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We appreciate the valuable comment of Pavlik et al. [1] for our previous manuscript.
This comment enhances the attention on an emerging problem, such as infections and dis-
tribution of the less known non-tuberculous mycobacteria. With regard to that, the authors
focused on literature regarding the members of the Mycobacterium fortuitum group (MFG),
including works both concerning environmental distribution and cases of clinical interest.
The interest in these microorganisms has certainly increased in relation to various factors.

Firstly, the use, to a greater extent, of novel diagnostic techniques (e.g., gene se-
quencing, MALDI-TOF mass spectrometry) has made it possible to have tools to reach
an ever-greater level of discrimination at species and subspecies level for several bacte-
rial genera. As in the case of non-tuberculous mycobacteria, other microorganisms are
also difficult to identify at the species level using biochemical tests or sequencing of the
gene encoding the 16S subunit of ribosomal RNA (universal method used for bacterial
taxonomy). Regarding 16S rRNA for species determination, limits have been reported
for several genera including Aeromonas, Nocardia, and Vibrio, in addition to the already
mentioned fast growing mycobacteria [2–5]. Reasonably, the major limits that are linked to
this technique are found for environmental or recently classified microorganisms, for which
a limited number of sequences are available in databases. Therefore, the use of different
housekeeping genes with greater variability compared to 16S rRNA (e.g., hsp65, rpoB) or
techniques that cover a greater genome portion (e.g., WGS) allow an increasingly higher
level of identification for environmental/lesser-known species, assuming that sequences
are available [6–8].

Secondly, there is a constant increase in the number of cases of diseases caused by
bacteria that were historically known as environmental microorganisms. The genus My-
cobacterium, as reported by Pavlik et al. [1] regarding MFG and for other species in previous
works [9], presents several examples to support this statement; however, there are many
other cases that are referable to other bacterial genera. An example is Stenotrophomonas
maltophilia: previously known as Pseudomonas maltophilia [10], later as Xanthomonas mal-
tophilia and only in 1993 classified as we know it today, it is a bacterium that is found
in the natural environment (water, sediment, soil, plants) [11]. The increase in cases of
immunocompromised patients, the high antibiotic resistance of different S. maltophilia
strains, and the use of techniques that allow univocal identification have made it possible
to identify this bacterium more frequently in clinical practice [12,13]. Other similar cases
are represented by Burkholderia cepacia complex, P. aeruginosa, and Ochrobactrum spp., all
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opportunistic pathogens that can be isolated from environmental samples [14–16]. There-
fore, it is important to diagnose these bacteria with effective techniques both in cases of
infection in human/animals and in their natural environments [17].

In conclusion, it is conceivable that there will always be a greater number of reports of
environmental and less-known microorganisms from a clinical point of view in the future.
In the case of retrospective studies, emerging pathogens are likely to be found in the case
of application of molecular diagnostic techniques, as is the case of our MFG study [18].
Studies of this type are recommended to understand if the “new pathogens” are present in
previous clinical samples or if they are a really emerging problem. Furthermore, it will be
necessary to focus on the diagnosis by applying a One Health perspective, considering any
animal and environmental reservoirs, in addition to the human patient.

Finally, we want to thank again Pavlik and co-authors for having constructively
commented on our work, providing a further perspective on the sources of isolation of
MFG microorganisms.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Pavlik, I.; Ulmann, V.; Weston, R.T. Clinical Relevance and Environmental Prevalence of Mycobacterium fortuitum Group Members.

Comment on Mugetti et al. Gene Sequencing and Phylogenetic Analysis: Powerful Tools for an Improved Diagnosis of Fish
Mycobacteriosis Caused by Mycobacterium fortuitum Group Members. Microorganisms 2021, 9, 797. Microorganisms 2021, 9, 2345.
[CrossRef] [PubMed]

2. Kim, S.H.; Shin, J.H. Identification of nontuberculous mycobacteria using multilocous sequence analysis of 16S rRNA, hsp65, and
rpoB. J. Clin. Lab. Anal. 2018, 32, e22184. [CrossRef] [PubMed]

3. Navarro, A.; Martínez-Murcia, A. Phylogenetic analyses of the genus Aeromonas based on housekeeping gene sequencing and its
influence on systematics. J. Appl. Microbiol. 2018, 125, 622–631. [CrossRef] [PubMed]

