
Regimens for nontuberculous
mycobacterial lung disease lack early
bactericidal activity

To the Editor:

Over recent decades, nontuberculous mycobacteria (NTM) have been increasingly recognised as causative
agents of pulmonary infections in humans [1]. Mycobacterium avium complex (MAC) bacteria are the most
common NTM species causing pulmonary disease in humans [1]. Pulmonary disease caused by NTM
(NTM-PD) usually presents as either nodular–bronchiectatic or fibrocavitary disease. NTM-PD requires
complex multidrug antibiotic treatment to be continued for 12 months after culture conversion, typically for
18 months in total [1]. Despite this intensive treatment, good clinical and microbiological outcomes can only
be attained in 60% of patients with MAC pulmonary disease [2]. Outcomes in nodular–bronchiectatic MAC
pulmonary disease are better, with prolonged culture conversion attainable in up to 85% of patients [3].

The long treatment regimen, and the bias introduced by morbidity and mortality related to the patients’
comorbid conditions and comedications, complicate the use of long-term outcome measures in clinical
trials. Hence, there is a need for a robust marker that can be measured early in treatment and that predicts
the long-term outcome of treatment. One such marker could be the early bactericidal activity (EBA). EBA
studies are based on the principle that the effect of treatment in the first days or weeks on the bacillary
load in clinical samples predicts the long-term result of treatment. The treatment of tuberculosis has been
optimised using this principle [4].

If they prove to be good predictors of long-term outcomes, EBA studies could greatly decrease the time
required to assess the effect of treatment. In this pilot study, we aimed to measure EBA of current
treatment regimens for NTM-PD.

Three consecutively admitted patients were followed with weekly spot sputum cultures, which is part of the
routine clinical care in the first phase of treatment. Patient 1 was a 68-year-old female with an unremarkable
clinical history diagnosed with nodular–bronchiectatic Mycobacterium intracellulare pulmonary disease.
Patient 2 was a 74-year-old female with a history of asthma and diagnosed with nodular–bronchiectatic
Mycobacterium chelonae pulmonary disease. Patient 3 was a 65-year-old female with a history of chronic
obstructive pulmonary disease, now diagnosed with severe fibrocavitary M. avium pulmonary disease.

Alongside routine cultures, we performed quantitative cultures to assess the mycobacterial load in the
sputum samples. The patients were followed the first month to assess the early bactericidal activity. In
total, five sputum samples were collected from every patient. The first sample was collected before the start
of treatment; thereafter, we collected a spot sputum sample each week for 1 month. The first (baseline)
sputum was collected while patients were admitted; thereafter, patients collected sputum at home once a
week. Pre-treatment isolates were identified by the Inno-LiPA line probe assay (Innogenetics, Ghent,
Belgium) and subjected to antimicrobial susceptibility testing by broth microdilution [5].

The sputum was digested using 0.1% dithiothreitol (Sputasol; Oxoid, Landsmeer, the Netherlands). Dilutions
ranging from 100 to 10−4 were made using sterile 0.85% saline. From these, 100 µL was inoculated in duplicate
onto Middlebrook 7H11 agar plates (BD Bioscience, Erembodegem, Belgium), enriched with oleic acid, bovine
albumin, dextrose and catalase supplement (OADC; BD Bioscience), and made selective by adding polymyxin
B, amphotericin B, nalidixic acid, trimethoprim and azlocillin antibiotic supplement (PANTA; BD Bioscience).
The plates were incubated at 37°C in ambient air, examined after 2 days for contamination and read weekly for
4 weeks. Colonies were counted when they were easily visible and before they coalesced. Ziehl–Neelsen staining
was performed to distinguish between acid-fast bacilli and contaminants. After counting, the plates were
re-incubated and recounted after 1 week to ensure accurate counts. The counts from the two duplicate
measurements were used to calculate the mean number of colony-forming units (cfu) per millilitre of sputum.
The result was expressed as the log10cfu·mL−1 of the undiluted sputum.

