INT J TUBERC LUNG DIS 11(10):1129-1135
© 2007 The Union

Drug-resistant Mycobacterium tuberculosis in Japan:

a nationwide survey, 2002

Tuberculosis Research Committee (Ryoken)
Kiyose, Tokyo, Japan

SUMMARY

OBJECTIVE: To determine the prevalence of anti-
tuberculosis drug resistance in Japan.
DESIGN: A total of 3122 Mycobacterium tuberculosis
strains were collected from different patients admitted
to 99 participating hospitals between June and Novem-
ber 2002. The proportion method was employed to per-
form drug susceptibility testing for four first-line anti-
tuberculosis drugs, isoniazid (INH), rifampicin (RMP),
streptomycin (SM) and ethambutol (EMB).
RESULTS: Resistance in new cases was observed to be
as follows: 2.8% to INH, 1.0% to RMP, 7.0% to SM
_and 0.9% to EMB. Resistance in previously treated cases
was 18.9% to INH, 11.0% to RMP, 14.4% to SM and

' 8.4% to EMB. There was a significant difference in the

prevalence of resistance in new and previously treated
cases for each of the drugs. The prevalence of drug resis-
tance was shown to have decreased since the 1997 survey,
except in the case of EMB. o
CONCLUSION: This study showed a clear decrease in the
prevalence of initial and acquired drug resistance to major
anti-tuberculosis drugs in Japan between 1997 and 2002,
except for multidrug resistance. Further effort is needed
to provide high-quality DOTS in Japan.

KEY WORDS: resistance; Mycobacterium tuberculosis;
survey; Japan

TUBERCULOSIS (TB) remains one of the major in-
fectious diseases in Japan. The notification rate for all
forms of TB in 2004 was 23.3 per 100000 popula-
tion, and Japan is generally classified as an intermedi-
‘ate prevalence country.! In spite of joint efforts by the
private sector and public health departments, the treat-
ment success rate is only 78.6% due to high rates of
fatality (12.1%), default (1,5%) and treatment failure
(4.6 %). Sixty per cent of newly notified patients are
aged >60 years, and the case fatality rate is higher in
these patients.2 TB, if contracted, therefore remains a
life-threatening disease. i

One of the reasons for treatment failure is initial
resistance (among new TB patients) of Mycobacte-
rium tuberculosis to anti-tuberculosis drugs.34 Need-
less to say, drug resistance is common in treatment
defaulters. Once drug resistance is acquired, it can de-
velop into multidrug resistance (defined as resistance
to both isoniazid [INH] and rifampicin [RMP}) and
can be transmitted to other individuals. It can also
lead to a fall in the TB cure rate.

The Tuberculosis Research Committee (Ryoken) is
a nationwide coalition of TB hospitals. The Commit-
tee has been conducting nationwide drug resistance
surveys approximately every 5 years since 1957.6 The

present study is a report on the last survey conducted
by the Committee in 2002, with the participation of
almost all the TB hospitals across the country. The
survey had two objectives: 1) to determine the preva-
lence of bacterial resistance among new and retreat-
ment cases and 2) to evaluate changes in drug resis-
tance over time, especially with the progress of the
DOTS strategy since its introduction in Japan.

MATERIALS AND METHODS

Sampling and eligible subjects

All hospitals with TB wards were invited to partici-
pate in the survey. All patients who had had chemo-
therapy for culture-confirmed TB in the participating
hospitals between June and November 2002 were eli-
gible for the study. Patients who had been treated for
more than 2 weeks before the time of sputum collec-
tion were excluded from the study.

Collection and processing of bacterial strains

A total of 99 hospitals all over Japan participated in
the survey. Culture isolates from eligible patients that
were identified as M. tuberculosis were sent to the
Research Institute of Tuberculosis (RIT), Tokyo, the
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national and supranational reference centre for the
independent determination of drug susceptibility. In
the RIT laboratory, all cultures were subjected to
identification using conventional biochemical and/or
immuno-chromatography (CapilliaTB, Becton Dick-
inson, Japan) methods.” When a non-tuberculous my-
cobacterial strain was detected, identification tests were
performed to classify the stain to the species level using
nucleic acid probes (DDH mycobacterium ‘Kyokuto’;
Kyokuto Pharmaceuticals, Tokyo, Japan) and sequenc-
ing of 165 rRNA, as described elsewhere.8? Drug sus-
ceptibility testing (DST) was performed on those strains
confirmed to be M. tuberculosis.

Drug susceptibility testing

DST for M. tuberculosis was performed at the RIT
using the simplified proportion method on standard
1% Ogawa medium.1? Resistance was expressed as
the percentage of colonies that grew on the critical
concentrations of the drugs tested (i.e., 0.2 pg/ml to
INH, 40 pg/ml to RMP, 10 pg/ml to streptomycin
[SM] and 2.5 pg/ml to ethambutol [EMB]). The crite-
rion used for drug resistance was growth of 1% or
more of the bacterial population on the media.

Patient information

Patient data, including demography (age, sex, address,
country of birth) and occupation, and clinical records,
including disease site/type of TB, bacteriological and
radiological findings and treatment history, were col-
lected using a standardised form. Patients were classi-
fied as ‘new’ if they had never been treated for TB for
more than 4 weeks and as ‘previously treated’ if they
had been treated for TB for 4 weeks or more.!! Previ-
ously treated patients were further classified into two
groups according to treatment history. Patients who
had completed anti-tuberculosis treatment once as
instructed by their doctor and developed TB again
were grouped under ‘relapse’. Patients who had inter-
rupted their treatment for more than 2 -months after
having received a total of at least 1 month of treat-
ment and who then returned with bacteriologically
confirmed TB were grouped under ¢ retreatment after
default’.

