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Tasre 1: Characteristics of subjects.

Cases with active TB Cases without active TB Total
Nationality (Japanese/Thai) 8/1 95/3 103/4
Gender (Male/Female) 8/1 91/7 99/8
Mean age (range) 53 (39-65) 45 (23-75) 46 (23-75)
Mean and SD of CD4" T cell count (range)/uL 105 + 90 (9-270) 226 + 221 (4-934) 214 + 215 (4-934)
No. of patients treated with ART 4 44 48 (one interrupted)
TB already treated 0 2
Healed TB on chest X-ray 0 2 2
M. kansasii disease 0 1
N 9 98 107

not return after 48 hours to have their TST read. Thus,
the TST was placed for only 26 (24%) and the final results
obtained for 23 (21.5%). All subjects with a TST result were
Japanese and had been vaccinated with BCG. Of them, 6
had active TB. The TST was positive in 7/23 (30%) patients
and negative in 16/23 (70%) (Table 2). The TST positive rate
was 4/12 (33%) for those with CD4™ T cell count <200/uL,
compared with 3/11 (27%) for those with CD4" T cell count
more than 200/uL (difference nonsignificant, P for Fisher’s
exact test = 1.00).

Six of the 9 HIV-infected patients with active TB had a
TST result, and 3 (50%) were positive. One of these TST
positive patients had CD4* T cell count less than 50/uL. Of
the 17 subjects without TB and with a TST result, 4 were
positive, equating to a specificity of 76% (=13/17).

3.3. Relationship between CD4" T Cell Count, Presence of
Active TB, and QFT-G Results. QFT-G results were available
for all of the 107 HIV-infected subjects, and of them 6 (6%)
were positive, 92 (86%) negative, and 9 (8%) indeterminate
(Table 3). Indeterminate results were significantly associated
with very low CD4*T cell count, with frequency of indeter-
minate tests being 25% (8/32) in those with CD4* T cell
count less than 50/uL, compared with 1% (1/75) in those
with CD4* T cell count greater than 50/uL (Fisher’s P <
.0001).

For the 9 patients with active TB, 5 (56%) were positive
by QFT-G and 1 (11%) indeterminate. There were 3 TB
patients with CD4* T cell count less than 50/uL, and QFT-
G was negative for two and indeterminate for the other. In
contrast, all 5 HIV-TB patients with a CD4" T cell count
between 50/uL and 199/uL were QFT-G positive, and the
one patient with a CD4* T cell count between 200/uL and
499/uL was negative but the response value was near the
cutoff. Of the 98 HIV positive subjects without active TB, one
was positive by QFT-G.

If limiting analysis to those HIV patients with a CD4" T
cell count more than 50/yL, the sensitivity of QFT-G for TB
infection as seen in TB patients as surrogates of the infected
was 83% (5/6), and specificity was 99% (68/69). QFT-G
was negative in the two subjects with chest X-ray evidence
compatible with old TB and positive in the patient with M.
kansasii infection.
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FicURE 1: Box plot of the interferon-gamma response to mitogen
according to the CD4* T cell count level. * indicates an outlier.

As for ART status, QFT-G was positive in 3 of 5 active
TB patients with ART and 2 of 4 cases without ART. In one
patient who developed TB within one month after starting
ART, QFT-G was positive.

3.4. Relationship between CD4% T Cell Count and Positive
Control Level in QFT-G. As the QFT-G indeterminate rate
was high for HIV patients with CD4" T cell count less than
50/uL as seen above, we analyzed the relationship between
CD4* T cell count and level of responses to the test’s positive
control (stimulation with mitogen) for a total of 95 patients -
excluding those with TB (n = 9) or M. kansasii disease
(n = 1) and those with negative control response being
higher than positive control response (n = 2). As shown
in Figure 1 and Table 4, there is a continuous rise in the
response level along with the cell count from less than 50/uL
up to over 500/uL with statistical significance (Kruskal-Wallis
test, P = .0001). There is no significant difference in the
level of response between HIV-infected patients with CD4*
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TaBLE 2: Relationship between TST results and CD4* T cell count.
CD4" T cell count/uL Presence of active TB disease ™ TST positive TST negative
= 0, * 0 *
<200 [<50] Y(n==6) 3 (50%) [l]>|< 3 (50%) [2]*
N (n = 6) 1 (17%) [0] 5 (83%)[3]
=200 Y (n=0) 0 0
N (n=11) 3(27%) 8 (73%)
Y: present, N: absent.
(%): percentage of Y or N number in each CD4 category.
*[ ] indicates the number of those with CD4" T cells less than 50.
TaBLE 3: Relationship between QFT-G results and CD4" T cell count.
Category by CD4* T cell count/uL. Active TB ‘ R?s‘ults of QFT-G . o
Negative Doubtful positive Positive Indeterminate
= 9 9
<50 (n=32) Y (n=3) 2 (67%) 0 0 1 (33%)
N (n = 29) 22 (76%) 0 0 7 (24%)
= 0,
50-199 (n = 29) Y (n=5) 0 0 5 (100%) 0
N (n = 24) 23 (96%) 0 1(4%)a 0
== 0,
200-499 (1 = 35) Y(n=1) 0 1 (10%) 0 0
N (n = 34) 32 (94%) 1 (3%) 0 1(3%)
=500 (n =11) N (n=11) 11(100%) 0 0 0
Total Y(n=29) 2 (22%) 1(11%) 5 (56%) 1(11%)
N (n = 98) 88 (90%) 1(1%) 1 (1%) 8 (8%)

Y: present, N: absent, and a: M. kansasii disease.
(%): percentage of Y or N number in each CD4 category.

*Indeterminate results were significantly associated with CD4*T cell count less than 50/ul, compared with CD4* T cell count greater than 50/uL (Fisher’s

P <.0001).

T cell count greater than 500/uL and healthy control subjects
(Table 4).

4. Discussion

Although the TST has been used as a diagnostic tool for
TB infection for many decades, the specificity of the TST
is known to be low in not only HIV-infected individuals
but also in the general population of Japan where BCG
vaccination is widely carried out. Moreover, TST requires
two visits of health care providers for administration and
measurement of a test with 48-hour time interval. This is a
significant barrier for the cooperation of the patients. In fact,
only 21.5% of the enrolled patients in our study underwent
a TST in the clinical setting of this study, and the number of
cases with TST was not enough for thorough evaluation of
TST results.

The QFT-G was approved in 2005 in Japan, but there
remain several issues to be addressed, such as applicability
of QFT-G for children or for immunocompromised popula-
tions such as HIV infected individuals [15]. Several reports
have been published on QFT-G’s performance in the HIV
infected [10-12], but the present study is the first report
which evaluates the QFT-G performance in a large number of
HIV-infected individuals in Japan, one of TB middle-burden
countries. The data suggest that QFT-G has high sensitivity
for TB infection in HIV coinfected patients who have CD4*
T cell count > 50/uL, but based on a very small sample size of

active TB cases, the test had poor sensitivity in patients with
very low CD4* T cell count (<50/uL).

As would be expected for QFT-G, the test was highly
specific in the HIV cohort without active TB, with only one
of the 69 non-TB patients being QFT-G positive. The one
person who was QFT-G positive had M. kansasii infection.
This is an expected result as M. kansasii is one of the few
NTM that carry the RD1 gene which encodes the ESAT-6 and
CFP-10 proteins used in QFT-G [16]. In contrast, the TST
had a poor specificity of 76% (13/17) in the HIV-positive
subjects tested, likely due to the effects of BCG vaccination
and revaccination in the Japanese population.

Previous studies of QFT-G indeterminate rates for HIV
infected reported that their frequency increased with CD4*
T cell count less than 100 or 200/uL [17-20]. Similarly, we
found a significant evidence for an increased indeterminate
rate in the group of patients with CD4* T cell count less
than 50/uL, although the number of each group was not
so large. At the same time we found that there is a clear
proportional relationship between T cell count and the
level of IFN-gamma response in those with cell count less
than 500/uL. This implies that HIV-infected patients with
T cell count above 50/uL (and less than 500/uL) have also
impaired IFN-gamma response more or less although their
QFT-G test results are not “indeterminate” The differences
between studies could be due to the relatively small sample
sizes, so that cases with slight decrease of response in those
with intermediate cell count group could be not judged as
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TaBLE 4: Interferon-gamma responses for mitogen according to CD4" T cell count category in HIV-infected patients without active TB

disease and healthy controls.

