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Abstract

Background: When a test for diagnosis of infectious diseases is introduced in a resource-limited
setting, monitoring quality is a major concern. An optimized design of experiment and statistical
models are required for this assessment,

Methods: Interferon-gamma release assay to detect tuberculosis (TB) infection from whole blood
was tested in Hanoi, Viet Nam. Balanced incomplete block design (BIBD) was planned and fixed-
effect models with heterogeneous error variance were used for analysis. In the first trial, the whole
blood from |2 donors was incubated with nil, TB-specific antigens or mitogen. In 72 measurements,
two laboratory members exchanged their roles in harvesting plasma and testing for interferon-
gamma release using enzyme linked immunosorbent assay (ELISA) technique. After intervention
including checkup of all steps and standard operation procedures, the second trial was
implemented in a similar manner.

Results: The lack of precision in the first trial was clearly demonstrated. Large within-individual
error was significantly affected by both harvester and ELISA operator, indicating that both of the
steps had problems. After the intervention, overall within-individual error was significantly reduced
(P <0.0001) and error variance was no longer affected by laboratory personnel in charge, indicating
that a marked improvement could be objectively observed.

Conclusion: BIBD and analysis of fixed-effect models with heterogeneous variance are suitable
and useful for objective and individualized assessment of proficiency in a multistep diagnostic test
for infectious diseases in a resource-constrained laboratory. The action plan based on our findings
would be worth considering when monitoring for internal quality control is difficult on site.
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Background

Assuring quality is essential for clinical laboratories in the
field of infectious diseases. Beneficiaries are not only
patients obtaining a diagnosis on site but also future
patients receiving benefits of clinical research supported
by qualified laboratories. Quality assurance in modern
laboratories is realized by total quality management
including external quality assurance (EQA) and internal
quality control (1QC) [1-3].

In most resource-constrained countries, however, regula-
tions on quality assurance have not been laid down by the
authorities and accuracy and precision of clinical meas-
urements have not been monitored systematically [4].
Under such disadvantageous circumstances, when impor-
tant but rather complicated testing for infectious diseases
is undertaken, we cannot easily be confident that the skill
has been transferred and maintained properly until the
procedure becomes familiar and stably performed in
accordance with a desirable quality control system [5].
During this vulnerable period, how to assess proficiency
of the testing effectively and objectively, and how to
assure and improve the quality are open issues to be
addressed.

Currently, immunoassay is commonly used to make a
serological diagnosis of infectious diseases involving
human immunodeficiency virus, a variety of hepatitis
virus and other sexually transmitted or blood-borne path-
ogens [6,7], which are serious problems in the developing
world. Enzyme linked immunosorbent assay (ELISA) is
often used to make diagnosis of these diseases in the clin-
ical laboratories. Because of the complexity of the
method, however, quality control of these assay systems is
challenging [8]. In this context, trend of point of care
(POC) tests that facilitate immediate and on-site diagno-
sis as well as early treatment of infectious diseases has
been emphasized [7]. However, their usage in resource-
constrained countries is still hampered by high cost and
difficulties in testing for high throughput screening and
thus laboratory-based immunoassays would be irreplace-
able in many fields.

Recently, a two-step immunoassay to detect tuberculosis
(TB) infection has also been developed and used exten-
sively [9]. It consists of whole blood stimulation with TB-
specific antigens followed by measurement of interferon-
gamma using ELISA. Our objective in the present study is
to demonstrate that the quality of laboratory tests can be
assessed objectively even in a resource-constrained labo-
ratory if the optimum design of experiments and appro-
priate statistical models are chosen. As a result of this
attempt, we experienced marked improvement of the
quality of this multi-step immunoassay made by more
than one laboratory staff member in a hospital of Viet
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Nam. We proposed a general plan to evaluate skills of lab-
oratory staff members efficiently and quantitatively to
perform qualified immuno-diagnostic testing especially

- for infectious diseases until such time as they establish a

total quality management system by themselves.

Methods

Interferon-gamma release assay (IGRA) for diagnosis of TB
infection

IGRA is a general method to measure interferon-gamma
induced by Mpycobacterium tuberculosis-specific antigens
(TB-Antigen) for detecting TB infection. In the ELISA-
based IGRA (QuantiFERON-TB Gold In-Tube™, Cellestis,
Victoria, Australia), one milliliter of the whole blood was
collected into the Nil tube for negative control, Mitogen
for positive control, and TB-Antigen separately. The blood
in the tubes was mixed and placed in the incubator for 18
hours at 37°C (Cool incubator NC-25B, Funakoshi,
Tokyo, Japan). Approximately 200 ul of plasma were har-
vested from each tube after centrifugation {Kubota 2010,
Kubota, Tokyo, Japan).

Interferon-gamma concentrations in the plasma were
measured by ELISA, using microtiter plate washer and
reader (Wellwash Plus Microplate Washer and Multiscan
JX Microplate Reader, Thermo Electron Corporation, Van-
taa, Finland) with the analysis software provided by the
manufacturer {QuantiFERON-TB Gold Analysis Software,
ver. 2.50, Cellestis). In this study, interferon-gamma con-
centrations obtained from this calculation were directly
used for further analysis.

Study setting

Two trials were carried out in Hanoi TB and Lung Disease
Hospital, Viet Nam. Between the first and second trial, sta-
tistical analysis was made and an intervention was
planned to ensure counterchecking and correct question-
able manipulations. Each trial consisted of two runs. In
each run, three milliliters of blood were collected from
volunteers after informed consent had been obtained.
Study protocols using IGRA were approved by ethical
committees of the Ministry of Health, Viet Nam and Inter-
national Medical Center of Japan respectively.

Two laboratory members, A and B, performed either
plasma harvest or ELISA operation or both: Harvest
included labeling and placing plasma storage tubes prop-
erly and transferring plasma from centrifuged blood col-
lection tubes to these tubes by pipetting. ELISA was a
process including preparing reagents and transferring
plasma samples into the microtiter plate. ELISA ended
with calculation of interferon-gamma concentration.
Because their roles were changed occasionally due to the
limited manpower of the laboratory, their performance in
both Harvest and ELISA was the subject to be analyzed.
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Balanced incomplete block design (BIBD)

A single specimen obtained from routine blood collection
was not sufficient to assess two staff members' perform-
ance. Because additional blood sampling was not easily
accepted in many countries including Viet Nam, BIBD was
attempted to obtain analytical information from small
volume of plasma samples in this study: Of four possible
combinations of harvester and ELISA operator, two com-
binations were cyclically chosen, using the limited
amount of specimen. Allocation of observed combina-
tions by BIBD in this study was described in Table 1. In
each trial, there were two levels of Harvest (two different
Harvesters), two levels of ELISA (two different ELISA oper-
ators) and 12 levels of Specimen (12 different blood
donors).

OQutliers

To identify outliers, Mahalanobis distance D was calcu-
lated, which took the distance from the mean and correla-
tion into account [10]. When D > 2.0, the value of that
observed pair was regarded as outlier.

A fixed-effect model and three-way analysis of variance
(ANOVA)

To assess effects of factors of interest and error variance,
we used a fixed-effect model:

Vik =H+a;+ Bty + ek
of which,
Yij: Interferon-gamma concentration in the plasma
p: Grand mean of all measurements
o;: Harvest with i levels:i=1, 2 (= A and B)

B ELISA with j levels: j = 1, 2 (= A and B)

http://www.biomedcentral.com/1471-2334/9/66

¥i: Blood specimen with k levels: k=1, 2,..., 12

g Within-individual error; following normal distribu-
tion with mean = 0 and variance = 62: N (0, o2)

In this clinical setting, effects of interaction terms were not
considered in the above model, because harvesting
plasma and performing ELISA are independent steps and
it is unlikely that the exchanging of staff roles in itself
could increase the chances of error.

