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Abstract

:

Mycobacterium abscessus complex infections are ever on the rise. To curb their increasing evolution, we performed an in-depth study of 43 clinical isolates of cystic fibrosis patients obtained from 2009 to 2020. We identified their subspecies, uncovered their genotypic resistance profiles, characterised their antibiotic-resistant genes, and assessed their phenotypic antibiotic susceptibilities. The phenotypic and genotypic methods showed total agreement in terms of resistance to clarithromycin and amikacin. Of the 43 clinical strains, 28 belonged to M. abscessus subsp. abscessus (65.1%), 13 to M. abscessus subsp. massiliense (30.2%), and 2 to M. abscessus subsp. bolletii (4.6%). The resistant rates for clarithromycin and amikacin, the two main drugs against M. abscessus complex pulmonary infections, were 64.2% and 14.2%, respectively. We found three strains of M. abscessus subsp. abscessus that showed heteroresistance in the rrl and rrs genes, and these strains also presented double-resistance since they were macrolide- and aminoglycoside-resistant. M. abscessus subsp. abscessus showed a high minimum inhibitory concentration (MIC) and a resistant percentage larger than or equal to 88% to cefoxitin, ciprofloxacin, moxifloxacin, doxycycline, imipenem, and trimethoprim-sulfamethoxazole. These results show a panorama of the high resistance of Mycobacterium abscessus complex to current drugs for cystic fibrosis patients. Thus, other treatment methods are urgently needed.
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1. Introduction


Cystic fibrosis (CF) is a rare fatal genetic disease that predominates in the northern European ethnicity. It is mainly caused by mutations in the cystic fibrosis transmembrane conductance regulator gene (CFTR), encoding for the membrane protein CFTR, which is mostly a chloride and bicarbonate transporter. Defects in the CFTR protein affect all epithelial cells in the body, as well as multiple organs. However, the pathology principally manifests in the respiratory tract since the abnormal osmotic imbalance of airway mucus thickens the mucus and impairs mucociliary clearance. This retained thick mucus constitutes an ideal microenvironment for infectious microorganisms [1,2,3].



The Mycobacterium abscessus complex (MABC) is one of the most important non-tuberculous mycobacteria (NTM) responsible for respiratory infections around the world. The lungs of cystic fibrosis (CF) patients provide a particularly favourable niche that fosters the colonisation and subsequent infection of many microorganisms [4]. Overall, NTM infections in CF patients have significantly escalated around the globe, rising from 3.3% to 22.6% in the last 20 years. Mycobacterium avium complex (MAC) and MABC form the highest proportion (95%) of NTM infections in CF patients, though MAC infections are decreasing as MABC infections are increasing [5]. The reported statistics, though, are bound to be lower than the reality, considering that NTM infections are commonly falsely diagnosed as other infections, such as tuberculosis, in developing countries.



MABC is a group of rapidly growing NTM comprising three different subspecies: Mycobacterium abscessus subsp. abscessus, Mycobacterium abscessus subsp. massiliense, and Mycobacterium abscessus subsp. bolletii. Identifying which subspecies is the cause of illness is crucial, as different subspecies differ in their levels of antibiotic resistance [6]. MABC’s high level of resistance to multiple drugs poses a great challenge for treatment. Clarithromycin, a macrolide, is one of the main drugs in the antibiotic regimen against lung infections caused by MABC [7,8]. Based on the functionality of the erm(41) gene, there are different CLA susceptibility patterns for the three MABC subspecies. Both M. abscessus subsp. abscessus and M. abscessus subsp. bolletii usually carry an inducible erm(41) gene T28 sequevar that confers inducible resistance to CLA [9]. A single-nucleotide mutation in the erm(41) gene, T28C (C28 sequevar), leads to a loss of methylase activity in M. abscessus subsp. abscessus, resulting in a phenotype that is susceptible to macrolides. M. abscessus subsp. massiliense has a non-functional erm(41) gene due to two characteristic deletions (bases 64–65 and 159–432), which render it susceptible to CLA [9,10,11]. Another important drug in the same regimen is amikacin (AMK) [7,8]. The first described case of high-level resistance to aminoglycosides was due to a single-point mutation within the rrs gene encoding for 16S rRNA [12].



