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Objectives: A simple, rapid, and new diagnostic test for mycobacteria, named Q Gene Mycobacteria, has been
developed. It is based on multiplex PCR using primers harbouring DNA tags combined with a dipstick nucleic
acid chromatography method, which does not require the denaturation of PCR products for hybridization and
can identify five species of mycobacteria including Mycobacterium tuberculosis complex (MTC), Mycobacterium
avium, Mycobacterium intracellulare, Mycobacterium kansasii, and Mycobacterium gordonae. This study aimed to
evaluate Q Gene Mycobacteria for the accurate identification of these five species.

Methods: A total of 340 mycobacterial strains/isolates were tested, of which 159 were type strains (four MTC
and 155 non-tuberculosis mycobacteria (NTM) including four subspecies) and 181 were clinical isolates (18 M.
tuberculosis, two Mycobacterium bovis Bacillus Calmette et Guérin (BCG), and 161 NTM comprising 16 species)
collected from eight laboratories and hospitals in Japan. Species identification of NTM isolates was performed
using the DNA-DNA hybridization method and/or direct sequencing of 16S rRNA, hsp65, and rpoB genes. Q Gene
Mycobacteria was compared with above conventional methods for identifying the five species.

Results: Q Gene Mycobacteria showed excellent concordance for species identification, specifically 99.4% (158/
159) for type strains and 99.4% (180/181) for clinical isolates. The two strains that were misidentified as M.
gordonae were Mycobacterium paragordonae. As they are genetically close and there is few case reports of M.
paragordonae, it might not be a serious critical issue to distinguish M. paragordonae from M. gordonae.
Conclusions: Q Gene Mycobacteria was able to identify frequently isolated mycobacterial species accurately and
easily. Therefore, Q Gene Mycobacteria could be a useful tool for the identification of specific mycobacteria in
clinical laboratories.

1. Introduction

Tuberculosis (TB) caused by Mycobacterium tuberculosis is still a
major public health threat worldwide and mainly in developing coun-
tries. Based on the WHO global TB report 2018, approximately 10.0
million people developed tuberculosis in 2017 and 1.6 million died
from the disease including 0.3 million people living with HIV; further,
the 30 countries with the highest burden shared 86.9% of the global
tuberculosis incidence (WHO, 2018). In contrast, the incidence of non-
tuberculosis mycobacterium (NTM), and especially Mycobacterium
avium and Mycobacterium intracellulare, is relatively high in many in-
dustrialized countries (Namkoong et al., 2016; Shah et al., 2016).
Further, there is a difference in drug susceptibility and disease
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progression based on the bacterial species (Lucke et al., 2012). Even
though Mycobacterium gordonae is frequently isolated from clinical
specimens, most cases are considered contamination from the en-
vironment (Scorzolini et al., 2016). Therefore, mycobacterial diag-
nostics are necessary to identify NTM species isolated from clinical
specimens. The base sequences of the 16S rRNA gene of all type strains
are registered in several databases such as NCBI (GenBank), The Eur-
opean Nucleotide Archive/The European Bioinformatics Institute
(EMBL-Bank), and The DNA Data Bank of Japan Center (DDBJ), and
sequencing is recognized as one standard for the identification of my-
cobacterial species. However, as several species of mycobacteria such as
Mycobacterium kansasii and Mycobacterium gastri share identical 16S
rRNA gene sequences, identification requires the sequencing of
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additional genes such as hsp65, rpoB, and the 16S-23S rRNA internal
transcribed spacer (ITS) region. As this procedure is not cost- and time-
effective, and also technically difficult, it is difficult for common clin-
ical laboratories to perform sequencing-based identification of myco-
bacteria. Although the line probe assay GenoType Mycobacterium CM
and AS (Hain Lifescience, Nehren, Germany) have been widely used for
the identification of 31 mycobacterial species, processing takes as long
as 5h from PCR to the determination, and identification is complicated
based on the combination of species-specific probe patterns (Russo
et al., 2006). Several commercial nucleic acid amplification tests can
also be used to detect M. tuberculosis complex (MTC), M. avium, and M.
intracellulare in clinical specimens (lkegame et al., 2012; Chikamatsu
et al., 2016). However, they require dedicated instruments; moreover,
NTM diseases other than those caused by these three species have been
recently increasing (Fukano et al., 2018; Shojaei et al., 2013). Recently,
matrix-assisted laser desorption/ionization time-of-flight mass spec-
trometry has been used to identify NTM species; however, protein ex-
traction from mycobacterial strains is still complicated, and it might be
difficult for ordinary clinical laboratories to introduce the required in-
struments based on their high cost (Rodriguez-Temporal et al., 2018;
Moreno et al., 2018). Therefore, there is a need for simple, easy, and
cost-effective mycobacterial species identification technology.