<49/uL 50-199/uL 200-499/uL >500/uL Healthy controls
Number 27 a 22 35 11 29
Mean 7.48 13.50 16.08 20.40 19.27
S.D. 7.03 5.60 5.17 3.20 5.06
Median 5.55 15.51 16.91 20.21 20.03
Maximum 22.93 20.51 23.19 25.18 26.31
Minimum 0.14 0.67 0.25 15.56 5.12

S.D.: standard deviation.

a. 2 of 29 cases were omitted because negative control value was higher than response to mitogen.

“indeterminate” by chance in a small size of observations.
Therefore, care should be taken when we interpret the
negative QFT-G test results of such subjects, as is the case
with the TST. Of course, in such severely immunosuppressed
individuals as with CD4% T cell count less than 50/uL,
no immunologically based test should be considered as
definitive and reliable, and clinicians should use all available
information in evaluating MTB infection status.

Comparison of the performance of QFT-G and TST in
diagnosing MTB infection in HIV positive patients was very
limited in our study by the small number of patients for
whom TST results were available. QFT-G appeared to have
at least as good sensitivity as the TST and significantly better
specificity, but the number of subjects was insufficient to
make definitive conclusions. Of interest was the very low
number of subjects for whom TST results were available
(23/107). For most people who were not tested by TST, this
was due to the requirement to return 48 hours later to have
the test read. This highlights a significant benefit of QFT-
G—the fact that only one visit to the clinician is required to
obtain a result.

There were some limitations in our study. We used
the liquid antigen version of the QFT-G test, which has
been replaced by the In-Tube version of the test (QFT-
GIT) in most countries worldwide. This makes comparisons
of our results with those from other studies difficult as
most other studies have used QFT-GIT. Since Harada et
al. have shown that QFT-GIT has higher sensitivity than
QFT-G with the same high specificity [21], it could be
expected that the better performance would be obtained
than that obtained in this study. The relatively small number
of patients with confirmed active TB limited any detailed
analysis of sensitivity and the small number of patients for
whom TST results were available limited comparison of test
performance.

5, Conclusion

In HIV-infected individuals, sensitivity and specificity of
the TST for the diagnosis of TB infection were poor under
the influence of BCG vaccination. In contrast, our data
suggested that QFT-G had high sensitivity and specificity in
HIV-infected populations with CD4* T cell count greater
than 50/uL. However, neither test performed well in HIV-
positive patients with CD4* T cell count less than 50/uL.

Therefore, care should be taken when interpreting negative
or indeterminate QFT-G results in HIV-infected patients
with CD4* T cell count less than 50/uL. Further studies
in HIV-infected people are required to accumulate more
QFT-G performance data in active TB patients in developed
countries.

Conflict of Interest

We declare that the authors have no conflict of interest.

Acknowledgments

This study was supported by the project research fund of
Tokyo Metropolitan Hospitals Group (2006-2007) and the
Research Project of Emerging and Re-emerging Diseases
(Principal Investigator: S. Kato), funded by Ministry of
Health, Labor and Welfare, Japan.

References

[1] CDC, “Prevention and treatment of tuberculosis among
patients infected with human immunodeficiency virus: prin-
ciples of therapy and revised recommendations. Centers for
Disease Control and Prevention,” MMWR. Recommendations
and Reports, vol. 47, no. RR-20, pp. 1-58, 1998.

[2] H. Yoshikura, “HIV transmission webs: HIV infection trends
in Japan in 1989-2004,” Japanese Journal of Infectious Diseases,
vol. 58, no. 6, pp. S19-521, 2005.

[3] CDC, “Targeted tuberculin testing and treatment of latent
tuberculosis infection. American Thoracic Society.,” MMWR,
Recommendations and Reports, vol. 49, no. RR-6, pp. 1-51,
2000.

[4] T. Mori, T. Yoshiyama, K. Nakata, A. Fujita, and H.. Nagai,
“Preventive chemotherapy,” in AIDS- Associated Tuberculosis—
Clinical Features and Countermeasures, T. Kimura and T. Mori,
Eds., pp. 127-134, JATA, Tokyo, Japan, 2003 (Japanese).

[5] R.E.Huebner, M. F. Schein, and J. B. Bass Jr., “The tuberculin
skin test,” Clinical Infectious Diseases, vol. 17, no. 6, pp. 968~
975, 1993.

[6] P. Andersen, M. E. Munk, J. M. Pollock, and T. M. Doherty,
“Specific immune-based diagnosis of tuberculosis,” Lancet,
vol. 356, no. 9235, pp. 1099-1104, 2000.

[7] G. H. Mazurek, J. Jereb, P. Lobue, M. E Iademarco,
B. Metchock, and A. Vernon, “Guidelines for using the
QuantiFERON-TB Gold test for detecting Mycobacterium

—163—



(8]

(9]

(10]

[11]

(12]

(17]

tuberculosis infection, United States,” MMWR. Recommenda-
tions and Reports, vol. 54, no. RR-15, pp. 49-55, 2005.
Prevention Committee and Japanese Society of Tuberculosis,
“Guidelines for the use of QuantiFERON®TB-2G,” Kekkaku,
vol. 81, no. 5, pp. 393-397, 2006 (Japanese).

J. E. Kaplan, C. Benson, K. H. Holmes, J. T. Brooks, A. Pau,
and H. Masur, “Guidelines for prevention and treatment of
opportunistic infections in HIV-infected adults and adoles-
cents: recommendations from CDC, the National Institutes of
Health, and the HIV Medicine Association of the Infectious
Diseases Society of America,” MMWR. Recommendations and
Reports, vol. 58, no. RR-4, pp. 1-207, 2009.

M. Bocchino, B. Bellofiore, A. Matarese, D. Galati, and A.
Sanduzzi, “IFN-y release assays in tuberculosis management
in selected high-risk populations,” Expert Review of Molecular
Diagnostics, vol. 9, no. 2, pp. 165-177, 2009.

T. Mori, “Usefulness of interferon-gamma release assays for
diagnosing TB infection and problems with these assays,”
Journal of Infection and Chemotherapy, vol. 15, no. 3, pp. 143—
155, 2009.

H. Nagai, Y. Kawabe, H. Ariga et al., “Usefulness of a whole
blood interferon gamma assay (QuantiFERON-TB-2G) for
detecting tuberculosis infection in HIV-infected persons,”
Kekkaku, vol. 82, no. 8, pp. 635640, 2007 (Japanese).

M. Maeda, N. Asami, and T. Murohashi, “Further studies on
the potency of purified protein derivatives of tuberculin (PPD-
$). Ist Report: comparison of the potency of three preparations
of PPD,” Kekkaku, vol. 35, pp. 563-566, 1960 (Japanese).

N. Harada, K. Higuchi, Y. Sekiya, J. Rothel, T. Kitoh, and
T. Mori, “Basic characteristics of a novel diagnostic method
(QuantiFERON®TB-2G) of latent tuberculosis infection with
a use of Mycobacterium tuberculosis-specific antigens, ESAT-
6 and CFP-10,” Kekkaku, vol. 79, no. 12, pp. 725-735, 2004
(Japanese).

M. Pai, K. Dheda, J. Cunningham, E. Scano, and R. O’Brien,
“T-cell assays for the diagnosis of latent tuberculosis infection:
moving the research agenda forward,” Lancet Infectious Dis-
eases, vol. 7, no. 6, pp. 428-438, 2007.

M. Harboe, T. Oettinger, H. G. Wiker, 1. Rosenkrands, and
P. Andersen, “Evidence for occurrence of the ESAT-6 protein
in Mycobacterium tuberculosis and virulent Mycobacterium
bovis and for its absence in Mycobacterium bovis BCG,”
Infection and Immunity, vol. 64, no. 1, pp. 16-22, 1996.

L Brock, M. Ruhwald, B. Lundgren, H. Westh, L. R. Mathiesen,
and P. Ravn, “Latent tuberculosis in HIV positive, diagnosed
by the M. tuberculosis specific interferon-y test” Respiratory
Research, vol. 7, article no. 56, 2006.

