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Nontuberculous mycobacteria (NTM), comprising over 
190 species of the genus Mycobacterium, are important 
environmental opportunistic pathogens of humans and 
animals (Takeda et al., 2018). NTM are normal inhabit-
ants of a variety of environmental habitats that are shared 
with humans, such as waters, soils, and building plumb-
ing (Falkinham 2009; Leung and Olivier 2013). Therefore, 
humans are surrounded by mycobacteria (Falkinham 
2009), and human infections are suspected of being ac-
quired from environmental sources after exposure (Falk-
inham 2002). Evidence collected over the past decades 
has documented that the prevalence of NTM isolates has 
dramatically increased worldwide (Hoefsloot et al., 2013; 
Lee et al., 2019). Rapidly growing mycobacteria (RGM) 
are important emerging pathogens causing NTM infec-
tions, especially in Asia (Simons et al., 2011). Despite the 
fact that the mechanisms of pathogenesis of RGM remain 
unclear, elderly people and those underlying pulmonary 
disease or immunodeficiency are deemed to be at higher 
risk for RGM disease (Tang et al., 2015; Tan et al., 2018). In 
addition, previous epidemiological studies demonstrated 
that RGM distribution differs significantly across regions 
worldwide, reflecting geographic diversity of the RGM dis-
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tribution in the local environment (Hoefsloot et al., 2013; 
Pang et al., 2017). 
Culture of microorganisms remains a cornerstone of bacte-
riology. Unfortunately, the majority of microorganisms in 
the environment resist cultivation in the laboratory, which 
becomes a major barrier to extending our understanding 
of microbial physiology, genetics, and community ecolo-
gy (Stevenson et al., 2004). Most of these uncultivated or-
ganisms, called oligobacteria, can accumulate dissolved 
organics from low concentrations, whereas the high con-
centrations of nutrients result in no growth or growth at 
a low rate (Button et al., 1993; Schut et al., 1993). Recent 
efforts have been made by several researchers in order to 
improve the recovery of these uncultivated organisms. Di-
lution culture method is considered an effective approach 
for successful isolation of marine oligotrophic bacteria by 
simulation of the natural niche that is exceedingly poor in 
nutrients (Button et al., 1993). Considering that the ma-
jority of environment microorganisms belong to oligobac-
teria, the question is raised as to whether the nutrients in 
the medium have an impact on the growth of RGM in vit-
ro. To address this concern, we conducted an experimental 
study to compare the growth status of three predominant 
RGM species in serially diluted culture medium. 
Three of the most common RGM species, M. abscessus 
(ATCC 19977), M. chelonae (ATCC 14472), and M. fortui-
tum (ATCC 6481), were ordered from the American Type 
Culture Collection (ATCC), and ten clinical isolates of M. 
abscessus, one isolate of M. chelonae and ten isolates of 
M. fortuitum which were stored in Tuberculosis BioBank 
maintained at the National Clinical Laboratory on Tuber-
culosis were used in the study. Prior to culture analysis, all 
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SUMMARY

