects against the
development of TB and the dissemination of TB ba-
cilli. Few severe complications have been reported.3
However, systemic BCG infection may occur fre-
quently when it is administered to immunocompro-
mised hosts with congenital or acquired immunodefi-
ciency such as human immunodeficiency virus (HIV)
infection.4’ BCG is contraindicated in symptomatic
HIV diseases. When general BCG infection occurs, pa-
tients are treated empirically using anti-tuberculosis
drugs because there is limited information about the

drug susceptibility of BCG strains. It is therefore very
important to evaluate the drug susceptibility of BCG
Tokyo strain to ensure the safety of the vaccine.

Isoniazid (INH), rifampicin (RMP), streptomycin
(SM) and ethambutol (EMB) are the first-line anti-
tuberculosis drugs most commonly used in standard
TB treatment regimens. These drugs are currently avail-
able even in developing countries. The present study
aimed at measuring the minimum inhibitory concen-
trations (MICs) of these drugs against the BCG Tokyo
strain'to estimate the effect of clinical treatment in
case of infection by the BCG Tokyo strain.

MATERIALS AND METHODS

BCG Tokyo strain

Five lots of vaccine product (number 1003 as ‘Lot A’,
1960 as ‘Lot B’, 1036 as ‘Lot C’, 1061 as ‘Lot D’,
1998 as ‘Lot E’) and one seed lot were provided by
the Japan BCG Laboratory (Tokyo, Japan) and used
in this study. These vaccines were produced by Japan
BCG Laboratory for vaccination from the seed lot in
2004. The experiment was carried out in a type 1I-B
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biological safety cabinet at the Research Institute of
Tuberculosis, Tokyo.

Minimum inhibitory concentrations

The MICs were measured modifying the proportion
method described in M24-A of the Clinical and Lab-
oratory Standards Institute (CLSI, former National
Committee for Clinical Laboratory Standards) and in
previous reports.57 The following procedure was used:
lyophilised BCG Tokyo products were suspended in
1 ml of distilled water and were cultured on Middle-
brook 7H10 agar (DIFCO, Becton Dickinson Micro-
biology Systems, Cockeysville, MD, USA) supple-
mented with oleic acid, albumin, dextrose and catalase
(OADC: BBL Prepared Culture Media, Becton Dick-
inson) at 37°C until sufficient growth was observed.
After harvesting colonies from culture media, each lot
strain of BCG Tokyo was dispersed by vortex mixing
with glass beads (disperser tube: Nichibi, BCG Labo-
ratory, Tokyo, Japan) and two drops of 10% Tween
80 (LC-MS, Santa Fe, CA, USA). After vortex mix-
ing for 30's, 1 ml of distilled water was added to each
sample and they were vortexed again for 10 5. The su-
pernatant of each bacterial suspension was transferred
to 10 ml of Middlebrook 7H9 broth supplemented
with albumin, dextrose and catalase (BBL Prepared
Culture Media, Becton Dickinson), and the suspen-
sion density was adjusted to an optical density (OD)
of 0.05 at 530 nm. These culture tubes were incu-
bated at 37°C with daily mixing and OD checking.
When the OD reached 0.2, they were used as the orig-
inal bacterial suspension.

To prepare 10-2 dilutions, a 100 pl ahquot was
transferred into 10 ml of distilled water. In a similar
way, 100 ul of the 10-2 dilution was added to 10 ml
of distilled water for 10~ dilutions. One hundred micro-
litres of the 102 dilution were inoculated onto Middle-
brook 7H11 agar plates with anti-tuberculosis drugs
at the designated concentrations. Final INH concen-
trations were 0.03,0.06, 0.125,0.5,1.0 and 2.0 pg/ml.
RMP (0.03, 0.06, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0 pg/
ml), SM (0.25, 0.5, 1.0, 2.0, 4.0, 8.0, 16, 32 pg/ml)
and EMB concentrations (0.25, 0.5, 1.0,2.0, 4.0, 8.0,
16, 32 pg/ml) were adjusted accordingly. The 10-2

and 10-4 suspensions were inoculated onto Middle-
brook 7H11 medium containing no drugs for growth
control and 1% proportion measurements. These
plates were incubated at 37°C. When the 10-2 dilu-
tion control showed sufficient growth (>100 visible
colonies), the MICs were measured as the lowest con-
centration of drug that inhibited more than 99% of the
bacterial population compared with the number of col-
onies on drug-containing media and the 10-4 growth
control. Each test was performed in triplicate.

RESULTS

The MICs of one seed and five product lots were mea-
sured in triplicate. The MICs of the anti-tuberculosis
drugs varied slightly with the lots tested, but were
identical among the triplicate tests. The MICs for all
tested drugs are shown in the Table. The MICs of INH
were 0.06 pg/ml and the seed lot MIC was 0.125 pg/
ml. The MIC in test 3 of lot A was not determined due
to contamination. For RMP, the MICs for lots-A, B
and C were 0.25 pg/ml; those for lots D and E were
0.5 pg/ml. It was considered that the MICs of RMP
were between 0.25 and 0.5 pg/ml For SM, the MICs
were determined to be 0.25 pg/ml in all tests. For
EMB, the MICs were 4 pug/ml for lots A, B and C,
while the MICs for lots D and E were 2 p.g/ml The
MIC of EMB was 2—-4 pg/ml.

DISCUSSION

The BCG vaccine was developed by Calmette and
Guérin in 1921. All BCG vaccines consist of live at-
tenuated Mycobacterium bovis bacteria. BCG vaccina-
tion is commonly performed on neonates and infants
once or twice in middle to high tuberculosis preva-
lence countries, and more than 100 million children
have received BCG in recent years.? Its safety is there-
fore a priority issue.