Having more than one morphotype is a common property amongst NTM. MABC can exist with a smooth or rough morphotype. Smooth variants display glycopeptidolipids (GPLs) on the cell surface, which rough variants lack. The presence of GPLs is key to influencing host–pathogen interactions and allowing the aggregation of smooth bacteria into biofilms [13]. However, rough variants have also been observed to grow as biofilms in vitro under special conditions [14]. The smooth strains are considered wild-types, which become rough by mutation [15]. It has also been suggested that the rough morphotype is more virulent in humans [16].



The aim of this study is to investigate the subspecies, morphotypes, antibiotic susceptibility profiles, and molecular mechanisms of resistance to CLA and AMK in Mycobacterium abscessus complex strains isolated from CF patients.




2. Materials and Methods


2.1. Strains


A total of 43 clinical strains were isolated from two clinical microbiology laboratories, of which 24 were provided by Hospital Universitario Marqués de Valdecilla (HUMV) and 19 were provided by Hospital Universitari Vall d’Hebron (HUVH). All isolates were harvested from 2009 to 2020 from sputum samples of 26 CF patients who met the criteria for a diagnosis of respiratory disease [17] and who had undergone prior antibiotic treatment (Figure 1).




2.2. Isolation and Identification


All isolates were obtained from primary isolation cultures in mycobacterial growth indicator tube (MGIT) liquid medium and detected using a BACTEC MGIT 960 instrument (Becton Dickinson, Franklin Lakes, NJ, USA).



Clinical strains were identified molecularly using a first screening with the GenoType Mycobacteria CM assay (Hain Lifescience GmbH, Nehren, Germany). The identification of subspecies and resistance genetic profiles was carried out through the GenoType NTM-DR molecular test (Hain Lifescience GmbH, Nehren, Germany).




2.3. Smooth and Rough Morphotypes


Colony morphology was assessed on Trypticase soy agar (BBL Microbiology Systems, Cockeysville, MD, USA).




2.4. Susceptibility Testing


For patients with more than one isolate, drug susceptibility testing (DST) was performed on the first available isolate and on those isolates that showed differences in terms of subspecies or genotype. DST was performed in cation-adjusted Mueller–Hinton medium using the broth microdilution method on Sensititre RAPMYCOI plates (Sensititre, Trek Diagnostic Systems, East Grinstead, UK), as recommended by the manufacturer. Plates were incubated at 30 °C with successive readings after 3, 5, 7, and 14 days. The initial reading time (IRT) was on day 3. If the growth-control well showed insufficient growth, the plate was re-incubated and read on days 5 and 7. The late reading time (LRT) was on day 14 of incubation, as described by Nash et al. [10]. Interpretations of the results were made according to the CLSI document M24-A2 [18].




2.5. erm(41), rrl, and rrs PCR for Sequencing


erm(41) detection was performed using the primers ERM1f (5′-CGCCAACGACGAGCAGCTCG-3′) and MC8-23R (5′-GACTTCCCCGCACCGATTCCAC-3′), as described by Bastian et al. and Nash et al., respectively [9,10]. rrl detection was performed using three primers: 18F (5′-AGTCGGGACCTAAGGCGAG-3′) and 21-R (5′-TTCCCGCTTAGATGCTTTCAG-3′) for PCR1, and 19-F (5′-GTAGCGAAATTCCTTGTCGG-3′) and 21-R for PCR 2. These primers were described by Meier et al. [19]. PCR1 and PCR2 were used for rrl detection and for sequencing, respectively. rrs detection was performed using the primers 1194F (5′-GAGGAAGGTGGGGATGACGT-3′) and 1525R (5′-AAGGAGGTGATCCAGCCGCA-3′). The numbers of the primers correspond to the position on the E. coli 16S rRNA gene [20]. PCRs were carried out as follows: 94 °C for 5 min, 40 cycles of 94 °C for 40 s, 62 °C for 50 s, 72 °C for 1 min, and 72 °C for 10 min. In the case of PCR1 for rrl detection, the extension time was 2 min rather than 1 min. Amplified DNA fragments were sequenced using the same primers as in PCR. Briefly, unincorporated nucleotides and primers were removed by ExoSAP-IT™ (Thermo Fisher Scientific, Waltham, MA, USA), and the gene targets were sequenced using a Big Dye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems Inc., Foster City, CA, USA) in an ABI Prism 310 DNA sequencer (Applied Biosystems). Sequence alignment was performed using the programme MEGA 5. Homology analysis was performed by comparing the consensus sequences obtained for each isolate with those deposited in GenBank using the BLAST algorithm (Basic Local Alignment Search Tool, http://www.ncbi.nlm.nih.gov/BLAST, accessed on 10 July 2022). The erm(41) sequences of M. abscessus subsp. abscessus T28 sequevar ATCC 19977 (GenBank accession number HQ127365), M. abscessus subsp. massiliense CIP 108297 (GenBank HQ127368) and M. abscessus subsp. bolletii CIP 108541 (GenBank HQ127366) were used as references.





