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ABSTRACT The clinical importance of Mycobacterium abscessus (MABS) pulmonary disease
has been increasing. However, there is still a lack of information about MIC distribution pat-
terns and changes in clinical practice settings. The MIC results of rapidly growing mycobac-
teria isolated from 92 patients with nontuberculous mycobacterial pulmonary disease diag-
nosed from May 2019 to March 2021 were retrospectively analyzed. Most of the patients
(86 patients; 93.5%) were infected with MABS; 46 with Mycobacterium abscessus subsp.
abscessus (Mab), and 40 with Mycobacterium abscessus subsp. massiliense (Mma). Significant
differences in susceptibility to clarithromycin (15.2% versus 80.0%, P , 0.001) and azithro-
mycin (8.7% versus 62.5%, P , 0.001) were observed between Mab and Mma. Most iso-
lates were susceptible to amikacin (80; 93.0%), and over half were susceptible to linezolid
(48; 55.8%). Only one-quarter of isolates (22, 25.6%) were susceptible to imipenem, while
more than half (56; 65.1%) had intermediate susceptibility. Fifty-one isolates (59.3%) had
MIC values of less than 1 mg/mL for sitafloxacin, which were significantly higher than iso-
lates for moxifloxacin (5; 5.8%), especially in Mab. Sixty-five (75.6%) isolates had MICs of less
than 0.5 mg/mL to clofazimine. Two patients showed obvious MIC result changes: from sus-
ceptible to resistant to clarithromycin and from resistant to susceptible to amikacin and imi-
penem. In conclusion, MABS isolates were relatively susceptible to amikacin and linezolid,
and clarithromycin and azithromycin were especially effective against Mma. In addition, sita-
floxacin and clofazimine had low MICs and might be effective treatment agents.

IMPORTANCE The MICs of isolates from 86 patients with Mycobacterium abscessus (MABS);
46 with Mycobacterium abscessus subsp. abscessus (Mab), and 40 with Mycobacterium
abscessus subsp. massiliense (Mma) were retrospectively analyzed. The main findings are
as follows: (i) Mma were significantly more susceptible to clarithromycin and azithromycin
than Mab, and both subspecies tended to be more susceptible to clarithromycin
than azithromycin. (ii) Most isolates were susceptible to amikacin (93.0%), and over
half to linezolid (55.8%). (iii) Fifty-one isolates (59.3%) had MIC values of less than
1 mg/mL for sitafloxacin, and 65 (75.6%) had less than 0.5 mg/mL for clofazimine,
which seems worth clinical investigating. (iv) Among nine cases analyzed chrono-
logical changes, only two patients showed obvious MIC result changes even after
the long-term multidrug treatment. The present study revealed MICs of MABS clini-
cal isolates before and after treatment in clinical settings, which could help de-
velop future MABS treatments strategies.
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The prevalence of nontuberculous mycobacterial (NTM) infections has increased world-
wide and has been recognized as an important public health issue (1). Mycobacterium

abscessus (MABS), a rapidly growing mycobacteria (RGM), is the second most prevalent
mycobacterium in Asia, and its prevalence is increasing in Japan (1, 2). High rates of induci-
ble resistance due to the inducible methyltransferase coded by the erm(41) gene are asso-
ciated with low treatment success rates of 45–53% (3–5). However, it has been shown that
the treatment success rates are higher in Mycobacterium abscessus subsp. massiliense
(Mma) than in Mycobacterium abscessus subsp. abscessus (Mab) because the former gener-
ally has a truncated and therefore nonfunctional erm(41) gene (5, 6). In addition, the T28C
sequevar confers susceptibility in both subspecies.

The current guidelines recommend an initial macrolide-containing, three-drug regi-
men to treat infection caused by isolates susceptible to mutational and inducible re-
sistance mechanisms (Mma and T28C sequavar without rrl mutation) (7). However, if
the isolates contain the intact erm(41) gene or rrl mutation, more than four nonmacro-
lide drugs are suggested during the intensive treatment phase (7). Amikacin (AMK) is a
central component of the regimens, and it is recommended in both the initial (infu-
sion) and continuation (inhalation) phases (7). The rrs mutation causes AMK resistance
and is associated with treatment failure (8). Based on this evidence, macrolide and
AMK susceptibility testing are recommended by the guidelines (7).