A. E Luetkemeyer, E. D. Charlebois, L. L. Flores et al.,
“Comparison of an interferon-y release assay with tuberculin
skin testing in HIV-infected individuals,” American Journal of
Respiratory and Critical Care Medicine, vol. 175, no. 7, pp. 737~
742, 2007.

M. C. Aichelburg, A. Rieger, F. Breitenecker et al., “Detection
and prediction of active tuberculosis disease by a whole-blood
interferon-y release assay in HIV-l-infected individuals,” Clin-
ical Infectious Diseases, vol. 48, no. 7, pp. 954-962, 2009.

N.J. Talati, U. Seybold, B. Humphrey et al., “Poor concordance
between interferon-y release assays and tuberculin skin tests in
diagnosis of latent tuberculosis infection among HIV-infected
individuals,” BMC Infectious Diseases, vol. 9, article 15, 2009.
N. Harada, K. Higuchi, T. Yoshiyama et al., “Comparison of
the sensitivity and specificity of two whole blood interferon-
gamma assays for M. tuberculosis infection,” Journal of Infec-
tion, vol. 56, no. 5, pp. 348-353, 2008.

—164—

Clinical and Developmental Immunology



Comprehensive Multicenter Evaluation of a New Line Probe Assay Kit
for Identification of Mycobacterium Species and Detection of
Drug-Resistant Mycobacterium tuberculosis
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We evaluated a new line probe assay (LiPA) kit to identify Mycobacterium species and to detect mutations related to drug resis-
tance in Mycobacterium tuberculosis. A total of 554 clinical isolates of Mycobacterium tuberculosis (n = 316), Mycobacterium
avium (n = 71), Mycobacterium intracellulare (n = 51), Mycobacterium kansasii (n = 54), and other Mycobacterium species

(n = 62) were tested with the LiPA kit in six hospitals. The LiPA kit was also used to directly test 163 sputum specimens. The re-
sults of LiPA identification of Mycobacterium species in clinical isolates were almost identical to those of conventional methods.
Compared with standard drug susceptibility testing results for the clinical isolates, LiPA showed a sensitivity and specificity of
98.9% and 97.3%, respectively, for detecting rifampin (RIF)-resistant clinical isolates; 90.6% and 100%, respectively, for isonia-
zid (INH) resistance; 89.7% and 96.0%, respectively, for pyrazinamide (PZA) resistance; and 93.0% and 100%, respectively, for
levofloxacin (LVX) resistance. The LiPA kit could detect target species directly in sputum specimens, with a sensitivity of 85.6%.
Its sensitivity and specificity for detecting RIF-, PZA-, and LVX-resistant isolates in the sputum specimens were both 100%, and
those for detecting INH-resistant isolates were 75.0% and 92.9%, respectively. The kit was able to identify mycobacterial bacilli
at the species level, as well as drug-resistant phenotypes, with a high sensitivity and specificity.

he emergence of multidrug-resistant (MDR) Mycobacterium

U tuberculosis, resistant to at least rifampin (RIF) and isoniazid
(INH), markedly hinders the control of tuberculosis (8). Nontu-
berculous mycobacteria (NTM) are also associated with pulmo-
nary diseases (2, 16). Drug resistance in M. tuberculosis is due to
mutations, including rpoB mutations, associated with RIF resis-
tance; mutations in katG, the promoter region of the fabG1-inhA
operon, fabGl, furA, and inhA, associated with INH resistance;
pncA mutations, associated with pyrazinamide (PZA) resistance;
and gyrA mutations, associated with resistance to fluoroquinolo-

for Respiratory and Allergic Diseases (hospital F). Each participating hos-
pital provided 79 to 109 isolates, all of which were subjected to species
identification and drug susceptibility testing (DST). The M. tuberculosis
isolates included 160 that were susceptible to all drugs tested and 156 that
were resistant to at least one of the drugs tested (see Table S1 in the
supplemental material). Of the drug-resistant isolates, 88 were resistant to
RIF, 138 were resistant to INH, 58 were resistant to PZA, and 57 were
resistant to levofloxacin (LVX) (data not shown). Other isolates included
Mycobacterium avium (n = 71), Mycobacterium intracellulare (n = 51),
and Mycobacterium kansasii (n = 54), as well as other NTM (n = 62) (see
Table S1).

nes (FQ) (47). Hybridization-based line probe assays (LiPAs) de-
tect mutations associated with resistance to RIF (12, 21, 33, 38),
INH (3), PZA (42), and FQ (15).

A new LiPA kit was recently developed to identify clinically
important Mycobacterium species and to detect drug resistance
mutations in M. tuberculosis. Evaluation of this kit in six indepen-
dent hospitals in Japan showed that this assay is promising for the
rapid detection of drug-resistant tuberculosis and for identifica-
tion of major NTM.

MATERIALS AND METHODS

Clinical isolates. A total of 554 clinical isolates of M. tuberculosis and
NTM were obtained between January 2005 and December 2009 from 554
patients with pulmonary tuberculosis or NTM-related disease in the fol-
lowing six hospitals in Japan: Japan Anti-Tuberculosis Association Fuku-
juji Hospital (hospital A), National Hospital Organization (NHO) Tokyo
Hospital (hospital B), NHO Kinki-Chuo Chest Medical Center (hospital
C), NHO TIbaraki Higashi Hospital (hospital D), Tokyo Metropolitan
Tama Medical Center (hospital E), and Osaka Prefectural Medical Center

884 jom.asm.org

Clinical specimens. A total of 163 sputum specimens were obtained
from patients suspected to have or previously diagnosed with tuberculosis
or NTM disease (one specimen each) in the hospitals during the period
from June 2009 to April 2010. These specimens were transported to the
National Reference Laboratory of Tuberculosis (RIT) and stored at
—80°C until tested. Each specimen was smeared and stained according to
the Ziehl-Neelsen method, followed by treatment with an N-acetyl-L-
cysteine-NaOH solution as described previously (41). Each pretreated
specimen was resuspended in 1.5 ml of phosphate buffer (pH 6.8). Ali-
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quots of 0.2 ml of each suspension were transferred to 1.5-ml tubes and
subjected to LiPA. Further aliquots of 0.2 ml of each suspension were
transferred to fresh 1.5-ml tubes and subjected to the PCR-based Cobas
Amplicor MTB test (Roche Diagnostics, Basel, Switzerland) (9, 26, 31)
and the Cobas Amplicor M. avium and M. intracellulare tests (Roche
Diagnostics). Aliquots of 0.1 ml and 0.5 ml of each specimen were inoc-
ulated into egg-based modified Ogawa medium (27) containing 2% (wt/
vol) KH,PO, and into MGIT broth (Bactec MGIT 960; BD Biosciences,
Sparks, MD), respectively, for mycobacterial examination. Aliquots of 1
ml of the suspension for LiPA were centrifuged for 15 min at 13,000 X g,
and the supernatant was removed with a pipette. Tris-EDTA (TE) buffer
(100 ul) wasadded to the pellet, and the solution was again centrifuged for
15 min at 13,000 X g. The pellet was suspended in 50 ul of TE buffer and
incubated at 95°C for 30 min. Aliquots of the supernatant (5 ul) were used
for each LiPA. The total time for all procedures was about 3 h.

Species identification. M. tuberculosis was identified at hospitals A
and B by use of TRCRapid M.TB kits (Tosoh Bioscience, Tokyo, Japan),
based on the transcription-reverse transcription concerted reaction (13,
44), and at hospitals C to F and RIT by use of the Cobas Amplicor MTB
test. M. avium and M. intracellulare were identified at hospitals C to Fand
RIT by use of the Cobas Amplicor M. avium and M. intracellulare tests,
respectively. The M. avium complex (MAC) was identified at hospitals A
and B by use of TRCRapid MAC kits (Tosoh Bioscience); isolates identi-
fied as MAC species were heat-killed and transported to RIT for species
identification. The other NTM were identified at hospitals A, B, and D to
F and at RIT by use of the DNA-DNA hybridization technique (DDH
Mycobacteria Kyokuto; Kyokuto Pharmaceutical Industrial Co., Tokyo,
Japan) (28) and at hospital C by using AccuProbe (Gen-Probe, San Diego,
CA) (17, 18). NTM isolates that were not identified by commercial kits
were subjected to 165 rRNA gene sequencing at RIT.