BCG vaccination may sometimes cause compllca-
tions as a pathogen. Local adverse effects of BCG vac-
cination have at times been observed and usually im-
prove spontaneously, although severe complications
in immunocompromised patients have been reported.
McKenzie et al. reported systemic haematological dis-

Table MIC values of four first-line drugs for the BCG Tokyo strain

MIC (p.g/ml)
INH RMP SM EMB
Samples Test1 Test2 Test3 Test1 Test2 Test3 Test1 Test2 Test3 Test 1 Test2 Test 3
Lot A 0.06 0.06 cont 025 025 025 025 025 025 40 40 40
Lot B 006 006 006 025 025 025 025 025 025 40 4.0 40
lot C 0.06 006 0.06 025 025 025 025 025 025 4.0 4.0 40
lotD 006 006 006 05 05 05 025 025 025 20 20 20
LotE 006 006 006 05 05 05 025 025 025 20 20 2.0
Seedlot 0.125 0.125 0.125 ND ND ND ND ND ND ND ND ND

MIC = minimum inhibitory concentration; BCG = bacille Calmette-Guérin; INH = isoniazid; RMP = rifampicin; SM =

streptomycin; EMB = ethambutol; cont = contaminated; ND = not done.
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semination of BCG in a child with X-linked severe
combined immunodeficiency.? Puthanakit et al. re-
ported four cases of BCG infection in HIV-positive
children receiving BCG vaccinations at birth; the strain
was not indicated.10

BCG strains have also been utilised for immuno-
therapy in addition to TB prevention. BCG is injected
into the urinary bladder for intravesical instillation
therapy in the early stages of bladder carcinoma.11.12
The BCG Tokyo strain is popular for such adjuvant
therapy in Japan,!3 whereas the Connaught strain is
popular in other parts of the world. In a recent study,
Mugiya et al. described good, complete response rates
of 84% with BCG Tokyo (40 mg administered every
6 weeks) against bladder carcinoma in situ.l* How-
ever, adverse reactions can also occur after instillation
therapy. Eichel et al. reported INH-resistant BCG cys-
titis successfully treated with RMP and EMB.15

There is at present no recommended treatment reg-
imen for BCG infection. Anti-tuberculosis drugs are
the most potent agents for treating BCG infection. Drug
susceptibility testing (DST) of BCG strains has been
reported using different methods. Durek et al. evalu-
ated the Connaught BCG strain using a BACTEC
460TB system (Becton Dickinson).1617 DST was per-
formed for 31 drugs, including INH, RMP, SM, EMB
and rifabutin. The BCG Connaught strain was sus-
ceptible to all of the anti-tuberculosis drugs except
pyrazinamide (PZA) (BCG has natural/intrinsic resis-
tance to PZA) and some other drugs used for general
bacterial infections. The BACTEC 460 TB system em-
ploys critical drug concentrations of 0.1, 1.0, 2.0 and
2.5 for INH, RMP, SM and EMB, respectively. Rous-
seau and Dupuis reported the DST for a seed lot of
the BCG Montreal strain by using solid Dubos me-
dium.18 They showed that this strain was sensitive to
INH (0.2 pg/ml), RMP (1.0 pg/ml), SM (2.0 pg/ml)
and EMB (5.0 pg/ml). These reports are not, how-
ever, comparable because of the differences in testing
methods. There is no standard method for the DST of
BCG; however, they may be equivalent to each other
in the concept of detecting 1% resistance in the strain
population. The proportion method with Middlebrook
7H11/0OADC media, which is commonly used for the
DST of M. tuberculosis, was used for this study.

The MICs indicated in the present study were lower
than the critical concentrations employed in the pre-
vious studies, except for EMB with MIC close to the
critical concentration of BACTEC. In the previous
studies, the MICs of EMB to M. tuberculosis vary be-
tween 0.5 pg/ml and 2.0 pg/ml,1%-20in 7H12 BACTEC
broth MIC varies between 0.95 and 3.8 pg/ml and on
7H10 agar between 1.9 and 7.5 pg/ml.2! Heifets pro-
posed possible guidelines for the interpretation of MIC
to M. tuberculosis determined in Middlebrook 7H12
broth (radiometric), and MIC 4.0 pg/ml of EMB as
moderately susceptible.22 It is possible that the MIC
of BCG Tokyo strain for EMB was higher than wild
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type M. tuberculosis. However, these reports show the
tendency of lower MIC in liquid media than solid me-
dia. The plasma concentration (Cpay) of EMB reaches
2.0-5.0 pg/ml23 and EMB generally works in a time-
dependent manner. For this reason it is suggested that
EMB could be effective. Although BCG and M. tuber-
culosis are different species, these MICs and pharma-
cokinetic data would support the potentials of EMB
for the treatment of BCG infection. It was therefore con-
sidered that, like the BCG Montreal and Connaught
strains, the BCG Tokyo strain is susceptible to the four
major anti-tuberculosis drugs. '
Hesseling et al. reported that BCG in an HIV co-
infected infant who received a BCG Danish 1331 strain
vaccination developed INH and RMP resistance fol-
lowing treatment with INH and RMP.24 The MICs of

. the original strain were 0.15 and <0.4 pg/ml for INH

and RMP, respectively. However, they had risen above
0.3 and 32 pg/ml after treatment. These results sug-
gest that the strain was already clinically resistant to
INH (MIC 0.15 pg/ml for INH), and monotherapy
with RMP against BCG resulted in RMP resistance.
Su et al. reported two general disseminated cases of
the BCG Tokyo vaccine strains.’ One of them was
treated using anti-tuberculosis drugs (INH, RMP, SM
and EMB) based on the susceptible DST results, and
the patient recovered. Another case died following
one month’s treatment with INH, RMP and EMB.
However, no DST data were shown in the mortality
case and the infant seemed to have died from severe
combined immunodeficiency. The MICs of the BCG
Tokyo strain indicated in this study were considered
léss than or equivalent to those of the previous cases,
so it was estimated that BCG Tokyo could be treated
successfully even in severe adverse events such as sys-
temic dissemination.

The reason why BCG strains have different pheno-
typic characteristics with respect to drug susceptibility
is not clear. BCG has lost several regions of difference
(RD) compared to M. bovis as the ancestral strain. In
particular, the RD1 deletion made a significant contri-
bution to the attenuation of BCG.24-26 RD1 encodes a
6 kDa early secreted antigenic target protein (ESAT-6)27
and a 10 kDa culture filtrate protein (CFP-10)28 asso-
ciated with virulence in M. tuberculosis complex. The
BCG vaccine therefore has attenuated virulence com-
pared to wild M. bovis strains. The loss of virulence
apparently occurred through repeated passages.