3. Results


3.1. Identification of Isolates


Out of the 43 MABC isolates, 28 belonged to M. abscessus subsp. abscessus (65.1%), 13 to M. abscessus subsp. massiliense (30.2%), and 2 to M. abscessus subsp. bolletii (4.6%). Of the first isolates from the 26 CF patients, 17 (65.3%) were M. abscessus subsp. abscessus, 7 (26.9%) were M. abscessus subsp. massiliense, and 2 (7.6%) were M. abscessus subsp. bolletii (Table 1).




3.2. Smooth and Rough Morphotypes


Of the first isolates from the 26 CF patients, 12 (46.1%) had rough morphotypes, 2 (7.6%) had smooth morphotypes, and 8 (30.7%) produced rough and smooth colonies simultaneously. The majority of rough morphotypes belonged to M. abscessus subsp. abscessus (75%) (Table 1).



From three patients, twenty isolates were obtained in total. For each patient, the first samples produced rough and smooth colonies simultaneously, but in the subsequent samples, only the rough morphotype was isolated (Table 2).




3.3. Genotyping of the erm and rrl Genes and Susceptibility Testing to Clarithromycin


There was a 100% concordance amongst DST, GenoType NTM-DR, and the sequencing of erm(41) and rrl genes. All of the M. abscessus subsp. abscessus strains had sequevar T28, except one strain, which had sequevar C28. For M. abscessus subsp. massiliense, we found two deletions within the erm(41) gene (nucleotides 64–65, and 276 nucleotides after nucleotide 158).



Drug susceptibility testing was performed for 28 strains (Table 3 and Table 4). The CLA resistance rate was 64.2% (18/28). According to the subspecies, CLA resistance was 72.2% (13/18) of M. abscessus subsp. abscessus, 37.5% (3/8) of M. abscessus subsp. massiliense, and 100% (2/2) of M. abscessus subsp. bolletii.



Three patterns of sensitivity were observed for CLA (Table 4). The first group was CLA-resistant after 72 h of incubation. Six M. abscessus subsp. abscessus strains and three M. abscessus subsp. massiliense strains presented these patterns, all of them having mutations in the rrl gene. These six samples presented acquired resistance to CLA, five presenting the A2058G point mutation in the rrl gene (two M. abscessus subsp. abscessus and three M. abscessus subsp. massiliense) and one (M. abscessus subsp. abscessus) presenting heteroresistance (concomitant infection with drug-resistant and drug-susceptible bacterial populations), where we observed the wild-type (WT) allele and two point-mutations, A2058G and A2059G, in the rrl gene. The second group comprised those isolates that were initially CLA-susceptible after 72 h, but demonstrated resistance at day 14 following prolonged incubation, implying inducible resistance. All of these isolates were M. abscessus subsp. abscessus (58.8%, 10/17) and all of them presented the T28 sequevar. The third group were isolates that remained susceptible after 14 days of incubation. Six strains showed this pattern: five M. abscessus subsp. massiliense T28 sequevar and one M. abscessus subsp. abscessus C28 sequevar.