DST and pyrazinamidase activity assay. DSTs for RIF, INH, PZA,
and LVX were performed at each participating hospital. At hospitals A
and B, the MGIT AST (BD Biosciences) test was performed to detect RIF,
INH, and PZA resistance, and an egg-based Ogawa medium (24) (1%
KH,PO,) method (Welpack § test; Nihon BCG Inc., Tokyo, Japan) was
used to detect RIF, INH, and LVX resistance. At hospital C, MGIT AST,
Welpack S, and a broth microdilution method (broth MIC MTB-]; Kyo-
kuto Pharmaceutical Industrial Co.) were performed to detect RIF, INH,
and LVX resistance. At hospital D, the egg-based Ogawa medium (1%
KH,PO,) method (Bit Spectre-SR; Kyokuto Pharmaceutical Industrial
Co., Tokyo, Japan) was performed to detect RIF, INH, and LVX resis-
tance, and a broth method was used to detect PZA resistance (PZA broth;
Kyokuto Pharmaceutical Industrial Co.). At hospital E, the MGIT AST
test was used to test for RIF, INH, and PZA resistance (LVX resistance was
not tested at this hospital). At hospital F, the broth MIC MTB-I test was
used to test for RIF, INH, and LVX resistance, and PZA broth (Kyokuto)
was used to detect PZA resistance. At RIT, the standard proportion
method using Ogawa medium (1% KH,PO,) was used to test for RIF,
INH, and LVX resistance, and the MGIT AST test was used to test for PZA
resistance. Isolates showing discordant results between phenotypic and
genotypic DSTs for PZA were transferred to RIT and their pyrazinamidase
activities tested (45), except for six isolates that had not been stored at the
hospital. The INH resistance levels were as follows: isolates were consid-
ered resistant to INH at 0.2 pg/ml when they were resistant to INH at 0.2
pg/ml and susceptible to INH at 1.0 ug/ml; isolates were considered re-
sistant to INH at 1.0 ug/ml when they were resistant to INH at 1.0 ug/ml.
All kits for identification of mycobacteria and DSTs used in this study
were recommended by the Japanese Society for Tuberculosis and ap-
proved as diagnosis reagents by the Ministry of Health, Labor and Wel-
fare, Japan.

LiPA. LiPA was performed as described previously (3, 42), using 121
oligonucleotide probes (see Table S2 in the supplemental material) im-
mobilized onto four strips, called the NTM/MDR-TB, INH, PZA, and FQ
strips (Nipro Co., Osaka, Japan). All clinical isolates and all sputum spec-
imens were tested by LiPAs using all four strips, regardless of the results of
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any particular strip. The NTM/MDR-TB strip was designed to identify
four Mycobacterium species—M. tuberculosis, M. avium, M. intracellulare,
and M. kansasii—and to detect mutations associated with RIF and INH
resistance in M. tuberculosis. The INH, PZA, and FQ strips were designed
to detect mutations associated with INH, PZA, and FQ resistance of M.
tuberculosis, respectively. The corresponding regions and mutations for
each probe are shown in Table S2. A probe designed to detect the wild-
type sequence of M. tuberculosis was designated as S probe, whereas a
probe designed to detect a mutant sequence frequently found in drug-
resistant M. tuberculosis was designated as R probe. On the INH strip, 46 S
probes covered various regions of the following M. tuberculosis genes:
PravGroinna (inhA-1), inhA (inhA-2), fabGl (fabGl-1and -2), furA (furA-1
and -2), and katG (katG-1 to -40) (3). The katG probes covered 90 muta-
tions related to INH resistance. On the PZA strip, 47 S probes covered
regions of M. tuberculosis prcA (pncA-1 to -47), with 2 probes (pncA-16
and -17) containing a silent mutation in pncA (42). Probes inhA-S6 and
-S7 and katG-S8 to -S11 on the NTM/MDR-TB strip were the same as
inhA-1 and -2 and katG-20, -22, -23, and -24 on the INH strip, respec-
tively.

Using biotinylated primers, the following products were obtained by
nested PCR: rpoB (290 bp), Pr1-inna (477 bp), and katG (248 bp) for the
NTM/MDR-TB strip; Pry;-inna (477 bp), fabG1 (209 bp), furA (256 bp),
and katG (612 bp, 698 bp, and 907 bp) for the INH strip; prcA (641 bp) for
the PZA strip; and gyrA (379 bp) for the FQ strip. The immobilized probes
on each strip were hybridized with the PCR products at 62°C for 30 min
and then incubated with streptavidin labeled with alkaline phosphatase at
room temperature for 30 min. Color was developed by incubation with
5-bromo-4-chloro-3-indolylphosphate p-toluidine and nitroblue tetra-
zolium.

The presence or absence of bands, i.e., hybridization signals, on all
strips was judged independently by three different observers. The results
of LiPA were interpreted as follows. For identification of Mycobacterium
species, when a signal was observed on the NTM/MDR-TB strip with any
of the four probes (rpoB-AVI, rpoB-INT, rpoB-KAN, and rpoB-TB), the
sample was thought to contain the corresponding Mycobacterium species.
Conversely, when no signals were observed, the sample contained none of
these four species. For detection of drug-resistant M. tuberculosis, when
no signal was observed with any of the S probes, M. tuberculosis in the
sample was considered resistant to the corresponding drug. In addition,
when a signal(s) was observed with any of the R probes, the samples
contained drug-resistant M. tuberculosis with the corresponding muta-
tion(s). It took about 7 h to complete all procedures of the LiPA method.

DNA sequencing. The PCR products were sequenced. The sequenced
samples were as follows: 1 isolate and 1 clinical specimen that showed
discrepancies in species identification between conventional methods and
LiPA and 40 isolates and 4 clinical specimens that showed discrepancies in
drug susceptibility between phenotypic DST and LiPA. DNA sequences
were compared with the sequence of M. tuberculosis H37Rv by using
Genetyx-Mac, version 14.0.2 (Genetyx Corporation, Tokyo, Japan). We
also sequenced the 168 rRNA genes of NTM isolates when they could not
be identified by conventional identification kits. The sequences of the 16S
rRNA genes were analyzed with software for DNA sequence-based diag-
nosis, published by the Ribosomal Differentiation of Microorganisms
Project (RIDOM) (19), or with the Basic Local Alignment Search Tool
(BLAST) to identify the species.

Ethical considerations. The study protocol was carefully reviewed
and approved by the ethics committee of each participating hospital (hos-
pital A approval date, 29 January 2009; hospital B approval date, 30 April
2009 [approval number 21-02-Da]; hospital C approval date, 14 Novem-
ber 2008 [approval number 20-18]; hospital D approval date, 18 Septem-
ber 2008; hospital E approval date, 28 November 2008; hospital F approval
date, 28 March 2009 [approval number 5-84]). All clinical sputum spec-
imens were collected after obtaining written informed consent from the
participants.
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FIG 1 Distribution of LiPA results for 554 clinical isolates. 4, number of clinical isolates. ®, Mycobacterium species identified by conventional methods. ¢, M.
kansasii subtype I11. 9, drug susceptibility testing and assays for pyrazinamidase activity were performed at each hospital (see the supplemental material). Of 316
M. tuberculosis isolates, 314 were subjected to RIF and INH susceptibility testing, 308 to PZA susceptibility testing, and 203 to LVX susceptibility testing. ¢, some
isolates showed different results between DST and LiPA. DNA sequences of each target gene were determined for these discrepant isolates (see the footnote in

Table $4 in the supplemental material).

RESULTS

Identification of clinical isolates. Among 554 isolates, LiPA re-
sults for species identified as M. tuberculosis, M. avium, and M.
intracellulare showed 100% agreement with those of conventional
genetic methods (Fig. 1; see Table S3 in the supplemental mate-
rial). Of 54 M. kansasii isolates, 53 were identified as M. kansasii by
the LiPA kit. The one discrepant isolate of M. kansasii carried an
rpoB sequence identical to that of subtype III of the seven subtypes
of M. kansasii, defined by sequence polymorphisms in hsp65 (1,

43). LiPA results were negative for 62 isolates of other NTM
species.

