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Resistance of Mycobacterium tuberculosis to four first-line
anti-tuberculosis drugs in Japan, 1997

C. Abe, K. Hirano, M. Wada, T. Aoyagi

Tuberculosis Research Committee (Ryohken), Japan

SUMMARY

SETTING: Five years after the last survey of drug-resistant
tuberculosis in Japan, a nationwide survey was con-
ducted by the Tuberculosis Research Committee.
OBJECTIVE: To determine the prevalence of and risk
factors for resistance to four first-line anti-tuberculosis
drugs.

DESIGN: Cultures were obtained from patients hospital-
ized at 78 hospitals in different districts of Japan through-
out a 6-month period, 1 June-30 November 1997, Drug
susceptibility testing was carried out at the Research
Institute of Tuberculosis, Tokyo, one of the suprana-
tional reference laboratories of the WHO/IUATLD glo-
bal project.

RESULTS AND CONCLUSION: Among patients with no
prior treatment, resistance to any of the four drugs was
found in 10.3%, and the prevalence of primary multi-

drug resistance (MDR) was 0.8%. The prevalence of
acquired resistance was 42.4% for any of the four drngs
and 19.7% for MDR, indicating a high prevalence rate
compared with those reported in the WHO/IUATLD
global project. About 73% of resistant isolates from new
cases were resistant to one drug, while 64.3% of resis-
tant isolates from the re-treatment cases were resistant
to two or more drugs (P < 0.0001). No significant dif-
ferences in resistance rates by sex, age group, nationality,
district, and/or accompanying diseases were observed in
any of the new or re-treatment cases. Other factors asso-
ciated with the high prevalence in re-treatment cases
remain to be determined.

KEY WORDS: tuberculosis; drug resistance; nationwide
survey; Japan

THE HUMAN immunodeficiency virus (HIV) epi-
demic and migration have continued to contribute to
the increase in tuberculosis incidence in Europe'? and
other parts of the world.>* Tuberculosis control is
threatened by the emergence of multidrug-resistant
{MDR) strains {defined as resistance to at least isoniazid
and rifampin).5’ Drug-resistant tuberculosis is thought
to accur either through spread of drug-resistant organ-
1sms (primary drug resistance), or through the devel-
opment of drug resistance during treatment by a
strain that was originally drug-sensitive {acquired
drug resistance). The latter process is believed to be a
result of drug-resistant mutants of the original strain
which are a consequence of inadequate treatment.’.?

In 1994, the World Health Organization (WHQO)
and the International Union against Tuberculosis and
Lung Disease (IUATLD) launched a global project on
anti-tuberculosis drug resistance surveillance. The
results of the first 4 years (1994-1997) of the project
were reported in 1998.10.11 This survey showed that
resistance to anti-tuberculosis drugs was found in all
35 countries surveyed, suggesting that it is a global
problem. The report also showed that there were sev-
eral hot spots around the world where MDR-TB

prevalence was particularly high and could possibly
threaten control programs,

The Tuberculosis Research Committee of Japan
{Ryohken) has conducted nationwide surveys for drug-
resistant tuberculosis at 2- or 5-yearly intervals since
1957.12-16 The prevalence of primary resistance to any
of the four first-line drugs remained unchanged at
around 5% for 15 vears, including the last survey,
while the prevalence of acquired drug resistance de-
creased gradually, falling to less than 30% in 1992, As
a serious new phenomenon, including an increase in
tuberculosis among aged and foreign-born popula-
tions and an increase of cases with positive smears had
begun to appear, and 5 vears had passed since the last
survey, successive surveys of Mycobacterium tubercu-
losis isolates to measure drug resistance in Japan were
conducted by Ryohken during the second half of 1997.
The results of this survey are reported.

MATERIALS AND METHODS

Cooperating institutions

Ryohken 1s composed of approximately 100 medical
institutions, including national sanatoria, prefectural
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hospitals and university hospitals distributed through-
out the country. A total of 78 hospitals participated in
the cooperative study conducted by Ryohken in 1997.
Participating institutions and investigators are listed
in the Appendix.

M. tuberculosis isolates

Cultures were obtained from all tuberculosis patients
hospitalized between 1 June and 30 November 1997.
Each collaborating laboratory sent all mycobacterial
isolates from these patients together with personal in-
formation, including history of tuberculosis treatment,
to the Research Institute of Tuberculosis (RIT), Japan
Anti-Tuberculosis Association (JATA), Tokyo, which
is a Supranational Reference Laboratory included in
the WHO/MUATLD Global Project on Anti-tuberculosis
Drug Resistance Surveillance.!! Mycobacterial iso-
lates were immediately cultured in Middlebrook 7H9
liquid medium to check for contamination of other
organisms, and stored at —30°C until use.