Imipenem (IPM) usually has a relatively low MIC and has been recommended since the
issuance of the former American Thoracic Society/Infectious Diseases Society of America
statement (9). Although no comparative study or clinical case series has been reported, a
recent systematic review showed the efficacy of IPM-containing regimens (3). MABS often
show high MIC values against many antibiotics; however, MICs vary among isolates, sug-
gesting that MIC tests may be essential in drug selection. The guidelines recommend several
drugs, including clofazimine (CLO) and linezolid (LZD), in the regimens, possibly based on
MIC value distributions and scarce clinical data (7). Furthermore, the Clinical and Laboratory
Standards Institute (CLSI) recommends that a drug susceptibility test (DST) should be per-
formed using a broth microdilution-based panel (10). The MIC data of clinical isolates, which
are different by isolates, should be analyzed for future regimen development.

Most previously reported MIC data from Japan were obtained from stored isolates
at specialized medical institutions for NTM research, their clinical importance was
unclear (11, 12). Since 2019, a commercially available MIC kit (Broth MIC RGM; Kyokuto
Pharmaceutical Industry Co., Ltd., Tokyo, Japan), compliant with the CLSI M24 3rd ed
recommendation, has been implemented in clinical settings in Japan. Accordingly, this
study aimed to investigate the MIC distributions of MABS in a tertiary hospital setting.
We also studied the MIC changes before and after long-term multidrug treatment.

RESULTS
Characteristics of the study patients. Of the 92 RGM patients, 46 were infected with

Mab, 40 with Mma, three with Mycobacterium fortuitum, and one each with Mycobacterium
chelonae, Mycobacterium mageritense, and Mycobacterium mucogenicum. Table 1 shows the
characteristics of the MABS patients. Seventy-four patients (86.0%) were female, and 62
(72.1%) had never smoked. When comparing Mab and Mma, Mab patients were older (69
versus 62 years old, P = 0.039) and had a higher rate of previous NTM pulmonary disease
history (65.2 versus 37.5%, P = 0.017) than Mma patients. The characteristics of the other
RGM patients are shown in Table S1 in the supplemental material.

MIC profiles of MABS. Less than half of the isolates were susceptible to clarithromycin
(CLR) (39 isolates, 45.3%) and azithromycin (AZM) (29 isolates, 33.7%) (Table 2). Thirty-six
(41.9%) MABS isolates were inducible resistant to CLR, and 10 (11.6%) isolates were acquired
resistant. Most isolates were susceptible to AMK (80 isolates, 93.0%), and over half were sus-
ceptible to LZD (48 isolates, 55.8%). Only one-quarter of isolates (22 isolates, 25.6%) were
susceptible, and 56 isolates (65.1%) had intermediate susceptibility to IPM. In addition, only
five isolates (5.8%) were susceptible to moxifloxacin (MXF) with MIC values less than 1 mg/
mL, whereas 51 (59.3%) isolates had MIC values less than 1 mg/mL for sitafloxacin (STX)
(P, 0.001) (Fig. 1). Twenty-three (26.7%) isolates had CLO MIC values less than 0.25mg/mL,
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and 65 (75.6%) isolates had CLO MIC values less than 0.5mg/mL. More than 90% of the iso-
lates were resistant to tobramycin (TOB), meropenem (MEM), levofloxacin (LVX), trimetho-
prim-sulfamethoxazole (SXT), and doxycycline (DOX) (Table 2). Seventy-eight (90.7%) isolates
had faropenem (FRM) MIC values higher than 32mg/mL (Fig. 1).

Differential MIC profiles of Mab and Mma. Seven Mab isolates (15.2%) were sus-
ceptible to CLR, whereas 32 Mma isolates (80.0%) were susceptible to CLR, with a stat-
istically significant difference (P , 0.001) (Table 2). A similar result was observed for
AZM (8.7% versus 62.5%, P , 0.001). Although the difference was not significant, the
proportion of AZM-susceptible isolates was lower than that of CLR-susceptible isolates
in both Mab (8.7% versus 15.2%, P = 0.552) and Mma (62.5% versus 80.0%, P = 0.137).
Thirty-three (86.8%) Mab isolates were inducible resistant to CLR and five (13.2%) iso-
lates were acquired resistant. No significant differences between Mab and Mma in sus-
ceptibility to AMK (91.3 versus 95.0%, P = 0.681) and IPM (26.1 versus 25.0%, P = 1.000)
were observed. The STX MIC values for Mab tended to be lower than those for Mma
(MIC50/90 1/2 versus 2/2mg/mL) (Fig. 1).