Correlation between conventional DST and LiPA results.
LiPA results were compared with those of DST (Table 1; see Table
S4 in the supplemental material).

(1) RIF resistance and rpoB mutations. LiPA identified 98.9%
(87/88 isolates) of RIF-resistant isolates and 97.3% (220/226 iso-
lates) of RIF-susceptible isolates when M. tuberculosis isolates
were tested using NTM/MDR-TB strips designed to detect rpoB

TABLE 1 Diagnostic performance of LiPA in comparison with drug susceptibility testing

Clinical isolates Clinical samples (sputa)
Antituberculosis drug (strip used in LiPA°) Sensitivity? Specificity? Sensitivity® Specificity®
RIF (NTM/MDR-TB strip) 98.9 (87/88) 97.3 (220/226) 100 (3/3) 100 (52/52)
INH (INH strip) 90.6 (125/138) 100 (176/176) 75.0 (3/4) 92.9 (39/42)
INH (NTM/MDR-TB strip) 61.6 (85/138) 100 (176/176) 50.0 (3/6) 97.8 (45/46)
PZA (PZA strip) 89.7 (52/58) 96.0 (240/250) 100 (4/4) 100 (52/52)
LVX (FQ strip) 93.0 (53/57) 100 (146/146) 100 (7/7) 100 (48/48)

« Data are percentages (no. of drug-resistant samples by LiPA/no. of drug-resistant samples by DST).

& Data are percentages (no. of drug-susceptible samples by LiPA/no. of drug-susceptible samples by DST).

© LiPA was performed using four strips, namely, NTM/MDR-TB, INH, PZA, and FQ strips (see the supplemental material). The NTM/MDR-TB strip was designed to identify four
Mycobacterium species and to detect mutations associated with RIF resistance and INH resistance (C-15T and T-8C mutations in P,c;.iuna and $315T and $315N mutations in
katG). The INH, PZA, and FQ strips were designed to detect mutations associated with INH, PZA, and FQ resistance of M. tuberculosis, respectively. The corresponding regions and
mutations for each probe are shown in Table S1 in the supplemental material. The INH strip covered 46 regions of the following M. tuberculosis genes: P61 .inna» ithA, fabGl,

furA, and katG (3). The PZA strip covered pncA (40), and the FQ strip covered gyrA (4).
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mutations (Table 1). Of all the isolates tested, seven showed dis-
crepancies between DST and LiPA for RIF susceptibility testing.
One isolate, identified as RIF resistant by DST but RIF susceptible
by LiPA, had an I572F substitution. The remaining six were iden-
tified as RIF susceptible by DST but RIF resistant by LiPA. Of
these, three had an H5268S substitution, while the other three had
an L511P mutation, a D516Y mutation, and a silent mutation at
codon 516 (GAC — GAT). Of these six isolates, the three with the
H526S mutation and the one with the L511P mutation were re-
ported by hospital C as RIF susceptible by the MGIT AST and
Welpack S tests but as RIF “intermediate” (MICs of 0.25 mg/liter
and 0.5 mg/liter, respectively) by the broth MIC MTB-I test.

(ii) INH resistance and mutations of Pf,,; innas JAbG1, furA,
and katG. The INH strip was designed to detect mutations asso-
ciated with INH resistance in M. tuberculosis, including mutations
in Pry6rimma (C-15T and T-8C), fabGI (G609A [L203L]), furA
(C41T [A14V]), and katG (see Table S2 in the supplemental ma-
terial). The strips identified 90.6% (125/138 isolates) of INH-
resistant isolates and 100% (176/176 isolates) of INH-susceptible
isolates (Table 1). Thirteen isolates were found to be INH resistant
by DST but INH susceptible by LiPA (see Table S4). Of these, 10
had no mutations in the amplified regions for the INH strip, while
the other 3 had S17N, G2068S, and E340Q substitutions in katG.

The NTM/MDR-TB strip was designed to detect mutations of
PlavGreinna (C-15T and T-8C) and katG (S315T and S$315N) (see
Table S2 in the supplemental material) which are frequently de-
tected in INH-resistant clinical isolates (41, 47). NTM/MDR-TB
strips identified 61.6% (85/138 isolates) of INH-resistant isolates
and 100% (176/176 isolates) of INH-susceptible isolates (Table 1).
Fifty-three isolates were identified as INH resistant by DST but
INH susceptible by LiPA using NTM/MDR-TB strips. Of these, 13
isolates and the remaining 40 isolates were identified as INH sus-
ceptible and INH resistant, respectively, by LiPA using INH strips
(see Table S4). Of these 40 INH-resistant isolates, 21 were resistant
to INH at 1.0 pg/ml, and the remaining 19 isolates were resistant
to INH at 0.2 pg/ml. Of the 21 isolates resistant to INH at 1.0
pg/ml, 5 showed no hybridization with the fabG1-1 probe (G609A
[L203L]); 12 showed no hybridization with any of the katG
probes, including karG-1 (1 isolate with a A152A mutation
[frameshift]), katG-5 (1 isolate with an A338C [Y113S] muta-
tion), katG-6 (2 isolates with a A367G mutation [frameshift]),
katG-8 (1 isolate with a G412T [N138Y] mutation), katG-9 (1
isolate with an A425G [D142G] mutation), katG-10 (1 isolate with
an A454C [K152Q] mutation), katG-11 (1 isolate with a G487A
[D163N] mutation), katG-15 (1 isolate with a T571G [W191G]
mutation), katG-29 (1 isolate with an A1382C [Q461P] muta-
tion), katG-37 (1 isolate with a G1795T [G599stop] mutation),
and katG-39 (1 isolate with a T2093C [F698S] mutation); 2
showed no hybridization with two katG probes, either karG-21
and katG-25 (A922C [T308P] and G1037C [S346T] mutations) or
katG-39 and katG-40 (A1991-2173 [frameshift] mutation); 1
showed no hybridization with katG-26 to -40 (the DNA sequence
was not determined); and 1 showed no hybridization with the
fabG1-1 (G609A [L203L] mutation) and katG-6 (G378T [M1261]
mutation) probes. Of the 19 isolates resistant to INH at 0.2 ug/ml,
12 showed no hybridization with the fabGI-1 probe (G609A
[L203L] mutation), 6 showed no hybridization with the karG-28
probe (G1255C [D419H] mutation), and 1 showed no hybridiza-
tion with the katG-28 and -34 probes (sequence not determined).

(iii) PZA resistance and pncA mutations. The PZA strip was
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designed to detect pncA mutations associated with PZA resistance
in M. tuberculosis (42). The LiPA test identified 89.7% (52/58 iso-
lates) of PZA-resistant and 96.0% (240/250 isolates) of PZA-
susceptible isolates (Table 1). Sixteen isolates showed discrepan-
cies between DST and LiPA results (see Table S4 in the
supplemental material). Six isolates found to be PZA resistant by
DST but PZA susceptible by LiPA had no mutations in pucA. Ten
other isolates were PZA susceptible by DST but PZA resistant by
LiPA. Of these 10 isolates, 4 had G162S, 2 had G17D, 2 had T168],
2 had G132D, and 2 had V1471 substitutions.

(iv) FQ resistance and gyrA mutations. The FQ strip was de-
signed to detect gyrA mutations associated with FQ resistance in
M. tuberculosis (see Table S2 in the supplemental material). FQ
strips identified 93.0% (53/57 isolates) of LVX-resistant and 100%
(146/146 isolates) of LVX-susceptible isolates (Table 1). Four iso-
lates found to be LVX resistant by DST but LVX susceptible by
LiPA had no mutations in gyrA. These isolates also had no muta-
tions in gyrB.

Direct identification of Mycobacterium species and detection
of drug-resistant M. tuberculosis in sputum specimens. A total
of 163 sputum specimens were collected from patients who had
been diagnosed with or were suspected to have pulmonary tuber-
culosis or NTM diseases.