3.4. Genotyping of the rrs Gene and Susceptibility Testing to Amikacin


There was a 100% concordance amongst DST, GenoType NTM-DR, and sequencing of the rrs gene. AMK was the most active antimicrobial against M. abscessus subsp. abscessus and M. abscessus subsp. massiliense, with susceptibility percentages of 76.4% and 75%, respectively (Table 4).



The percentage of resistance to amikacin was 14.2% (4/28). The subspecies of these four strains that presented mutations in the rrs gene were three M. abscessus subsp. abscessus and one M. abscessus subsp. massiliense. Two strains of M. abscessus subsp. abscessus presented heteroresistance, where we observed a wild-type (WT) allele and the point mutation A1408G. All the strains with mutations in the rrs gene also presented mutations in the rrl gene (4/28, 14.2%), and therefore were simultaneously resistant to AMK and CLA (Table 3).




3.5. Phenotypic Antibiotic Susceptibility Testing


The DST results of MABC are shown in Table 4. In general, the isolates were highly resistant to most of the agents tested, yielding similar results for the different studied subspecies. M. abscessus subsp. abscessus demonstrated high levels of resistance, with rates ≥ 88% to cefoxitina (FOX), ciprofloxacin (CIP), moxifloxacin (MXF), doxycycline (DOX), imipenem (IMP), and trimethoprim-sulfamethoxazole (SXT). M. abscessus subsp. massiliense was also highly resistant, but at a slightly lower rate: ≥75% to ciprofloxacin (CIP), moxifloxacin (MXF), doxycycline (DOX), imipenem (IMP), and trimethoprim-sulfamethoxazole (SXT).



For linezolid (LNZ), the numbers of sensitive and resistant strains were very similar for both M. abscessus subsp. abscessus and M. abscessus subsp. massiliense. M. abscessus subsp. abscessus had sensitivity and resistance rates to LNZ of 41.1% and 35.2%, respectively. For M. abscessus subsp. massiliense, the sensitivity and resistance rates to LNZ were both 37.5%.



There are no CSLI criteria for the interpretation of tigecycline (TGC), cefepime (FEP), amoxicillin-clavulanic acid (AUG), or ceftriaxone (AXO) [18]. Of all of them, TGC showed the best results. Using a breakpoint of ≥4 µg/mL as resistant, we obtained a TGC resistance rate of 28.5% (8/28), figuring in four isolates of M. abscessus subsp. abscessus, three of M. abscessus subsp. massiliense, and one of M. abscessus subsp. bolletii. The MABC resistance rates for FEP, AUG, and AXO were 96.4% (≥32), 96.4% (≥64/32), and 92.8% (≥64), respectively. The resistance rates were similar for the different MABC subspecies studied.





4. Discussion


Differentiation of the three MABC subspecies (M. abscessus subsp. abscessus, M. abscessus subsp. Massiliense, and M. abscessus subsp. bolletii) in routine diagnostic laboratories remains difficult. Due to horizontal gene transfer within the MABC, a single locus cannot be used to reliably determine or differentiate the subspecies within this complex. Therefore, the subspecies identification relies on the amplification and DNA sequencing of multiple genetic loci, including hsp65, rpoB, secA1, sodA, and the internal transcribed spacer (ITS) region between the 16S and 23S rRNA genes [21,22,23]. This method to identify MABC is complex and time-consuming. In routine diagnostic laboratories, it is more efficient to use a commercial technique for subspecies identification. We only used GenoType NTM-DR to that end, but other works which compared GenoType NTM-DR with other methods of identification showed 92–100% agreement [24,25]. Therefore, the GenoType NTM-DR is an accurate system for the identification of different subspecies of MABC. The erm(41) gene is not a subspecies-specific gene; therefore, erm(41) sequencing should not be used as the only technique to classify MABC subspecies [26]. However, by sequencing the erm(41) gene, we did obtain deletions in the characteristic positions of M. abscessus subsp. massiliense for the strains identified as such by GenoType NTM-DR.