Analysis of heterogeneous error variance affected by a
given factor

To determine whether individuals of Harvest or ELISA
affect within-individual error, we assessed a fixed-effect
model with heterogeneous variance of error in the follow-
ing way:

Vi =M+ o+ B+ + &

where error follows the normal distribution N(0, o;2).

Error variance affected by Harvesters was evaluated in the
following formula:

Vi =#+a;+ Bty +¢

Similarly, the following formula was used for error vari-
ance affected by ELISA operators:

Vik =M+ 0+ B +7 +E;

Coefficient of variation (CV) before and after intervention
Error variance g, that included sources of Harvest and
ELISA was calculated in a simple one-way ANOVA model
adjusted by specimen. Based on the following formula,
CVs of the two trials were assessed:

Yy=HtYe ¥ &K

Table I: Allocation of observed combinations of Harvester and ELISA operator,

Sample Specimen* Harvest ELISA Data Sample Specimen Harvest ELISA Data

| | A A Observed 7 4 A A Observed

2 | A B Observed 4 A B Not observed
I B A Not observed 8 4 B A Observed
I B B Not observed 4 B B Not observed
2 A A Not observed 5 A A Not observed
2 A B Not observed 9 5 A B Observed

3 2 B A Observed 5 B A Not observed

4 2 B B Observed 10 5 B B Observed

5 3 A A Observed 6 A A Not observed
3 A B Not observed B 6 A B Observed
3 B A Not observed 12 6 B A Observed

6 3 B B Observed 6 B B Not observed

*To each specimen, two measurements were assigned. This layout was repeated twice by using different sets of specimens in each trial.
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Root mean square error
Mean

X100

CV(%) =

CV should not be larger than 20% in any types of immu-
noassay [8].

Assessment of heterogeneous variance between the two
trials

To analyze overall within-individual error between the
two trials statistically, we used a fixed-effect model with
heterogeneous variance of error, under the assumption
that a and p were fixed throughout the trials. The effect of
each blood specimen y was expected to be different
between the two trials.

Yijki = M+ a; + B+ + & (the first trial)
X X

Yika = M+ a; + B+ 7 + € (the second trial)

of which, g, and g, were within-individual errors of the
first and the second trial respectively. On the above
assumption, g, and &y, would be heterogeneous error
between the trials.

Calculation of Mahalanobis distance, three-way ANOVA
and estimation of heterogeneous variance were per-
formed by SAS version 9.1 (SAS Institute Cary, NC, USA).
Differences in error variance of two trials and error vari-
ance affected by a given factor were considered to be sig-
nificant when P-value was less than 0.05.

Results

Evaluation of outliers and three-way ANOVA in the first
trial

Out of 72 measurements obtained from the first trial,
seven outliers were identified: One was in Nil condition,
three in TB-Antigen and three in Mitogen (Mahalanobis D
= 2.64 t0 4.69).

To assess effects of individuals for Harvest and ELISA and
character of errors involved in the first trial, we first per-’
formed three-way ANOVA using a fixed-effect model, in
which three factors, Harvest, ELISA and individual blood
specimens may have possible effects on the interferon-
gamma concentration respectively. This model decom-
poses the total variance into between-individual error (or
bias) and within-individual error (or imprecision).
Herein, "between-individual error” indicates deviation in
interferon-gamma values caused by the difference
between Harvesters or ELISA operators, and "within-indi-
vidual error” represents fluctuation of interferon-gamma
values measured by a single Harvester or ELISA operator.
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As shown in Table 2, mean square error indicating magni-
tude of within-individual error was large in all conditions
of the first trial, which was indicated by remarkably large
CV (> 20%) for Nil, TB-Antigen and Mitogen. Further-
more, in the condition of Mitogen, the mean-square value
directing the effect of ELISA, or "between-individual
error”, was significantly large (P = 0.017). In the other two
conditions, the effects of ELISA and Harvest were also con-
siderably large but did not reach significant levels, as com-
pared with the corresponding mean square errors. These
findings indicate that their performance is unstable. Prob-
lerns specific to ELISA and Harvest should be considered,
although not statistically significant in all conditions.

Analysis of heterogeneous error variance in the first trial
We then analyzed which factor affected within-individual
error. Because two laboratory members were involved in
each step of this experiment, we assumed that within-
individual error, i.e. error variance, could be different
depending on the personnel in each step. Thus, we chose
a fixed-effect model with heterogeneous variance of error
affected by Harvest and ELISA (Table 3).

In Nil condition, difference in error variance was statisti-
cally significant between Harvesters A and B (P = 0.0040),
when error variance caused by ELISA operator was not
considered. Difference of error variance caused by ELISA
operators A and B was also significant (P = 0.024), when
error variance caused by Harvester was not taken into
account. These findings imply that under the model, the
error variance was affected significantly by different Har-
vesters or ELISA operators, respectively.

Intervention

By means of the above-mentioned statistical analysis of
the first trial, we identified several points to be improved:
a) there was a considerable number of outliers. Within-
individual error was large and between-individual error

Table 2: Three-way analysis of variance in the first trial,

Nil TB-Antigen  Mitogen

Mean (IU/ml) 0.7821 5.4013 15.3638
Harvest

Mean Square 0.0000 1.5252 51.2656

F value 0.0000 0.2200 2.5600

P value 0.9984 0.6482 0.1404
ELISA

Mean Square 1.8838 12,3026 161.3535

F value 1.2600 1.7800 8.0700

P value 0.2847 02112 0.0175
Error

Mean Square 1.4741 6.8935 19.9916

Root Mean Square 1.2142 2.6255 44712
Coefficient of Variation (%) 155.2476 48.6099 29.1022
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Table 3: Error variance affected by Harvester (left) and error variance affected by ELISA operator (right) in the first trial.

€. Harvester P value ef ELISA operator P value

Nil A:1.9150 0.0040 Nit A:0.0036 0.0244
B:0.0160 B:3.2723

TB-Antigen A2.9897 0.2546 TB-Antigen A: 0.1270 0.0830
B:9.7114 B:15.2216

Mitogen A:33.5782 0.2780 Mitogen A4l.1154 0.3584
B: 5.6792 B: 3.0221

was also comparably large, and b) within-individual error
was affected by both Harvesters and ELISA operators at
least when Nil was measured.

Based on these results, an intervention was introduced: 1)
reviewing all procedures of Harvest and ELISA, 2) recon-
sidering and strengthening standard operation proce-
dures, 3) checking working condition of machines, and 4)
developing a checklist for countercheck. First, we
attempted to find out which procedure of harvesting and
ELISA operation would be unstable and all questionable
manipulations were listed up. Essential laboratory skills,
such as mixing the solution by pipetting, were reviewed.
Secondly, standard operation procedures were rechecked
and corrected seeing that the laboratory personnel were
handling three blood collection tubes and three other
plasma storage tubes from each blood donor at a time,
they should take every care to identify the tubes during
Harvest and ELISA and to confirm the right position of
corresponding tubes. Thorough instruction for handling
ELISA plates and tubes with manipulation of the pipette
was given to avoid carry-over error or contamination.
After intensive discussions, more attention was paid to
basic laboratory practice and reduction of preventable
mistakes. Thirdly, performance of the ELISA plate washer
and reader and the quality of distilled water were also
checked. Technical requirements from the manufacturer,
such as temperature for reagent reservation, time of incu-
bation, were strictly followed. Finally, a checklist for the
countercheck of each step was developed for practical use.