(i) Detection and identification of Mycobacterium species in
sputum specimens. Direct application of the LiPA kit to sputum
samples for species identification showed high degrees of consis-
tency and efficiency that were comparable with those of conven-
tional methods. The sensitivity of LiPA with NTM/MDR-TB
strips was 90.2% (74/82 specimens) for M. tuberculosis, 84.6%
(11/13 specimens) for M. avium, 54.5% (6/11 specimens) for M.
intracellulare, and 80.0% (4/5 specimens) for M. kansasii (see Ta-
ble S5 in the supplemental material). One specimen, which was
misidentified by LiPA, was found to be Mycobacterium rhodesiae
by DNA sequence analysis. The overall sensitivity of LiPA with
NTM/MDR-TB strips for detection of target species was 85.6%
(95/111 specimens) (see Table S5). Eighteen samples were LiPA
negative despite being PCR and/or culture positive (7 smear-
positive and 11 smear-negative samples) (Fig. 2), whereas 14 sam-
ples were LiPA positive despite being PCR and culture negative (6
smear-positive and 8 smear-negative samples) (Fig. 2).

(ii) Correlation of conventional DST and-LiPA results for
sputum specimens. Among 163 samples, 49 smear-positive and
10 smear-negative samples were culture positive for M. tuberculo-
sis (Fig. 3). For the 49 smear-positive samples, LiPA results for any
drug susceptibility ranged from 89.8% (44/49 specimens) to 100%
(49/49 specimens); for the 10 smear-negative samples, LiPA re-
sults ranged from 20% (2/10 specimens) to 70% (7/10 specimens).
LiPA results were even obtained for some culture-negative sam-
ples, although these results could not be compared with those of
DST. LiPA results were obtained for 11 to 16 of 45 smear-positive
and M. tuberculosis culture-negative samples and for 7 to 11 of 59
smear-negative and M. tuberculosis culture-negative samples (Fig.
3). Direct application of the LiPA kit to sputum samples showed
high sensitivities and specificities for detection of resistance to
RIF, PZA, and LVX, whereas LiPA for detection of INH resistance
showed a relatively low sensitivity (Table 1; see Table S6 in the
supplemental material). However, its sensitivity and specificity
were improved by using the INH strip.

Eight specimens showed discordance between DST and LiPA
results (see Table S6 in the supplemental material). Four showed
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discordance between DST results for INH susceptibility and LiPA
results obtained using INH strips. Of these, isolates from two spec-
imens that were INH resistant by LiPA had a fabGl (G609A
[L203L]) mutation, and one had a Pp;6;.inna (C-15T) mutation.
Four specimens showed discordance between DST results for INH
susceptibility and LiPA results obtained using NTM/MDR-TB
strips (see Table S6). Of these, two specimens indicated as INH
susceptible with NTM/MDR-TB strips were identified as INH re-
sistant with INH strips, and isolates from these two specimens had
katG mutations, i.e., G1795T (G599stop) and T2093C (F698S)
mutations. One specimen was also identified as INH susceptible
with the INH strip, and DNA sequencing revealed that an isolate
from the specimen had two karG mutations (T571C [W191R] and
G1079A [G360D]). One specimen showing INH resistance with
the NTM/MDR-TB strip had a P61 inna (C-15T) mutation.

As shown in Fig. 3, for the culture-negative specimens, LiPA
results were obtained for 26 specimens (15 smear-positive and 11
smear-negative specimens) for RIF susceptibility, 18 specimens
(11 smear-positive and 7 smear-negative specimens) for INH sus-
ceptibility with INH strips, 23 specimens (15 smear-positive and 8
smear-negative specimens) for INH susceptibility with NTM/
MDR-TB strips, 23 specimens (15 smear-positive and 8 smear-

negative specimens) for PZA susceptibility, and 24 specimens (16
smear-positive and 8 smear-negative specimens) for LVX suscep-
tibility. Of these, no specimens were found to be RIF resistant,
three were INH resistant, one was PZA resistant, and none were
LVX resistant (data not shown).

DISCUSSION

The newly developed LiPA kit successfully identified important
Mycobacterium species, including M. kansasii, except for subtype
11 of M. kansasii. The rpoB-KAN probe on the NTM/MDR-TB
strip is compatible with the rpoB genes of subtypes I, II, IV, and V
but not I1I and VI, perhaps explaining why this LiPA kit was un-
able to identify a subtype ITT M. kansasii isolate (Fig. 1; see Table S3
in the supplemental material). Among the isolates of M. kansasii
obtained in four European countries, the majority belonged to
subtypes 1 (68%) and II (31%), with only 1% belonging to subtype
I (1). Similar distributions of subtypes were reported in Switzer-
land (subtype I, 67%; subtype II, 21%; subtype III, 8%; and other
subtypes, 4%) (43) and in Catalonia, Spain (subtype I, 98%; sub-
type VI, 2%) (39). These epidemiological results indicate that sub-
type Il of M. kansasii causes significantly fewer human infections
than subtypes I and II. Although the LiPA kit showed a signifi-
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FIG 3 Distribution of LiPA results obtained with four strips for detection of a mutation(s) associated with drug resistance in 163 sputum samples. ¢, number of

clinical samples. RIF, RIF susceptibility with NTM/MDR-TB strips; INH(1), INH susceptibility with INH strips; INH(2), INH susceptibility with NTM/MDR-TB
strips; PZA, PZA susceptibility with PZA strips; FQ, LVX susceptibility with FQ strips.
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cantly efficient performance, improvements are required for de-
tection of subtype II1.

Seven isolates showing discrepancies between DST and LiPA
for detection of RIF resistance had an 1572F, D516D (a silent mu-
tation), L511P, D516Y, or H526S mutation in rpoB. With the ex-
ception of the D516D mutation, these mutations are associated
with RIF resistance. The I572F mutation has been reported to be
associated with RIF resistance (46), although this mutation was
not covered by the probes on the NTM/MDR-TB strip. The L511P
and D516Y mutations have been reported to be associated with
RIF resistance (25). RIF-resistant isolates have been reported to
possess at least 11 mutations in codon 526, resulting in amino acid
mutation of Hto C, D, E,G,L,N, P, R, Q, T, or Y but not to S (47).
An H526S mutation would be associated with RIF resistance.

LiPA using NTM/MDR-TB strips to detect mutations associ-
ated with INH resistance showed a low sensitivity (61.6%) among
the isolates, although the strips were able to detect the most fre-
quent mutations found in INH-resistant isolates, including S315T
and S315N mutations in katG and C-15T and T-8C mutations in
the promoter region of inhA (34, 35, 47). The Genotype MTBDR-
plus kit (Hain Lifescience, Nehren, Germany), a commercially
available LiPA kit that uses a strip to detect these mutations,
showed various degrees of sensitivity to INH-resistant M. tuber-
culosis isolates, including MDR isolates, in several countries, i.e.,
92% in Germany (20), 82% in Taiwan (23), 73% in Spain (29),
67% in Italy (30), and 66% in Japan (10). The frequency of INH-
resistant clinical isolates with $315T and S315N katG mutations
and C-15T and T-8C mutations in the promoter region of inhA
depends on the geographical origin of isolates. INH-resistant iso-
lates with these mutations make up relatively small populations in
Japan and Italy.

LiPA using INH strips, which covered more mutations,
showed greater sensitivity than that with NTM/MDR-TB strips.
Thirteen isolates were found to be INH resistant by DST but INH
susceptible by LiPA using INH strips (see Table S4 in the supple-
mental material). No mutations were detected in 10 isolates, indi-
cating that mutations in other genes may be associated with INH
resistance. One isolate had a mutation of katG (S17N) which has
been reported to confer INH resistance (11) but which is located
away from the target sites. Of the remaining two isolates, one each
had katG G206S and katG E340Q mutations, neither of which has
been reported previously, to our knowledge. Both may be associ-
ated with INH resistance.