In this study, the subspecies most frequently isolated was M. abscessus subsp. abscessus (65.3%), and the less frequently isolated were M. abscessus subsp. massiliense (26.9%) and M. abscessus subsp. bolletii (7.6%). When comparing our results with the literature, we observed that the proportions of the different MABC subspecies varied according to geographical distribution. The more predominant subspecies were M. abscessus subsp. abscessus and M. abscessus subsp. massiliense, responsible for >90% of MABC cases. In the United States and Europe, M. abscessus subsp. abscessus and M. abscessus subsp. massiliense account for 50–60% and 30–35%, respectively, of MABC pulmonary isolates from both CF and non-CF patients [6,23,27,28]. However, in other published works, in non-CF patients, these proportions are different. In a Spanish report, M. abscessus subsp. abscessus was the most frequently isolated subspecies (68.8%); the second was M. abscessus subsp. bolletii (25%); and M. abscessus subsp. massiliense (6.3%) was the least [26]. The results were completely different in South Korea, where the most prevalent subspecies were found to be M. abscessus subsp. bolletii and M. abscessus subsp. massiliense, constituting 58% and 55%, respectively [6,29].



MABC exhibits two different colony types: smooth and rough morphology [15]. Glycopeptidolipids (GPLs) are present in abundance in cell walls of the smooth morphotype, but in lower amounts in the rough morphotype [30]. GPLs play a role in environmental colonisation and are associated with sliding motility and biofilm formation. A marked reduction in the amount of GPL was correlated with cord formation, a property associated with mycobacterial virulence. M. abscessus was able to switch between smooth and rough morphologies, shifting between a colonising phenotype and a more virulent and invasive form [30]. Although, in our study, there were only few patients from whom we obtained several isolates over time, it is important to note that the first MABC isolates had colonies of mixed morphologies—smooth and rough—while in subsequent isolates only the rough morphology was observed. These results would indicate that at the beginning of lung colonisation, there were both smooth and rough colonies, and that later, colonies with rough morphology predominated, which are more virulent.



MABC strains with discrepant results between genotypic and phenotypic results for the erm(41) gene have been described. Different authors have recently documented strains of M. abscessus subsp. abscessus T28 sequevar that did not show inducible resistance to CLA, as they were susceptible to CLA after 14 days of incubation [29,31]. These strains had point mutations in codon 7 and in codon 67 of the erm(41) gene, resulting in a stop codon instead of arginine and in the loss of erm(41) gene function [29,31]. The results obtained in our study showed total consonance between the genotypic and phenotypic results. Our results of erm(41), rrl, and rrs sequencing are fully consistent with phenotypic CLA and AMK susceptibility. Inducible resistance and acquired resistance to CLA were observed when erm(41) was a T28 sequevar and when an rrl mutation was detected, respectively. Sensitivity to CLA was observed when erm(41) had a C28 sequevar or a deletion. These results are similar to those obtained by Bastian et al. [9]. Finally, resistance to AMK was observed when an rrs mutation was detected.



Our results show a very high percentage of resistance to all antibiotics studied. Amikacin was the only drug that showed an optimal percentage of sensitivity.



Of the 28 total MABC strains studied, 64.2% (18/28) were resistant to CLA regardless of the resistance mechanism. This resistance percentage amounted to 72.2% for M. abscessus subsp. abscessus. This is a very high resistance rate, very close to the 77% obtained by Bastian et al. [9], and much higher than the 13.6% obtained by Li et al. [32].



Acquired resistance to CLA is due to point mutations at positions 2058 and 2059 of the rrl gene. A previous study described M. abscessus isolates with acquired resistance to CLA that did not correlate with mutations in the rrl gene [33]. In our study, all the strains that showed acquired resistance (21.4%, 6/28) presented mutations in the rrl gene. The six strains with acquired resistance to CLA and mutations in the rrl gene consisted of three M. abscessus subsp. abscessus T28 sequevar and three M. abscessus subsp. massiliense. The detection of mutations in the rrl gene in M. abscessus subsp. massiliense was similar to other published works. The difference is that in our results, mutations in the rrl gene were also detected in M. abscessus subsp. abscessus sequevar T28, while in other works, rrl mutations in M. abscessus subsp. abscessus sequevar C28 were more frequent [9,34]. These results imply that the selection of resistant rrl mutants for the strains not expressing inducible resistance (37.5% of M. abscessus subsp. massiliense) was higher than for those strains that expressed inducible resistance (17.6% of M. abscessus subsp. abscessus sequevar T28).