Identification of mycobacterial isolates

All isolates were differentiated and identified by an
RNA-DNA hybridization assay using commercial
kits for culture confirmation and identification of spe-
cies belonging to the M. tuberculosis complex and
M. avium complex (Gen-Probe, San Diego, CA}, by
immunochromatographic assay using anti-MPBé64
monoclonal antibodies,!” and by conventional bio-
logical and biochemical tests.

Drug susceptibility testing

The proportion method was employed for drug sus-
ceptibility testing using 1% Ogawa egg slant,!® which
is similar to Lowenstein-Jensen (L-J) medium in for-
mula. Cultures were tested for susceptibility to four
major anti-tuberculosis drugs, isoniazid, rifampin,
streptomycin and ethambutol. To prepare the inocu-
lum, organisms were grown in a Middlebrook 7H9
liquid medium at 37°C until optical density (OD}) at
540 nm reached abourt 0.1, which corresponds to
McFarland No. 0.5. 100 pl of 1:100 dilution of the
bacterial cultures were inoculated onto drug-containing

media. Two dilutions, 1:100 and 1:10 000, were inoc-
ulated onto drug-free media. They were incubated at
37°C. A preliminary reading was made at 3 weeks,
and a final reading was made at 4 weeks. The results
were expressed as a colony growth of at least 1% at
the following critical concentrations: 0.2 wg/ml for
isoniazid, 40 pg/ml for rifampin, 10 pg/ml for strep-
tomycin, and 2.5 pg/ml for ethambutol. In another
experiment using clinical isolates,!% it was confirmed
that 4 pg/ml of streptomycin and 2 pg/ml of etham-
butol on L-] medium are concentrations comparable
to respectively 10 wg/ml and 2.5 pg/ml on Ogawa
egg medium,

Statistical analysis

Analysis and significance testing were performed by
Fisher’s two-by-two x? analysis.

RESULTS

The RIT received a total of 2167 cultures from 78 col-
laborating hospitals where patients were hospitalized
between 1 June and 30 November 1997 (Tables 1 and
2). These did not include multiple isolates from any
single patient. A total of 523 cultures could not be
used due to growth of mycobacteria other than tuber-
cle bacilli (MOTT, 453 strains), mixed cultures of
M. tuberculosis and MOTT (16 strains), and contam-
ination or non viability {54 strains). Thus drug sus-
ceptibility test results were available for 1644 cul-
tures, including 47 from foreign-born people. These
were composed of 1374 cultures obtained from newly
diagnosed, previously untreated patients, 264 cul-
tures from patients who had received at least 2 weeks
of prior anti-tuberculosis drug treatment, and six cul-
tures from patients with an unknown treatment his-
tory. The definition of tuberculosis history (primary
or acquired) was based on a history of prior treat-
ment obtained by patient interview.

From 1 June to 30 November 1997, a total of
22 628 tuberculosis cases were registered in Japan,
of which 10214 (45.1%) were positive for acid-fast
bacilli smear only, culture only or both, as shown in

Table 1 Notified tuberculosis cases and survey targets by district, second half of 1997*

Bacteria

itivet cases Survey target* cases

Notified posTiv y a9
Population cases! N Yo n % Y%
Districts (<1 000) {A) Incidence (B) (B/A) Q) (C/A} (C/B)
Hokkaido 5701 774 27.2 269 (34.8) 74 (9.6) (27.5)
Tohoku 9844 135 274 541 (40.0) 51 (3.8) {9.4)
Kanto 39840 6089 306 3096 (50.8) 515 (8.5) (16.6)
Tokai-Hokuriku 21538 3382 31.4 1552 (45.9) 358 {10.6) (23.1)
Kinki 22555 6263 555 2590 41.4) 237 (3.8} (9.2)
Chugoku-Shikaku 11945 2122 35.5 309 (42.8) 179 (8.4} (19.7)
Kyushu 14742 2647 359 1257 (47.5) 230 8.7) {(18.3)
Total 126166 22628 359 10214 (45.1) 1644 (7.3) (1e.1)

* The survey duration was 6 months, 1 June-30 November 1957

t Notified and bacteria-positive cases represented the number of patients registered during the study period
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