General assessment by CV before and after intervention
To assess the overall improvement after intervention, CV
was compared between the two trials. Because variation
due to Harvest and ELISA was of interest, CV adjusted by
the effect of specimens was calculated and used. The CV
had decreased remarkably in each condition of the second
trial, as compared with that of the first trial, indicating the
overall improvement of test performance after interven-
tion (Table 4).

183

Evaluation of outliers and three-way ANOVA in the second
trial

In the second trial, only one outlier was seen in Nil condi-
tion (Mahalanobis D = 2.59); the number of outliers was
lower than that of the first trial.

We then proceeded to analyze the change of parameters
that had possibly contributed to overall improvement of
test performance. As shown in Table 5, both mean square
error and mean-square values showing effects of Harvest
and of ELISA were markedly lower in the second trial. The
former implies the decrease in within-individual error and
the latter shows the reduction of between-individual
error. The latter change was also clearly shown when dif-
ferences of least square means between Harvesters and
between ELISA operators in each condition of the second
trial were compared with those in the first trial {Figure 1).

Analysis of heterogeneous error varlance dffected by
harvester and ELISA operator in the second trial

In contrast to the first trial, there were no significant dif-
ferences of error variance affected by Harvesters or ELISA
operators (Table 6). This finding showed that the hetero-
geneous error variance indicating personnel-dependent
unstableness was small enough in each step of the second
trial.

Assessment of heterogeneous variance between the two
trials

We further evaluated the decrease in overall within-indi-
vidual error statistically: Forthis purpose, we used a fixed-
effect model with heterogenéoti§’ vatiance-between-the
two trials. Under the assumption that influence of Harvest
and ELISA was not changed between the two trials, esti-
mated overall error variances of the two trials were com-

Table 4: CV adjusted by specimen in the two trials.

CV (%)
Condition Isterial 204 trial
Nil 150.5036 2.1661
TB-Antigen 48.6219 2.3967
Mitogen 38.1630 9.8776
Page 5of 8
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Table 5: Three-way analysis of variance in the second trial,

Nit TB-Antigen  Mitogen
Mean (IU/ml) 0.2308 0.3071 11.0017
Harvest
Mean Square 0.0000 0.0000 3.4225
F value 1.0000 0.1000 32100
P value 0.3409 0.7572 0.1036
ELISA
Mean Square 0.0000 0.0000 0.0770
F value " 1.0000 0.4000 0.0700
P value 0.3409 0.5393 0.7937
Error
Mean Square 0.0000 0.000) 11707
Root Mean Square 0.0050 0.0079 1.0330
Coefficient of Variation (%) 2.1661 25615 9.3898

pared. As shown in Table 7, values indicating the overall
within-individual error in all conditions had significantly
decreased in the second trial (P < 0.0001).

Discussion

We have demonstrated that a study design BIBD and sta-
tistical analysis using fixed-effect models with heterogene-
ous variance of error are useful for objective and
quantitative assessment of laboratory testing for the first
time. A series of experiments in our study clearly showed
that proficiency of the personnel was improved by an
appropriate intervention between the first and second tri-
als of a two-step ELISA-based immunoassay for tuberculo-
sis newly introduced to a resource-constrained laboratory.

http://www biomedcentral.com/1471-2334/9/66

Design of clinical experiments including block designs
can be used to estimate effect of factors and their possible
interaction [10]. In block designs including BIBD, intro-
duction of blocks usually provides extra precision for
comparison of other factors, while difference between
blocks is of no intrinsic interest [10]. In our proficiency
testing, variation of individual specimens was not the
point of interest, but analysis of the other two factors, Har-
vest and ELISA was of importance. Roles of laboratory
members are occasionally changed because of limited
manpower. In such a case, our analysis is indispensable
for assessment of their individual skills in each step of the
testing, since this kind of approach has not been evaluated
by the conventional IQC methods [11].

Previous studies in clinical fields other than laboratory
medicine showed the advantage of BIBD over the sample
size [12-14}. In the present study, this design enabled us
to evaluate essential components of the blood testing pro-
cedure systematically without collecting an extra speci-
men from each donor. If all combinations of Harvesters
and ELISA operators were to be tested at the same time, a
twice-larger volume of blood should be collected from
each volunteer, however, obtaining consent of this often
causes difficulties in a country where blood sampling is
not easily accepted. We have shown furthermore that this
design is suitable for clinical settings in which many dif-
ferent specimens are to be handled at the same time.

In the first trial before intervention, we found that within-
individual error was large and between-individual error
tended to be so. However, a number of outliers also
affected both within- and between-individual errors. The
cause of outliers was probably due to mixing up of speci-

Nil TB Antigen Mitogen

1.5 MHarvestA I 8 MHarvestA {9 .. ... ... WHarvestA
" O HarvestB O HarvestB CJHarvestB
g OELSAA | g — DELUSAA |, {—T DELISAA
§ 1 HELISAB mELISAB mELISAB
g 4 - e il (P, JE I
o |5+ -@———
\ 2 § e
R d
§ H R
Q
1 0 - . - B 50 S — 0 4

2nd 1st 2nd
Figure |

Least square means of measurements in the first and the second trials. Differences in least square means between
Harvesters and between ELISA operators in the conditions of Nil, TB-Antigen and Mitogen in the second trial were compared

with those in the first trial.
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Table é: Error variance affected by Harvester (left) and error variance affected by ELISA operator (right) in the second trial,

€l Harvester P value ef ELISA operator P value
Nit NE* (A > B) Nil A0.000014 0.4832
B:0.000035
TB-Antigen A:0.0001 0.2391 TB-Antigen NE (A > B)
B:0.00002
Mitogen A2.1184 0.3291 Mitogen A:1.9065 0.33347
B:0.1788 B: 0.2747

*NE = not estimable by this calculation,

men tubes or contamination of samples resulting from
unfamiliar handling of multiple samples, although this
was not easily determined [15,16]. Using a fixed-effect
model with the heterogeneity of error variance, we further
illustrated that within-individual error was affected by
Harvesters and ELISA operators. The results indicated that
there were problems with both steps of Harvest and
ELISA, and with both laboratory members, and this repre-
sented a strong motivation to improve the skills of the lab-
oratory personnel in both steps of Harvest and ELISA.

After timely intervention including checkup of all steps
and standard operation procedures, marked improve-
ment was observed in all parameters including CV, a gen-
eral parameter for precision of measurements [8]. In case
of IGRA in this study, CV should be kept less than 10%
[17,18] and in the second trial, this criterion was met sat-
isfactorily.

We propose as a consequence the following action plan to
improve diagnostic capacity in resource-constrained set-
tings. This could be generalized not only for complicated
immunoassay for infectious disease but also for other
kinds of clinical tests:

* Set the target CV derived from simple one-way
ANOVA model of specimen (for example, 10%). This
value should be defined before the commencement of
study.

* Design experiment to evaluate between- and within-
individual error.

Table 7: Difference in estimated overall within-individual error
between the two trials.