LiPA using PZA strips to detect mutations associated with PZA
resistance showed high sensitivity and specificity. However, dis-
crepancies between LiPA and DST were observed for 16 isolates.
Six isolates were identified as PZA resistant by DST but PZA
susceptible by LiPA, with none of these having a mutation in
pncA, although one was positive in the pyrazinamidase test.
Pyrazinamidase-positive but PZA-resistant strains are very rare
and usually show a low level of resistance (36). The PZA resistance
of the pyrazinamidase-positive strain may have been due to a
mechanism other than pncA mutation (37). Ten isolates were
identified as PZA susceptible by DST but PZA resistant by LiPA.
Of these, two had pncA mutations causing T1681 substitution, and
one hada V1471 mutation. These three isolates were positive in the
pyrazinamidase test, suggesting that these mutations are not re-
lated to PZA resistance. Four isolates had a pricA G1628 mutation,
two had a G17D mutation, and one had a G132D mutation. These
isolates were PZA susceptible by DST, but they were not tested for
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pyrazinamidase activity. To our knowledge, the G162S mutation
has not been reported previously. The G17D and G132D muta-
tions have been reported to confer PZA resistance (22). These
discrepancies may have been due to the limited efficiency of DST
methods (6).

LiPA with FQ strips for detection of mutations associated with
FQ resistance showed high sensitivity and specificity, with only
four isolates showing discordant results. None of these four had a
mutation in gyrA, indicating that the FQ strips could detect all
known mutations associated with FQ resistance. These four iso-
lates had no mutation in gyrB, which was recently reported to
confer FQ resistance in clinical isolates without gyrA mutations (7,
14, 32). Alternatively, the results of DST may show false resistance.

Of 163 sputum samples, 14 were LiPA positive but PCR and
culture negative (Fig. 2). The results of LiPA for these 14 samples
are likely correct assignments, as all came from patients previously
diagnosed by culture methods or PCR as having tuberculosis or
NTM diseases, showing 100% agreement. However, many of these
results could have come from the shedding of nonviable bacilli
from previously treated patients. Therefore, nucleic acid amplifi-
cation methods, including LiPA, need to be interpreted carefully
for previously treated tuberculosis patients. LiPA was always per-
formed with a negative control and repeated when the results were
in discordance with those of conventional methods. However, the
discrepancies may be explained by cross-contamination during
LiPA procedures.

The LiPA kit might be useful for rapid diagnosis of MDR tu-
berculosis, especially in Asian countries, where the genetic char-
acteristics of INH resistance are unique (36). It is also important to
detect resistance to PZA and LVX in MDR tuberculosis, as the
majority of MDR M. tuberculosis isolates have been reported to be
resistant to either PZA or LVX in Japan (4, 5).

The LiPA kit reported here is the first genetic diagnosis kit that
can simultaneously identify the major clinical isolates of Mycobac-
terium species and detect mutations associated with resistance to
INH, RIF, PZA, and FQ. The present study provides a unique
perspective for assessing the overall reliability, specificity, and sen-
sitivity of this kit in comparison with conventional tests. The LiPA
kit may also be useful in laboratories in developing countries
where mycobacterial culture cannot be performed. However, a
follow-up culture-based DST is recommended where resources
permit.
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Supplementary Information

TABLE S1. Clinical isolates used in the present s‘mdya

Hospital

No. of clinical isolates

total

M. wberculosis

Hospital A 84 20 22 15 5 10 12
Hospital B 92 26 30 12 7 10
Hospital C 109 20 50 10 10 10
Hospital D 83 24 19 10 10 10 10
HospitalE 107 51 20 14 5 8 9
Hospital F 79 19 15 10 14 10 11
total 554 160 156 71 51 54 62

2 A total of 554 clinical isolates of M. tuberculosis and NTM were obtained at Hospitals A — F in Japan. Each participating

hospital provided from 79 to 109 isolates, all of which were subjected to species identification and drug susceptibility

testing. The M. tuberculosis isolates included 160 that were susceptible to all drugs tested, and 156 resistant to at least
one of the drugs tested. Other isolates included M. avium (n="71), M. intracellulare (n = 51), and M. kansasii (n = 54),
as well as other NTM (n = 62).
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TABLE S2. Oligonucleotide probes designed to cover regions specific to Mycobacterium species and

mutation(s) associated with anti-tuberculosis drug resistance

NTM/MDR-TB strip INH strip PZA strip FQ strip
Amir'lo acid ' Amir}xo acid . Amir.xo acid . Amino acid region
Probe’ (nucleotide) region  Probe (nucleotide) region  Probe (nucleotide) region  Probe covered by probe
covered by probe covered by probe covered by probe
rpoB-AVL.... 510-515 inhA4-1... (17 to _3)b pncA-1.. 17 to 4)° 88-92
rpoB-INT. 521-525 iMhA 2. 6-11 1-5 ord-S2.... 92-97
rpoB-KAN 509-515 JabGl-1........... 202-206 A3 4-9 A0V
rpoB-TB........... 484-488 JabGl1-2........... 194-200 prcAd b 7111 grAd-R2ac....... D94G
510-515 furd-1.......... 12-16 pncA -5 10-15 D94A
514-520 Jurd-2... 6-12 prcd -6.. 13-18 . D94G+S95T
520-525 katG-1............ 45-51 pncA -1 17-21 D94A+S95T
525-529 katG -2.......ccn. 92-97 prcd 8. 21-26
529-534 katG -3 94-99 PHCA -9 26-34
D516V katG-4............. 105-111 pned-10.... 32-37
H526Y katG-5.............. 112-116 prncA-11.... 34-41
H526D katG -6.............. 123-127 prcd -12..eee. 40-47
SS31L katG -T....cc.... 132-137 pncd-13.......... 46-52
THA=S6.oe, 17 to —3)1) katG-8.............. 135-140 pucA-14.......... 49-54
inhA ST 6-11 katG -9 140-145 pncd-15... 52-56
katG-S8... 294-299 katG -10... 149-154 pncAd-16.... 56-61
katG -89 ... 313-318 katG-11............ 160-164 prcA 1T 61-67
katG-S10............ 323-327 katG-12........... 170-174 prcd-18............. 66-70
katG-S11........... 326-330 katG -13... 174-179 pncd-19... 70-74
katG -R9a.... S315T katG -14... 178-183 pned -20 73-78
katG -R9b.... S315N katG -15 190-194 pncd -21... 76-81
katG -16............ 228-236 pncd-22.......... 80-86
katG -17............ 247-252 PRcA 23 85-90
katG -18 256-261 pncd 24... 91-96
katG -19... 271277 pncd -25 95-101
katG -20............ 294-299 pned -26... 100-105
katG-21............ 305-310 pncA 2T 105-111
katG-22............ 313-318 pncd 28 111-116
katG-23............ 323-327 pneA-29.....ccee. 114-120
katG-24............ 326-330 pncA-30............. 119-124
katG-25............ 344-349 prcA 31l 124-129
katG -26............ 383-387 PRCA-32. 129-134
karG -27 389-391 133-139
katG-28... 417-422 138-143
katG-29............ 457-462 142-147
katG-30............ 479-482 3 145-150
katG-31........... 486-490 prcA 3T 150-156
katG-32 522-528 prcA-38. 154-159
katG -33............ 539-543 156-162
katG -34............ 553-558 161-165
katG-35............ 565-569 pncd -4l 163-168
katG -36............ 591-596 prcd -42 166-170
katG =37 596-602 pncd-43............... 168-172
katG -38 631-635 pncd-44.......... 170-175
katG -39 695-700 pncA-45.............. 172-177
katG -40............ 707-712 pncd-46............... 177-182
prcd AT 180-185
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aFour probes, rpoB-AVI, rpoB-INT, rpoB-KAN, and rpoB-TB, covered regions specific to M. avium, M. intracellulare, M.
kansasii, and M. tuberculosis, respectively. To detect mutations associated with drug resistance in M. tuberculosis,
S-probes and R-probes were designed. The S-probes were for detection of wild-type sequences and the R-probes were
for detection of mutations frequently found in drug-resistant M. ruberculosis. Nine rpoB probes, including five S-probes
(rpoB-S1 to -S5) and four R-probes (rpoB-R2, -R4a, -R4b, and -R5), were designed for detection of RIF-resistant
isolates. The R-probes, rpoB-R2, -R4a, -R4b, and -R5, covered the same regions as the S-probes, rpoB-S2, -S4, -S4, and
-S5, respectively. Probes for inhA, katG, fabG1, and furd were designed for detection of INH-resistant isolates. These
were S-probes with the exception of katG-R9a and -R9b, which were R-probes. Forty-seven pncd S-probes (pncd-1 to
-47) were designed for detection of PZA-resistant isolates. The gyr4 probes, including two S-probes (gyr4-S1 and -S2)
and five R-probes (gyrd-R1, -R2a, -R2b, -R2c¢, and -R2d), were designed for detection of FQ-resistant isolates.