Q Gene Mycobacteria (Kyokuto Pharmaceutical Industrial Co., Ltd.,
Tokyo, Japan), which will be launched soon, is a dipstick-based nucleic
acid chromatography method based on multiplex PCR that employs
DNA-tagged primers and DNA-DNA hybridization on a membrane strip.
There have been several studies describing detection systems using this
technology (Nagai et al., 2016; Yamamuro et al., 2018). In Q Gene
Mycobacteria, multiplex PCR is performed using five primer pairs for
the identification of five Mycobacterium species including MTC, M.
avium, M. intracellulare, M. kansasii, and M. gordonae, in addition to a
primer pair used as an internal amplification control. The DNA tag at-
tached to the forward primer is complementary to a gold nanoparticle-
labeled probe, and that of the reverse primer is complementary to a
specific probe for each mycobacterial species immobilized on the strip
membrane. The DNA tag is connected the primer with a spacer to stop
the extension by DNA polymerase. After multiplex PCR, the DNA tag
associated with the amplification product and the gold nanoparticle-
labeled probe attached to the membrane hybridize and move upstream.
Next, the specific DNA probes capture the DNA tags of the reverse
primers, and the five species can be identified based on the position of
the colored lines (Fig. 1). Q Gene Mycobacteria processing takes 1h
from PCR to the end result.

Here, we describe the first evaluation of Q Gene Mycobacteria for
the identification of target species using type strains and clinical iso-
lates.

2. Material and methods
2.1. Mycobacterial strain identification and culture

A total of 340 mycobacterial strains/isolates were tested, of which
159 were type strains (four MTC and 155 NTM including four sub-
species; Supplementary Table S1) and 181 were clinical isolates (18 M.
tuberculosis, two Mycobacterium bovis Bacillus Calmette et Guérin (BCG),
and 161 NTM comprising 16 species; Table 1). The clinical isolates were
collected from commercial laboratories, hospitals, and an institute of
health in Japan as follows: Miroku Medical Laboratory Co., Ltd. (Saku,
Nagano, Japan), Bio Medical Laboratories, Inc. (Kawagoe, Saitama,
Japan), LSI Medience Co. (Itabashi, Tokyo, Japan), SRL Inc. (Hachioji,
Tokyo, Japan), National Hospital Organization Tokyo National Hospital
(Kiyose, Tokyo, Japan), Kawasaki Municipal Ida Hospital (Kawasaki,
Kanagawa, Japan), Fukujuji Hospital (Kiyose, Tokyo, Japan), and Kobe
Institute of Health (Kobe, Hyogo, Japan). The type strains and clinical
isolates were stored at —80 °C and subcultured in MycoBroth (Kyokuto
Pharmaceutical Industrial Co., Ltd., Tokyo, Japan) at the appropriate
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temperatures (25-37 °C, depending on the species) until the OD reached
0.1-0.2 at 530 nm. MTC isolates were identified using Capilia TB-Neo
(TAUNS, Izunokuni-shi, Shizuoka, Japan), and additional multiplex
PCR analyses were performed to identify the region of difference to
distinguish M. tuberculosis from M. bovis BCG as previously described
(Talbot et al., 1997). Species identification of NTM isolates was per-
formed using the DNA-DNA hybridization method (DDH Mycobacteria
Kit, Kyokuto Pharmaceutical Industrial Co., Ltd. Tokyo, Japan) and/or
direct sequencing of 16S rRNA, hsp65, and rpoB genes, as previously
described (Springer et al., 1996; Brunello et al., 2001; Kim et al., 1999).
The strains identified as M. kansasii were submitted to direct sequencing
of the hsp65 gene and 16S—23S rRNA ITS to determine subtypes
(Iwamoto and Saito, 2006).