The BCG strains were originally donated by the
Pasteur Institute (Paris, France), and have been sub-
cultured by several tuberculosis institutes around the
world (Russia, Brazil, Sweden, Denmark, Japan, etc.)
since 1924. The donated BCG strains differ from the
original BCG strains due to differences in passage cul-
tivation, culture medium and storage conditions. In
1972, Hesselberg found that a Swedish/Norwegian
BCG strain became resistant to INH during the period
1953-1964, which was the reason why the serial sub-
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culture system was discontinued and a seed lot system
was adopted.?® However, in 2003, low-grade INH-
resistant (MIC >0.5 pg/ml) Danish 1331 strains were
reported again to the World Health Organization
{WHO). The WHO therefore recognises the necessity of
a new quality assurance method for BCG vaccines30:31

The BCG Tokyo strain was obtained from Cal-
mette in the Pasteur Institute in 1924. Passage cultiva-
tion of BCG Tokyo strain has been performed strictly
according to Calmette’s original instructions, while
some of the other BCG strain passages were tailored
to each institute’s needs. The BCG Tokyo 172 strain,
which has undergone 172 passages since the Second
World War I1, has been used as the seed lot for lyophi-
lised BCG Tokyo vaccines. In this study, the BCG
Tokyo strain proved to be susceptible to the major
anti-tuberculosis drugs; however, the results of this
study do not apply to all BCG substrains. It will be
necessary to ensure the safety of BCG vaccine by check-
ing susceptibility to other antimicrobial agents.
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RESUME

CONTEXTE : Le bacille de Calmette et Guérin (BCG) a
base de Mycobacterium bovis est un vaccin unique con-
tre la tuberculose (TB) en raison de ses effets protecteurs
valables et de sa faible virulence. Toutefois, il peut causer
occasionnellement une infection systémique chez les su-
jets en état d’immunodépression. L’isoniazide (INH), la
rifampicine (RMP), la streptomycine (SM) et Pétham-
butol (EMB) sont des médicaments antituberculeux re-
connus comme efficaces et peuvent étre utilisés dans le
traitement des infections par le BCG. Il n’y a malheu-
reusement que peu d’études concernant la sensibilité des
souches de vaccin BCG a I’égard de ces médicaments.
OBJECTIF : Mesurer les concentrations minimales inhibi-
trices (CMI) du vaccin BCG Tokyo pour les médicaments
antituberculeux et évaluer la sécurité du vaccin en ce qui
concerne la sensibilité aux médicaments.

SCHEMA : Nous avons mesuré les CMI sur plaques d’agar
Middlebrook 7H11 pour la souche-mére et pour cinq lots
de vaccin de la souche BCG Tokyo 2 la fois pour 'INH,
la RMP, la SM et ’EMB.

RESULTATS : Les résultats des CMI pour 'INH ont été
respectivement de 0,06 et de 0,125 pg/ml pour la souche-
mére et pour les lots de vaccin. Les résultats des CMI
pour la RMP, la SM et ’EMB ont été respectivement de
0,25-0,5, 0,25 et 2—4 pg/ml.

CONCLUSION : Nos résultats indiquent que la souche
BCG Tokyo est sensible a ’égard des médicaments anti-
tuberculenx majeurs qui sont efficaces méme en cas
d’effets indésirables graves, y compris des infections
systémiques.

RESUMEN

MARCO DE REFERENCIA : Mycobacterium bovis, el ba-
cilo.de Calmette y Guérin (BCG), es la iinica vacuna
contra la tuberculosis (TB), debido a su valioso efecto
de proteccion y a su baja virulencia. Sin embargo, esta
vacuna puede causar en ocasiones infecciones generali-
zadas en individuos inmunodeprimidos. Isoniazida (INH),
rifampicina (RMP), estreptomicina (SM) y etambutol
(EMB) son medicamentos antituberculosos eficaces y se

emplean en el tratamiento de las infecciones por BCG. -

Desafortunadamente, existen pocos estudios sobre la sen-
sibilidad de la cepa de la vacuna antituberculosa a estos
medicamentos.

OBJETIVO : Medir las concentraciones minimas inhibi-
torias (CMI) de los medicamentos antituberculosos con-
tra el BCG de Tokio contenido en las vacunas y evaluar

su seguridad toxicolégica en la concentracion de sensi-
bilidad al medicamento. :

METODOS: Se midieron las concentraciones inhibito-
rias minimas de INH, RMP, SM y EMB para un lote de

* siembra y cinco lotes de vacuna de la cepa BCG de Tokio

usando cultivos en placas de agar con Middlebrook 7H11.
RESULTADOS : La CMI para INH fue 0,06 con los lotes
de siembra y 0,125 pg/ml con los lotes de vacuna. La
CMI para los lotes de vacuna con RMP fue de 0,252 0,5 ;
con SM fue 0,25 ; y con EMB fue de 2 a 4 pg/ml.

CONCLUSION : Estos resultados indican que la cepa BCG
de Tokio es sensible a los principales medicamentos anti-
tuberculosos y que es posible tratar los casos de reac-
ciones adversas graves, incluida la infeccion generalizada.
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Table 1 Definition of the positivity grades by JIUATLD scale

Grade Definition
— (negative) No AFB found in at least 100 fields
+ 1-9 AFB/100 fields
1+ 10—99 AFB/100 fields
2+ 1 -10 AFB/field in at least 50 fields
3+ >10 AFB/field in at least 20 fields

AFB : Acid-fast bacilli
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6 months ’ ' 9 months

RT

.o ~ Cold
4T

Frozen

(+~20C)

Fig. 1 Macroscdpic appearance of long-term stored artificial sputa at different conditions.
RT: room temperature. Inset in 3 months of frozen sample shows appearance after loosening cell clump.

