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Table 4. Species-specific Point Mutations in rrl Gene from 143 NTM Strains 

Serial 
Number 

Positions 
E. 

coli 
Mutant 

M. abscessus  
(n = 46) 

M. massiliense 
(n = 4) 

M. fortuitum  
(n = 9) 

M. avium 
(n = 49) 

M. intracellulare 
(n = 31) 

M. gordonae 
(n = 4) 

1 2081 T T→C - - 9 49 31 - 

2 2083 G G→A - - 9 49 31 - 

3 2099 T T→C - - 9 49 31 4 

4 2101 A A→G 46 4 - 49 31 4 

5 2131 T T→G 45 4 9 - 31 4 

   T→A 1 - - - - - 

6 2136 G G→A - - - - 31 1 

7 2137 T T→C 46 4 9 49 - 4 

8 2140 G G→C - - 9 - - 4 

   
G→A - - - 49 31 - 

9 2141 G G→C 46 4 9 - - - 

10 2150 C C→G 46 4 9 - - - 

   
C→T - - - 49 31 4 

11 2151 T T→G - - 9 - - 4 

12 2152 G G→A - - - - - 4 

   
G→T 46 4 9 - - - 

13 2154 A A→G 46 4 9 49 - 4 

14 2162 G G→A 46 4 - - - - 

15 2164 C C→T - - 9 49 31 4 

16 2191 G G→A 46 4 - - - - 

17 2192 A A→G - - 9 - - - 

18 2196 T T→C - - - 49 31 4 

19 2202 G G→C 46 4 9 - - - 

20 2206 A A→G 46 4 9 - - - 

21 2210 G G→C - - - 49 31 - 

22 2212 - -→A 46 4 9 - - 4 

23 2215 T T→C - - - - 8 - 

24 2217 C C→G - - - 49 31 - 

25 2221 T T→C 46 4 - - - - 

26 2224 C C→G 46 4 9 - - - 

27 2238 T T→C - - - 49 31 - 

28 2267 T T→C 46 4 9 - - - 

29 2321 G G→A - - - - 31 - 

   
G→T 46 4 9 - - 4 

30 2322 T T→C - - - 49 31 - 

31 2328 C C→T - - 9 49 31 4 

32 2358 T T→C 41 4 - - - 1 

   
T→G - - 9 - - - 

33 2404 T T→C - - - 49 31 - 

34 2406 T T→C - - - 49 31 - 

35 2636 A A→G - - 9 - - - 
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DISCUSSION 

Pulmonary infec ons with NTM are becoming 
an increasing concern in many countries. Macrolides 
are one of the most important drugs used for the 
treatment of NTM, especially MAC infec ons. In the 
present study, the result of an in vitro a bio c 
susce bility tes ng confirmed the efficacy of 
macrolides against NTM. The resistant rates and 
MIC50 of all strains except M. fortuitum to AZM, ROX, 
and CLAR were lower than 24% and 8 μg/mL, 
respec vely. In addi on, these drugs were two- to 
four-fold more ac ve than ERY in vivo[21]. CLAR was 
the most potent agent against NTM strains, with a 
resistance rate of 8.1% (25/310), and served as the 
only agent with high clinical efficacy in the 
susce bility test[22]. These results are in line with 
those reported by Foo et al.[23], wherein CLAR 
inhibited M. abscessus and MAC at a resistance rate 
of 20% and 10%, respec vely. AZM was 
administrated once daily and is beneficial for pa ent 
compliance, especially for the long-term treatment 
over 6 months commonly required in mycobacterial 
infec ons[24]. High efficiency of AZM against NTM 
was also observed. However, compara ve studies 
with CLAR and AZM for NTM treatment are limited. 
In our study, AZM concentra on required to inhibit 
NTM was higher than that of CLAR. However, some 
conflic ng results were observed. Choi et al.[25]. 
found that AZM is a weaker inducer of erm(41) gene 
expression than CLAR and should therefore be 
preferred for M. abscessus infec ons. In contrast, 
the findings reported by Maurer[26] contradict this 

sugges on, as high median MICs of ≥ 256 μg/mL on 
day 12 were observed for the two drugs. Thus, 
further studies are warranted to determine the 
clinical efficacy of CLAR and AZM against NTM. The 
ac vity of ROX was reported to be comparable to 
that of CLAR both in vitro and in vivo in animal 
models[27]. Consistent with former reports, we 
observed a similar ac vity for ROX in our results. 
ROX was successfully used for the treatment of 
cutaneous M. chelonae infec ons[28]. 

