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Nontuberculous mycobacteria (NTM) are an important cause of pulmonary disease in patients with cystic fibrosis (CF). A new
culture medium (RGM medium) for the isolation of rapidly growing mycobacteria from the sputum of cystic fibrosis patients
has recently been reported. The aim of this study was to compare culture of sputum samples on RGM medium with culture using
a standard automated liquid culture method. Sputum samples were obtained from 187 distinct patients with CF attending King’s
College Hospital, London, United Kingdom. Each sample was decontaminated with 3% oxalic acid and inoculated into a myco-
bacterial growth indicator tube (MGIT) that was monitored for 42 days using the Bactec MGIT 960 instrument. Each sample was
also cultured, without decontamination, onto RGM medium, which was incubated for 10 days at 30°C. Mycobacteria were iso-
lated from 28 patients (prevalence, 15%). Mycobacteria were detected in 24 samples (86%) using the MGIT and in 23 samples
(82%) using RGM medium (P � 1.00). In this setting, RGM medium showed sensitivity equivalent to that of the MGIT for isola-
tion of NTM from the sputum of patients with CF. RGM medium offers a simple, convenient tool that can be embedded into rou-
tine culture methods, allowing the culture of all sputum samples that are submitted from patients with CF.

Nontuberculous mycobacteria (NTM) are an important cause
of pulmonary disease in patients with cystic fibrosis (CF) (1).

In the largest studies, the prevalence of NTM in sputum has been
estimated to be 6 to 13% for patients with CF (2), and there is
convincing evidence that prevalence is increasing in the CF pop-
ulation (3–6). NTM are detected by culture of sputum using
methods that were designed primarily for the isolation of Myco-
bacterium tuberculosis. Consensus guidelines state that culture
should be performed in liquid media using an automated
growth detection system (such as the mycobacterial growth
indicator tube [MGIT]) and note that concomitant culture on
solid media (e.g., Lowenstein-Jensen medium) may increase
the diagnostic yield (1).

Detection of NTM is frequently challenging due to the pres-
ence of other bacterial and fungal species in the lungs of CF pa-
tients. Competing species typically show a higher growth rate than
mycobacteria and are frequently resistant to multiple antibiotics
that might be used to select for growth of mycobacteria. To resolve
this, sputum samples are subjected to treatment with chemicals in
order to eliminate or reduce the burden of nonmycobacterial spe-
cies. Chemical treatments include N-acetyl-L-cysteine (0.5%) plus
sodium hydroxide (2%), 5% oxalic acid, or 1% chlorhexidine (1).
However, such decontamination protocols are labor intensive,
they may reduce the viability of NTM, and they may be ultimately
unsuccessful if there is a high burden of nonmycobacterial species
(7–9).

Culture on solid agar-based media is an attractive option as
this can potentially allow recovery of NTM even in specimens that
contain other viable species. For example, Esther et al. (10) dem-
onstrated that extending the incubation of Burkholderia cepacia-
selective agar (BCSA) from 5 to 14 days afforded an increase in the
recovery rate of NTM from 0.7% to 2.8% using routine culture
methods. However, not all NTM will grow on BCSA and over-

growth, particularly by fungi and Gram-negative bacteria, re-
mains a problem (10). Preece et al. (11) recently described a new
selective agar, RGM medium, to target rapidly growing species of
mycobacteria, which represent the dominant species in many geo-
graphical areas (3, 4, 12). The sensitivity of RGM medium proved
to be clearly superior to that of BCSA when evaluated with 502
sputum samples from patients with CF. The aim of this study was
to evaluate RGM medium against the MGIT method for detection
of mycobacteria in sputum samples from patients with CF.

MATERIALS AND METHODS
Patient samples. Sputum samples that were routinely taken for culture
for acid-fact bacilli (AFB) were prospectively collected from 187 distinct
patients with cystic fibrosis attending King’s College Hospital, London,
United Kingdom, between August and December 2015. Both adults and
children were sampled (age range, 7 to 56 years; mean age, 26 years).