TABLE 1 Baseline characteristics of MABS patientsa

Characteristic MABS (n = 86) Mab (n = 46) Mma (n = 40) P value
Female 74 (86.0) 38 (82.6) 36 (90.0) 0.367
Age 66 (57–73) 69 (59–77) 62 (57–69) 0.039
Body mass index, kg/m2 19.2 (17.2–21.4) 19.6 (17.2–21.6) 18.8 (17.2–20.2) 0.359
Smoking history
Never smoker 62 (72.1) 33 (71.7) 29 (72.5) 1

Respiratory disease
Previous tuberculosis 6 (7.0) 3 (6.5) 3 (7.5) 1
Previous NTM pulmonary disease 45 (52.3) 30 (65.2) 15 (37.5) 0.017
Aspergillus 7 (8.1) 3 (6.5) 4 (10.0) 0.700

Systemic disease
Diabetes mellitus 3 (3.5) 2 (4.3) 1 (2.5) 1
Gastro-intestinal disease 7 (8.1) 2 (4.3) 5 (12.5) 0.243

Radiographic findings
Classification
Noncavitary NB 44 (51.2) 22 (47.8) 22 (55.0) 0.782
Cavitary NB 32 (37.2) 19 (41.3) 13 (32.5)
Fibrocavitary 7 (8.1) 3 (6.5) 4 (10.0)
Unclassified 3 (3.5) 2 (4.3) 1 (2.5)
Positive AFB smear 68 (97.1) 35 (76.1) 33 (82.5) 0.597

aData are presented as n (%) or median (interquartile). MABS,Mycobacterium abscessus; Mab,Mycobacterium
abscessus subsp. abscessus; Mma,Mycobacterium abcessus subsp.massiliense; NTM, nontuberculous
mycobacteria; NB, Nodular bronchiectatic; AFB, Acid-fast bacilli.

TABLE 2 Drug susceptibility test results of MABS patientsa

MABS (86) Mab (46) Mma (40)

Antibiotic Susceptible Intermediate Resistant Susceptible Intermediate Resistant Susceptible Intermediate Resistant
Clarithromycin 39 (45.3) 1 (1.2) 46 (53.5) 7 (15.2) 1 (2.2) 38 (82.6) 32 (80.0) 0 (0.0) 8 (20.0)
Azithromycin 29 (33.7) 5 (5.8) 52 (60.5) 4 (8.7) 0 (0.0) 42 (91.3) 25 (62.5) 5 (12.5) 10 (25.0)
Amikacin 80 (93.0) 3 (3.5) 3 (3.5) 42 (91.3) 1 (2.2) 3 (6.5) 38 (95.0) 2 (5.0) 0 (0.0)
Tobramycin 0 (0.0) 8 (9.3) 78 (90.7) 0 (0.0) 7 (15.2) 39 (84.8) 0 (0.0) 1 (2.5) 39 (97.5)
Imipenem 22 (25.6) 56 (65.1) 8 (9.3) 12 (26.1) 29 (63.0) 5 (10.9) 10 (25.0) 27 (67.5) 3 (7.5)
Meropenem 1 (1.2) 4 (4.7) 81 (94.2) 1 (2.2) 4 (8.7) 41 (89.1) 0 (0.0) 0 (0.0) 40 (100)
Faropenem N/A N/A N/A N/A N/A N/A N/A N/A N/A
Levofloxacin 0 (0.0) 1 (1.2) 85 (98.8) 0 (0.0) 0 (0.0) 46 (100) 0 (0.0) 1 (2.5) 39 (97.5)
Moxifloxacin 5 (5.8) 13 (15.1) 68 (79.1) 2 (4.3) 11 (23.9) 33 (71.7) 3 (7.5) 2 (5.0) 35 (87.5)
Sitafloxacin N/A N/A N/A N/A N/A N/A N/A N/A N/A
Trimethoprim/sulfamethoxazole 2 (2.3) N/A 84 (97.7) 1 (2.2) N/A 45 (97.8) 1 (2.5) N/A 39 (97.5)
Doxycycline 0 (0.0) 3 (3.5) 83 (96.5) 0 (0.0) 0 (0.0) 46 (100) 0 (0.0) 3 (7.5) 37 (92.5)
Linezolid 48 (55.8) 27 (31.4) 11 (12.8) 27 (58.7) 12 (26.1) 7 (15.2) 21 (52.5) 15 (37.5) 4 (10.0)
Clofazimine N/A N/A N/A N/A N/A N/A N/A N/A N/A
aData are presented as n (%). MABS,Mycobacterium abscessus; Mab,Mycobacterium abscessus subsp. abscessus; Mma,Mycobacterium abcessus subsp. massiliense; N/A, not
applicable.
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Temporal changes ofMIC profiles in patients with antimycobacterial treatment. The
chronological MIC changes of isolates from nine MABS patients (seven patients with Mab
and two patients with Mma infection) are shown in Fig. 2. The median interval between
the collections of each isolate was 284 days (range, 244–315). All nine patients were treated
for a median duration of 284 days (rang, 244–315), but culture conversion (culture conver-
sion: more than three consecutive negative cultures collected at least 4 weeks apart) was
not achieved (13). The most frequently administered drugs were STX (eight patients,
88.9%), followed by macrolides (CLR and/or AZM) (seven patients, 77.8%), AMK (seven
patients, 77.8%), IPM (seven patients, 77.8%), and CLO (five patients, 55.6%). The MIC
results generally showed minor changes within the same susceptibility profile, susceptible–
intermediate, and intermediate–resistant ranges. However, isolates from two patients
showed obvious changes in MIC values, as indicated by arrows, from susceptible to resist-
ant to CLR and from resistant to susceptible to AMK and IPM.

