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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, 

and immunodeficiency diseases[27]. In the USA, Japan, 
and South Korea, MAC was reported to be the most 
common pathogen associated with NTM lung 
diseases[5,28-29]. According to a series of studies, MAC 
was also the most common cause of NTM lung 
diseases in China[30]. 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[31]. The treatment failure rate of MAC 
was as high as 20%-40%[32], 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. 

 

 

Figure 1. VNTR allelic distribution in 41 M. avium clinical isolates. 

 

Figure 2. VNTR allelic distribution in 132 M. intracellulare clinical isolates. 
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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[33-34]. 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[35]. 
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[36]. Clarithromycin, combined with 
ethambutol and rifampicin, is the treatment regimen 
for MAC diseases as recommended by the 
ATS/IDSA[37]. 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.[38]. However, Guthertz’s study showed that M. 
intracellulare was more susceptible than M. avium to 
ethambutol and rifampicin[39]. 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[38], 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 report[15-16]; 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[14]. Although NTM are regarded as 
opportunistic bacteria that cause infections in 
immunocompromised or immunocompetent people 
with some predisposing factors[40], 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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