Nontuberculous mycobacteria (NTM) are important environmental opportunistic pathogens of human 
and animals. Rapidly growing mycobacteria (RGM) are important emerging pathogens causing NTM 
infections. Unfortunately, the majority of microorganisms in the environment resist cultivation in the 
laboratory. The aim of the study was to investigate whether the nutrients in the medium have impact on 
the growth of RGM in vitro. We first assessed the growth rate of rapidly growing mycobacteria strains in 
broth medium with different dilutions, including M. abscessus, M. chelonae, and M. fortuitum. Our data 
demonstrate that the majority of M. abscessus, M. chelonae and M. fortuitum strains prefer to grow in 
nutrient-rich MH medium, whereas a small proportion of RGM strains grew faster in diluted culture me-
dium. Our study identified that dilution culture has a different impact on recovery of various RGM strains.
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the NTM strains were subcultured on Löwenstein-Jensen 
(L-J) slants at 37° on the basis of growth characteristics 
of RGM species. The RGM strains were grown in either 
5-fold serially diluted cation-adjusted Mueller-Hinton 
(MH) broth medium or 5-fold serially diluted MH solid 
medium supplemented with 1.5% agarose. D1 represented 
the undiluted MH medium, while D2 and D3 represented 
the 5-fold and 25-fold dilution of MH medium, respec-
tively. Briefly, the freshly grown bacterial colonies were 
scraped from the L-J slants, and transferred to a screw-
cap tube with glass beads and normal saline. Following 
vigorous agitation for 30 sec, the suspension was adjusted 
to 1.0 McFarland turbidity. The suspension with a turbid-
ity of 1.0 McFarland was further diluted to yield a count 
of 104 CFU/mL, which was used as inoculum. 0.5 mL of 
inoculum was added to 25-mL liquid medium and 0.1ml 
was added to solid medium plate at different dilutions, 
respectively. RGM liquid cultures were grown in 100-mL 
conical flask at 37°C, while plates were incubated at 37°C 
in sealed plastic bags; the culture atmosphere was aerobic 
with about 0.03% CO2. Growth of RGM strains in liquid 
and solid medium was recorded, respectively. For strains 
in liquid medium, the optical density of 600nm (OD600) 
was recorded at regular intervals up to 12 days for RGM. 
For strains in solid medium, the colony number was 
counted after incubation at 37°C for 4 days for RGM. All 
ATCC reference strains and clinical isolates were cultured 
in liquid MH medium for growth rate evaluation, while 
only ATCC strains were inoculated onto solid plate for 
colony forming unit (CFU) counting. All the experiments 
were performed in triplicate. The mean number of colo-
nies growing on the MH medium plate was compared us-
ing the Student’s t test. A P value of <0.05 was considered 
statistically significant.
We first assessed the growth rate of RGM ATCC strains 
in broth medium. As shown in Figure 1A, a decrease in 
growth rate was observed in D2 and D3 for M. abscessus 
strain in comparison with D1 medium, and the higher 
dilution of culture resulted in slower growth rate in MH 
broth. Similar to M. abscessus, M. chelonae showed a me-
dium and large decrease in growth rate in D2 and D3 me-
dium, respectively (Figure 1B). Notably, the fastest growth 
rate was observed in D2 medium for M. fortuitum despite 
arriving at the comparable OD value similar to that in D1 
medium after the 12-day incubation (Figure 1C). Howev-
er, several clinical isolates of Lowenstein M. abscessus, M. 
chelonae and M. fortuitum exhibited different growth rates 
in serially diluted culture medium. The majority of M. ab-
scessus and M. fortuitum isolates prefer to grow in MH 
medium, while some isolates were more prone to growing 
in poor- nutrient medium (Table 1).

Figure 1 - Growth curves of RGM in MH broth undiluted 
(D1), 5-fold diluted (D2) and 25-fold diluted (D3).
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Table 1 - Distribution of clinical RGM isolates stratified by growth rate pattern.

No. of isolates showing each growth rate pattern
Total

D1 > D2 > D3a D2 > D1 > D3b D2 > D3 > D1c

M. abscessus 8 1 1 10

M. chelonae 0 0 1 1

M. fortuitum 9 1 0 10

Total 17 2 2 21

aD1 > D2 > D3: the growth rate in D1 is higher than in D2 and the growth rate in D2 is higher than in D3.
bD2 > D1 > D3: the growth rate in D2 is higher than in D1 and the growth rate in D1 is higher than in D3.
cD2 > D3 > D1: the growth rate in D2 is higher than in D3 and the growth rate in D3 is higher than in D1.
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The result of CFU counting was consistent with previous 
growth rate evaluation. As shown in Figure 2A, the num-
ber of CFU decreased significantly along with the dilution 
of culture medium for M. abscessus and M. chelonae ATCC 
strains. In contrast, M. fortuitum ATCC 6481 had the larg-
est number of CFU in D2 medium, which was significantly 
higher than that in D1 medium (P<0.0001). The number of 
CFU growing on D3 medium was also significantly higher 
than that in D1 medium. However, the bacteria incubat-
ing on diluted MH medium formed smaller colonies com-
pared with the control group (Figure 2B).
In this study, we first identified different effects of dilution 
culture on recovery of various RGM species. Consistent 
with our expectation, M. abscessus and M. chelonae ATCC 
reference strains had higher growth rate and higher num-
ber of colony count on nutrient-rich medium. In contrast, 
M. fortuitum ATCC strain exhibited a slight increase in 
growth rate in 5-fold dilution of MH medium at the ini-
tial stage compared with the control group, whereas the 
optical density of cultures reached similar values by the 
end of the 12-day continuous observation. Notably, the 
colony count significantly increased at 5-fold dilution of 
MH medium for M. fortuitum ATCC strain despite forming 
smaller colonies, which may confer the increased growth 
rate of M. fortuitum at the initial stage. However, the larger 
colonies of M. fortuitum preferring nutrient-rich medium 