[

Macroscopic Microscopic '
(9 months) (3 months) (6 months)

Frozen

(—20C)

Fig.2  Macroscopic and microscopic appearance of smears prepared from long-term stored artificial
sputa at different conditions. Macroscopic appearance was shown only for 9-month stored samples.
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Table 2 Scores of artificial sputum quaiities in long-term storage

Condilion . RT sldrage Cold storage (4°C) Frozen storage {— 200)
Term (Months) 3 6 9 3 6 9 3 6 9
Macroscopic appearance of 100 100 100 100 100 100 60 60 60
artificial sputum - . o
Macroscopic appearance of 100 100 100 100 100 100 100 100 100
stained smear samples
Microscopic appearance of 100 90 80 100 100 100 100 100 100

stained smear samples

0 4
‘Freshly prepared . 3M

artificial sputum

B RT Cold@T) [J l.:rozen (—20C) '
3 16} : . 4
g N.S.
o k ........ R REEEE
i : :
< 8
&
Y ?/

M

- 6M

Fig.3 Reproducibility of positivity in smears prepared from long-term stored artificial sputa. AFB: acid-
fast bacilli. Original positivity of the artificial sputum was set.as 2+, ie, 1 to 9 AFB per visible field should
be observed. Dotted line indicates 10 AFB/field, which discriminates between 2+ and 3+,
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Table 3 Examination results of smears prepared from the artificial
sputum stock specimen with four positive grades

“Stock ’ Smear results*

. Total
specimen - + 1+ 2+ 3+
+ 3 33 . 0 ] o 0 36
1% 0 3 16 0o | o 19
2+ 0 0 | | 17 1 19
3+ 0 0 0 [ 0 17 17
Total 3 36 17 17 18 9]

*Correct results were within the bold line.

Table 4 Consistency between prepared grades of stock artificial -

69

sputum and examined smears

Grade of stock

artificial sputum Number of smears Consistency Consistence (%)
+ 36 33 92*
1+ 19 19 100
2+ 19 19 . 100
3+ 17

17 100

*3 smears were determined as negative.
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FORFE, TH, B, BHOBEEHT, BREID
H$ CHRELAZATEOWK, B URKERDFME
AR, FREEOATHEEEELEN L, ZNEA
BOBBIE LR SR TND S L A5 M ko7,

372, SEOANTHELSHERCHERL, BLELZY

WA L7, BHORA S v 75 REKERZER, 36
L7256, S0oBEREREh, LEETE84
WFAMATA FEy P OERFTEIE ) 2 ERARD
eIz, HBIRATEIRIHSEI T RAERE A — VR
Y RaA—RCBMULHBE L REFICRANTE LR
T, BHEROER, B, SRZEHEL, B90B%E
BB L RABON L E) »ERE L2, F08
B, 4BREOBHEET, tOANLTET—EENNETH
o725 14, 24, 3+DOANTHEIZTRT100% D —K
BThHolzo 2O LML, KA, —ELXLOD
BHREETHASY v 712 & W BEERMMER S hhi,
LUOGHENHRS R, B TORRIVFAIITA .
Fty FOERNTETHLILEERLTVS,
IhoDEFERIE, AATED, ThETiiHEshT
WHAFNENT—-AENR, EEOHBEBEERE L
BRI HETHERINDI ATEILLEL
T, AILEZDOLOOUROAL ST, TOBRRENE
BROBmS, BROBSE, N4 ANF— FLRLOE
Ehl, HOWHEHTENRTWAILEZRLTWVA, A
AR, EEMERYT72ULMTIFTHA20, &
L PR FARE R URICER L, BB OFME
KRV LW, B, ERTRIFLABETH M
WO, av53I42—va @B ETaEksritl, B
BRFICHEL TR EEXH6ND, 51T, NaOHIER
NALC B CHEBEORBBEIEREZ M2 HED L H 129,
HoNLDHMBERLVLATLVFE FO LS kHEEOFHOV
RECIVBEETILERLVOT, AELERORE
¥FTBRBL v, '
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BERHTHY, SBEICHINSZ ERRFEEN S,
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BHERIEMARE [PMEBERUSHBEKEOT
B, ZWr, HEICBTH2HMARICHET S5 » o8
REBEOMB % ST TERINI,

X 73

1) Toman K: Tuberculosis case-finding and chemotherapy.
Questions and answers. WHO, Geneva, 1979, 6—7.

2) Lan NTN, Wells CD, Binkin NJ, et al.:
smear microscopy for acid-fast bacilli: the case for blinded
re-reading. Int J Tuberc Lung Dis. 1999 ; 3 : 55-61.

Quality control of

.3)

4)

5)

6)

7)

8)

9)

—455—

E5¥ 583% 45 2 5 20084 2 B

Martinez-Guarneros A, Balandrano-Campos S, Solano-
Ceh MA, et al.
conjunction with a rechecking system for external quality

: Implementation of proficiency testing in

assurance in tuberculosis laboratories in Mexico. Int J
Tuberc Lung Dis. 2003 ; 7 : 516—521.

Tuberculosis Division : Tuberculosis bacteriology-priorities
and indications in high prevalence countries: position of the
technical staff of the Tuberculosis Division of the Interna-

- tional Union Against Tuberculosis and Lung Disease. Int J

Tuberc Lung Dis. 2005 ; 9 : 355-361.
Yamada H, Mitarai S, Aguiman L, et al. : Preparation of
mycobacteria-containing artificial sputum for TB panel test-
ing and microscopy of sputum smears. Int J Tuberc Lung
Dis. 2006 ; 10 : 899-905.

Fujiki A : AFB microscopy training. The Research Institute
of Tuberculosis, Tokyo, 2005, 9—38.

AE & AEDEREAM. BERE, /K, 1975, 151-
153.

de Kantor IN, Kim SJ, Frieden T, et al.:
in tuberculosis control. Organization and management Part L.
WHO, Geneva, 1998, 42—43.

Aziz MA, Ba F, Becx-Bleumink M, et al.:
assessment for AFB smear microscopy. Association for
public health laboratories, Washington DC, 2002, 1-111.

