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clinical response in these diseases. In the case of CLR-resistant MAC, a point mutation is present FIP primer \ F2 F1 Blc o ctttaaggaa chgcccattc aaggetggac | gthettaccg cattgctgaa ggpttgacag agttggtatc tghgccgett
at either position 2058 or 2059 of the peptidyl transferase active center in the domain V region - F1  Bic Clinical isolate  GAAATTCCTT ~ GTCGGGTAAG ~ TTCCGACCTG | CADGAATGGGC ~ GTAACGACTT  CCPAACTGTC  TCAACCATAG  ACFCGGCGAA
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study, we adapted a rapid detection method using the amplification refractory mutation system 3’ 5’ (A2059C) ctttaaggaa chgcccattc aaggctggac | gthettaccg cattgetgaa ggpttgacag agttggtatc tghgcogott
(ARMS)-loop-mediated isothermal amplification (LAMP) to identify a mutation in the 23S rRNA | | 2058A wild type TCGGGTAAG  TTCCGACCTG — CGAATGGC  GTAACGACTT — CC ageogett
gene in M. avium isolates (Figure 1). Furthermore, we evaluated the usefulness as point-of-care 0 L = B I; 1t |—|:|—|%|' 3 F3 F2 Flc
testing (POCT) technology using clinical isolates. ° © 201> 202> 203> 204> 205> 00> ___ 207> 208>
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Methods: Primers for ARMS-LAMP were designed using PrimerExplorerV5 software based on the alaks El5 primer M. avium strain 104 [0 GAGTRAGAT - GCTOGTTACG  CGUGGCAGGH HAPARGA HUGABBIT - CA “n\ AACT - TRGTATIAT
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nucleotide sequence data for 23S rRNA in M. avium strain 104 (Figure 2). Using the minimum | Flc B L |
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sequencing the 23S rRNA gene and ARMS-LAMP. F1 Blc |
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Results: Sequence ana!y5|s revealled that all eight CI:R-senS|t|ve strains tested. were W|Ic! type, c) Fle B taacgtgaty ctca AACGACC  CCGGGACCTT  CACT
whereas all 10 CLR-resistant strains were mutants. Using ARMS-LAMP, no amplification with the B1c
mutant-type mismatch primc—:_-r sets (MTPS) was observed.in the eight wild-type strains, but A2058G mutant type 2095 105 5115 2128 135 145 5155 2165
amplification was observed with MTPS in the 10 mutant strains (Table 1). v GTTCGGTACG GTTTGTGTAG GATABGTGGE AGACTTTGAA  GCACAGACC ~ CAGTTTGTGT GGAGTCGITG  TTGAAATACC
Conclusion: The developed rapid detection method for the CLR resistance gene using ARMS- d) AA GA TA CA AC ' caagccatgec caaacacatc ctat?caccc tctgaaactt cgtgtctgcig gtcaaacaca cctcagce}ac aactttatgg
LAMP can determine drug resistance in a few hours without the need for special equipment. Clinical isolate ~ GTTCGGTACG GTTTGTGTAG GATAGGTGGG AGACTTTGAA  GCACAGACGC  CAGTTTGTGT GGAGTCGTTG  TTGAAATACC
o o o o o o . |
ARMS-LAMP may be a new clinically beneficial POCT technology for examination that is novel (A2058G) caagccatgc  caaacacatc ctatgcaccc  totgaaactt cgtgfctgag gtcaaacaca cctcagcaac aactttatgg
and extremely practical. Clinical isolate ~ GTTCGGTACG ~ GTTTGTGTAG  GATAGGTGGG AGACTTTGAA  GCACAGACGC ~CAGTTTGTGT ~ GGAGTCGITG  TTGAAATACC
® (A2059C) caagccatgc caaacacatc ctatfcaccc tctgaaactt cgtg:cctg({_g _ gtcaaacaca_ _cEt_celggéac aactttatgg
I nt rOd u Ct I O n ccaccc tctgaaactt cgtg cg gtcaaacaca cctcagc
B2 B3
Pulmonary MAC disease is effectively treated with multidrug therapy centered on CLR, but Figure 2. Alignment of the nucleotide sequences including the domain V region of 23S rRNA at
resistance to CLR is an important prognosticator for clinical aggravation. Therefore, a quick and g » g the macrolide binding site. The constructed LAMP primer sets are shown in solid boxes
easy method for detecting the presence of drug resistance to CLR is a clinically important issue. e " s (forward primers, F1-3) and dashed boxes (backward primers, B1-3). The bold area indicates the

point mutation at position 2058 or 2059 of the 23S rRNA gene.