Estimated overall error variance (gy)

Condition I'st trial 2nd trial¥
Nil 1.3866 0.000025
TB-Antigen 6.9003 0.000062
Mitogen 35.3152 1.0814
*p < 0.0001

185

e Conduct experiment.

e Analyze data with ANOVA model with and without
heterogeneous error variance.

o If CV exceeds the target, review the operating proce-
dures.

e Conduct experiment a second time,

» Consequently analyze data to ascertain any improve-
ment.

@ Return to step 5 until CV becomes less than the tar-
get.

In-house quality control for effective transfer of skills is a
topic of interest in our proposal and this should be carried
out easily, at a low cost, whilst assuring objective and
quantitative assessment in a clinical laboratory where
resources such as reagents, manpower and feasibility of
sample collection are limited. Our plan meets the above
requirement. Measurements could be sent via the internet
and analyzed in a statistical way by a joint-research facility
inside or outside the country and an immediate feedback
should be sent in an appropriate manner. Such continu-
ous efforts to share information are important to main-
tain quality levels over a long distance [19].

In this age of evidence-based medicine and development
of new diagnostic technologies, quality of laboratory tests
is essential. There is an urgent need for validation and
standardization of the new assays before they are adopted
into clinical diagnostics [20]. Until such time as an effec-
tive quality control system is established, our approach is
valuable to assure the quality of laboratory tests for timely
diagnosis and treatment of infectious diseases. Another
favorable design or analytical method might be suggested
by others in the future studies, seeing that no standard
way of quality monitoring has been proposed so far. We
expect that the successful experience gathered in the
present study will provide useful information for further
comparison and discussion.
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Our study has some limitations. It was obvious that out-
liers influenced statistical analysis in the first trial and
exact causes of error in each condition were not clearly
specified by the present analysis itself [15]. Through
repeated experiments, the causes of error might be clearer,
although all errors in our study decreased dramatically
after a single intervention. We should also emphasize in
conclusion, that a number of procedures should be com-
bined to establish a total quality assurance system.

Conclusion

In a setting where a modern quality control system has
not been entirely established, a laboratory test could be
assessed quantitatively and such objective assessment is
helpful for quality improvement of the test, if an appro-
priate design of experiment and statistical method are
chosen. The design of experiment BIBD and analytical
models for ANOVA were useful for objective assessment
of individual skills in each stage of a multi-step immu-
noassay for tuberculosis in a laboratory with limited
resources. A proposed plan to assess the level of profi-
ciency might be useful for skill improvement of clinical
testing especially for infectious diseases when monitoring
is difficult to assure the sustainability of the technology
transferred.
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Abstract We compared rifabutin susceptibility and rpoB
mutations in 98 multi-drug-resistant strains of Mycobac-
terium tuberculosis (MDR-TB) by DNA sequencing and
with a line probe assay using the commercially available
INNO-LiPA Rif. TB kit (the LiPA). Our results indicated
that rifabutin continues to remain active against MDR-TB
strains harboring certain genetic alterations and also that
the LiPA might be useful in identifying MDR-TB strains
susceptible to rifabutin.

Keywords Tuberculosis - Drug resistance - Rifabutin -
rpoB - Line probe assay

The recent global expansion of multi-drug-resistant
Mycobacterium tuberculosis (MDR-TB) poses a serious
threat to human health, Numerous previous studies have
shown that the majority of rifampicin-resistant isolates of
M. tuberculosis are also isoniazid resistant [I1]. The
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. detection of rifampicin resistance therefore has the poten-

tial benefit of simultaneously detecting MDR-TB [1, 2].
One of the commercial kits used to determine drug resis-
tance is the INNO-LiPA Rif. TB kit (the LiPA; Innoge-
netics, Ghent, Belgium). This assay is an excellent tool for
detecting mutatons in hot-spot regions of rpoB, a gene that
encodes a subunit of RNA polymerase. Such mutations
occur in up to 95% of rifampicin-resistant strains [2].

Rifabutin is a semisynthetic spiropiperidyl derivative of
rifampicin, which is more active than rifampicin itself
against M. fuberculosis in immunocompromised patients
{3]. Rifabutin is also useful as an alternative to rifampicin
when serious side effects occur during tuberculosis treat-
ment [4]. Moreover, the minimum inhibitory concentration
(MIC) of rifabutin in rifampicin-resistant strains of M,
tuberculosis carrying rpoB mutations varies depending on
the specific site of the mutation in the rpoB gene [5-10].
Rifabutin might therefore be active against some MDR-TB
strains. However, rifabutin susceptibility testing using the
time-consuming proportional method on Middlebrook
7H10 medium or by 7H9 microdilution could postpone the
effective treatment of patients infected with MDR-TB.

This study aimed to determine the MICs of rifampicin
and rifabutin for MDR-TB isolates with known rpoB
sequences and also to assess results of the LiPA, thereby
helping to establish whether this test enables detection of
rifabutin susceptibility in MDR-TB strains.

A total of 128 M. ruberculosis strains retrieved from a
culture collection of the Kinki-chuo Chest Medical Center
were tested by the mycobacterial growth-indicator tube~
aspartate aminotransferase (MGIT-AST) method (Becton—
Dickinson and Company, Fukushima, Japan), and WelPack
method (Nihon BCG Inc, Tokyo, Japan) that was estab-
lished by the egg-based Ogawa medium in commercial
susceptibility test systems. Ninety-cight of these strains
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were considered to be resistant to rifampicin as determined
by these media. Thirty pan-drug-sensitive (DS) strains
were collected between | and 31 August 2008, and 98
MDR strains were collected between 1 January 2001 and
31 December 2008. All patients from whom the strains
were derived were negative for both human immunodefi-
ciency virus (HIV)-1 and HIV-2. With the exception of one
MDR patient, these patients represent all of the DS- and
MDR-TB patients treated in this hospital during the strain
collection periods.

The MICs for these strains were determined by the
validation protocol, performing the commercial and the in-
house-prepared microdilution method in parallel for a
series of these strains. We elected to use the BrothMIC
MTB-1 (Kyokuto Pharmaceutical Industrial Co. Ltd,,
Tokyo, Japan) and a similar system for slowly growing
mycobacteria by using 7H9 broth [11]. BrothMIC MTB-1
susceptibility test system with a shorter incubation period
has been previously demonstrated to determine MICs that
correlate with those obtained from the standardized agar
proportion method. According to the manufacturer’s
instructions, the proposed breakpoints for rifampicin are
<0.06 pg/ml (susceptible), 0.125-2 pg/ml (intermediate),
and >4 pg/ml (resistant). For the microdilution method
using 7H9 broth, 100 pl of serial twofold dilutions of rif-
ampicin or rifabutin were dispensed into each well. The
final concentrations of the test drugs ranged from 0.015 to
256 pg/ml. All microdilution plates were incubated at 37°C
in plastic bags to increase carbon dioxide (CO,) and were
read after 7, 14, and 21 days by looking for macroscopic
growth with an indirect light source. MICs were the lowest
dilutions exhibiting no growth. Quality control testing
using M. tuberculosis H37Rv was performed once each
testing. Bach microdilution plate included basal medium
without antimicrobial agents to assess viability of the test
organisms. Each microdilution testing was performed in
duplicate on different days.