DISCUSSION

In the present study, we aimed to clarify the MIC profiles in patients with RGM pul-
monary disease, especially MABS, in a clinical setting. Regarding MABS, the two sub-
species were observed in almost equal proportions (Mab versus Mma 53.5 versus

FIG 1 Distribution of MIC values for each drug tested in this study and cumulative percentages of inhibited isolates in 86 clinical isolates of Mab and Mma.
MIC values for clarithromycin and azithromycin (days 3–5) were not recorded in one Mab isolate (Clarithromycin MIC for day 14 was 0.25). Mab,
Mycobacterium abscessus subsp. abscessus; Mma, Mycobacterium abscessus subsp. massiliense.
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46.5%), with significant differences in susceptibility to macrolides. Most isolates were
susceptible to AMK; however, less than 30% and 60% showed susceptibility to IPM and
LZD, respectively, in both subspecies. More than 70% of isolates had CLO MIC values
less than 0.5 mg/mL. Furthermore, only 5.8% of isolates were susceptible to MXF with
MIC values less than 1 mg/mL, while approximately 60% of isolates had STX MIC values
less than 1 mg/mL. Interestingly, regardless of persistent culture positivity under long-
term multidrug treatment, most MIC data showed minor changes in susceptibility pat-
terns. One patient changed from susceptible to resistant to CLR, and one patient
changed from resistant to susceptible to IPM and AMK.

Consistent with current knowledge, Mma was more susceptible to CLR (80.0 versus
15.2%, P , 0.001) and AZM (62.5 versus 8.7%, P , 0.001) than Mab (14). Although the
proportion of AZM-susceptible isolates tended to be lower than that of CLR-suscepti-
ble isolates, it is unknown whether there are any actual clinical differences or whether
this result is due to the accuracy of the data because the CLSI has not indicated an
AZM breakpoint (10). New guidelines recommend the use of AZM rather than CLR;
thus, macrolide selection may need to be further investigated to strengthen the evi-
dence (7). Among the aminoglycosides, AMK was associated with the highest suscepti-
bility (93.0%). A systematic review showed that AMK was associated with the Mab
treatment success rate (3); thus, AMK must play a central role in treating MABS pulmo-
nary disease, especially disease caused by macrolide-resistant Mab.