Laboratory services

External quality



Stability of Artificial Sputum/H. Yamada et al.

71

Original Article ———————

STABILITY FOR LONG-TERM STORAGE AND R.EPRODUCIBILITY OF
POSITIVITY IN THE PANEL TEST SLIDE PREPARED WITH
THE POLYACRYLAMIDE-BASED ARTIFICIAL SPUTUM

'Hiroyuki YAMADA, *Hiroko MATSUMOTO, 'Satoshi MITARAI, and *Akiko FUJIKI

Abstract [Objective] A novel artificial sputum has been
developed using polyacrylamide, cultured THP-1 cell and
BCG-Pasteur. Smears prepared with this artificial sputum
are similar to actual sputum and has feasibility to set any
positivity grades. Long-term storage and reproducibility of the
positivity was examined to support further availability.

[Method] The artificial sputa were stored for up to 9 months
at room temperature, 4T and —207C. Then, smears were
prepared and their macroscopic and microscopic appearance
were examined compared with smears from freshly prepared
artificial sputum. Furthermore, smears with different positivi-
ties (&, 1.+, 2+ and 3 +) were prepared and examined by
several trained technicians, and the reproducibility of the
original sputum positivity was determined.

[Results] Macroscopic and microscopic appearance of
smears prepared from long-term stored -artificial - sputum
showed little changes compared with smears of freshly
prepared artificial sputum. The positivity of these smears fell
in their original grade. A total of 91 smears were prepared
from artificial sputum with different positivity and examined
by trained technicians. Although 3 out of 36 £ smears were

determined as negative, all of the remaining smears’ were
evaluated correctly.

[Discussion] This study confirmed that the artificial sputum
and the smears have long-term storage stability and reproduci-
bility in the positivity. These results suggest that the artificial
sputum can be widely used to perform external quality
assessment in many countries, including -high prevalence

countries.

Key words : Smear examination, Artificial sputum, Long-
term storage, Reproducibility '

‘Bacteriology Division, Mycobacterium Reference Center,
*Department of International Cooperation, *Department of
Research, Research Institute of Tuberculosis, Japan Anti-
Tuberculosis Association (JATA) '
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— SRR & 2HR
'HHEHEE  HK W
2E SEhl

EO K

531

¥ & F R AT

SRR L DK —

'ME  £F

BY  (BM) SHRESHERE S BRSEEMBRO D TREOMT. (50 ELMmBs s
MR B Y v ¥ — I THHE, RESh-LHREREEE109% (MDR-TBE) &, 2ABZHE
MRi2268 (STBE). (i) 1S6110% Fiv 7= RFLP# S X UF Spoligotyping Bio (#5) RFLPH: D4
B, 79 A% —HHEEIIMDR-TBE, S-TBH L LICH43% 2 EOFEZIRONED o7z (12K
€ p=0.51>0.05), Spoligotyping & ® # &, Beijing family i MDR-TB ¥ T77.1% (84%), S-TBE T
84.5% (191%k) B, HELREZ d o7 (XHE p=0.09>0.05), (¥7#H) MDR-TBH & S-TBH T
I3, RELPZ 5 A ¥ — 3, Spoligotyping #:1Z 3317 % Beijing famxly@Ebégﬂh‘libiﬂnﬁﬁpk
Hoh, MEOBRIMEIENICRKE REI R WITRESIRF I

*—7—X B, RFLPE, Spoligotyping i, £, &I

3 Ui

WTERBEORERNLIRBT 572010, 4 RITER
L B0 TFRENBH VIO TE L, BIE, BHhOBG
ESECSEBICEALFEE LT, $BARESLD
WBBEE L2 ARFIIS60k 7 a—T & L1k
Restriction fragment length polymorphism (RFLP) &A%
ISR TV A2, LA L, IS61103 Y =8t
1~ SALTOREKETIRNEI RN L L, HMELT
BRERKBODNAVLEERBRANS, X YBHENID
SR TR ELNORBIZF < —H —IC LB KRH
BB AL FEIT %2 o T K 5o Spacer oligonucleotide typing
{Spoligotyping) # ¥ RFLPE O Z RMWMIFTO VL Lok

LTy, 7V7EF4E LTRSS H LiEyRERIE

1% & L 72 Beijing family D& A WHETH H, 1L HEH
DORPEROBHIZERTH S, Th 6 RFLPHEE
Spoligotyping % AW CHB W 2 0 FRFERMICHEH L
ML IE B VAT, B L LI EREE (MDR-TB)
B 2RRZEEEE (S-TB) B ICHE L et
S TB S, BMERGER (isoniazid (INH),

streptomycin (SM)) 122V T ORI L SRHTVEDH
TH5H% FTLRREREHIFERL bR TET
MDR-TB (2 X 5 £ HIBREFFASAERE EN TV D10
L 72485 T4 [E, RFLP#, Spoligotyping ¥ % A\ T
Bty sy -2 BWTHEE, FEShZEBEEHRIC,
EHNBRZHOBVIZEL D7 5 A7 —HHRE L Beijing
family DEE DB KA
5 &
O %)

‘200141 A1 Bfrt‘ozoosﬁilzﬁ 31 HOHIR, iy
BUEANE SRR L &P RERE LY ¥ —I2TH
B, RIESN/-EHE 28278, TROFETRLA
2HEFOERRETHREBETA 4 < LD INH & rifampicin
(RFP) I3 LTt %R LA SRS E 1008k %
MDR-TB# & L7 (3.9%)o #D9 % INH, RFPDHKIZIH
HarRLIHkIZ4% (TXTOMDR-TBIZ HD 5 HE
133.7%) Td o720 T 72 ethambutol (EB) =Mz 7= 3 3
AHCHHE % R L7-#kiZ 61 % (56%), pyrazinamide (PZA)
EZ 724 EHNC@EEZ R L 2HRIE 1B (09%), SM

