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discriminatory power.

The 132 M. intracellulare isolates were classified
into 88 genotypes by 16-locus MIRU-VNTR as
recommended by Keniji, including 48 isolates from 19
clusters (2-5 isolates per cluster) and 84 isolates with
unique patterns; the cumulative cluster rate was
22.0%, and the HGDI value was 0.995 as shown in
Table 2. As shown in Figure 2, of the 16 VNTR loci,
VNTR-7 and VNTR-11 were classified as lowly
discriminating (h < 0.1), and the remaining 14 loci were

defined as highly discriminating (h 2 0.5).

Association between VNTR Genotypes and Drug
Susceptibility

As shown in Table 3, of the 12 clustered and 29
unclustered isolates of M. avium, the proportion of
isolates resistant to CAP (41.7% vs. 37.9%), AZM
(75.0% vs. 69.0%), LFX (100.0% vs. 75.9%), SM (91.7%
vs. 62.1%), MEM (83.3% vs. 72.4%), and CFX (75.0%
vs. 72.4%) was higher than that of unclustered isolates,

Table 1. In Vitro Antibiotic Susceptibility of 41 M. avium and 132 M. intracellulare |solates by Broth
Microdilution Method

M. avium (n = 41)

M. intracellulare (n = 132)

Antimicrobial

Agent MICso” MICoo” %Resistant MICso” MICoo” %Resistant X P
(ug/mL) (ug/mL) Strains (ug/mL) (ug/mL) Strains
CLA 2 16 2.4 1 16 3.8 0.096 0.756
AMK 16 32 2.4 16 32 53 0.673 0.412
MOX 2 4 34.1 2 4 33.1 1.186 0.276
LZD 16 64 48.8 32 64 63.2 5.570 0.018
RIF 4 64 415 8 64 78.7 29.360 0.000
EMB 4 64 36.6 16 45.6 1.668 0.196
CAP 4 32 39.0 64 50.0 1.511 0.219
TOB 4 16 36.6 32 41.7 0.655 0.418
MEM 64 256 75.6 256 256 97.7 15.111 0.000
IMP 256 256 78.0 256 256 99.2 7.800 0.005
CFX 256 256 73.0 256 256 99.2 7.352 0.007
AZM 32 64 70.7 32 64 60.6 1.376 0.241
LFX 16 32 82.9 16 32 90.9 1.182 0.277
GAT 2 8 415 4 8 74.2 12.623 0.000
MIN 8 16 73.1 16 32 82.6 1.808 0.179
TIG 64 64 97.6 64 64 99.2 0.774 0.379
SFX 32 256 48.8 128 256 87.1 26.829 0.000
SM 16 64 90.2 16 64 92.4 0.095 0.758
CFM 1 16 39.0 1 32 43.2 0.222 0.638
RFB 0.125 32 36.6 0.25 32 26.5 1.544 0.214

Note. *MICs, represents the concentration required to inhibit the growth of 50% of the strains; MICq
represents the concentration required to inhibit the growth of 90% of the strains. *The breakpoints to establish
susceptibility and resistance were followed as recommended by the Clinical and Laboratory Standards Institute

(CLSI-M24-A2).

Table 2. Discriminatory Index and Clustering Rate of VNTR Applied to MAC Strains

Clustered

Isolates in Each Clustering

. a
Organism Total Isolates (n) Isolates (n) Cluster (n) Rate/% HGDI

M. avium 41 12 2 14.6 0.993

M. intracellulare 132 48 2-5 22.0 0.995

Note. "HGDI = Hunter-Gaston Discriminatory Index.
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but there was no significant difference (P > 0.05).
The resistance rate of other drugs in unclustered
isolates was higher than that in clustered isolates,
and the difference was not significant (P > 0.05).

As shown in Table 4, among the 48 clustered
and 84 unclustered strains of M. intracellulare, CLA
(4.2% vs. 3.6%), LZD (75.0% vs. 57.1%), GAT (77.1%
vs. 72.6%), SM (95.8% vs. 90.5%), and CFM (50.0% vs.
39.3%) showed higher resistance rates in clustered
isolates than that in unclustered isolates, with no
significant difference (P > 0.05). Statistical analysis
revealed that the percentage of LFX-resistant
isolates was significantly higher in unclustered
isolates than that in clustered isolates (P = 0.004).