2.2. DNA extraction

Bacterial DNA was extracted using the Kaneka Easy DNA extraction
kit (KANEKA Co., Osaka, Japan). Briefly, 20 pl of reagent A was added
to 20 ul of the bacteria growing in MycoBroth and heated at 98 °C for
10 min. Next, 80 pl of reagent B was added to the suspension. The so-
lution containing extracted DNA was stored at —20 °C until PCR am-
plification was performed.

2.3. PCR and Q Gene Mycobacteria

The PCR reaction (20 pl in total) contained 5 pl of DNA template,
10 ul of PCR master mix, and 5yl of primers with a DNA tag mix at
175-300nM (Kyokuto Pharmaceutical Industrial Co., Ltd., Tokyo,
Japan). The target genes of each species were as follows: 1S6110 for
MTC and ITS for M. gordonae; those of M. kansasii, M. avium, and M.
intracellulare are the subject of a patent application. The thermal cycling
profile was as follows: 25°C for 5min, 94 °C for 1 min, followed by
35 cycles of 94 °C for 5, 60 °C for 10s, and 72 °C for 15 s. After mixing
the amplified PCR product with 160 ul of developing solution, the Q
Gene Mycobacteria strip was placed into the sample. Test results were
available within 10 min and were indicated by red lines in the specific
test area for each species including MTC, M. kansasii, M. avium, M. in-
tracellulare, and M. gordonae (Fig. 2). If the control line does not develop
color within 10 min, it indicates that the amplification process was not
successful. When the control line and the specific test lines develop
color, five mycobacterial species can be identified.

3. Results
3.1. Type strains

The 159 type strains (62 Mycobacterium, 11 Mycolicibacter, three
Mycolicibacillus, five Mycobacteroides, and 78 Mycolicibacterium) were
tested by Q Gene Mycobacteria. MTC (M. tuberculosis, Mycobacterium
africanum, M. bovis, and Mycobacterium microti), M. kansasii, M. avium
(Mycobacterium avium subsp. avium, Mycobacterium avium subsp. para-
tuberculosis, and Mycobacterium avium subsp. silvaticum), M. in-
tracellulare, and M. gordonae were identified correctly. The remaining
148 type strains were negative except for Mycobacterium paragordonae,
which was identified as M. gordonae. Mycobacterium arosiense,
Mycobacterium bouchedurhonense, Mycobacterium chimaera,
Mycobacterium colombiense, Mycobacterium marseillense, Mycobacterium
timonense, Mycolicibacterium vulneris, and Mycobacterium yongonense,
which have been regarded as members of the previous M. avium-in-
tracellulare complex (MAC) and are presently independent species, were
negative based on the Q Gene Mycobacteria test. Thus, the concordance
of species identification was 99.4% (158/159) for type strains using this
assay.
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Fig. 1. Mechanism of identification by Q Gene Mycobacteria. (A) Design of primer and multiplex PCR process: A DNA tag to capture a gold nanoparticle-labeled
probe and a DNA tag to hybridize a specific probe (MTC, M. avium, M. intracellulare, M. kansasii, M. gordonae and internal amplification control) on the strip
membrane attach to the forward and the reverse primer, respectively. The DNA tag connect the primer with a spacer to stop the extension of DNA polymerase. The
target genes in template DNA amplify by multiplex PCR using the DNA tag-attached primer sets. (B) Identification process: the DNA tag associated with the PCR
product and the gold nanoparticle-labeled probe attached to the membrane hybridize and move upstream. The six specific DNA probes immobilized at different

positions on the strip membrane hybridize the specific DNA tags of the PCR product,

and the five mycobacterial species can be identified based on the position of the

colored lines. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

Table 1
Clinical isolates used in this study and identification by Q Gene Mycobacteria.