The other important drug for the treatment of MAB infections is AMK [7,8]. The main mechanism of resistance to AMK is spontaneous mutations in the rrs gene that encode for the 16S rRNA, yielding a high level of resistance to AMK in patients with MABC isolates [12]. The percentage of acquired resistance to AMK was 14.2% for MABC and 16.6% for M. abscessus subsp. abscessus. Although AMK was the antibiotic with which the highest percentages of sensitivity were obtained, the percentage of AMK resistance of the MABC strains was 14.2%, a very high percentage when compared to that obtained by other authors, which ranged from 5.1% to 9.3% [31,32,35,36] This high percentage of AMK resistance could be due to the fact that the MABC strains were obtained from CF patients.



We found three strains that showed heteroresistance in the rrl and rrs genes detected by the GenoType NTM-DR and the sequencing of these genes. These heteroresistant strains also presented double-resistance since they were resistant to both macrolides and aminoglycosides. We did not find discrepant results between genotypic and phenotypic methods for susceptibility detection. It is worthy of remark that the percentage of MABC heteroresistant strains detected in the works in which GenoType NTM-DR was used ranged from 1.1% to 4% [24,37]. The highest percentage of heteroresistance (4%) was obtained from strains from CF patients [37]. Considering the low number of strains studied, the percentage of heteroresistance in our research was much higher, rising to 10.7% and 16.6% depending on whether we consider all MABC strains or only M. abscessus subsp. abscessus, respectively. These high percentages of resistance agree with the results obtained by Bastian et al., where CLA-resistant strains were more often isolated in CF patients [9]. These strains could indicate the presence of a much greater diversity of MABC populations in CF patients than in non-CF patients in whom MABC is also isolated. In a previous study in which whole-genome sequencing (WGS) was used, it was found that CF patients harboured multiple subpopulations, which were differentially abundant amongst sputum, lung, chest wound, and pleural fluid samples. Isolates of M. abscessus from sputum do not always reflect the diversity present within the patient, which can include subclones with different antimicrobial resistance profiles [38].



The percentage of resistance to the other drugs studied was also very high, whether they had CSLI criteria for interpretation (FOX, CIP, MXF, DOX, IMP, SXT) or not (TGC, FEP, AUG, AXO) [18], compared with previous publications. Only LNZ and TGC presented lower resistance percentages. Even so, they were also higher than those seen in the literature [31,39].



An interesting prospect in the treatment of patients with MABC isolates is synergy studies of different drugs. There have been reports of a better synergistic effect between CLA and MOX or TGC against M. abscessus subsp. massiliense than against M. abscessus subsp. abscessus [40]. These results corroborate the importance of the correct identification of MABC species or subspecies for better treatment outcomes. Furthermore, given the difficulty of treating isolates of M. abscessus subsp. abscessus, more research is needed in order to find the optimal treatment for its removal from clinical samples and to cure the patients.



A limitation of this study is the number of strains studied. A larger number of strains would have been advisable.



In conclusion, our data demonstrate that M. abscessus subsp. abscessus is the most common MABC subspecies in CF patients. The prevalence of resistance to almost all antibiotics tested, apart from AMK, was high. Due to the poor activity demonstrated by the antibiotics available for the treatment of infections caused by MABC, especially in CF patients, new drugs or other treatment methods are urgently needed.
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Figure 1. Schematic representation of the workflow followed in the study. 
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Table 1. M. abscessus subspecies and colony morphology of the first isolates obtained from the 26 CF patients.
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Colony Morphology

	
Total




	
Rough

	
Smooth

	
Rough

	
Mixed






	
M. abscessus subsp. abscessus

	
9

	
1

	
9

	
4

	
17




	
M. abscessus subsp. massiliense

	
1

	
1

	
1

	
4

	
7




	
M. abscessus subsp. bolletii

	
2

	
0

	
0

	
2

	
2











 