DISCUSSION
MAC, the most frequently isolated NTM in
clinical samples, serves as the major pathogen for

chronic obstructive pulmonary disease, cystic fibrosis,
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and immunodeficiency diseases™”. In the USA, Japan,
and South Korea, MAC was reported to be the most
common pathogen associated with NTM lung
diseases™?* % According to a series of studies, MAC
was also the most common cause of NTM lung
diseases in China®”. The overall rate of NTM isolated
from mycobacterial culture-positive patients in
Shanghai showed a significantly increasing trend
from 3.0% in 2008 to 8.5% in 2012, and the second
frequently identified organism was M.
intracellulare®”. The treatment failure rate of MAC
was as high as 20%-40%"%, which may be attributed
to the low level of response to conventional
antimicrobial agents. Therefore, antimicrobial
susceptibility testing is essential for effective
treatment of nontuberculosis diseases. In this study,
we performed the drug susceptibility testing of
clinical MAC isolates against 20 antimicrobial agents
and evaluated the potential association between
VNTR genotypes and drug susceptibility profiles.
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Figure 1. VNTR allelic distribution in 41 M. avium clinical isolates.
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Figure 2. VNTR allelic distribution in 132 M. intracellulare clinical isolates.
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Table 3. Drug Susceptibility Profiles of Clustered and Unclustered Strains of M. avium

Clustered (12 isolates) Unclustered (29 isolates)
Drug No.(%) of Sensitive No.(%) of Resistant No.(%) of Sensitive No.(%) of Resistant X P
Strains Strains Strains Strains

CLA 10 (83.3) 0(0.0) 23(79.3) 1(3.4) 0.429 0.512
AMK 10 (83.3) 0(0.0) 26 (89.7) 1(3.4) 0.381 0.537
MOX 4(33.3) 3(25.0) 10 (34.5) 11 (37.9) 0.190 0.663
LZD 4(33.3) 4(33.3) 9(31.0) 16 (55.2) 0.498 0.481
CAP 7 (58.3) 5(41.7) 18 (62.1) 11 (37.9) 0.050 0.823
AZM 3(25.0) 9(75.0) 9(31.0) 20 (69.0) 0.149 0.699
LFX 0(0.0) 12 (100.0) 4(33.3) 22 (75.9) 2.063 0.151
GAT 4(33.3) 4(33.3) 10 (34.5) 13 (44.8) 0.102 0.750
SM 1(8.3) 11 (91.7) 11 (37.9) 18 (62.1) 3.592 0.058
CFM 9(75.0) 3(25.0) 16 (55.2) 13 (44.8) 1.402 0.236
TOB 6 (50.0) 4(33.3) 10 (34.5) 11 (37.9) 0.416 0.519
MEM 0(0.0) 10 (83.3) 4(33.3) 21 (72.4) 1.806 0.179
IMP 1(8.3) 6 (50.0) 1(3.4) 26 (89.7) 1.124 0.289
CFX 3(25.0) 9(75.0) 8(27.6) 21 (72.4) 0.029 0.865
MIN 0(0.0) 8 (66.7) 2(6.9) 22 (75.9) 0.711 0.399
RFB 8 (66.7) 4(33.3) 18 (62.1) 11 (37.9) 0.077 0.781
SFX 9(75.0) 3(25.0) 12 (41.4) 17 (58.6) 3.840 0.050
RIF 8 (66.7) 4(33.3) 16 (55.2) 13 (44.8) 0.462 0.497
EMB 8 (66.7) 4(33.3) 18 (62.1) 11 (37.9) 0.077 0.781

Table 4. Drug Susceptibility Profiles of Clustered and Unclustered Strains of M. intracellulare

Clustered (48 isolates) Unclustered (84 isolates)
Drug No.(%) of Sensitive No.(%) of Resistant No.(%) of Sensitive No.(%) of Resistant xz P
Strains Strains Strains Strains

CLA 45 (93.8) 2(4.2) 77 (91.7) 3(3.6) 0.020 0.888
AMK 40 (83.3) 1(2.1) 66 (78.6) 6(7.1) 1.562 0.211
MOX 9(18.8) 15 (31.3) 18 (21.4) 29 (34.5) 0.004 0.948
LZD 4(8.3) 36 (75.0) 16 (19.0) 48 (57.1) 3.566 0.059
CAP 29 (60.4) 19 (39.6) 37 (44.0) 47 (56.0) 3.274 0.070
AZM 21 (43.8) 27 (56.3) 31(36.9) 53 (63.1) 0.599 0.439
LFX 6 (12.5) 39 (81.3) 1(1.2) 81(96.4) 8.187 0.004
GAT 6 (12.5) 37(77.1) 12 (14.3) 61 (72.6) 0.127 0.721
SM 2(4.2) 46 (95.8) 8(9.5) 76 (90.5) 1.252 0.263
CFM 24 (50.0) 24 (50.0) 51 (60.7) 33(39.3) 1.429 0.232
TOB 15 (31.3) 20 (41.7) 27 (32.1) 35 (41.7) 0.004 0.947
CFX 0(0.0) 48 (100.0) 1(1.2) 83 (98.8) 0.576 0.448
MIN 0(0.0) 42 (87.5) 2(2.4) 67 (80.0) 1.240 0.266
RFB 35(72.9) 13 (27.1) 62 (73.8) 22 (26.2) 0.012 0.911
SFX 6 (12.5) 42 (87.5) 11 (13.1) 73 (86.9) 0.010 0.922
RIF 14 (29.2) 34 (70.8) 13 (15.5) 71 (84.5) 3.519 0.061