Nucleotide position relative to the initiation codon of fabG1.

Nucleotide position relative to the initiation codon of prcA.
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TABLE S3. Identification of 554 clinical isolates of Mycobacterium species using genetic diagnostic
methods and LiPA with NTM/MDR-TB strip

No. of isolates No. of strains identified using LiPA with NTM/MDR-TB strip

Mycobacterium identified by

species conventional

methods” M. tuberculosis M. avium M. intracellulare M. kansasii ~ negative

M. tuberculosis 316 316
M. avium 71 71
M. intracellulare 51 51
M. kansasii 54 53 1€
Other NTM" 62 62

Isolates were identified by various genetic diagnostic kits and DNA sequencing, as described in the text.

b
Including 10 M. abscessus, 1 M. celatum, 5 M. chelonae, 9 M. fortuitum, 26 M. gordonae, 1 M. marinum, 2 M.

nonchromogenicum, 2 M. peregrinum, 1 M. scrofulaceum, 3 M. szulgai, and 2 M. triplex.

c
M. kansasii subtype 111
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TABLE S4. Diagnostic performance of LiPA in comparison with drug susceptibility te:stinga

LiPA result
Drug No. of . o
susceptibility M. tuberculosis N of No. of Serzi;n)vﬁy Sp e(i/lﬁ)crty
. 0 0
testing result’ isolates resistant  susceptible
RIF NTM/MDR-TB strip
Resistant 88 87 1¢ 98.9 97.3
Susceptible 226 6° 220
INH INH strip
Resistant 138 125 139 90.6 100
Susceptible 176 0 176
INH NTM/MDR-TB strip
Resistant 138 85 53° 61.6 100
Susceptible 176 0 176
PZA PZA strip
Resistant 58 52 6 89.7 96.0
Susceptible 250 10° 240
Resistant 57 53 48 93.0 100
Susceptible 146 0 146

? The diagnostic performance of LiPA with NTM/MDR-TB, INH, PZA, and FQ strips was compared with that of drug
susceptibility testing.
Drug susceptibility testing and assays for pyrazinamidase activity were performed at each hospital. A total of 314
isolates were subjected to RIF and INH susceptibility testing, 308 isolates were subjected to PAZ susceptibility testing,
and 203 isolates were subjected to LVX susceptibility testing.

¢ One isolate, identified as RIF-resistant by DST but RIF-susceptible by LiPA, had a substitution at 1572F. Six isolates
were confirmed to be phenotypically RIF-susceptible but were indicated as resistant by LiPA. Of these, 3 had a
substitution at H526S, while the other 3 had substitutions at L511P and D516Y and a silent mutation at codon 516 (GAC
> GAT).

d
Thirteen isolates were found to be INH-resistant by DST but INH-susceptible by LiPA using INH strips. No mutations
were detected in 10 isolates. One isolate had a mutation of karG (S17N). Of the remaining two isolates, one each had
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katG (G2068S) and katG (E340Q) mutation, respectively. *Novel mutations are underlined.

¢ Fifty-three isolates were found to be INH-resistant by DST but INH-susceptible by LiPA using the NTM/MDR-TB
strips. Of these, 13 isolates and the remaining 40 were found to be INH-susceptible and INH-resistant by LiPA using the
INH strips. Of these 40 isolates, 21 were resistant to INH (1.0 pg/mL) and the remaining 19 isolates were resistant to
INH (0.2 pg/mL). Of the 21 isolates resistant to INH (1.0 pg/mL), five showed no hybridization with the fabGI-1 probe
[G609A(L203L)}; 12 showed no hybridization with any one of the katG probes, including katG-1 [one isolate with
A152A (frameshift)], -5 [one, A338C (Y113S)], -6 [two, A367G (frameshift)], -8 [one, G412T (N138Y)], -9 [one,
A425G (D142G)], -10 [one, A454C (K152Q)], -11 [one, G487A (D163N)], -15 [one, T571G (W191G)], -29 [one,
A1382C (Q461P)], -37 [one, G1795T (G599stop)], and -39 [one, T2093C (F698S)]; two showed no hybridization with
two katG probes, including karG-21 and -25 [A922C (T308P) and G1037C (S346T)] and katG-39 and -40 [A1991-2173

_ (frameshift)]; one showed no hybridization with karG-26 to -40 probes [the DNA sequence was not determined (N.D.)] ;
one showed no hybridization with the fabGI-1 [G609A(L203L)] and katG-6 probes [G378T (MI1261)]. Of the 19
isolates resistant to INH (0.2 ug/mL), 12 showed no hybridization with the fabGI-1 probe [G609A (L203L)]; 6 showed
no hybridization with the karG-28 probe [G1255C (D419H)]; one showed no hybridization with karG-28 and -34 probes
(N.D.).

f

Six isolates were identified as PZA-resistant by DST but PZA-susceptible by LiPA, and none of these had a mutation in
pncd. Ten isolates were identified as PZA-susceptible by DST but PZA-resistant by LiPA. Of these, two had prcA
mutations causing T168I substitution and one had V1471. Four isolates had pncA mutations of G162, two had G17D,

and one had G132D. *Novel mutations are underlined.

& Four isolates showing discordant results had no mutations in gyr4 and gyrB.
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TABLE. S5. Identification of Mycobacterium species in 163 sputum specimens using genetic diagnostic

methods and LiPA with NTM/MDR-TB strips®

No. of specimens No. of specimens identified using LiPA with NTM/MDR-TB strips

Mycobacterium identiﬁefl by Sensitivityc
species conventional %)
methodsb M. tuberculosis M. avium M. intracellulare M. kansasii negative

M. tuberculosis 82 74 8 90.2

M. avium 13 11 2 84.6

M. intracellulare 11 6 5 54.5

M. kansasii 5 4 1 80.0

Other NTM* 3 1° 2

Negative 49 7 1 1 5 35

aOf 163 specimens, 94 (57.7%) were smear-positive for acid-fast bacilli, 96 (58.9%) were PCR-positive, 89 (54.6%)

were culture-positive, and 110 (67.5%) were positive on LiPA with NTM/MDR-TB strips for the direct detection of
target species.

b
Including culture in MGIT broth and 2% Ogawa, and PCR Amplicor tests.

¢ Overall sensitivity for the direct detection of target species was 85.6% (95/111).
Including one M. abscessus, one M. fortuitum, and one M. rhodesiae.

¢ M. rhodesiae
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TABLE S6. Comparison of the diagnostic performance of LiPA with drug susceptibility testing in

.. . a
clinical specimens

Drug No.of - LiPA resul’ B
iy BRI o ewr oot P
test result tested resistant susceptible
RIF NTM/MDR-TB strip

Resi

s 3 T g g
INH INH strip

Resi

S:f:;;le 442 33d 319 75.0 92.9
INH NTM/MDR-TB strip

Resi e

S:i:z;le 466 ff j 5 50.0 97.8
PZA PZA strip

Resi

Sjis;z;le 542 g 502 100 100
VX NQ strip

Resi

sz:::s:;;le 478 (7) fg 100 100

? Obtained from 163 patients with confirmed or suspected pulmonary tuberculosis or NTM diseases. The specimens
were tested by LiPA using NTM/MDR-TB, INH, PZA, and FQ strips, and inoculated into 2% Ogawa medium and
MGIT broth. DST results were obtained from 59 specimens.

Drug susceptibility testing of M. tuberculosis isolates was performed at RIT.

¢ Of the 59 specimens from which DST results were obtained, LiPA results were obtained from 55 for RIF with
NTM/MDR-TB strips, 46 for INH with INH strips, 52 for INH with NTM/MDR-TB strips, 56 for PZA with PZA
strips, and 55 for LVX with FQ strips.

d
Of the three specimens, two had a mutation of fabGI [G609A(L203L)] and one had a mutation of PG .in. LT

€ . . . . .
Of the three specimens, two had a katG mutation detectable with the INH strip and one had no mutation in the

amplified regions for the INH strip.

This specimen had a mutation of Pz, I,i,,,,AC'IST
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