Although only a quarter of isolates (22 isolates, 25.6%) were susceptible to IPM,
synergistic effects of IPM with CLR and LZD were reported (15, 16), and a system-
atic review showed that IPM was associated with a higher success rate (3).
Therefore, IPM might be justifiable for MABS pulmonary disease treatment despite
the relatively low susceptibility rate. Although LZD is recommended by the guide-
lines (7, 17) and more than 50% of isolates were susceptible in the present study,
few clinical efficacy data have been published (18), and adverse events such as
myelosuppression and peripheral neuropathy are reportedly common (19, 20).
Thus, we consider that analyzing pharmacokinetic data of LZD in clinical practice
is warranted.

FIG 2 Changes in MICs of antibiotics among isolates were obtained from nine identical patients. Obvious MIC changes were observed in isolates from two
cases (indicated by arrows): from susceptible to resistance to clarithromycin and from resistant to susceptible to amikacin and imipenem. Mab,
Mycobacterium abscessus subsp. abscessus; Mma, Mycobacterium abscessus subsp. massiliense.
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Only five (5.8%) isolates in the present study were susceptible to MXF, with MIC val-
ues less than 1 mg/mL, suggesting that MXF might not be effective in the treatment of
MABS pulmonary disease (17). Significantly more isolates had MIC values less than
1 mg/mL for STX than for MXF (59.3 versus 5.8%, P , 0.001). STX is known to have high
antimycobacterial activity against Mycobacterium tuberculosis and Mycobacterium
avium complex (MAC) in vitro (21, 22). In addition, the potential efficacy of STX for re-
fractory MAC pulmonary disease has been reported (23). Interestingly, the MIC value of
STX for Mab tended to be lower than that for Mma (MIC50/90 1/2 versus 2/2 mg/mL).
Although the antimycobacterial activity of STX against Mab has not been investigated
in vivo, it might be worth investigating whether STX could be an option for the treat-
ment of Mab pulmonary disease.

A previous study reported that CLO-containing regimens significantly decreased
the rate of positivity of sputum acid-fast bacilli (AFB) culture in patients with Mab pul-
monary disease (24), and isolates with CLO MIC values less than 0.25 mg/mL showed a
higher rate of sputum culture conversion (25). In the present study, 23 MABS isolates
(26.7%) had MIC values of less than 0.25 mg/mL. Considering the synergistic effects of
CLO combined with AMK and CLR, CLO might be a practical option in the initial phase
(26). Given the frequent side effects of skin and gastrointestinal symptoms and the fact
that more than 30% of patients need a dose reduction, further understanding of its
clinical use, including pharmacokinetics and pharmacodynamics, is needed, as lean
women are the most affected, especially in Asian countries (27).

Because most of the isolates in the present study were resistant to TOB (90.7%), LVX
(98.8%), SXT (97.7%), and DOX (96.5%), their efficacy in treating MABS pulmonary dis-
ease might be limited. FRM, a penem antimicrobial agent, has been used in Japan as
an adjuvant in MABS treatment (28). In the present study, 90.7% of the patients had
FRM MIC values of more than 32, suggesting that its antimycobacterial activity might
not be promising. However, a synergistic effect with IPM in vitro was reported, and fur-
ther in vivo studies are warranted (29).

MIC profile changes in nine patients with persistent culture positivity were analyzed.
Unexpectedly, most of the MIC results showed minor changes. Mma became resistant to
CLR, with MIC values varying from 1 to .64, in only one case of pulmonary disease.
Surprisingly, the DST profile of AMK and IPM changed from resistant to susceptible in one
patient. Jhun and colleagues reported that 73% of MAC pulmonary disease cases with per-
sistent positive cultures were caused by reinfection (30). In addition, since IPM had limited
stability in vitro and MIC values rose significantly with incubation time, different measure-
ment day might affect the results of these susceptibility changes (31). Although we consid-
ered these strains to be single genotypes because of persistent culture positivity and no
significant changes in other MICs, further large-sample studies are needed, along with ba-
sic analyses of genotypes and drug-resistant mechanisms.

Our study has several limitations. First, because the present study was conducted at
a single facility using a retrospective design, the number of MIC results was small, and
selection bias might have occurred in the characteristics of the patients visiting our
hospital and treatment practices. Second, the DST panel used in the present study did
not include cefoxitin, ciprofloxacin, or tigecycline, which are recommended to be
tested by the CLSI (10). Instead, FRM, STX, and CLO were included. Third, the isolates
tested for drug susceptibility twice were not shown to be genetically identical.