The MDR-TB strains were analyzed for the presence of
mutations in the rifampicin-resistance-determining region
(RRDR). A set of primers described by Kim et al. [12], MF
(5'-CGACCACTTCGGCAACCG) and MR (5'-TCGATC
GGGCACATCCGG), were used to amplify a 342-bp
fragment of the rpoB gene containing the 81-bp RRDR.
The polymerase chain reaction (PCR) product was
sequenced using an automated DNA sequencer (ABI
Genetic Analyzer 310, Applied Biosystems, Foster City,
CA, USA) with MF and MR primers. The LiPA we
employed was used in accordance with the manufacturer’s
instructions. This kit comprises the M. tuberculosis com-
plex-specific probe, five overlapping sensitive probes
(wild-type S: 19-23 bases long), and four resistance probes
(R-type) from a region of the rpoB gene encoding amino
acids 509~534. The lack of reactivities of an amplified
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fragment with the wild-type S probes (probes S1 through
S5) was used to detect mutations that lead to rifampicin
resistance. Furthermore, R-type probes were specifically
designed to hybridize to the sequences of the four most
frequently observed mutations: R2 (Asp-516-Val), R4a
(His-526-Tyr), R4b (His-526-Asp), and RS (Ser-531-Leun).
When all the wild-type S probes gave a positive signal and
all the R-type probes reacted negatively (wild-type profile),
the M. tuberculosis isolate was considered susceptible to
rifampicin. When at least one negative signal was obtained
with the wild-type S probes, the isolate was considered
rifampicin resistant (AS profiles). When the resistance to
rifampicin was due to onc of the four most frequently
observed mutations described above, a positive reaction
was obtained with one of the four R-type probes and was
always accompanied by a negative reaction with the cor-
responding wild-type S probe (R profiles). We used M.
tuberculosis strain H37RV as a positive control.

The ranges of the MICs in DS-TB strains were
<0.03 pg/ml for rifampicin and <0.015 pg/ml for rifabu-
tin. The corresponding ranges of the MICs in MDR-TB
strains were 0.5 to >256 pg/mi and <0.015 to >256 pg/
ml, respectively. Whereas rifabutin MICs for 78 of the 98
MDR-TB strains ranged between 0.5 and >256 ug/mi,
which were threefold lower than or equal to those of rif-
ampicin, the other 20 MDR-TB strains had rifabutin MICs
ranging between <0.015 and <0.25 pg/ml, which were 4-
to 15-fold lower than those of rifampicin. As shown in
Table 1, our study revealed 20 mutations in the rpoB gene.
Single-point mutation at codon 513, 525, 526, 531, 533, or
572, which was detected in 72 MDR-TB strains, influenced
susceptibility to rifabutin. We also demonstrated that novel
mutations such as two strains with double-point mutations
(Asp516Ala and Leu533Pro, or Ser512lle and His526Pro),
one strain with an insertion (at codon 525), and one strain
with an His526Ser mutation showed rifabutin resistance. In
contrast, 20 (20.4%) of the MDR-TB strains that had sin-
gle-point mutation at codon 511, 516, or 522 and double-
point mutation (Asp516GIn and Ser522Leu) were suscep-
tible to rifabutin (MIC, <0.5 pg/ml). The observations that
some rifampicin-resistant strains remained susceptible to
rifabutin suggest that rpoB mutation position and type of
amino acid change influence rifabutin susceptibility.

In this study, four MDR-TB strains with a wild-type
profile by the LiPA exhibited rifabutin resistance as well.
Moreover, 72 strains exhibiting R4a, R4b, RS, AS4, ASS5,
ASI + AS4, or AS2 + AS4 + R5 profiles were also
resistant to rifabutin. Conversely, 19 strains that exhibited
R2 (one of the four most frequently observed mutations),
AS3, or AS2 + AS3 profiles were characterized by low
rifabutin MICs. The susceptibility of rifabutin conflicted
among the remaining three strains that exhibited AS1
profile. In detail, one strain had a mutation at codon 511
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Table 1 Comparison of rpoB

genotype, susceptibility of 231‘::0?;2;2'5:.3"‘1 Tsolates (n) MIC (ug/ml) LiPA
rifampicin and rifabutin, and the Rifampicin  Rifabutin
LiPA profiles
DS-TB
Wild type 30 <0.03 to 0.03 <0.015 WT
MDR-TB"
5{iLen — Pro 1 0.5 0.03 ASi
513GIn — Lys 8, 16 4, 16 AS1
516Asp — Val 17 4 to >256 0.015 to 0.25 R2
5228er — Leu 1 2 0.06 AS3
525ACG insertion 1 32 32 wT*
526His — Tyr 2 32, 64 8, 64 Rda
526His — Asp 3 64, 128, 128 16, 64, 128 R4b
526His — Ser 3 2,4,64 2, 4,32 AS4
526His — Arg 1 32 32 AS4
WT wild-type S profile, DS-TB 526His — Pro 2 8, 64 4,32 AS4
drug-sensitive tuberculosis, :
MDR-TB multi-drug-resistant 526His ~ Leu ! 236 64 AS4
wherculosis 526His — Cys 1 4 1 As4
* Numbers correspond to 5268is — Arg, 529Arg — Gin 1 64 64 AS4
Escherichia coli RNA 531Ser — Leu 54 0510 >256 05t0>256 RS
polymerase amino acid 533Leu — Pro 1 32 32 AS5
§°;""f"s _— 512Ser — Ile, 526His — Pro 1 >256 >256 AS1 + AS4
esistant to rifampicin at
1.0 pg/ml by the Clinical and 516Asp — Glu, 5225er — Leu 1 128 0.25 AS2 + AS3
Laboratory Standards Institute 516Asp — Ala, 533Leu — Pro 1 128 64 AS5®
method of proportion in 7H10 Mixed peak in 516 (GAC 1 256 256 AS2 + AS4 + R5°
agar and mycobacterial growth- (Asp) = GTC (Val)), 526 (CAC
indicator tube—aspartate (His) = CAA (His), 530 (CTG
aminotransferase (MGIT-AST) (Leu) - ATG (Met)), and 531 (TCG
method or 40 pg/mi by (Ser) =, TTC (Leuw))
WelPack method 572Te — Phe 1 1 1 WT
© The LiPA also did not reveal Non-RRDR 2 16. 128 2. 128 WT

the correct type of mutation

and appeared to have a low rifabutin MIC, but the
remaining two strains, at codon 513, were characterized by
high rifabutin MICs. Thus, except for AS1, profiles of the
LiPA could predict rifabutin susceptibility rather faithfully
(Table 1).

According to previous studies, rifabutin MICs against
rifampicin-susceptible strains were <0.06 pg/ml [13], and
all strains susceptible to 1 pg/ml of rifampicin and 12% of
the strains resistant to 10 pg/ml of rifampicin were sus-
ceptible to 0.5 pg/ml of rifabutin [14]. In the study by
Uzun et al. [15), all rifampicin-susceptible strains and 12%
of rifampicin-resistant strains were also susceptible to ri-
fabutin (MIC, <1 pg/ml). All 30 DS-TB strains and 20 of
98 MDR-TB strains were susceptible to rifabutin (MIC,
<0.5 pg/ml) in our study. Clinical outcome regarding the
efficacy of rifabutin therapy for isolates of MDR-TB with
the MICs of <0.5 pg/ml has not yet been obtained, but the
proposed critical concentration for rifabutin (< 0.5 pg/ml)
in this study was the same as that recommended by The
Clinical and Laboratory Standards Institute (CLSI) using

agar-plate testing. However, the relevant critical concen-
tration of rifabutin should be determined by future clinical
outcome study.