Clinical information about each patient was re-
corded directly from the patient after obtaining in-
formed consent. The survey followed national guide-
lines for epidemiological research.12 The study protocol,
including ethical issues, was approved by the’ Ryoken
General Assembly. :

Statistical ana/yS/s :

Analyses were conducted-on the prevalence of drug
resistance among new cases (proxy for primary resis-
tance) and among previously treated cases (proxy for
acquired resistance), and combined' prevalence. Sta-
tistical analysis was performed using the x2 test for
the comparison of proportions using StatView 5.0 (SAS

Institute, CA, USA). A P value <0.05 was considered
significant.

To ascertain the representative nature of the stud-
ied subjects, their distribution by sex, age and region
(the entire country is divided into six geographical re-
gions) was compared with that of all newly notified
cases in 2002.2 These factors were adjusted if neces-
sary to calculate the drug resistance prevalence rates.

RESULTS

Bacterial strains and patient characteristics

A total of 3127 strains of M. tuberculosis {67.3%)
and 899 strains of mycobacteria other than tubercu-
losis (MOTT) (19.3%) were identified. Of these, five
cases were excluded because of insufficient clinical in-
formation. A final 3122 M. tuberculosis strains were
subjected to DST and further analyses. The patients
consisted of 2211 males and 911 females, with a mean
age of 61.1 *= 18.5 years (range 0-100) and 61.0 *
22.4 years (0-100), respectively. In 2002, a total of
19002 culture-confirmed TB cases were notifted in
Japan. The sex and age composition and the regional
distributions of the sampled cases were similar to those
of the notification case population.

The main diagnosis was pulmonary TB in 2704 pa-
tients (86.6%); 90 cases (2.9%) had extra-pulmonary
TB only; and the rest had both pulmonary and extra-
pulmonary disease.

Prevalence of resistance to major four
anti-tuberculosis drugs
A total of 2705 cases were classed as new cases and
417 as previously treated cases according to the defi-
nitions described previously. Of the 417 previously
treated cases, 312 were relapses and 59 were retreat-
ment after default. Resistance to each of the drugs
was observed among all cases {(combined resistance)
as follows: 5.0% (95% confidence interval [CI] 4.2—
5.8) to INH, 2.4% (95%CI 1.8-2.8) to RMP, 7.9%
(95%CI17.0-8.9)to SM and 1.9% (95%Cl 1.4-2.3) to
EMB. Resistance among new cases was-2.8% (95%Cl
2.2-3.5)to INH, 1.0% (95%CI 0.7-1.4) to RMP, 7.0%
(95%C1 6.0-7.9) to SM and 0.9% (95%CI 0.5-1.2)
to EMB. Resistance in previously treated cases was
18.9% (95%Cl 15.2-22.7) to INH, 11.0% (95%CI
8.0-14.0) to RMP, 14.4% (95%CI 11.0-17.8) to SM
and 8.4% (95%CI 5.7-11.1) to EMB (Table 1). There
was a significant difference in prevalence between
new and previously treated cases for each drug. Rates
of resistance of new and previously treated cases to
the drugs tested were respectively 8.2% (95%CI 7. 2—
9.3) and 22.8% (95%CI 19.0-27.0). .
Table 2 shows the DST results according to age
group. This shows a high prevalence of resistance to
each drug in previously treated patients in the 20~
40 year age group. The 70-80 year group, however,
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Table 1 Anti-tuberculosis drug resistance in new and
previously treated patients in Japan, 2002

INHO.2 - INH1.0 RMP SM EMB

Resistance n n n n n
Any
Combined . .
Resistant 156 106 74 248 58

Susceptible 2966 3016 3048 2874 3064
Proportion, % 5.0 3.4 2.4 7.9 1.9
Any resistance 339/3122 (10.9%), 95%C19.8-12.0

New
Resistant 77 53 28 188 23
Susceptible 2628 2652 2677 2517 2682
Proportion, % 28 - 20 1.0 7.0 0.9
Any resistance 222/2705 (8.2%), 95%C17.2-9.2

Treated -
Resistant 79 53 46 60 35
Susceptible 338 364 371. . 357 382
Proportion, % ~ 18.9* 12.7* 11.0* 144* 84*
Any resistance 95/417 (22.8%), 95%C| 19.0-27.0

Mono
Combined ’
Resistant 59 ° 36 7 - 164 3
Susceptible 3063 3086 3115 2958 3119
Proportion, % 1.9 1.2 0.2 5.3 0.1
New :
Resistant 33 . 21 5 144 2
Susceptible 2672 2684 2700 2561 2703
Proportion, % 1.2 0.8 0.2 53 0.1
Treated
Resistant 26 . 15 2 - 20 . 1
Susceptible 391 402 415 397 416
Proportion, % 6.2 3.6 0.5 4.8 0.2

MDR .
Combined 60 (1.9%), 95%C! 1.5-2.5
New 19 (0.7%), 95%C1 0.4-1.1
Treated 41 (9.8%), 95%C! 7.3-13.1

*There was a significant difference between new and previously treated
cases (P < 0.0001) for each drug.

INH = isoniazid; RMP = rifampicin; SM = streptomycin; EMB = ethambuto;
Cl = confidence interval; new = newly treated case; treated = previously
treated case and new case with >4 weeks treatment at enrolment; MDR =
multidrug-resistant.

showed significantly lower resistance to .some drugs
compared with the mean prevalence. This-age trend
was tested with x2, which showed a statistical signifi-
cance for INH (0.2), RMP and SM among new cases,
and for all drugs among previously treated cases.

Table 3 shows the adjusted proportion of drug re-
sistance based on the official 2002 TB statistics for
Japan. There was no great difference between raw
and adjusted rates of prevalence. :

Previously treated cases were divided into two cat-
egories: 1) relapse and 2) retreatment after default.
Resistance to each drug observed in the relapse group
was 17.3% to INH, 9.0% to RMP, 12.2% to SM and
6.4% to EMB. Resistance among retreatment cases
was 20.3% to INH, 15.3% to RMP, 22.0% to SM
and 13.6% to EMB. The prevalence of drug resistance
between these two groups showed no significant dif-
ference for each drug, except for SM. However, a sum-
marised comparison of all of the drugs renders a highly
significant difference (Mantel-Haenszel summary x2
P = 0.0006), such that the prevalence of drug resis-

Table 2 Drug resistance rates by age group

INHO.2' INH1.0 RMP SM '~ EMB

Age, years n % % % % - %
<19 34 o

New 34 00 0.0 00 29 0.0

Treated : 0 00 0.0 0.0 0.0 0.0
20-29 . 258 .