EMB 28 (58.3) 20 (41.7) 42 (50.0) 42 (50.0) 0.852 0.356
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The results of our study provided new
information on the candidate antimicrobial agents
against MAC. As the major therapeutic agent for the
treatment of MAC lung diseases, the macrolides
have shown excellent in vitro activity against MAC
isolates®>*. Consistent with previous studies[33'34],
clarithromycin showed better in vitro activity against
MAC. Of the three quinolones tested in this study,
moxifloxacin exhibited better antimicrobial activity
against MAC than the other drugs. This finding is in
agreement with several other investigations
regarding the stronger activity of moxifloxacin®®.
Regarding the antimicrobial activity of three
injectable agents, we found that amikacin had better
antimicrobial activity than those of capreomycin and
streptomycin against MAC, which is also in line with
previous research®®. Clarithromycin, combined with
ethambutol and rifampicin, is the treatment regimen
for MAC diseases as recommended by the
ATS/IDSAP”. In our study, the percentages of
ethambutol-resistant and rifampicin-resistant strains
among M. avium were lower than those among M.
intracellulare, in accordance with the study of Zhang
et al.®®. However, Guthertz’s study showed that M.
intracellulare was more susceptible than M. avium to
ethambutol and rifampicint]. The different
observations may be due to the test methods or the
applied breakpoint concentrations. Moreover, our
study demonstrated that rifabutin was more active
than rifampicin against MAC, which was similar to a
previous research®®, indicating that MAC-infected
patients may achieve a more effective therapeutic
result by replacing rifampicin with rifabutin during
the treatment.

Our study showed that the 13-loci VNTR typing
of M. avium and the 16-loci VNTR analysis of M.
intracellulare had a high discriminatory power with
HGDI values of 0.993 and 0.995, respectively,
exceeding those previously observed in Japanese
isolates (HGDI = 0.990 and 0.994, respectively). The
allelic diversity for most loci of M. avium was similar
to that in a previous reportlls’w]; however, the
discriminatory indexes of MATR-4 and -14 were
different, with diversity indexes of 0.096 and 0.48 in
Japan versus 0.532 and 0.049 in China, respectively.
Except for VNTR-4, -7, and -11, the remaining loci
had a higher discriminatory power in China than that
in Japan. One possible explanation was that the
strains were incongruent in different regions, and
the distinguishing ability was different for some loci.

To our knowledge, there are fewer reports
from China comparing the association between the

genotypes and drug resistance phenotypes for M.
avium and M. intracellulare strains with such a large
sample size. We observed that LFX resistance was
more common among the unclustered strains than
among the clustered strains of M. intracellulare. In a
previous study, Wei et al. reported that rifampicin
resistance was more common among the
unclustered strains than among the clustered strains
of M. avium™. Although NTM are regarded as
opportunistic bacteria that cause infections in
immunocompromised or immunocompetent people
with some predisposing factors'*”, the resistance to
LFX may be related to the pathogenicity and host
preference for M. intracellulare isolates, leading to
the bias distribution of LFX resistance in M.
intracellulare isolates.

This study has several limitations. First, as the
number of the isolates was relatively small, it may be
not sufficient to detect the differences between
clusters. Second, the synergy effect among different
drugs was not tested in this study. Third, the
relationship between specific single nucleotide
polymorphisms and drug resistance of MAC was not
analyzed.

In conclusion, the results of the present study
illustrated that M. intracellulare was the most
common NTM species in China. Clarithromycin and
amikacin had high antimicrobial activities against
MAC, and resistance to LZD, RIF, MEM, IMP, FOX,
GAT, and SFX was more common among M.
intracellulare than among M. avium isolates. In
addition, the 13-loci and 16-loci VNTR typing of M.
avium and M. intracellulare revealed a high
discriminatory power with HGDI values of 0.993 and
0.995, respectively. LFX resistance was more
common among the unclustered strains than among
the clustered strains of M. intracellulare. The large
variations in the drug resistance spectrum within the
MAC isolates to currently available antimicrobial
agents imply that a differentiation of subspecies
should be performed to optimize the empirical
treatment.
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