WAL AT BOE AR SR AR E R R R e v v —
xL¥y—, WH

R

AR  HEEHE, M TBE AE LR R RLA S rh R B SR
KB ¥ —IRFEL Y & —, T591-8555 KERHFFRHTILK
EEARIT 1180 (E-mail : dustin@kch.hosp.go.jp)
(Received 16 Nov. 2006/ Accepted 28 Feb. 2007)
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EINZ7 S BANCEEEZRLABKRIZ 24 (1.8%) TH D,
ROD4BR (37.6%) X Eid s EHNTMA T RTEE
EowThrilad LThiEEzRL Tz, T/-1R
PREEFRE (WHO) 1220064 11 A 12384 L 7= Extensively
drug resistant tuberculosis (XDR-TB) BEFIEBR &2V T
INH & RFP 7213 T < $¥5E @ Second-line drugs (A% { &
% fluoroguinolone DD 1 L, EFFE D capreomycin,
kanamycin, amikacin DFO 1 88) 2 bWt E b OMME
% XDR-TBE EFEL Tw 5 A, 43584 (MDR-TB
D 32.1%) iDLz,

MDR-TBE L LT 5 - DL ELHY B O LR
SHEHE L LT20034E 1 A1B2»58A31HD—%
B, Bty sy —2THEE, FRESNLZ265% S-TB
BEll,

502 MDR-TBR TIZB#% 814 (743%), k284
(25.7%) THY, S-TBETIIBEH 1638 (72.1%), &
63% (27.9%) Tdh-o7:. FIEHNE, MDR-TBH Tit
555+t 156, S-TBETIX572+ 1928 Th o7,

WX, MDR-TBE T3 ¥ & #3714 (33.9%),
Bit#E12% (66.1%) THY, T/ XDRTBEZEDNI B
7% (XDR-TB M20%) i #IEI{EHEBITdh o720 S-TBEE
TIRWEEHR190% (84.1%), HiE#E36% (159%) T
HoTz,

Yoy —RKBRERFICBLTEY, SENSRE L
TZ33SEHRHROBEORERIIY € v & - FDoRE
2 I L 7o KRB iy 0 R bid A & FIk LR AL &8 &
TORBMABEHICE 220 THo7, TR
BROBVWARTHEREB L UBEER LS D BHIX
MDR-TBHT 1% (09%), S-TBHT2% (9.7%) Th
o7 NEELXDODBEEIIMDRTBT4%E (3.7%) &
OHh, TRTHEETH- 2%, S-TBRICHEE R
bOBFRBDOON ol TRTCOBEDESEFAL
BEZHEORMER Y BEAKICE I TIT- 72, BER
R LHOMIIRKBENRSE Bbh 5 EHH]1: MDR-TB
BTidZoonhd, STBHT4HH (HEHRE&28) R
LNl EHEGEE BEbh 55HH)IE MDR-TBE T3
B BRASE, 3%, 24) 2O5Nh7H, S-TBE
TOBEFNIeh oo TRTOBRERTOMIBIRLEE
RohaBEFIBEDLNRD 570

(58 .
FE

%Hﬁwﬂmti%&%ﬁﬂmm7#—17u TAER B
BIEXy b (BHEREE) LEMBERREREF YT
TB (HEXRZ b Fa v F V) ’CfToﬁ_o
EH R R

ERRZHRBRICII /N7 7 v 7 MGIT 960%:.&%%%’1
BEWRBEHI Vv YY) — X (MGIT-ASTE | B&EX

B

¥ 5824 6T 2001 E 6 A

ZErTFAvFR VY ERBEREEY Y P ARY
bV -SRE: (BEREE) THV 72, PZADOERBRZHER
BRI RS R PZA MRS i (BRRE) 2
Wizo it O ¥ e B IR BE 13 MGIT-AST & C INH 0.1
pg/mi, RFP 1.0 ug/ml, EB5.0ug/ml, SM 1.0ug/ml & L,
Yy AR P IV-SRET INH 0.2 yg/ml, RFP 40 ug/ml,
EB2.5ug/ml, SM 10ug/mi & L7zo PZAIZ400ug/ml & L
72

RFLP#

van Embden & D F 2 [T L THTo 720 #HED D
DODNAFIH 21201 mmD HF I A E—-X % Hw<T
Beads-beateri2 X 57 2/ — N0k VAh - £Vl
=NV R ol BONTY ) AEBIBEFE Pou
(TAKARA BIO) TiHfk, BRkBIEYY 70y 74
YT EIT, IS6110 70 —T7E LT, N TYFA
YA aradtd, DIXIFVRETISCHOD/S Y F
AR L7z 257 FOBENTIZIE Molecular Analyst Software
(Bio-Rad) @ Double gel analysis#E% vy, 4 DL —>
TEDOFIEL LT, A/Hind & ¢ X174/Hae 1 @ 2 T8 5
DT—H—FFB LA A7V RBOFIEIX H37RY
REE#ERE LTHW
Spoligotyping #:

BB DNA @ SpacerB2%l %, directly repeated sequence
(DR) Db LIZFHA vy ENT2BEHO 754 <— (¥
*F ¥ % Fv>T polymerase chain reaction (PCR) (2
THEL, 4308RA YV TX 7 LAF F2ERLL:
A ¥ 7V ¥ (Isogen Bioscience BV) |2, Immunetics
Miniblotter 45 % W TNA 7Y ¥4 X & 123, /8% —
YOBRBITIZECLBRE I AF A HWTHEA DA NR—
W —BEF) DA E % FRIT L 72,

& 3

RFLP &

1S6110 3 ¥ — BT LN REH R 3358kIZBVT1~25
EOZFHERL, IKIIY -2 2RO, F05 b
MDR-TBH Tz 9 ~25AKDa ¥ —~HHixBDH LN, 10K
=2 %87, —HS-TBETIE 1 ~20KDMIZ5
AL, E=23B3XICAH LR, WAL ISR
BHohiz, F-aV—-KSEUTOEKIES-TBEIC
DHIK (C—%1, 3,44 FHoh7 (Fig. 1, 2),
B —DNy Ky — Y %RT 75 XY —13MDR-TBH#
TR 1288 47%), S-TBE 3208 H (99#k) »'20
bhiz, 75725 —0K&3 (HRAX & MDR-TB
BT2~1%RL, BRENBDIFAF—al V—
7Y, BRE 718075 Ay — e ZNV—TIC3BI NV —
THTOBREORICEZNHMEIT 2>/, —F S-TB
BHTik2~16%RL, BEBOo®EM2D, 884292,
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Fig. 1 Distribution by number of IS 6110 copies : multidrug-resistant Mycobacterium tuberculosis strains
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.Fig. 2 Distribution by number of 1S6110 copies : susceptible Mycobacterium tuberculosis strains