Sample processing and culture methods. RGM medium was pre-
pared from its basic ingredients at the Microbiology Department, Free-
man Hospital, Newcastle upon Tyne, United Kingdom, as previously de-
scribed (13) and transferred by courier to Bedford Hospital where the
culture of the sputum samples was performed. As the medium has been
shown to have a shelf life of 12 weeks at 4°C (C. L. Preece and J. D. Perry,
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unpublished data), two batches of medium were used for the 5-month
evaluation. Sputum samples were treated with an equal volume of Mucolyse
sputum digestant (Pro-Lab Diagnostics), vortexed, and left at room temper-
ature for 15 min. The samples were then centrifuged for 15 min at 3,000 rpm,
and the supernatant was discarded to leave 2 to 3 ml of fluid. A 100-�l aliquot
of this was cultured onto RGM medium, which was incubated at 30°C for 10
days. Cultures on RGM medium were examined for growth after 4, 7, and 10
days of incubation. A smear was prepared from any colonies recovered on the
medium and stained using the auramine-phenol method for detection of
AFB. AFB-positive smears were confirmed using Ziehl-Neelsen stain, while
isolates that were not AFB were subjected to Gram staining.

The remaining sample was supplemented with 20 ml of 3% oxalic acid
and was left for 2 h at room temperature, with vortexing every 15 min.
After this decontamination, the sample was centrifuged at 3,000 rpm for
20 min. The supernatant was discarded, and the deposit was resuspended
in 2 ml of phosphate-buffered water (E&O Laboratories). A 0.5-ml aliquot
of the resuspended deposit was inoculated into a mycobacterial growth
indicator tube (MGIT) (Becton Dickinson) along with 0.8 ml of growth
supplement containing PANTA (polymyxin B-amphotericin B-nalidixic
acid-trimethoprim-azlocillin) antibiotic supplement (Becton Dickinson)
in accordance with the manufacturer’s instructions. The tube was then
loaded onto a Bactec MGIT 960 instrument (Becton Dickinson) and in-
cubated for 42 days or until determined as positive by the instrument.

For positive MGIT cultures, the contents were removed to a sterile
universal bottle and were centrifuged at 3,000 rpm for 30 min. Two smears
of the deposit were prepared for staining by Gram stain and by the au-
ramine-phenol method to detect AFB. AFB-positive smears were con-
firmed using Ziehl-Neelsen stain. Positive MGIT cultures with no evi-
dence of bacteria by microscopy were reloaded onto the instrument
within 5 h to complete their incubation period. For samples that con-

tained non-acid-fast bacilli, the decontamination process was repeated on
the original sample, and a new MGIT culture was initiated.

Confirmation of mycobacteria. Isolates characterized as acid-fast ba-
cilli by either method were referred to the National Mycobacterium Ref-
erence Laboratory, London, United Kingdom, for species identification
using the Hain GenoType Mycobacterium CM kit (Hain Lifescience
GmbH, Nehren, Germany) and/or sequencing of the 16S rRNA gene.

Statistical analysis. The two culture methods were compared using
McNemar’s test with the continuity correction applied. Statistical signif-
icance was taken as a P value of �0.05.

RESULTS
Recovery of mycobacteria. A total of 28 isolates of mycobacteria
were recovered from the sputum samples of 28 distinct patients
using a combination of both methods (prevalence, 15%). Myco-
bacterium abscessus complex was clearly dominant and accounted
for 90% of all isolates of mycobacteria. Twenty-four isolates of
mycobacteria were recovered using the MGIT (Table 1). Of the
four isolates that were not recovered by the MGIT, cultures from
two sputum samples containing M. abscessus complex were con-
taminated with nonmycobacterial species (yeasts and Gram-pos-
itive cocci), and these were not eradicated using a repeat round of
decontamination. The two other cultures were negative after 42
days of incubation. Twenty-three isolates of mycobacteria were
recovered using RGM medium. For two sputum samples contain-
ing M. abscessus complex that were not recovered by RGM me-
dium, cultures on RGM medium were contaminated with non-
mycobacterial species (Gram-negative bacilli and Gram-positive
cocci). For the other three mycobacteria that were not detected by
RGM medium (one Mycobacterium chelonae and two Mycobacte-
rium mucogenicum), MGIT cultures required �23 days to gener-
ate a positive signal, suggesting that the isolates were slow growing
and/or present at a very low inoculum. There was no statistical
difference between the two methods for recovery of mycobacteria
(P � 1.00). Only 9 of the 28 sputum samples that yielded myco-
bacteria (32%) were AFB positive when the sputum samples were
stained using the auramine-phenol method (8 yielded M. absces-
sus complex and 1 yielded Mycobacterium avium complex). For
these 9 samples, mycobacteria were recovered from all samples by
both methods. Figure 1 shows the appearance of M. abscessus
complex on RGM medium.

TABLE 1 Numbers of mycobacteria recovered from 187 sputum
samples using the MGIT and culture on RGM mediuma

Species

No. of mycobacteria recovered

Total MGIT RGM

M. abscessus complex 21 19 19
M. avium complex 1 1 1
M. chelonae 3 2 2
M. mucogenicum 3 2 1
Total 28 24 23
a The sensitivities for mycobacteria were as follows: mycobacteria growth indicator tube
(MGIT), 86%; RGM medium, 82%.