Our data indicated that all MDR-TB strains with an R2
profile, which was associated with a specific point mutation
(Asp516Val), were almost always identified as rifabutin
susceptible. The LiPA may offer improvement in the
management of MDR-TB, as these vulnerable patients can
commence treatment with rifabutin before the strain’s
isolation. This study further confirmed that rifabutin
remains active against MDR-TB strains harboring certain
genetic alterations. We also indicate that the LiPA is useful
for rapid detection of strains susceptible to rifabutin in
MDR-TB before examining susceptibility testing,
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WETHE) 2HV, LEMMOEHOFETEICIX DDH
<4 ans7Fy7 ‘HE (DDHE : HRMNETE) %
vz, 3 XRTOFERBHOAMBMEEFCRRLT
1T > 7zc DDH#:{X DNA ORENFRA 5 2B EICFER
BOEEMBONLZ L HILOAESTROKEEIH
LNBEIIIBRELITo 72

DNA Dl

MIERBEERPOHEETE2~3mmO I = —
2B OEBERNL, 15mIv 4 2 aFa—FIHE
Lic4 A% Y~ DNAKE~< b v 2 A (BIO-RAD)
200 u W REE L 720 56T, 15~30504L3H% 10401 vortex
L, EREZ100T, 84 MALE L B HIKAKP TR
W L7 108 vortex L, 12000rpm, 3 &L LA L
¥ % INNO-LIPABEZ L IC ¥ — 2 2 ¥ AWM EICHW
AR
INNO-LiPA &

INNO-LiPA MYCOBACTERIA v2 (INNO-LiPA #: :
INNOGENETICS) %, SSamiZfay bu— v Ehil
BRSO —7 (MYC genus) B L UBBEN DD
DREDITSHIZF7u—7HEBLLINAA MY v
TROFy bTHD. 7u—TRREHEOTO— T
AT, 3 HIHD subtype LRI RB % M. kansasii 71—
7, 4 ¥ D MAIS complex 7' 10— 7, M. abscessus & &
A 72 3 HEH D M. chelonae complex 70— T HEEBE s T
Wb, %y bOMAEBBHSEICHEE L T165-23S ITSH
ROBIETF O PCREIAZ TV, B 607 PCRIGIEEY
% LiPARA YL LT L7, LIPARKENI 7 ¥4
X8, BonRENy— Vil THEREORE:
f1o7: (Table1)o

INNO-LiPA B BWTIX PCRDHE, T XT®D PCRE
WEBLKLEBONLNY F2ALMIBOKRBEEIT-
720 ¥ 72 DDHEE & HHIZ MYC genus i2 LORENRD
newe, BREZ1To7
168 IRNA BfE T, ITSERD ¥V — 2 = 7 AR

IFBOMEF v b & INNO-LIPAEIC & b FIEA B
Tholkk, HOUFCMROBHIEDSNABRIIHL
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Table 1 Interpretation of Mycobacterium species by using the INNO-LiPA MYCOBACTERIA v2

Line Probe Taxa reacting with the probe
1 Conjugate Control
2 MYC genus Presence of Mycobacterium in the test sample
3 MTB M. tuberculosis complex : M. tuberculosis, M. bovis, M. microti, M. africanum
4 MKA-1 M. kansasii (group 1)*
5 MKA-2 M. kansasii (group I)*
6 MKA-3 M. kansasii (group III, V, VI)*, M. gastri
7 MXE M. xenopi
8 MGO M. gordonae
9 MGV M. genavense
10 MSI M. simiae
11 MMU M. marinum~+M. ulcerans
12 MCE M.celatum
13 MAIS M. avium, M. intracellulare, M. scrofulaceum, MAC, M. malmoense
14 MAV M. avium, M. paratuberculosis, M. silvaticum
15 MIN-1 M.intracellulare (sqv. Min-A, -B, -C, and-D)
16 MIN-2 M. intracellulare (sqv. Mac-A)
17 MSC M. scrofulaceum
18 MML M. malmoense
19 MHP M. haemophilum
20 MCH-1 M. chelonae complex (group I, II, HI, IV, M. abscessus)*
21 MCH-2 M. chelonae complex (group I, M. abscessus)*
22 MCH-3 M. chelonae complex (group 1)*
23 MFO M. fortuitum—M.peregrinum complex
24 MSM M. smegmatis

*group is based on sequevar derived from 165—23S nucleotide sequences. sqv., sequevar

T, 77— R-ZAHPEEL 168 IRNA HEFO V-2
Y A%, &5I216S RNAB{ET OH L CREH
BEELEERICH L CIRITS Y — 2 2 v 28N LE
L RE Lo PCREUEIEAR S DFHIHE L, Takara
Ex Taq (¥ % 5784 %) %MW, 94°C 308, 55C 30%),
2C 1 53%35% 4 2 ViT o720 168 (RNA BT DB
B AL BEELERY 77 1< — 285F [5'-GAG AGT
TTG ATC CTG GCT CAG-3'] & 264R [5'-TGC ACA CAG
GCC ACA AGG GA-3'] 2 VT PCRMIFED %1872,
ITSHBEROHIEICIZ TSI [5-GAT TGG GAC GAA
GTC GTA AC-3’] & ITS2 [5'-AGC CTC CCA CGT CCT
TCA TC-3'] &M \7zo PCRIEEW % HBL L 7% BigDye
Terminator Ready Reaction Cycle Sequencing Kit (Applied
Biosystems Japan) % HI\>C 16S rRNA 1% T O &5 E5)
EITSEROEERI % B2, 506 EERI,
Ribosomal Differentiation of Microorganisms: RIDOM % i
WOMFEHERE LTV, 99% LA ko #ES —%K % b -
Th—EfE ke L,

&

PERAE 12280 5 B 11288128V T INNO-LiPAB: & 3
HBEORZES y b OMBES—K LI HREHKDS bR
BWEO 7T HRIETRC, MERAZAT 2 70—
MBEMFES Y b, ¥+Y Y Y7 TB & INNO-LPA D
MEDN—B L% NIMISKO ) b7 2 Su—7

S
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MACH: TMACLHE &R, anzx 7v7yay <
AN FIVTAEIE D Maviem L AE S 248
I3 INNO-LiPA B TH MAIS & MAV 70 —7DON Y K%
Bl —=HT7F270—7MACHETMAC, I/X
Ty70a7 R4anz 599 A8ICL Y Mintra-
cellulare £ & E 7z 7 AT MAIS & MIN-1 70— 7|2
KIS L T2, B#k23 D& MIN-1 I RS 257 X 3°8%
RICTEMA R ONA. DDHEX EKL 728380 ) bE
BREZEMLTHFAERIEL otz e BBO LR
2o THOH6KD I B 3HkiL INNO-LIPAE: T b MYC
genus {2 LIS HR S e h oz, — 4 DDHB: CRIME
P AT & 72 A5 INNO-LIPA & D IICE ROV
PRONTBRIEIBBED SNz, Lo T3 HEDOR
EF¥ v POV & INNO-LPA #: & o B CRIEA it
PHRVPR L L I0BREH LTy -7 v A%
o7,

6Bk (B2, 19, 14, 22, 7, 6) WE¥—r v 2@
BiAi SR & INNO-LiPATE D& A8 L7zo Bitk2 & 19
1 INNO-LiPA ¥: 'C MKA-3 O )X J& % #2.8 M. kansasii 3 &
HWESh, Y= A bERERT 2 70—
T A YTRYEL %5 Mkansasii squv. T L VI & )&
SN/zo W41 INNO-LIPARE, ¥ — 2 v AfHAT &
b2 M. gordonae E I & tzo —J7, BHs 2302
BRIZFEx v POSRE ¥ — 7 T ¥ RIBHAEEA--3 L
720 W%k 51X, INNO-LiPA E: T MYC genus I2 [ I A3 32
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Table 2 Discrepant and unidentified results in identification of Mycobacterium species, including 9 isolates of M. lentiflavum.