New 241 4.6 2.5 1.7 9.5 1.7

Treated 17 412* 176 235 35.3* 235*
30-39 273

New ! 245 4.1 ‘2.9 1.6 9.0 0.8

Treated 28 286 25.0 32.1* 250 214*
40-49 278

New 242 25 1.7 9.5 0.8

Treated 36 36.1* 222 °27.8* 222 13.9
50-59 497

New 421 31 2.6 0.7 88 0.5

Treated 76 21.1 13.2 158 14.5 11.8
60-69 488

New 405 1.7 0.7 0.5 8.1 1.0

Treated 83 181 14.5 84 193 9.6
70-79 666 :

New 568 2.5 1.9 1.2 55 09

Treated 98 143 8.2 3.1 71 2.0*
80-89 530 : .

New 463 2.2 1.5 04 35* 04

Treated 67 7.5* 6.0 00* 45* 0.0~
>90 " 98 '

New 86 2.3 2.3 2.3 2.3 2.3

Treated 12 83 8.3 8.3 16.7 - .83

Total 3122 )
New 2705 2.8 2.0 1.0 7.0 0.9
Treated 417 189 12.7 110 144 8.4

Test for age trend '

New 0.025 0.226 0.264 0.000 0.630

Treated 0.000 0.002 0.000 0.000 0.000

* There was a significant difference against the mean prevalence for previ-
ously treated cases (P < 0.05). .
INH = isoniazid; RMP = rifampicin; SM = streptomycin; EMB = ethambutol.

tance in defaulters was higher than that of relapses
after completion of treatment.

Multidrug-resistant (MDR) M. tuberculosis strains
were observed in 60 cases. The prevalence of MDR in
new and previously treated cases was 0.7% (19 strains,
95%CI 0.4-1.1) and 9.8% (41 strains, 95%CI 7.3-
13.1), respectively. There was a statistically significant
difference between these two groups.

. Table 4 shows the prevalence of resistance to each
drug according to the six geographical districts. Gen-
erally there was no significant inter-district difference
in the prevalence of drug resistance, except for SM re-
sistance in new cases, which was significantly higher
in the Kinki district.

Table 5 shows the prevalence of resistance to each
drug according to underlying disease and conditions/
complications. There were no significant differences be-
tween patients with and those without complications.

Table 6 shows the comparison of resistance to each
drug between 1997 and 2002. Significant differences
were observed for initial drug resistance to INH and
acquired resistance (among previously treated cases)
against all drugs tested between 1997 and 2002.
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Table 3 Prevalence rates of anti-tuberculosis drug resistance, raw and adjusted for notified

cases by age group, sex and district

Any resistance Monoresistance
% (95%Cl) % (95%Cl)
New " TJreated New Treated
INH 0.2 N '
Raw 2.8 18.9 1.2 6.2
Adjusted 29(1.9-3.8) 18.8(13.5-24.4) 1.2(1.0-1.5) 6.3(3.6-8.9)
INH 1.0 ' :
Raw .2.0 12.7 0.8 3.6 .
Adjusted 2.0(1.1-2.8) 12.6 (6.4-19.0) 0.8 (0.5-1.0) 3.7(0.3-6.9
RMP .
Raw 1.0 11.0 0.2 ' 0.5
Adjusted 1.0(0.4-1.7) 10.7 (6.1-16.0) 0.2(0.0-0.4) . 0.4 (0.1-0.9)
SM ’ .
Raw ) 7.0 - 144 53 - 4.8
Adjusted 7.0(4.9-9.0) 14.4(7.2-21.6) 5.3(3.5-7.1) 4.8 (0.1-9.5)
EMB , ,
Raw 0.9 84 0.1 0.2
Adjusted 0.9(0.3-1.9) 8.0(3.5-13.3) 0.1(0.0-0.3) 0.2 (0.0-0.5)

Raw data were adjusted on the basis of the :prevalence data of bacteriologically identified TB cases in six districts in
- Japan (2002 official statistics from the Japanese Ministry of Health, Welfare and Labour).

Cl = confidence interval; INH =

DISCUSSION

The thirteenth anti-tuberculosis drug resistance sur-
vey (DRS) in Japan was performed by the Ryoken
Committee in 2002. The committee adopted the pro-
portion method for DST in its drug resistance survey
for the first time in 1997, anid this is the second such
survey to use the proportion method to observe the
trend in drug resistance during the past 5 years.6

Table 4 Prevalence of resistance to each drug according to

isoniazid; RMP = rifampicin; SM = streptomycin; EMB = ethambutol; TB = tuberculosis.

“The sampling or specimen collection strategy em-
ployed in this study was basically period-restricted,
with complete enumeration from those hospitals that
voluntéered to participate in the survey. This may have
resulted in a bias in the selection of participating hos-
pitals. However, including all the major TB institutions
of the country and the number of patients enrolled,
the sample represented 36.0% of the patient popula-