No. of Organism Q gene Mycobacteria result
isolates
Hybridization Interpretation
patterns
18 Mycobacterium tuberculosis AC, MTC M. tuberculosis
complex
2 Mycobacterium bovis BCG* AC, MTC M. tuberculosis
complex
19 Mycobacterium avium AC, AV M. avium
20 Mycobacterium intracellulare ~ AC, IN M. intracellulare
29 Mycobacterium kansasii” AC, KA M. kansasii
19 Mycobacterium gordonae AC, GO M. gordonae
10 Mycobacteroides abscessus AC No identification
10 Mycobacteroides chelonae AC No identification
10 Mycolicibacterium fortuitum AC No identification
2 Mycobacterium gastri AC No identification
10 Mycobacterium lentiflavum AC No identification
5 Mycobacterium marinum AC No identification
13 Mycolicibacterium AC No identification
mucogenicum or
Moyecolicibacterium phocaicum
1 Mycobacterium AC, GO M. gordonae
paragordonae
10 Mycolicibacterium AC No identification
peregrinum
3 Mycobacterium triplex AC No identification

AC, amplification control; MTC, M. tuberculosis complex; AV, M. avium, IN, M.
intracellulare; KA, M. kansasii; GO, M. gordonae.

@ Substrain Tokyo (1), substrain Connaught (1).

b Subtype I (19), intermediate subtype I (2), subtype II (2), atypical subtype
1I (2), subtype III (1), subtype VI (3).

3.2. Clinical isolates

Using Q Gene Mycobacteria, 107 of 181 clinical isolates (16

AC —
Ti—
T2—
T3—
T4—
T5—

2 3 4 5 6 7

Fig. 2. Hybridization patterns observed with Q Gene Mycobacteria. AC, am-
plification control; T1 to T5, specific identification lines. Typical hybridization
patterns are shown in the figure as follows: lane 1 = Mycobacterium kansasii
(ATCC12478); lane 2 = Mycobacterium tuberculosis (ATCC27294); lane
3 = Mycobacterium bovis (ATCC19210); lane 4 = Mycobacterium avium subsp.
avium (ATCC25291); lane 5 = Mycobacterium intracellulare (ATCC13950); lane
6 = Mycobacterium gordonae (ATCC14470); lane 7 = Mycobacterium gastri
(ATCC15754); lane 8 = Mycobacterium chimaera (JCM14737).

species), comprising MTC including M. bovis BCG, M. kansasii, M. avium,
M. intracellulare, and M. gordonae were correctly identified. Further, for
73 of the remaining 74 isolates, amplification probes were positive, but
all species probes were negative. Finally, one M. paragordonae isolate
was misidentified as M. gordonae. Thus, the concordance of species
identification was 99.4% (180/181) for clinical isolates using Q Gene
Mycobacteria (Table 1).
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4. Discussion

In this study, Q Gene Mycobacteria was evaluated for its ability to
identify mycobacterial species. The originality of Q Gene Mycobacteria
is based on the fact that it can specifically distinguish five species that
are commonly isolated in clinical settings, specifically MTC, M. avium,
M. intracellulare, M. kansasii, and M. gordonae, from other mycobacterial
species (Henkle et al., 2015; Morimoto et al., 2017). This assay is based
on a simple nucleic acid chromatography technique that can use the
PCR product directly without denaturation.

The cross-reactivity of this method was investigated using type
strains and clinical isolates. Of 159 type strains, one, namely M. para-
gordonae, was misidentified as M. gordonae. Sequence similarities of 16S
rRNA, hsp65, and rpoB genes between M. gordonae and M. paragordonae
were previously reported to be 99.0%, 95.9%, and 95.1%, respectively
(Kim et al., 2014). As the two species are genetically close, M. para-
gordonae was misidentified as M. gordonae by Q Gene Mycobacteria. In
addition, there is few case reports of M. paragordonae, it might not be a
serious critical issue to distinguish M. paragordonae from M. gordonae
(Cheung et al.,, 2017). However, it has been reported that several
commercial kits sometimes misidentify genotypically close species.
GenoType NTM-DR can distinguish M. chimaera from M. intracellulare;
however, M. arosiense, M. timonense, M. bouchedurhonense, and M.
marseillense were all found to be misidentified as M. intracellulare (Mok
et al., 2017). Similarly, we observed that M. arosiense (DSM 45069), M.
chimaera (JCM 14737), M. colombiense (JCM 16228), M. marseillense
(JCM 17324), M. vulneris (JCM 18115), and M. yongonense (DSM
45126) were misidentified as M. intracellulare using the TRCReady®
MAC test, which is based on a transcription reverse-transcription con-
certed reaction targeting the 16S rRNA gene (Chikamatsu et al., 2016).
Mycobacterium lentiflavum was also misidentified as M. intracellulare by
the COBAS TagMan MAI (Tomita et al., 2014). We also reported that M.
arosiense, M. chimaera, and some other M. intracellulare complex species
are misidentified. It has been reported that these species are isolated
from clinical specimens, which respiratory samples, osteomyelitic bone
lesion and blood (Tortoli et al., 2004; Murcia et al., 2006; Ben Salah
et al., 2009). The identification for the isolates will take an extended
time for sequencing in a reference laboratory. In contrast, with Q Gene
Mycobacteria, this species did not cross-react with the target probe of
M. intracellulare, and it would be more useful to screen out the real M.
intracellulare and then the others could be sequenced to determine the
clinical relevance of the other species. Therefore, it is suggested that the
identification of M. intracellulare by Q Gene Mycobacteria is more re-
liable compared to that with other methods used to identify these five
species.