The results of the an bio c susce bility 
tes ng demonstrated the great difference in 
sensi vity between different species, par cularly 
between M. gordonae and M. fortuitum as well as M. 
abscessus subsp. abscessus and M. abscessus subsp. 
massiliense. In our study, most of M. abscessus and 
M. massiliense were suscep ble to macrolides on 
day 3. However, resistance was evident only in M. 
abscessus a er 14 days of incuba on. Truncated 
erm(41) was observed in M. massiliense and erm(41) 
polymorphism in M. abscessus was related to 
inducible macrolide resistance. These results support 
the findings that macrolide-containing regimens 
were more effec ve for the treatment of M. 
massiliense infec ons than M. abscessus[29]. In our 
study, 77.8% M. fortuitum were found to be 
resistant to CLAR and all carried erm(39). Esteban et 
al.[30] showed that 84.3% (75/89) M. fortuitum clinical 
isolates harbored erm and only 52.8% of these were 
resistant to CLAR. This variation may be associated 
with the differences in the methodology employed and 
regions. Thus, gene c polymorphism of erm(39) 
gene may exist in M. fortuitum, necessita ng further 

Table 5. Number of Resistant Strains and MIC Range at 3 and 14 Days for Two Types of erm(41) Sequevar 
Strains of M. abscessus subsp. abscessus and M. abscessus subsp. massiliense Abse ng rrl Muta on (A2059G) 

M. abscessus  
Subspecies 

Sequevar An bio c 
Number of Resistant Strains (n) MIC Range (μg/mL) 

 Day 3 Day 14 Day 3 Day 14 
M. abscessus subsp. 

abscessus 
T28 ERY     25 34 0.3-128.0 > 256.0 

(n = 34) AZM     10 34 0.3-128.0 > 256.0 

 
ROX     7 34 0.3-64.0 64.0->256.0 

 
CLAR     3 34 0.3-16.0 8.0->128.0 

C28 ERY     4 4 0.3-32.0 2.0-32.0 

(n = 9) AZM     1 1 0.3-16.0 1.0-16.0 

 
ROX     1 1 0.3-16.0 1.0-16.0 

 CLAR     0 0 0.3-4.0 1.0-4.0 
M. abscessus subsp. 

massiliense 
T28 ERY     2 2 < 1.0-16.0 1.0-16.0 

(n = 4) AZM     0 0 < 1.0 1.0 

  
ROX     0 0 < 1.0 1.0 

  
CLAR     0 0 < 1.0 1.0 
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studies. SGM species were more susceptible to 
macrolide than RGM, probably owing to the absence 
of erm genes in these species. We found that M. 
avium seemed less susceptible than M. intracellulare 
to macrolide, consistent with the results of previous 
reports[31,32]. As macrolide susceptibility of MAC has 
been correlated with clinical treatment outcomes, 
one may expect more therapeutic failures in treating 
M. avium infections than M. intracellulare infections. 
These species-specific sensitivity suggests the 
importance of the identification of NTM isolates to 
subspecies level to design specific treatment 
regimens. The species-specific sites of rrl gene, such 
as G2321A of M. intracellulare, A2192G, T2358G, 
and A2636G of M. fortuitum, and G2152A of M. 
gordonae, identified in this study may be employed 
as a rapid identification method for NTM. 

The most striking observation of this study is the 
low detection rate of the two well-known macrolide 
resistance mechanisms. Several reports have 
suggested that point mutations at 2,058/2,059 
position in rrl gene were the most common 
mechanisms to confer macrolide resistance in MAC 
strains and were observed in > 90% of the reported 
resistant mutants[22]. However, a significant fraction 
of resistant strains who failed to harbor any 
previously identified mutations were observed in 
former reports. In this study, the proportion of 
strains with 2,058/2,059 substitutions in 23S rRNA 
was particularly low and none of other substitutions 
related to macrolide resistance was identified. This 
observation was similar to M. abscessus strains 
isolated from Korea, wherein most strains with 
acquired resistance had no 2,058/2,059 substitutions 
in rrl[33]. In this study, erm(39) and erm(41) were 
detected in all M. fortuitum and MABC and inducible 
resistance was observed in relevant sequevars. 
However, the resistance observed at 3 days could 
not be explained by 23S rRNA and erm mechanisms. 
Therefore, the well-known macrolide resistance 
mechanisms failed to cover NTM isolates and meet 
the requirement for developing fast diagnostic 
methods for resistant strains to guide 
rational and individualized medication. The unknown 
mechanisms responsible for macrolide resistance in 
NTM remain to be elucidated. 
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