&A1 D, 144, 168D K1 DTHo7z. KIEPIRE
BHEE3BD I NVN—TT24, 64D a7 V—TT
2%, WED T N—TT2%, 168D T V—TT2
ZIZFED SN (Table 2)o

75 R Y - iL MDR-TBE T43.1%, S-TBE 3

43.8%, EHT43.6% %R~ L7 (Table 1)o D9 b,
MDRTBE 7 5 A% — D% — a3 STBEZ 5 2
F—DNy—rakRWLy -V ERL, MDR-TB &

FARAE =D — VLS TBRI GRS —DI)NF =] .

EFU/NE =2 %R LT (Table 2)o

RS L CRERIEELE O BBHRO 2K
(S-TBH) DI L6 KM SHED I FAF—IZRL, &
DI6BKIZZ FAY — 2R LD o7

HNEEEZLOBERFEDO MDR-TBEIZRET % 4 Bkl
TITRI—HRER L eh ol
Spoligotyping #:

SlElbhbhix, SpacerBidl1~34 DFE % FED LW
Beijing family D 5% 5 # G %KD BITH72 o T, 35~

A3EHI & A F B MEH % Beijing B4 A0 £, Mokrousov
5D DEFIC X B Beijing R/ 35 — 2 HML L7 Beijing-

like b Beijing family & L T2¥ & SH L 72o O,

Beijing family i MDR-TB# T84 %k (77.1%), S-TB# T
121918 (84.5%), &MRT2I58K (82.1%) # Hd7, —
7 Beijing family BASY O BZ-F B % B D ¥k T International
Spoligotyping database SpolDB3 73 'Y |27 & 1L % family
WA s ¥R MDR-TBE @ 258k 138k &, S-TB
B3stkb D 24k L HE SNz, LS D 248k (MDR-
TBEE 124k, S-TBE 12#K) i SpolDB3 ® family definition
I E S N7 v Unique BREHIE S M7z (Table Do F 72
Unique /8% — Y 2R L72BROPIZIS6110 T ¥ —F 5K
DT %RL2:STBRO IHPE T T/ (Table3),
RFLPET 7 7 X ¥ — K % 328 7> Beijing family iX
MDR-TB# T35% (32.1%), S-TB# T86%k (38.1%)
T o720 — % Beijing family U\ﬂ@ 7328 -
 — 7 & L T MDR-TBH T (2 LAMI (Latin American
and Mediterranean) family® b2V —7 (7#§), T2 family
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534 KiRZ H82% 65 20014E 6 A
Table 1 Comparison of MDR-TB and S-TB by RFLP and Spoligotyping
Cluster Others Total Cluster %
RFLP MDR-TB 47 62 109 ~43.1
S-TB 99’ 127 226 43.8
Total 146 189 335 43.6
. Beijing family* Others Total Beijing %
Spoligotyping MDR-TB ' . 84 25 109 77.1
S-TB ;191 35 226 84.5
Total 275 . 60 335 82.1
Class** Unique Total
Non-Beijing family = MDR-TB - 13 12 25
S-TB 24 12 35
Total .37 24 60
*ancient Beijing strains and Beijing-like spoligoprofiles
** major classes of M. ruberculosis in SpolDB3
Table 2 DNA fingerprinting results for MDR-TB and S-TB isolates by RFLP and Spoligotyping
MDR-TB S-TB
Strains  cluster Strains  cluster Strains  :cluster Straiﬁs cluster Strains  cluster Strains  cluster
1010016 a* 2011505 f+ 3070599 | a+ 3080908 e 3080070 g* 3080951 m
1011097 a* 1100583 fx 3030861 | a* 3070182 e™ 3081137 g* 3070657 m
1051148 a* 3040439 fx 3110253 a* 3070919 em 3030853 g* 3070044 n*
1020193 a* 2050419 o 3020215 a* 3080723 e" 3020287 g* 3070658 n*
2070344 | a* 3060933 g* 3010525 ax. 3010626 e:' 3070708 g* 3020048 o
2010894 a* 1012035 g* 3010925 a* 3010007 - eT: ggl(l)iléé g* 3020024 o
* * ——————
3070308 a 1040969 e 3071163 b+ 3030100 e 1 g 3020124 ”
2100456 a* 2020438 b 3080532  b* 3030834  e™ 3020779 g* 3010501 .
1010518 a* - 4 N 3020017 e™ 2100603 h* p
. 1070653 : i+ i 3070045 ¢ 3080765  p+
1060866 a L 3070400 + 2120831 f* 2100985 h*
2071004 | ax | 3060032 @ ir c 3031049  p
a P, 3070543 c* 2060904 f* 3070421 h* W
2101128 bee 210009 T e g0 e 3071093 £+ 3070878 he psented
3020418 b 3071249 0T 013 e 3090992 f+ 3080597  he 3030993 - a4
2060497 bes 20115 J" S0 o 3070512 f+ 3080475,  he 3010419
3030886 b+ 1011111 k™ 3030607 o 3070215 f= 3030726  h+ 3010785
3020454  be 2020473 k™ 3071172 o 3080936  f+ 3030794  hx 3010395
3010929 b+ 2011505 I* 3070737  c* 3030206  f* 2110964 i i+ i 4010937 §*
2011514 b+ 2060287 I+ 3031018 - c* 3040093, f+ 3070025 | i+ i 3110253 s+
3050944  cx 3030796 ¢+ 3040033 f+ 3071118 i+ @ 3030039  s*
3020288  c* 3020810 ¢+ 3030165 £ TRaoameT 2061106 t*
2091054°  c* 3031022 cx 3020391 f+ 3010231 3100905
1070018 d~ 3030837 ¢ 3010178 f+ 3030083 ke J080817  t»
1080214 de 300316 d+ S0PT T 3030553 e
2060548 ex 3070021 d=* 4011101 o 3090365 s *Beijing family
2060510 e* 3030634 1 **LAMI family
TI H
2060423 - e 3070977 I+ TzTl famfly
3060080 e 3081099 I+ T2 family
3060868 e* 3030156 1+
3060247 e* 3020920 1%
1030685 e+