We observed weak color formation for species-specific probes when
using seven clinical isolates, specifically five M. kansasii (belonging to
four subtypes: one intermediate type I, one type II, one atypical type II,
and two type VI), one M. intracellulare, and one M. paragordonae. As the
intensity of color was determined by the naked eye, it was difficult to
recognize weak color when assaying these isolates. Further, the color
intensity when using species-specific probes for these strains was paler
than that with the control probes, which served as an internal control to
confirm whether the amplification was properly performed. Thus, for
these cases, the control probes could not be used as a reference for
interpretation. Generally, multiplex PCR combines an enzyme with
optimal speed and primers that have high annealing specificity.
Therefore, when a single nucleotide polymorphism is present at the
priming site of the template, the amplification efficiency decreases, and
the amount of PCR product could be reduced. It has been demonstrated
that the presence of a single mismatch in the second half of the primer
extension sequence can result in an underestimation of gene copy
number by up to 1000-fold (Bru et al., 2008). It was believed that the
priming sites for these strains differ by a few bases compared to the
primers of Q Gene Mycobacteria. It has been reported that M. kansasii
subtype I, II, IIl, and IV, but not subtype VI, can be detected using
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AccuProbe (Richter and Niemann, 1999). In this study, we found that
even if the species-specific probe is slightly colored, it must be inter-
preted as positive.

There already is a similar nucleic chromatography technology to
identify several mycobacterial species. SPEED-OLIGO Mycobacteria
(Vircell, Spain) is a method based on conventional nucleic acid chro-
matography (Ramis et al., 2015). The kit requires heating for dena-
turation of PCR products to convert double-stranded DNA into single-
stranded products and hybridization to amplified DNA with species-
specific probes immobilized on the membrane. With SPEED-OLIGO
Mycobacteria, the efficiency of hybridization could be reduced since
some denatured single-strand DNA will ultimately reanneal to from
double-stranded DNA. In contrast, Q Gene Mycobacteria is based on the
hybridization of a single-stranded DNA tag added to the PCR products
with a probe comprising a sequence that is complementary to the DNA
tag, which is immobilized on a membrane; with this, the denaturation
of PCR products is unnecessary. In fact, Q Gene Mycobacteria has less
steps and more efficiency compared to SPEED-OLIGO Mycobacteria. As
a result, Q Gene Mycobacteria developed more distinct color compared
to SPEED-OLIGO Mycobacteria.

This study had some limitations. First, we tested only 16 species of
clinical isolates, and thus, additional research might be needed with not
only the type strains but also rare clinical isolates that are genetically
close to the target species of the kit, such as M. arosiense, M. chimaera, M
colombiense, M. marseillense, M. vulneris, and M. yongonense. However,
we could not test clinical isolates of these species because we did not
isolate them until 2016. Second, fewer mycobacterial species can be
identified by Q Gene Mycobacteria compared to that with other com-
mercial kits. Recently, infections caused by NTM have been increasing
in industrialized countries; especially, Mycobacteroides abscessus is often
isolated as a causative agent of respiratory infection (Namkoong et al.,
2016; Novosad et al., 2016). It is thus believed that the addition of a M.
abscessus-specific probe to this Q Gene Mycobacteria assay will be
useful for the diagnosis of respiratory NTM infections.

In conclusion, Q Gene Mycobacteria allowed for the accurate dif-
ferentiation of five targeted species from others, with the exception of
M. paragordonae. As it was simple, rapid, and feasible without special
instruments, it could be appropriate for use in ordinary clinical la-
boratories.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.mimet.2019.105657.
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