Patient 1 started treatment with rifampicin, ethambutol and azithromycin; patient 2 with inhaled tobramycin
and oral ciprofloxacin; and patient 3 with clofazimine, amikacin, rifampicin, ethambutol and azithromycin.
All patients continued treatment for the first month; none changed regimens because of intolerance.
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Results of the cfu counts over time are shown in figure 1. cfu counts showed a minor decrease of
0.5 log10cfu·mL−1 over 4 weeks (patients 1 and 3) or remained stable during the month of treatment
(patient 2). All pre-treatment MAC isolates were susceptible to clarithromycin and had minimum
inhibitory concentrations (MICs) <32 mg·L−1 for amikacin. The M. chelonae isolate was susceptible to
tobramycin and intermediately susceptible to ciprofloxacin (MIC 2 mg·L−1).

Our small study suggests that currently recommended treatment regimens for NTM-PD have very limited
early bactericidal activity and perhaps only exert a slow sterilising capacity. Introduction of a drug with
EBA may accelerate culture conversion and, given that treatment is to be continued for 12 months after
culture conversion [1], shorten the treatment of NTM-PD. This may be more relevant for the fibrocavitary
NTM-PD, with its high bacterial burden [1], than for nodular–bronchiectatic NTM-PD. No new drugs with
likely EBA in NTM-PD are currently in the pipeline, but aminoglycosides might prove useful. Streptomycin
accelerated sputum culture conversion, suggestive of some EBA, but did not impact long-term treatment
outcomes [6]. We saw no significant EBA of amikacin in patient 3. In tuberculosis, amikacin shows very
little EBA (0.041–0.045 log10cfu·day

−1) compared to rifampicin (0.20–0.63 log10cfu·day
−1), isoniazid

(0.37–0.77 log10cfu·day
−1) and even ethambutol (0.05 log10cfu·day

−1). EBA of these single drugs in
tuberculosis is higher than what we measured for the multidrug therapy for NTM-PD [6]. This probably
reflects the intrinsic resistance of NTM to antimicrobial drugs. Higher EBA in NTM-PD might be achieved
if the concentration of these drugs at the site of infection could be increased. To achieve this, trials of
inhaled liposomal amikacin are currently in progress [7].

During 6 months of follow-up, patient 1 had to switch from rifampicin to clofazimine due to
gastrointestinal side-effects, reported symptomatic improvement and converted to negative cultures after
4 months of treatment. Patient 2 reported amelioration of symptoms, but showed slight progression of
radiological abnormalities and remained culture positive after 5 months; she has since switched to a
tobramycin–azithromycin regimen. Patient 3 successfully completed 3 months of amikacin and
clofazimine, has continued on rifampicin, ethambutol and azithromycin, and has reported clinical
improvement. She achieved a negative culture after 3 months of treatment; those taken after 6 months were
pending at the time of writing. The two patients who showed the slight reduction in cfu·mL−1 sputum
were the two who converted to negative cultures after 4 and 5 months of treatment, while patient 2 did
not show any reduction and did not convert. This hints at a possible predictive value of the EBA for the
chance to attain culture conversion during the first 6 months and this should be subject of further study.

There are several limitations to this small pilot study. First, we used only spot sputum samples, which may
result in more variable cfu counts in comparison with overnight sputum samples [8]. Second, because no
previous data on EBA in NTM-PD existed, we included patients with NTM-PD regardless of
manifestation or causative species.

Based on our sample of three patients, we did not find evidence for EBA of currently recommended
treatment regimens for NTM-PD. Slight decreases in mycobacterial load during the first month might
predict whether culture conversion occurs in the first 6 months of treatment. Treatment of NTM-PD may
be improved by adding or replacing one of the current drugs with a drug that does add EBA, which could
lead to faster sputum conversion and, therefore, to shorter treatment.
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FIGURE 1 Mycobacterial load in
log10 colony-forming units (cfu) per
millilitre of sputum over 4 weeks of
treatment in three patients.
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