Superscript letters: classes of Mycobacterium tuberculosis excerpted from SpolDB3
The a pattern in MDR-TB was similar of the a pattem in S-TB by RFLP.
The i pattern in MDR-TB was also similar of the i pattern in S-TB by RFLP.
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Table 3  Spoligotype patterns from 335 strains in excerpt SpolDB3

Spoligotyping  SpolDB3 binary description octal code
Beijing OO000000CO000C00000000O000000000CO000CAANEENEEE  000000000003771
Beijing-like 43 O000O000C0000C00000C0000000000000CO00NANBEEERD]  000600000003770
Beijing-like 40 OOO000C000000000000C00005c00000000000NNEEECOEENR  000000000003731
Beijing-like 38.39 OCO000CO00O00COC000cO0000ooCooOoO00aE RO REEE  000000000003471
Beijing-like 36 OCOCO00CO0COCcOO00CcO00OocOo00oo000ooCORCANEEENEE  000000000002771
Beijing-like 35.36.40 OCOO000C000C000C800000O0000000000000000 e NS EEE  600000000000731
Non Beijing Unique NENEEEEEENENENNNENENEENEENANNNNNNENNERRNERE 777777777777771
Non Beijing Tl EENEEEEEENEENESNENENEEEEREEEEREN (A NNNREE 777777777760771
Non Beijing T2 SENEEEENENENEENENENENEREEEEREEER [ AENCWEE 777777777760731
Non Beijing Haarlem3 EESEEEEEEEEENENEENEEEENEENEEEROROO0CAEEEEER 777777777720771
Non Beijing Unique INNEEENEENEENREEREEEENERCOCCOC0OOROOOCONERNENE  777777770020771
Non Beijing Unique AN SEENNEEEEEEEEREER)OCCO000000OEANERER 777777760000771
Non Beijing Unique ANENNEENENEEEEEEEENEEE EENEERNEE(COCONEEEEEE 777777757760771
Non Beijing Unique ANTEEEEEEERNNAEAREERRENCOO0OONOOO0O0NREEER 777777740000371
Non Beijing LAM9 EENEENNEEEEEEEEEEEER D EENREERECCOCENEEEEEE 777777607760771
Non Beijing Unique EEEEEEEEEEEENEERRRENCCOOEEEEECOEOOOTEENBEE  777777603720771
Non Beijing Unique EENEEEEEENENENENER(EEREEEEEREERER(O000CEEEEEE 777777377740371
Non Beijing Unique ENEENNEAEEEEES EENEEEEEEENAEEENNENEERERRNEEE 777767777777771
Non Beijing Unique IEEREEEEEEEEEN DN EEEREERERERR(OUNCONEER 777767777760471
Non Beijing Unique ENEEERREEEERERCOOCOOO00C00ONCOEEEEREEEO0COINEEEEE  777760027760771
Non Beijing Unique SNEREEREERNEEERECOOO0000C0OESERERCOCCCISEERENR  777760007760771
Non Beijing T3 NNERANNEREEN EANEEEEEEEREENEEEERECOOCERENERRNE 777737777760771
Non Beijing Unique ENEEENEEEER(ICRCENEEEEREEEEEEER A RNEEREE 777621777760771
Non Beijing Unique IEEEEEEENE N EENEENNENNEENNENRNGRNENNEERENERER 777577777777771
Non Beijing Unique EEEENEEEER BN I EEEEEEEEEEENEENEENEEEEEEREEE 777567777777771
Non Beijing Unique EEEENEE ENEERSEECCOCOERRCOOCOC0000000O.AMEEE  775774070000371
Non Beijing Unique EEEEEERCOCOCIENEEENEEERESENEREE O CONMRCI000  774037777760700
Non Beijing Unique* RN OO0 EEEEC ICEENEENEEREENSENEERC OO ENNNEEE 741737777760771
Non Beijing Unique SEN EEEEEEREENEEEEENDJOENSEEEERCCOEEEREEE 737777607760771
Non Beijing Unique I NERENNEENEERENEEE (' ENAEEEEE O ENENEN  737777607760731
Non Beijing LAMI ENCNEEEEEEEEEEEEEEEE O NEENERENC O CAEEREER 677777607760771
Non Beijing Unique BN EEEEEEEEEENEEEEERE( ) OOEERCCO000000SRERERE 677777607000771
Non Beijing EAI2 ..D.-..............DD.--.--.DDDD-D.-..-...- 677777477413771
Non Beijing Unique BEEOERERRERCCOOCOCO00O0O0CCOO000COO000CONNRRNRNEEEE 677400077407771
Non Beijing Unique** OOOCO0000000ONCOESE_ INEEENEREREEER (D NeEEENNEE 000027377760771
Non Beijing Unique O0O000CCO000O0000000000OoO000CO00c00REARO 00000 000000000003400
Positive Control H37Rv EENENEEEEEESEEEEEE  EEEEERAEEEEENRENNEN 777777477760771
Positive Control M. bovis-BCG REHEEEE NESEER ENNENENENNENRERERRENERO0O00 676773777777600

Beijing: ancient Beijing strains

Beijing-like : Beijing strains with disrupted spoligoprofiles.

H37Rv, M.bovis-BCG: positive control of M. tuberculosis
Unique were categorized of the Unique pattern from SpolDB3 datebase.
*one [S6//0 copy by RFLP and **3 or 4 IS6/10 copies by RFLP .
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