may compensate the colony loss, thereby resulting in com-
parable bacterial concentration in the plateau phase in nu-
trient-rich medium. However, there were different growth 
rates of various clinical isolates in diluted culture medium 
compared to ATCC strains. Our data indicate that the bac-
terial cells of M. abscessus, M. chelonae and M. fortuitum 
could be divided into two subpopulations according to 
their different growth rates, and the dilution of culture me-
dium may favor the growth of subpopulations preferring 
poor nutrition condition. Previous studies have demon-
strated that bacterial population diversity exists in various 
mycobacteria species, such as replicating and persistent 
subpopulations in M. tuberculosis, and smooth and rough 
subpopulations in BCG and M. abscessus (Catherinot et al., 
2007; Naka et al., 2011; Zhang et al., 2012). Hence, the col-
lected data imply the existence of population diversity in 
nutrient metabolism for M. abscessus, M. chelonae and M. 
fortuitum and that the most suitable growth conditions of 
a few clinical isolates were different from the conditions of 
ATCC reference strains. Further studies are needed to in-
vestigate the intrinsic mechanism regulating bacterial cell 
progression in metabolic pathways for these RGMs.
In the past decades, the increasing incidence of NTM dis-
eases has attracted more public health attention world-
wide (Hoefsloot et al., 2013). The rapid recovery of NTM 
isolates from clinical specimens is essential to initiate the 

Figure 2 - Growth of RGM on MH agar undiluted (D1), 5-fold diluted (D2) and 25-fold diluted (D3). Panel A shows the 
number of colonies growing on MH agar medium at different dilutions, asterisks indicate the level of significance (*P<0.05; 
**P<0.01; ***P<0.0001). Panel B shows a snapshot of M. fortuitum colonies growing on MH agar medium as an example. 
(Scale bar, 5 mm.).

A

B



Jing Li, Jun Wang, Haiyan Sun, et al.194

effective regimen (Gil-Setas et al., 2004). Our observations 
have several important suggestions for clinical practice in 
this field. On the one hand, the majority of RGM strains 
are more suitable for culture in nutrient-rich medium, in-
cluding M. abscessus, M. chelonae and M. fortuitum. On 
the other hand, several strains are prone to culture on 
diluted medium even M. fortuitum ATCC 6481. Our re-
sults are consistent with a recent report by Simner et al. 
that compared MGIT liquid culture to L-J slants, with the 
conclusion that approximately half (18/39) of mycobac-
teria failed to grow in MGIT liquid culture, which con-
tains more nutrient than L-J slants (Simner et al., 2016). 
Growth diversity may also influence the determination 
of endpoint of antimicrobial susceptibility testing, the 
results of which have direct impact on clinical usage of 
antibiotics. Taken together, two medium types, including 
nutrient-rich and nutrient-poor medium, may be needed 
to maximize the recovery of mycobacteria from clinical 
specimens. We will further focus on the clinical evaluation 
of the need for both types of media to optimize laboratory 
diagnostic procedures for the detection of nontuberculous 
mycobacteria. 
There were several obvious limitations to this study. First, 
according to the Clinical and Laboratory Standards Insti-
tute (CLSI) guidelines of in vitro antimicrobial susceptibil-
ity testing(CLSI 2018), MH medium rather than Middle-
brook medium was used for growth rate evaluation in the 
study, which may not totally predict the growth state in 
routine clinical practice. Second, only a limited number of 
RGM clinical strains was tested in the study, particularly 
for M. chelonae, due to the low number of isolates availa-
ble at the Beijing Chest Hospital biobank. 
In conclusion, our data demonstrate that culture media 
dilution has a different impact on the recovery of vari-
ous RGM strains. The majority of M. abscessus, M. che-
lonae and M. fortuitum strains prefer to grow in the nu-
trient-rich MH medium. However, some strains exhibited 
a slight increase in growth rate in diluted MH medium. 
These results imply the existence of population diversity 
in nutrient metabolism for RGMs. We will further focus 
on clinical evaluation of the need for both types of media 
to optimize laboratory diagnostic procedures for the de-
tection of nontuberculous mycobacteria.
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