ITS
Identity (%) Identity (%)

429/429 (100)

16S rRNA gene

INNO-LiPA

DDH

AccuProbe

Cobas Amplicor

system

Isolate No.

M. lentiflavurn DSM44418T

Unidentified** MYC genus
Unidentified**

Negative

Negative

9 isolates

2777277 (100)

M. kansasii, MkaF
M. kansasii, MkaC

441/441 (100)

M. kansasii Borste 8875/99, sqv. VI-3
M. kansasii Borste 539/99, sqv. Il

M. kansasii 3
M. kansasii 3

Negative

Negative

2
19
14
22

279/279 (100)

440/440 (100)

Negative Unidentified**

NT

Negative

270/270 (100)

M. gordonae, MgoC

M. gordonae Borste 11340/99, sqv. Il 440/440 (100)

M. interjectum ATCC51457T
M. abscessus or M. chelonae
(M. abscessus by ITS)

M. gordonae
MYC genus

Unidentified**

Negative

430/430 (100)

Unidentified™*

NT
NT

Negative

M. abscessus DSM44196  294/294 (100)

428/428 (100)

M. abscessus

Unidentified***

Negative

7

293/294 (99.7)

M. chelonae Mche B

428/428 (100)

M. abscessus or M. chelonae

(M. chelonae by ITS)

M. chelonae

M. fortuitum

NT

Negative

6

428/428 (100)

M. fortuitum DSMAG621T

MYC genus
MAIS

M. fortuitum

NT

NT

M. intracellulare MAC*

Negative

M. intracellulare ATCC35770 sqv. Il  442/442 (100)

M. mucogenicum ATCC49650T
M. paraffinicum DSM44181T

*M. avium complex **slow growers ***rapid growers NT: nottested T, Type swain sqv., sequevar

23

423/428 (98.8)

M. fortuitum

Unidentified***

NT
NT

Negative

13
18

439/439 (100)

M. scrofulaceum M. intracellulare 2

Negative
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AiME g4 B 15 20045 1

HHNHRBOREICIESLY, DDHEL V-7 1
AFEHT T M. fortuitum & B8 S N ize RiBR231T /3R
FyFY AT w4 ANy F ) T T M intracellulare,
7 ¥ 270 —7 MACHE: T MAC, INNO-LiPA T MAIS
LHigan, ¥—2 1y AEH T M. intracellulare ATCC
35770 sqv. I (Mac-D) & 100% A & Hl5E S hizo

Yy TV ARFRRE VTP O EORKRISR
rol:# (BH13, 18) 3% 4 M. mucogenicum i
& M. paraffinicum & & S Nize

ANEB ECTERFRLBHE SO, anNA TUTY)
ay <w4anyyFy s, 7¥%a7u—7H, DDH
HBTLREAEE %D, INNO-LPA H: T MYC genus IZ
LAY FORBLBRONED oIy — 7 L 7 AT
T M. lentiflavum & FISE & RIz#kAD 9 BB H N7z (Table
2)o

BREMAEA L T 3 AR L INNO-LPA 3
CHEBDON Y Ry — BB LN (Muberculosis
+M. gordonae, M.avium+M.fortuitum, M.kansasii+M.

gordonae) o
% =

SFRIZERIOEGRERTH Y 16S rRNABIE T
BONE SRR VIESE, ITSFIROIE ) AEILERILE
Wi, LOERHOHAEHNERIELONRS, ITSH
WM& & —4 v b & L7z INNO-LPA E: i ITSER TH W
SMEIFHON TS MACKMN LT4EBEOER T
O—7% o CTHEMELTRE LTWVh, BHR23K
7% a2 70—"7 MACETMAC, I/3X 7¥7ya7T
24 ANy FVY g AET M intracellulare, ¥ — 27 LY A
¥ C M. intracellulare ATCC 35770 sqv. I (Mac-D) & ¥
FENize INNO-LIPAETIRR Y 41 7S+ 2 ER
Tu— 7B SR TVwiWEHIZI MAIS 70— 7 DA
DORISE % o720 Lebrun & b ATCC 35770 DIRE TR U
{ MAIS 70— 7ICOAREIBO LA ERELTY
B, L7z T, ITSEBRICBWTHENS 2R
TR LTI, Y- ABRcHRMERRET
AZEPBELLE-STL b,

Y= IV AR L WThOF B L RV RVES
72280 bEKIBIRT ¥ a7 u—7 MACERH,
DDH #:C M. scrofulaceum & 72 ), INNO-LiPA T MAIS
& MIN-2 (25 A5 R & 1L M. intracellulare sqv. Mac-A & ¥
BENTz, BREE T AFBEPIL16S rRNABT T
100% DABFEHET M. paraffinicum DSM 44181 L HE S,
B L ¢ M. scrofulaceu DSM 43992 & 1% 99% @ #H [Fl # 4%
B 5 N7z, Tortoli & b M. paraffinicum i% MAIS & MIN-2
CREVRELNALENT F 70— 7 MACEIZBHET
HoltBELTWVAEY, —7F Lebrun 51X 7 ¥ a7 00—
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7 MACH:f&4E, INNO-LIPAE: T MAISOAKIZ/N Y F
WKREYHY, V—7 I AT M paraffinicum & 4
B S NIH K M. scrofulaceumn DSM 43992 & 98.9% @
HREND > EBMELTWEY, SET7 X2 0—7
MACHICMAC, INR 7y 7yay <fans s
T AL XY M.avium & RIE S 2B 3T INNO-
LiPAETHIRIC MAVICRBXR LN, T2 7u—7
MACHESTMAC, IR 7r/yary <4anssy
7 ABAC & Y Mintracellulare S N - Bk b L2
DEHRB U MIN-LCBEBERORAE, LidoT
ME— MIN-2{Z/8 7 F %R L 728 8k 1813 M. intracellulare
sqv. Mac-A & 7% ) iR R VERERE Z 2 Shiz,

H#R 1312165 IRNA Y — 2 . 2 BT C M.mucogenicum
ATCC 49650T & Sbp D&\ (98.8% DHFIM) MRS
M. mucogenicum DEFE L HEE SNz P LT
BHEIZHFE L DDHEE TR ET B, INNO-LiPA B T M.
fortuitum EXJESNTEY, ERICEEMNRON. M
mucogenicum i3 { {X M.chelonae-like & LCHISH TV
A%, 168 tRNABR T Tid M. chelonae & V) b M. fortuitum
ICEWRKICHE L TB Y, B Tl M chelonae-
abscessus 7' Vv — 7 & M. fortuitum 7' v — L\ BB O B
BEEELTHA LA V- T L ERER TV,
Ballard & X [f] U { ATCC49650T& 5 bp VTR B 7D
ATCC49649 & 1 bpB\Y D M. mucogenicum N248 % SEH7 L
TEY, H L\ subspecies DT EEM 2B B L HE L TW
59, BEBHFHIIEREICEATSEY, BEHE13L M
mucogenicum 9 variant type D W REMEAIE X & iz,