Table 2. Isolation chronology and colony morphotypes in CF patients with several MABC isolates.
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Isolation Chronology and Colony Morphotype

	
Total




	
First Samples

	
Subsequent Samples




	

	

	
Mixed (Rough and Smooth)

	
Rough

	
Smooth






	
Patient 1

	
M. abscessus subsp. abscessus

	
6

	
6

	
0

	
12




	
Patient 2

	
M. abscessus subsp. massiliense

	
2

	
1

	
0

	
3




	
Patient 3

	
M. abscessus subsp. massiliense

	
2

	
3

	
0

	
5











 





Table 3. Mycobacterium abscessus subspecies; susceptibility testing to clarithromycin and amikacin; and mutations in the erm, rrl, and rrs genes of the acquired-resistant isolates.
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Clarithromycin

	
Amikacin




	
S

	
I

	
R

	
S

	
I

	
R

(rrs Gene Mutations)




	
Inducible

	
Acquired

(rrl Gene Mutations)






	
M. abscessus subsp. abscessus (n = 18)

	
C28 sequevar

	
1

	

	

	

	
1

	

	




	
T28 sequevar

	

	
4

	
10

	
3

(WT + A2058G + A2059G,

A2058C, and

A2058C)

	
13

	
1

	
3

(A1408G,

WT + A1408G, and

WT + A1408G)




	
M. abscessus subsp. massiliense

(n = 8)

	
T28 sequevar

	
5

	

	

	
3

(A2058C,

A2058C, and

A2058C)

	
6

	
1

	
1

(A1408G)




	
M. abscessus subsp. bolletii (n = 2)

	
T28 sequevar

	

	
1

	
1

	

	
2

	

	











 





Table 4. Antimicrobial susceptibility testing of 28 Mycobacterium abscessus species. IRT, initial reading time; LRT, late reading time. S, susceptible; I, intermediately susceptible; R, resistant.
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Subsp. abscessus

	
Subsp. massiliense (n = 8) (%)

	
Subsp. bolletii (n = 2) (%)




	
C28 (n = 1) (%)

	
T28 (n = 17) (%)




	
S

	
I

	
R

	
S

	
I

	
R

	
S

	
I

	
R

	
S

	
I

	
R






	
AMK

	
1

	

	

	
13 (76.4)

	
1 (5.8)

	
3

(16.6)

	
6 (75)

	
1 (12.5)

	
1

(12.5)

	
2 (100)

	

	




	
FOX

	
1

	

	

	

	
1 (5.8)

	
16 (94.1)

	
2 (25)

	
1 (12.5)

	
5 (62.5)

	

	
1 (50)

	
1 (50)




	
CIP

	

	

	
1

	
1 (5.8)

	

	
16

(94.1)

	

	
1 (12.5)

	
7 (87.5)

	

	

	
2 (100)




	
CLA

	
IRT

	
1

	

	

	

	

	
3 (16.6)

	
5 (62.5)

	

	
3 (37.5)

	
2 (100)

	

	




	
LRT

	
1

	

	

	
14 (82.3)

	

	
13 (76.4)

	
5 (62.5)

	

	
3 (37.5)

	

	
1 (50)

	
1 (50)




	
DOX

	

	

	
1

	

	
4 (23.6)

	
17

(100)

	

	
1 (12.5)

	
7 (87.5)

	

	

	
2 (100)




	
IMP

	

	

	
1

	

	

	
17 (100)

	

	

	
8

(100)

	

	

	
2 (100)




	
LNZ

	
1

	

	

	
7 (41.1)

	
4 (23.6)

	
6 (35.2)

	
3 (37.5)

	
2 (25)

	
3

(37.5)

	

	
1 (50)

	
1 (50)




	
MIN

	

	

	
1

	

	

	
17 (100)

	

	
1 (12.5)

	
7

(87.5)

	

	

	
2 (100)




	
MXF

	
1

	

	

	
1 (5.8)

	
1 (5.8)

	
15

(88.2)

	
2 (25)

	

	
6

(75)

	

	

	
2 (100)




	
SXT

	

	

	

	

	

	
17 (100)

	
2 (25)

	

	
6

(75)

	

	

	
2 (100)
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