FIG 1 Appearance of Mycobacterium abscessus subsp. abscessus on RGM medium showing smooth (left) and rough (right) colony types after 7 days of incubation
at 30°C.
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Time to results for both methods. The average time taken for
the 24 isolates of mycobacteria to generate a positive signal using
the MGIT was 6 days (range, 2 h to 25 days), whereas the average
time to generate colonies on RGM medium was 5.7 days (range, 4
to 10 days). Cultures on RGM medium were only examined after
4, 7, and 10 days, and it is plausible that daily examination of
cultures may have allowed a faster time to detection, but this
would need to be demonstrated. The MGIT declared a negative
result for 151 samples. The average time to achieve a negative
result was 44 days (range, 42 to 63 days). For 12 samples, no result
was available due to successive contamination events. Negative
results for RGM cultures were always available after 10 days.

Recovery of nonmycobacterial species. Of 187 MGIT cul-
tures, 64 (34%) grew nonmycobacterial species and required a
further round of decontamination treatment. Ultimately, 12
MGIT cultures (6.4%) had to be abandoned due to contamina-
tion. The microorganisms implicated included Gram-negative
bacilli (n � 21), Gram-positive cocci (n � 19), and yeasts (n � 31)
with mixtures of these occasionally encountered. For RGM me-
dium, nonmycobacterial species were recovered from 31 cultures
(16.6%). The vast majority of these (n � 27) were Gram-negative
bacilli, but two fungal isolates and one Gram-positive coccus were
also recovered. A strain of Segniliparus rugosus was isolated from
an AFB smear-positive sputum sample on RGM medium only
(the corresponding MGIT culture was contaminated with Gram-
negative bacilli and Gram-positive cocci). This acid-fast species
has been implicated as an opportunistic pathogen in patients with
CF, and, in a small case series, was associated with a rapid decline
in lung function (14).

DISCUSSION

Automated liquid culture is a laborious, time-consuming, and
relatively expensive method for recovery of mycobacteria. It is
particularly problematic in the processing of sputum samples
from patients with CF as a large amount of competing flora may
require eradication to avoid the subsequent contamination of liq-
uid cultures by nonmycobacterial species. In this study, one-third
of the MGIT cultures required a repeat round of decontamination
due to growth of nonmycobacterial species, and 6.4% of cultures
had to be abandoned. Despite these limitations and in the absence
of adequate alternative methods, consensus guidelines by interna-
tional experts recommend automated liquid culture as the princi-
pal method for the detection of mycobacteria from patients with
CF (1). Perhaps mindful of the burden that such methods place on
diagnostic laboratories, international guidelines recommend that
cultures only be submitted annually for investigation of NTM in
spontaneously expectorating individuals with a stable clinical
course.

In the first published evaluation of the use of RGM medium,
Preece et al. demonstrated performance superior to the use of
BCSA for recovery of mycobacteria (11). The study examined 502
consecutive sputum samples from patients with CF in the United
Kingdom and reported that 54 isolates of NTM were recovered on
RGM medium versus 17 recovered on BCSA (P � 0.0001). A
recent study in Germany (13) also demonstrated a greater yield of
mycobacteria on RGM medium than on a more selective formu-
lation of BCSA in an evaluation with 224 sputum samples (P �
0.023). Due to the very high selectivity of RGM medium, an in-
creased inoculum of 100 �l of digested sputum was used in the

German study in an attempt to maximize recovery of mycobacte-
ria, and this approach has been adopted in this study.

These studies prompted us to investigate how RGM medium
might compare with formal AFB culture. We report here equiva-
lent performance of RGM medium and the MGIT method (P �
1.00), suggesting that culture using RGM medium might have the
potential to replace automated liquid culture for routine surveil-
lance of NTM in patients with CF.

It should be emphasized that RGM medium was primarily de-
signed for isolation of rapidly growing mycobacteria such as M.
abscessus complex. There are insufficient available data to assess
the ability of RGM medium to recover slower-growing isolates of
NTM such as M. avium complex. We would therefore encourage
further trials of RGM medium, particularly in locations where
slower-growing species predominate in the CF population.

In conclusion, the use of RGM medium is an attractive alter-
native method for culture of sputum samples for isolation of
NTM. No decontamination of the sample is required, making
processing of samples extremely straightforward; consequently,
the method can be easily embedded into routine culture methods.
This means that all samples referred for routine culture can be
conveniently screened for NTM.
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