U BERBEFE Th o Wi 5 12 INNO-LiPA B CiE
MYC genus D A S AR &1, DDH¥: T M. fortuitum,
¥ =7 X2 AEHT T M. fortuitum DSM46621 & DSM44220
12100% OHF NS 57z, Padilla & i INNO-LiPA
ETR L & £ 7D DSM46621 ¥ i3 M. fortuitum & FlE %
Nzt BELTYWEY, bhibhoRFECHRAEHE
DSM44220 #% (M. fortuitum subspecies acetamidolyticum)
td DDH #: & INNO-LiPA ¥ T M. fortuitum & Fl S C & 7=
(F— 5 KBB) o M. fortuitum L ITS ¥ — 2 L ¥ ZBHFT
sqv. I~VAROOLNTEBYRVEMHEL T -00,
BEREFHOMM L BRI — 7 = v AWFiHE
HTehrLBbns,

BIEFEHCARAES Yy ML BHBLHITLTRE
BERauo RIS HELENT A2 L3R EcER
Thobo BHR2EaN2 77/ ay7 wf4anss
U Ak, T¥a7/u— 7%, DDHETCREFREE 2o
ZBREHFWTH D, INNO-LIPA H: Tt MYC genus D K
AR GRS, ¥—2 ¥ ZBHCIX M. interjectum
LHEENTzo M. interjectum \3IERBBEDOBREE T
D 16S IDNARFINHREMTH Y, BIEFEHVWER
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Xy ML BWHRZIMEETSH 59, INNO-LIPA B:
KBWTHHEY /o —7HEML IR T vwhoRE
HORBIZTEY, {RTOIu=—HROBERL4AL
FRHERABRISEN EREIC 2T 5, RBICRK?
& 1913, 3HEBO SO — 7T M. kansasii DR 3 3 5 7]
HETd % INNO-LiPA T MKA-3 (C 555 L 72, 16S rRNA
BEFOY—2 L2 ZABHTH O M. kansasii squ. I & VI &
KHESKIPHARNRET ¥ 2 7u—7 o490
BYEL 2D M kansasii EHIE S Wiz o 72 HER
ETRAREBRBRICEATWE o720, BDTERL
T8 B M kansasii L RETE 72,

TR -DORRGRRTONBRE, BREE, 6
ROEHOENITMIERLHVL-0UEN, TENTH
D, BSEEET B0 Msulgai it 37C CRESRfatk, 25T
BEETHRROMIC R B0 M simiae DXREEOMNEILE
1 REORRS O L Z 2 6 ~24 B O RTAT AL ET
HHNFELET S, FRBOau - —HROBBIZBWV
T, SB, RAl, ZOBTH (SR, RSE) OHIRAHE
REERBZETERLTL DI DD 2, TLBER
BEO#ig, BREECORROBAERINZTAC
LWTERFRAOLIALIEARHL L, AARBHETOSH
BERRORICIR 0= — DR T TR I 2B
bdbo Lichto THREMCL VBT 2B oMLK
THAERLT, 23 ORMERH IS OV CHMICHE
THIENET LW,

INNO-LiPA B O B 55 T d 5 INNOGENETICS 4 ) 4
HBRVF—IUBT B0, BKREDAIDSBED S5
Bt SN/ M. genavense™ R, 4 XY R, Ay b5y F,
Vx—NWK, AV x—FV, 75V ATHENE LTV
% M.malmoense™ & v o L BIZH T 2 RIENTR &
ZoTWwh, bHFETRABATCOIASOEHIZL S
BISEOBERFREICTNTH L0, B hoHD
BHOREDBRIZIXKE B2 RIET L LRbR S,
=7, BEbIETHEOREIMML TV I EREE
D M. lentiflavum Y BEE Y — 7 TV ABHIC L Y o Brik
BEINTZH, BB 70— 7HHEE STk INNO-
LiPA B T2 MYC genus i2 LS > FOREME ST
RZICESdh ol BRTOEAMLZ LV ED LD
2, DAE OGBS BRI IC H b2 INNO-LIPA i
DHBEHBREGH L2,

SEARENZD R INNO-LPABERFEETH
PCRIGHESA 3 W CHETERTH h, BEMAEH S
Nize NATYVFTALE—Y a rh b, ROTTEH
D BBIENA 7Y ¥4 ¥— 3 a V38 Auto-LiPA % Fi
THEH I OBBLTEETHL L EbNS, $72 INNO-
LIPABIRA MY v T LB ONANY FOEETHE
T 572, DDHEED & 3 A b B ol & %1340
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Bl ErONL, BERERAWECBT HHBW
BRIESLUHRTHLIEND, B UEERICET O
B FRBErN, RBICFEEERENEONLZ L2
Shtholn

FRE B ARETREOERIFICHET LS,
SHEEAV-REEDEDTERLZRES Y MSHRS
T, £Hixy POBEEARAMLLS A TEAEFLD
MR LR B, &%y MEICAEUAHR
OFHER R EABRBRIFET 2B ZR L THER
FEFIENEINS, TSy MIEBRAR
HTHY, RENOBBRZ M TE LD, Bk -
ERBEOHBLAEHERLYEATHENTRET S
TLHBETHD, BIINTMESELBE IS ILIER
BB EEOB AR L &b TREANICHITT
BRETH Do
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EVALUATION OF THE INNO-LiPA MYCOBACTERIA v2
FOR MYCOBACTERIAL IDENTIFICATION

'Shiomi YOSHIDA, 'Katsuhiro SUZUKI, 'Kazunari TSUYUGUCH]I, *Tomotada IWAMOTO,
2Motohisa TOMITA, 'Masaji OKADA, and *Mitsunori SAKATANI

Abstract [Purpose] Evaluation of the INNO-LiPA MYCO-
BACTERIA v2 (the INNO-LiPA assay) for mycobacterial
identification.

[Materials and Methods] The laboratory identifications
consisting of Cobas Amplicor systems, AccuProbe, and DDH,
are commonly used to identify mycobacterial isolates in Japan.
We compared the results between the INNO-LiPA assay and
the common methods. A total of 122 clinical isolates from
NHO Kinki-chuo Chest Medical Center from 1 February to
30 June 2006 were tested.

[Results] There was agreement between the INNO-LiPA
assay and the common methods for 112 mycobacterium
isolates. The six discordant isolates have showed same results
between sequencings and the INNO-LiPA assay. The one
M. fortuitum isolates was indicated correctness by DDH and
the one M.intracellulare isolates was recognized by Cobas
Amplicor systems and as MAC by AccuProbe MAC.
Moreover, discrepant results between sequencings and
mycobacterial identifications including the INNO-LiPA assay

197

were 2 isolates (M.paraffinicum, M.mucogenicum variant
type).

[Conclusion] The INNO-LiPA assay could provide rapid
and correct identification results with clear-cut and easy
interpretation.

Key words: Mycobacteria, INNO-LiPA MYCOBACTERIA
v2, Identification, 16S rRNA gene, ITS sequencing

!Clinical Research Center, 2Department of Clinical Labora-
tory, *Department of Respiratory Medicine, National Hospital
Organization (NHO) Kinki-chuo Chest Medical Center, Kobe
Institute of Health

Correspondence to: Shiomi Yoshida : Clinical Research
Center, NHO Kinki-chuo Chest Medical Center, 1180
Nagasone-cho, Kita-ku, Sakai-shi, Osaka 591 ~8555 Japan.
(E-mail: dustin@kch.hosp.go.jp)



F,

g w.l .”rdv. g qi..

F o ST