In conclusion, the MIC data analyses for MABS clinical isolates revealed that the guide-
line-recommended drugs had various MIC ranges. CLO and STX had lower MIC values, sug-
gesting that further investigation of their efficacy in the clinical setting is needed. Because
of the lack of treatment options, DST analyses for newer drugs are warranted.

MATERIALS ANDMETHODS
Collection of RGM isolates and study patients. This retrospective study was conducted at Fukujuji

Hospital, Japan Anti-Tuberculosis Association, a 340-bed facility located at the northwest end of Tokyo,
Japan. A total of 112 RGM isolates underwent DST from May 2019 to March 2021. Of the 112 tests, 17 were
conducted in copy isolates. Three patients who did not fulfill the criteria for the diagnosis of NTM pulmonary
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disease were excluded from the primary analyses (7). Accordingly, a total of 92 patients were enrolled in this
study. For the patients with multiple MIC tests, primary MICs were used to construct the base cohort which
was analyzed. Furthermore, we analyzed the changes in MIC after long-term treatment, focusing on fre-
quently administered drugs (CLR, AZM, AMK, IPM, LZD, and CLO).

The Fukujuji Hospital Institutional Review Board approved the study protocol (protocol number:
20044), and informed consent was waived because of the retrospective nature of the analysis. We ana-
lyzed the medical records in April 2021.

Microbiological examination and MIC. Sputum AFB smears and mycobacterial culture were con-
ducted according to standard methods (32). Isolates were identified by using matrix-assisted laser de-
sorption/ionization time-of-flight mass spectrometry (MALDI TOF-MS) (33). MABS subspecies were iden-
tified using multiplex PCR according to a previously reported method (34).

MIC was measured according to the manufacturer’s instructions. The following 14 drugs were tested:
CLR, AZM, AMK, TOB, IPM, MEM, FRM, LVX, MXF, STX, SXT, DOX, LZD, and CLO. The susceptibility results
were evaluated considering the resistance cutoff points in CLSI M62 and values in the literature (Table 3)
(10, 35). The MIC changes for CLR, AZM, AMK, IPM, LZD, and CLO were analyzed in nine patients in which
MICs were measured twice with an interval of more than 6 months and culture conversion (culture con-
version: more than three consecutive negative cultures collected at least 4 weeks apart) was not
achieved (7, 13).

Patient demographics. Patient demographic data, including sex, age, body mass index, smoking
history, comorbidities, radiographic findings, and laboratory findings, were collected. Radiological find-
ings were categorized into four types based on chest computed tomography: fibrocavitary type, cavitary
nodular bronchiectasis (NB) type, noncavitary NB type, and unclassified type (36).

Statistical analysis. All statistical analyses were conducted using R version 4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria). All data are shown as medians (interquartile ranges) for continu-
ous variables and numbers (percentages) for categorical variables. Differences in data between groups
were compared using the Mann-Whitney U test (continuous variables) or Fisher's exact test (categorical
variables). A P value,0.05 was defined as significant.

SUPPLEMENTAL MATERIAL
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TABLE 3 Breakpoints used for drug susceptibility of testing rapidly growing mycobacteria by
broth dilutiona

Antibiotic

MIC (mg/mL)
Broth dilution range
(mg/mL)Susceptible Intermediate Resistant

Clarithromycin #2 4 $8 0.06–64
Azithromycin #2 4 $8 0.06–64
Amikacin #16 32 $64 4–128
Tobramycin #2 4 $8 0.5–16
Imipenem #4 8–16 $32 2–64
Meropenem #4 8–16 $32 2–64
Faropenem N/A N/A N/A 2–64
Levofloxacin #1 2 $4 1–32
Moxifloxacin #1 2 $4 0.25–8
Sitafloxacin N/A N/A N/A 0.25–8
Trimethoprim/sulfamethoxazole #38/2 N/A $76/4 4.8/0.25–152/8
Doxycycline #1 2–4 $8 0.5–16
Linezolid #8 16 $32 1–32
Clofazimine N/A N/A N/A 0.06–2
aMIC, minimum inhibitory concentration; N/A, not applicable.
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