In the case of CLR-resistant MAC, a point mutation is present at either position 2058 or 2059 of
the peptidyl transferase active center in the domain V region of 23S rRNA at the macrolide
binding site. Using conventional investigation, we clarified the correlation between drug
susceptibility testing and mutation of drug resistance genes'). In this study, we adapted a rapid
detection method using the ARMS-LAMP to identify a mutation in the 23S rRNA gene in M.

Figure 1. The designs of CLR resistance A2058G mutant-type mismatch primers used for the
ARMS-LAMP assay. a) A strand-displacing DNA polymerase extends the DNA from FIP while
separating from the DNA chain. The primer F3 binds to its complementary region on the DNA
to displace the newly synthesized DNA. An analogous reaction is performed by BIP and B3. a («

Table 1. MICs of clarithromycin, mutations of nucleotides at positions 2058 and 2059 in the
domain V region of the 23S rRNA gene and results of ARMS-LAMP using M. avium isolates.

avium isolates. Furthermore, we evaluated the usefulness as POCT technology using clinical = A, wild type; G, A2058G) and B (B = A, wild type; C, A2058G) are indicated by the point | Total ARMS-LAMP
isolates. mutation at position 2058 of the 23S rRNA gene. The bold area indicates the mismatched base >trains rumber  MIC{ug/mL) - Genotype  — e e TAMTPS  AC_MTPS
C (cytosine). b) The synthesized DNA self-anneals because of the complementary region at both Reference strain
m ends and forms 'dumbbell’ structures. c) After repeated rounds, a complementary region on the | |
same chain is amplified. d) The products of ARMS-LAMP using the CLR-resistant A2058G Mycobacterwm avium 104 1 0-25 AA - - - -
Strains M. avium strain 104(reference strain), and 18 clinical M. avium isolates &:Z?'Et&ykgo?és&m;tftgﬁt"t';‘;;'SX& ?\/'2\0‘5"’9'? l;t\yuptg'ns{c-\; p/g0585 mutant type, TA: A2058T mutant Clinical isolat.eT |
Drug susceptibility tests BrothMIC NTM (Kyokuto Pharmaceutical Industrial Co., Ltd.) was used CLR susceptible strains 8 <8 AA - - - -
to determine CLR susceptibility of the M. avium strains at pH 7.4 Li m it atio n CLR resistant strains 4 >32 GA + - - -
Sequence analysis of PCR was performed to amplify the region corresponding to domain V 2 >32 CA - + - -
DNA corresponding to  of the 23S rRNA gene according to the method described by Jamal et « Only the primer set for detecting the mutant type could be created. 1 >32 TA _ _ + _
domain V of 23S rRNA  al.?. «” We were unable to design a primer set corresponding to a clinical isolate of M. intracellulare. 3 .30 AC _ _ _ N

ARMS-LAMP method The judgment standard was checked for amplification, and if no
amplification was observed, the strain was judged to be wild type.
When amplification was present, samples were checked for the
presence of amplified product using each primer set. When
amplification was observed with GA-MTPS, the strain was judged to
be A2058G mutant type. The strain was judged to be another mutant
type at positions A2058T, A2058C, or A2059C of domain V of 23S
rRNA when LAMP gave a product using TA-MTPS, CA-MTPS, or AC-

MTPS, respectively.

CLR, clarithromycin. MIC, minimum inhibitory concentration. ARMS-LAMP, amplification
refractory mutation system -loop-mediated isothermal amplification. GA-MTPS, A2058G
mutant-type mismatch primer set. CA-MTPS, A2058C mutant-type mismatch primer set. TA-
MTPS, A2058T mutant-type mismatch primer set. AC-MTPS, A2059C mutant-type mismatch
primer set.

Conclusions

We developed a rapid detection method for the CLR resistance gene using ARMS-LAMP that
can determine drug resistance in a few hours without the need for special equipment. This
method may represent a new POCT technology that is clinically beneficial, novel, and extremely
practical. In the future, M. avium should be directly detectable in sputum from patients who
have been administered CLR multi-drug combination therapy for a long time after a definitive
diagnosis of M. avium disease. This new ARMS-LAMP method may allow regular monitoring of
CLR resistance.
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