Table 5 Prevalence of any drug resistance cla55|f|ed by
underlying complications

INHO2INH1.0 RMP  SM  EMB

geographical distribution n % % % . % %
District n INHO.2INH1.0 RMP SM  EMB No complication 1518 ‘
- - New 1347 3.0 21 10 7.6 0.7
Hoﬁka'dO'TOhokU g‘; o5 17 oo 43 oa Treated 171 211 140 135 17.0 99
ew . . . . . . . .
: ’ Diabetes mellitus 497
Treated - 37 135 108 10.8 8.1 2.7 New 432 32 23 14 8.1 16
Kanto 1102 , Treated 65 138 92 108 108 7.7
New 959 2.3 1.8 1.4 79 04 Malignancy 199
Treated 143 196 126 126 154 9.8 New 164 24 18 12 43 06
Chubu-Hokuriku 455 Treated 35 200 143 86 17.1 86
New 399 30 15 0.3 5.0 0.8 : : : .
Treated 56 16.1‘ 12.5 3.6 7.1 36 INH = isoniazid; RMP = rifampicin; SM = streptomycin; EMB = ethambutol.
Kinki 651 ,
New © 539 39 32 17 95 17 o ‘ .
Treated 112 259 196 161 205 134 Table- 6 Comparison of drug resistance rates between 1997
Chugoku-Shikoku 238 and 2002
New 216 1.4 0.5 0.5 5.1 05
INH 0.2 RMP SM EMB
Trea_ted 22 136 45 45 227 0.0 % % % %
Kyushu 402 -
New 355 3.7 2.3 1.1 5.6 1.4 New cases
Treated ) 47 10.6 2.1* 6.4 6.4 ‘6.4 1997 4.4 1.4 7.5 0.4
P of x2 test for 2002 .28 10 7.0 0.9
homogeneity Previously treated cases
New 0.322 0.194 0.198 0.017 0.122 1997 330 216 24.2 15.2
Treated 0.214 0.051 0.135 0.055 0.090 2002 ' 18.9* 11.0* 14.4* 8.4*

* Difference significant compared with the mean for the whole population
(P < 0.05).

INH = isoniazid; RMP = rifampicin; SM = streptomycin, EMB = ethambutol.

* Significant differences were observed for primary drug resistance to INH and
acquired resistance to all drugs tested between 1997 and 2002 (P < 0.05).
INH = isoniazid; RMP = rifampicin; SM = streptomycin; EMB = ethambuto!.
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tion notified during the study period by a total of 99
participating hospitals covering all of Japan.2 The ad-
justment for the regions made no substantial change
in the estimates of the prevalence figures, which sug-
gests that the results obtained in this survey accu-
rately represent the actual prevalence of drug resis-
tance in Japan.

In this study, DST was performed by the proportion
method using 1% Ogawa medium. The critical con-
centration of each drug in the Ogawa medium is com-
parable to that in the conventional Léwenstein-Jensen
(LJ) method.!3'* The DST results using the Ogawa
method are comparable to those of the L] method in
annual DST controls performed by the supranational
reference laboratory network (internal data).

In the previous survey reported in 1997, the prev-
alence of drug resistance among new cases was: 4.4%
to INH, 1.4% to RMP, 7.5% to SM, 0.4% to EMB,
and 10.3% to all four drugs. In the present study, the
prevalence of any drug resistance in new cases showed
no significant change compared with the above 1997
survey results, except for INH.6 In new cases, only
INH showed a significant decrease between 1997 and
2002. EMB resistance increased during this period,
although with no statistical significance. It is well
known that the DST for EMB is unstable in its repro-
ducibility and might produce aberrant results.!S In
addition, the recent trend of short-term hospitalisa-
tions could have accelerated the use of EMB instead of
SM, and might have increased EMB resistance. Care-
ful surveillance should be maintained on this trend.

The prevalence of drug resistance in previously
treated cases was higher than that for new cases for
each drug alone as well as for all four drugs. How-
ever, the prevalence decreased significantly as com-
pared to the results of the 1997 survey.6 The preva-
lence of drug resistance in previously treated cases in
1997 was 33.0% to INH, 21.6% to RMP, 24.2% to
SM, 15.2% to EMB and 42.4% to any drug. In gen-
eral, irregular treatment, interruption of treatment,
default or any other reason were the major reasons
for acquired drug resistance, together with an im-
proper or inadequate drug regimen. '

As described, the introduction of the DOTS strat-
egy in Japan in 1996 increased the number of patients
who were treated with four drugs, including pyrazin-
amide. The proportion of patients treated with the
standard four-drug regimen in 2002 was 40.8%,
9.8% higher than in 1997.16 Kim et al. also reported
a remarkable decrease in drug-resistant TB in Korea
as a result of the introduction of standard short-course
chemotherapy.1” The introduction and expansion of
the DOTS strategy might be the first factor that influ-
enced the decreased prevalence of previously treated
cases'in Japan. The definition of ‘previously treated’
was slightly different between the 1997 and 2002 sur-
veys. The previous survey categorised those patients
who had had treatment for more than 2 weeks into

the ‘previously treated’ group. If the present data are
computed using the same definition of categories as in
the 1997 survey, the prevalence of any drug resistance
among previously treated cases drops by 1.7% and
does not increase.

It is possible that complications in patients, such as
diabetes mellitus or malignancy, result in immuno-
suppression which in turn affects drug resistance
through poor treatment results and higher risk of re-
lapse. However, there was no significant difference in
the prevalence of drug resistance between retreatment
patients with and without underlying disease or com-
plications. The contribution of any disease complica-
tion was also not clear in the previous study. Although
the number of patients with complications may be too
small to allow valid analyses of the effect of underlying
disease in relation to drug resistance, the above results

.would indicate that irregular and improper treatment

was a far more relevant factor than complications.
Age-wise analysis showed higher resistance to some
drugs in younger patients. It is clear that the majority
of TB disease in the elderly is caused by reactivation of
old infections that occurred in the pre-chemotherapy
era. In contrast, TB in the younger generation (ages
20-49 years) is the result of recent infection with ba-
cilli that originated in- patients treated with chemo-
therapy who had still retained some drug resistance.
Treatment regimens were also not well established and
there was no DOTS strategy. The data indicate that
DOTS and a strong treatment strategy are very impor-
tant in controlling the emergence of drug resistance..
The prevalence of MDR was 0.7% in new cases and
9.8% in previously treated cases. The World Health
Organization (WHO)/International Union Against Tu-
berculosis and Lung Disease global project reported
median values for MDR in new and previously treated
cases of 1.1% and 7.0%, respectively.’® The preva-
lence of new cases was slightly lower than the world
average, and it remains almost the same as that of
1997 (0.8%). However, the MDR prevalence among
previously treated cases was a little higher than the
world average, but has decreased dramatically from
19.7% in1997. A total of 17 extensively drug-resistant
(XDR) TB strains, according to the WHO definition
in 2006," were identified among these MDR cases.
XDR strains were identified in both new and previ-
ously treated patients. The prevalence of XDR among
combined cases was 0.5% (95%CI 0.3-0.8); it was
0.2% (5 cases, 95%CI 0-0.3) and 2.9% (12 cases,
95%CI 1.3-4.5) in new and retreatment cases, respec-
tively. The proportion of XDR among combined, new
and retreatment cases with MDR was 30.9% (95%CI
18.7-43.1), 31.3% (95%CI 8.5-54.0) and 30.8%
(95%CI 16.3-45.3), respectively. This high propor-
tion of XDR among previously treated MDR cases may
suggest that in Japan, MDR cases are very likely to
acquire further drug resistance for any reason, such as
inappropriate treatment by physicians, non-adherence
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by patients, and socio-economic difficulties. XDR is
also transmitted to others, as is demonstrated by the
high proportion of XDR in new MDR cases. The XDR
strains were distributed nationwide, albeit sporadi-
cally. This might imply that Japan’s treatment strat-
egy has improved, but that community TB control is
still insufficient. The National Tuberculosis Programme
is being revised in Japan to include further DOTS
expansion/strengthening and strict isolation of in-
fectious patients from the community. The next sur-
vey should demonstrate the trends of further efforts
in improvement.
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RESUME

OBJECTIF : Déterminer la prévalence de la résistance aux
médicaments antituberculeux au Japon. ’
SCHEMA: On a rassemblé au total 3122 souches de
M. tuberculosis provenant de patients différents qui
avaient été admis dans 99 hopitaux participants entre
juin et novembre 2002. La méthode des proportions a été
utilisée pour les tests de sensibilité a ’égard des quatre
médicaments antituberculeux de premiére ligne, en 'oc-
currence I'isoniazide (INH), la rifampicine (RMP), la
streptomycine (SM) et I'éthambutol (EMB).
RESULTATS: La répartition de n’importe quelle résis-
tance dans les nouveaux cas est la suivante: 2,8% a
’'INH ; 1,0% a la RMP ; 7% a la SM et 0,9% a 'EMB.
De la méme manicére, dans les cas traités antérieurement,

on a observé n’importe quelle résistance dans 18,9% des
souches pour P'INH ; 11,0% pour la RMP ; 14,4% pour
la SM et 8,4% pour "EMB. On a noté une différence sig-
nificative de prévalence de la résistance pour chacun des
médicaments entre les nouveaux cas et les cas traités
antérieurement. La prévalence de la résistance aux médi-
caments s’est avérée décroitre depuis 'enquéte de 1997,
sauf pour 'EMB.

coNcLusion : Cette étude démontre une diminution
nette de la prévalence des résistances initiale et acquise a
Pégard des médicaments antituberculeux principaux au
Japon entre 1997 et 2002, sauf pour la multirésistance.
Dans le contexte japonais, il y a lieu de poursuivre des ef-
forts pour la qualité du DOTS dans le contexte japonais.
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RESUMEN

OBJETIVO : Determinar la prevalencia de farmacorresis-
tencia a los medicamentos antituberculosos en el Japon.
METODOS : Se recogid un total de 3122 cepas de Myco-
bacterium tuberculosis provenientes de pacientes ingre-
sados a 99 hospitales participantes entre junio y noviem-
bre de 2002. Se utiliz6 el método de las proporciones
con el fin de determinar la sensibilidad a los cuatro me-
dicamentos antituberculosos de primera linea : isonia-
zida (INH), rifampicina (RMP), estreptomicina (SM) y
etambutol (EMB). '

RESULTADOS : La resistencia a alguno de los ‘medica-
mentos en los casos nuevos fue como sigue : 2,8% a INH ;
1,0% a RMP ; 7,0% a SM ; y 0,9% a EMB. La resis-
tencia a alguno de los medicamentos en los casos previa-
mente tratados fue de 18,9 % a INH ; 11,0% a RMP ;

14 ‘4% aSM;yde 8,4% a EMB. Se observo ﬁna diferen-
cia estadisticamente significativa en la prevalencia de re-
sistencia en los casos nuevos y los casos con tratamiento
previo para cada uno de los medicamentos. Se puso en
evidencia que la prevalencia de farmacorresistencia ha
disminuido desde el estudio de 1997, con excepcién de la
resistencia a EMB. ’

CONCLUSION : En el presente estudlo se demostré una
disminucién clara de la prevalencia de farmacorresisten-
cia inicial y adquirida a los principales medicamentos
antituberculosos en el Japon entre 1997 y 2002, con ex-
cepcion de la multidrogorresistencia. Es preciso incre-
mentar los esfuerzos por una estrategia de tratamiento
directamente observado de calidad en el contexto del

Japon.
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Table1 Description of samples from participating laboratories

: Registered samples(%)  Enrolled samples (%)

M. tuberculosis 3,127 (67.3) 3,127 (75.6)
MOTT* (19.3) - 899 (2L.7)
M. tuberculosis+MOTT (0.6) 26 (0.6)
Contamination (1.8) 82 (2.0
No strains received (1.8)

No growth 3.5

Sample duplicated (0.5)

Out-patient sample 0.3)

Out of period 4.8)

Total ' 4,647 4,134

* Mycobacterium Other Than Tuberculosis

S6MEER AN NBE & B L, 31 388k A Mycobacterium
Growth Indicator Tube: MGIT (A& X7 F 54 v & ¥
V) REALTW (22T - HBONIIFHR).
— 5 TRARBUT/NIRE b 988 14 (31.6%), MGIT 1,097
(35.1%), /PN E MGITDBEH D844 (27.0%) T
& >72, I MB/BacT (HAY A A1) a—) MRS
nTwrz,
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(12.6%) DHEREALFZHREELEBL TBY, 16K
(16.8%) B FA 7Y VRBREZEBL TV, 7Ha7
O—7 (BEME) BIXUDDHYA a7 7)) 7L
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BRI IC X 5% (Amplicor (HART ¥ 2) BI T
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26 W5k (27.4%) THRI SR TW s, BRI ORMH
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THRIIERME R E Td b, BARNICIE M. avium 2 ¥k,
M. intracellulare 2 ¥k, M. fortuitum, M.shimoide, M.terrae
F1HTHo:e TNHORZIMERERTW bR
TH*a7a—-7, AmplicorBXUFF¥ ¥ 7 TBTHo
720 FRARIEBVHET L ESBERBEORAER
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Table 2 Initial isolation methods in registered laboratories

Method No. of laboratory No. of sample
Ogawa medium 56 988
MGIT* 31 " 1,097
MB/BacT 6 39

. Bit medium 2 ' 14
Ogawa +MGIT 25 . 844
Ogawa+MB/BacT 2 31
Other combination 10 . 109

* Mycobacterium Growth Indicator Tube (auto or manual)

Table 3 Identification methods in participating laboratories

No. of No. of
Method laboratory sample
Biochemistry*+ others 12 34
Niacin®+ others 16 162
AccuProbec+others 20 - 742
Amplicor?+others 56 1,466
Capilia TB+others - 2 - 1,029
DDH<+ others 31 . 329
MTD{+others 7 57
Other combination 6 - 41 -
Total ’ 174 3,860

* Biochemical confirmation tests, * Niacin accumulation test,

¢ AccuProbe TB confirmation test, ? Amplicor Mycobacterium, .
¢ DDH mycobacteria Kyokuto , *Mycobacterium tuberculosis
direct test

SEOWRETE, (3L A LD (8o THRE
AV EARSURBRSEEI A TEY, WEOHMR
DVEBENIREATHATBEESER THo 2 25
EIBE, DRBRERR CORERRLOLENEST
» b, LAFE, INH, RFP, SM, EBONICHARR & thk
BRARRON SR LB L 22, FMliOM ik
RBARBZOERELA, TRIHLTRE, BR
B, —3E, kappa («) 8B, BWHELLTBETY
RRFMLIz. & TREELIE, RHREPEL (L
HWgT WA THY, BRELIBRICBRSIMRLIEL
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Table 4 Discrepant identifications between participating laboratories and the reference laboratory

Registered laboratory RIT . No. of strains
M. tuberculosis complex MOTT* 7
M. tuberculosis complex M. tuberculosis complex+MOTT 11

* Mycobacterium other than tuberculosis
RIT: Research Institute of Tuberculosis

Table 5 Methods used for drug susceptibility testing in participating laboratories

Method No. of laboratory ~ No. of sample (%) Sample/Lab
1% Ogawa (standard) 17 409 (13.1) 24.1
Welpack S 23 1,040 (33.3) 45.2
Bitspectre-SR 50 1,188 (38.1) 23.8
MGIT 4 264 (8.5) 66.0
BrothMIC MTB-I 4 100 (3.2) 25.0
Others +Unknown 4 303

Table 6 Drug-specific indicators of susceptibility testing performance by participating laboratories

121 (3.9)

Category INH0.2* INH 1.0° RFP SM EB
Sensitivity 0.845 0.859 0.903 0.740 0.772
Specificity © 0.987 0.994 0.997 0.994 0.973
Efficiency 0.980 0.989 0.995 0.974 0.969
False resistant rate 0.012 0.006 0.003 0.005 0.026
False susceptible rate 0.008 0.005 0.002 0.021 0.004
Kappa coefficient 0.798 0.835 0.894 0.806 0.470

The indicators were calculated on the drug susceptibility results by Research Institute of Tuberculosis

as judicial diagnosis. * Isoniazid 0.2 xg/m/ ,* Isoniazid 1.0 ug/m]

INH: isoniazid RFP: rifampicin SM: streptomycin EB: ethambuto]l ~

CBREUELHNETIHMETH S, —FEEWE - BTN
YR HRO-BORETH D, «IBIBMAER -
HRAEOMO—EE TS B BT B
LB IUBBRIHEIL, Fhehiio Titlk, BEHE
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Table 7 Susceptibility testing performance indicators of participating laboratories classified by

method and drug

Category INHO0.2 INH1.0 RFP SM EB

1% Ogawa standard (n=409)
Sensitivity 0.882 0.909 0.857 0.657 0.5
Specificity 0.987 0.992 - 099 0.995 0.98
Efficiency 0.983 0.99 0.988 0.966 0.973
False resistant 0.012 0.007 0.01- 0.005 0.022
False susceptible 0.005 0.002 0.002 0.029 0.007
Kappa coefficient 0.802 0.828 0.7 0.749 0.237

Welpack S (n=1,040)
Sensitivity 0.796 0.857 0.917 0.774 0.818
Specificity 0.992 0.996 0.998 0.994 0.985
Efficiency 0.983 0.991 0.996 0.976 0.982
False resistant 0.008 0.004 0.002 0.006 0.019
False susceptible 0.01 0.005 0.002 0.018 0.001
Kappa coefficient 0.803 0.865 0.915 0.826 0.545

Bitspectre-SR (n=1,180) .
Sensitivity 0.839 0.825 0.88 0.713 0.655
Specificity 0.984 0.994 1.0 0.997 0.963
Efficiency 0.976 0.988 0.997 0.975 0.955
False resistant 0.015 0.006 0 0.003 0.038
False susceptible 0.008 0.006 0.003 0.023 0.006
Kappa coefficient 0.775 0.819 0.935 0.804 0.377

MGIT (n=264)
Sensitivity 1.0 0.933 0.875 0917
Specificity 0.979 0.979 0.996 0.996
Efficiency 0.981 0.989 0.97 0.992
False resistant 0.019 0.008 0.019 0.008
False susceptible o 0.004 0.011 0
Kappa coefficient 0.888 0.897 0.823 0.905

Table 8 Classification of participating laboratories for major'methods by

efficiency of drug susceptibility results

No. of laboratories with efficiency (%) of

95= 90-95 80-90 80>

INH

Ogawa 10 0 1 0

Bitspectre-SR 38 5 1 2

Welpack S 18 4 0 0

MGIT 4 0 0. 0
RFP

Ogawa 0 1 0 0

Bitspectre-SR 4 0 2 0

Welpack S 22 0 0 0

MGIT 4 0 0 0

HMASNh: MGITS QWY A 7 AOFIHAE K,
HREANORAMENRBREOEEL Y, MERIENE
B R AREEOEE EENEL AORTWA, 1,
1974 R FAXOBIC b BROMIT B fTb N THB Y,
BEOZIFHE SIS 2RRTHSH ™,
BEREEZOVWTHAB Y, SEOAZTRHFRD
WRIZE D, BLE 3502 0REN MGITE OBERE

Bz TEES TV, BERERESMRERAER
BRI MR R L BRSO OFH 2 8
DTN, SEORE T ERBREOHERI B -
BB OBERICE b DThoz. THITLEDH3
S0 1 Ot (HER) CHASEERELERBL TS
Lice B, WD A TIE Table 1 ISR L720.6% D
B b IR RS BRSRE L Sh BT
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120.6% ILHBEEZHROZRFBD ORI, BRRT
BB LFEE SR, RTINS &
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Original Article

ANTI-TUBERCULOSIS DRUG RESISTANCE SURVEY IN JAPAN, 2002 :
EXTERNAL QUALITY ASSESSMENT OF RESULTS

Tuberculosis Research Committee (RYOKEN)

Abstract [Objective] A nationwide antj-tuberculosis drug
resistance survey for Mycobacterium tuberculosis was conduc-
ted by the Tuberculosis Research Committee (Ryoken) in
Japan, 2002, to clarify the recent trend of drug resistant M.
tuberculosis. The drug susceptibility testing (DST) results by
participating laboratories were compared with the test results
by the reference laboratory, in order to evaluate the quality of
DST by the participating laboratories.

[Method] Mycobacterium strains were collected from
patients who were admitted to the 99 participating hospitals
between June and November in 2002. For each isolate, DST
was performed at participating facilities and also at the refer-
ence laboratory (Research Institute of Tuberculosis: RIT) for
four first-line anti-tuberculosis drugs, i.e., isoniazid (INH),
rifampicin (RFP), streptomycin (SM) and ethambutol (EB).
Each participating laboratory performed the DST with its
routine method. The DST method for M. tuberculosis perform-
ed at the reference laboratory was the simplified proportion
method on the standard 1% Ogawa medium as described in
the national guidelines, and the results were regarded as the
judicial ones. The DST results of each isolate from the partici-
pating laboratories were compared with the judicial results
from the reference laboratory. The accuracy of DST done by
the participating laboratories was evaluated in terms of the
following indices; sensitivity for detecting drug resistant
strains, the specificity for susceptible strain, the overall agree-
ment, and kappa coefficient were calculated to evaluate the
performance of local laboratories.

[Results] A total of 3,122 M.tuberculosis strains were
obtained out of 4,134 mycobacterial strains collected from the
participating facilities. Fifty, 23 and 17 local laboratories
used Bitspectre-SR (Kyokuto pharmaceuticals), Welpack S
(Nichibi) and Ogawa media for DST, respectively. MGIT
(Becton Dickinson) and BrothMIC MTB-I (Kyokuto pharma-
ceuticals) were used in four laboratories each. The sensitivity,

specificity, efficiency and kappa coefficient for INH were
84.5%, 98.7%, 98.0%, and 0.798, respectively. Similarly for
RFP, they were 90.3%, 99.7%, 99.5%, and 0.894, respective-
ly. False susceptible results were frequently observed (2.1%)
for SM compared with false resistance (0.5%), whereas the
efficiency of SM was 97.4%. Similarly for EB, false resist-
ances were frequently observed (2.6%) compared with false
susceptibles (0.4 %), whereas the efficiency of EB was 96.9%.
The kappa coefficient for EB (0.470) was obviously lower
than the others. The DST results with Ogawa method at local
laboratories showed significantly lower sensitivity than those
with Welpack S and MGIT.

[Discussion] The DST methods used at local laboratories
were still mainly microtitre methods with egg-based solid
media, but the number of laboratories using liquid DST
methods increased in 2002 compared to 1997. The overall
specificity and efficiency of DST for each anti-tuberculosis
drug was over 95%, but the sensitivity was below 90.3%.
Because of the frequency of drug resistance (up to 7.9% for
SM in 2002), the efficiency and specificity may not be useful
indicators for the quality assessment. The kappa coefficient
for the agreement between local and reference laboratories’
DST was clearly low in the case of EB, except for the labo-
ratories using MGIT where kappa coefficient was higher
than 0.8. The quality improvement of DST for EB could be
achieved through the standardisation and automatisation.

Key words: Ryoken, Tuberculosis, Drug susceptibility test-
ing, Extemnal quality assessment
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Mycobacterium Reference Centre, Research Institute of
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L, HEDA—BUC L 2R OHFEF I L7,

(4) RO

AR & U"MGIT ASTIZ & 2 B RETOEH
BREWHERIIOVT, NMIFEEEEEE L LT MGIT
ASTORE, HRERE, —HEBLIV «BEREEHE L
RREE L, NERE TR LW Ltk IE L Wit
LHETAHETHD, FRELIIPMNEEETREH
CHELHREELSBREREHET2HE% KT, —
BE LIRS - WHEE2 b2 TOHE—KOH
ETH2, c BHINED-BROBEZRTEEN—D
ThY, BRO—FLEIIHERI—BLTCwah I »
RPHETLDIEHTH %, LandisHI2EHE 0= <
02 T(BED—I, 02< «S043BED—F, 04
<k 206 EFEFED—FK, 0.6< x Z08XBHEDN—I,
08< k RIZITEEL—FHE 359, 2B, INHORHE:
BEHOHEICOVTIE, MIHEHEETIZ02 yg/miT
DHFE %, MGIT ASTOHEI20.1 pg/ml TOHE % 3%
#E L7,

& g

(1) /MINE#EREIC X & INH R R R

BREMKE L LI2AEDOD b, BRICOWTIRREE
RERDLOBAL, BREMIZ1I00KIIH T 2R E L
o e MNIERER02 pg/mi KBE) 12X 2RETIE,
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Table Comparative drug susceptibility results of Ogawa and MGIT 960

Methods Concentration

Results

(pg/ml)
Osawa 0.2 R R s R R S S
g 1.0 R S s R s S S
0.1 R R R R R R S
MGIT960 0.4 R R R s s s s
No. of strains 46 1 1 1 7 29 1014

R: Resistant, S: Susceptible

1,044 ¥k (94.1%) RS, 65HRI T (5.9%) TdhH -
oo 72, 02 ugmITHETH o 7265KD S b, 478
(72.3%) #%1.0 ug/ml (HRE) TOWETH o7

(2) MGIT ASTIZ & 5 INHRZHRELE R

MIGT AST 0.1 pg/mi GEE ) 22V Tk, 958 (86

%) DI, 1,014%k (91.4%) PREEBVTH o7z /o, .

95 Bk 588k (61.1%) 2%0.4 pg/ml (RIBE) IZoWTH
it & HE SR, :

(3) /DIEREE:FHEHEEL |- MGIT ASTOME

MGIT ASTIZ & % Btk R & /NI BR M & BT
, TableD & H % o7, INHHHEHRIBEICEL T,
NERE - MGIT AST & b ICTiftE & & o 72D id 654k
(59%) THY, HICRIUEL Lo7-DiT1,014% (914
%) TdH o720 1,109 304k (2.7%) #° MGIT AST i1 -
INBREHRTH o7z FHHEEREICDOWT, MGIT ASTE
W NN E o REBOD SN L h o 70 /MHE
HEEE A 5 MGIT AST O R JE i 100% (65/65), H§#
BE1397.1% (1,014/1,044) L %Y, —FFEiX97.3% (1,079/
1,109) THolzo «EHIT0798 & B o572,

(4) MGIT ASTHE - /MIEREBEREH L HEI N
FEBIDEERAE -

MGIT ASTH % - /MITREM L % 5723050 S B,
19BICOVWTREDBKERIELNL, BEIEIEH
11%, 8% T, EEhis3.5+£225 (30~87) Tho
770 9ZDI L6 BAFFETEL TV, BELTW
DIFTRTNEIL (72~80) ThHY, 6 %P5 BIXHE
WEEHYS 3 HAUAQI~87TH) IKBCL TSI %,
HhELNNERET) 77 LY (RFP) BL T
Iy 7 b= (EB) ICWEOEEREIFELE T, W
DOEFWEIHXEICEBERRLZVEZERZLONLEMNT
Holz,

ERPICHEERIHER STV AEMI IBITH-
7o 6BITIHBMER G2, EERECETIHT
INH % iR kst L TR L T 209 H 24
(X INH, REP, EBBX ¥ S5 Y+ 3 F (PZA) 12X 5 6
h AR A EHLTH Y, 2 BISEERES 3 4 A
HEL9ARAERL TV D, 721 FlIMIFHEZ 9 A

BB L, 1H1IINH, RFP, EBO 3K HEETISH
B®BEL TV, 18EZBRVT, Wil biE#E#EZ191~
753 HIE (CE3516 H) BBEEShTWEH, —fbH
REBHLR TRV, —F, INHZ#&RS L6, #H
ollma—F/u H 2B ES L TSR3 H)
Holzh, THIZoWTH348~1,005 AR (FHs571 H)
OEBBBICTHREZRD TRV,

ABIDEESIDD L, 2MFEEETOIHERIILVE
WMESNTWED, | HIRRETHATH S, 1 flIkRE
KETEEO-OET LTV,

% &

EHHEANBRTHRELERT S ) A THAERE
Fo - BREERREIAEEDOATERTSH 59 K
TOMGITY AT LAOFHIRIELARLTEH, 2002 FE
DOFFH— XA T 2 ATIEM9MEEP 31 Hiak o 5B
BRI MGIT % S5 LT 721 SREEERI B MR A 12
MGITAST# AL TW D4/ T E b o7
A, 20050 AFAKBRERINBRBERETERTZRSR
12 & 5 BHIRZHERAS IR ST T 12 S 66 Mk
10EEEHS MGIT AST 2 L T b2, #AfihEHRE
HREEL LTHEFIo0Hb L Bbhb,

INH O EHBEZHREICBNT, 1%/MIEBIZE S
B MGIT ASTIC L 2B HEL DT, 12.6% X4
—HBRDOLRE ZLPETERE,POBESATY
56, FERHOWEREOA—BIL2005FE0 HASERFERT
ORI S IMESINTEHD, THhHIE MGIT AST
THRICINHRME L HIE S h, BEDIEEE (o0
ANNIEHIZ X A BE) K TRZELHESIRIZEW
IRBTHB, TOREBROFR—FITOWT, BEHEL
DS SBRTIVENHDIbDEEZ LRI

2002 4F BE XS EERT SE 1 i & ORBD) (0 X 5 [HEHE
D ABEREARZHLERE] KBV TEE L K S
NERBEICOWT, BFERMRARROFT X7
3 2 T1,109423 LT MGIT AST B & U/NIHREHEEEIZ
L ARBRIToE 2 A, MNEREEEZERLE LIGE,
MGIT AST DEHRE R IL 100%, HREILI7.1%, —
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