4. Church, D.L.; Cerutti, L.; Gürtler, A.; Griener, T.; Zelazny, A.; Emler, S. Performance and Application of 16S rRNA Gene Cycle
Sequencing for Routine Identification of Bacteria in the Clinical Microbiology Laboratory. Clin. Microbiol. Rev. 2020, 33, e00053-19.
[CrossRef] [PubMed]

5. Ashok Kumar, J.; Vinaya Kumar, K.; Avunje, S.; Akhil, V.; Ashok, S.; Kumar, S.; Sivamani, B.; Grover, M.; Rai, A.;
Alavandi, S.V.; et al. Phylogenetic Relationship Among Brackishwater Vibrio Species. Evol. Bioinform. Online 2020, 16,
1176934320903288. [CrossRef] [PubMed]

6. Adékambi, T.; Drancourt, M.; Raoult, D. The rpoB gene as a tool for clinical microbiologists. Trends Microbiol. 2009, 17, 37–45.
[CrossRef] [PubMed]

7. Maleki, M.R.; Kafil, H.S.; Harzandi, N.; Moaddab, S.R. Identification of nontuberculous mycobacteria isolated from hospital
water by sequence analysis of the hsp65 and 16S rRNA genes. J. Water Health. 2017, 15, 766–774. [CrossRef] [PubMed]

8. Peker, N.; Garcia-Croes, S.; Dijkhuizen, B.; Wiersma, H.H.; van Zanten, E.; Wisselink, G.; Friedrich, A.W.; Kooistra-Smid, M.;
Sinha, B.; Rossen, J.W.A.; et al. A Comparison of Three Different Bioinformatics Analyses of the 16S-23S rRNA Encoding Region
for Bacterial Identification. Front. Microbiol. 2019, 10, 620. [CrossRef] [PubMed]

9. Cook, J.L. Nontuberculous mycobacteria: Opportunistic environmental pathogens for predisposed hosts. Br. Med. Bull. 2010, 96,
45–59. [CrossRef] [PubMed]

10. Hugh, R.; Ryschenkow, E. Pseudomonas maltophilia, an alcaligenes-like species. J. Gen. Microbiol. 1961, 26, 123–132. [CrossRef]
[PubMed]

11. Ryan, R.P.; Monchy, S.; Cardinale, M.; Taghavi, S.; Crossman, L.; Avison, M.B.; Berg, G.; van der Lelie, D.; Dow, J.M. The versatility
and adaptation of bacteria from the genus Stenotrophomonas. Nat. Rev. Microbiol. 2009, 7, 514–525. [CrossRef] [PubMed]

12. Brooke, J.S. Stenotrophomonas maltophilia: An emerging global opportunistic pathogen. Clin. Microbiol. Rev. 2012, 25, 2–41.
[CrossRef] [PubMed]

13. Lira, F.; Berg, G.; Martínez, J.L. Double-Face Meets the Bacterial World: The Opportunistic Pathogen Stenotrophomonas maltophilia.
Front. Microbiol. 2018, 8, 2190. [CrossRef] [PubMed]

14. Berg, G.; Eberl, L.; Hartmann, A. The rhizosphere as a reservoir for opportunistic human pathogenic bacteria. Environ. Microbiol.
2005, 7, 1673–1685. [CrossRef] [PubMed]

15. Mahenthiralingam, E.; Baldwin, A.; Dowson, C.G. Burkholderia cepacia complex bacteria: Opportunistic pathogens with important
natural biology. J. Appl. Microbiol. 2008, 104, 1539–1551. [CrossRef] [PubMed]

16. de Bentzmann, S.; Plésiat, P. The Pseudomonas aeruginosa opportunistic pathogen and human infections. Environ. Microbiol. 2011,
13, 1655–1665. [CrossRef] [PubMed]

http://doi.org/10.3390/microorganisms9112345
http://www.ncbi.nlm.nih.gov/pubmed/34835470
http://doi.org/10.1002/jcla.22184
http://www.ncbi.nlm.nih.gov/pubmed/28230286
http://doi.org/10.1111/jam.13887
http://www.ncbi.nlm.nih.gov/pubmed/29676027
http://doi.org/10.1128/CMR.00053-19
http://www.ncbi.nlm.nih.gov/pubmed/32907806
http://doi.org/10.1177/1176934320903288
http://www.ncbi.nlm.nih.gov/pubmed/32214789
http://doi.org/10.1016/j.tim.2008.09.008
http://www.ncbi.nlm.nih.gov/pubmed/19081723
http://doi.org/10.2166/wh.2017.046
http://www.ncbi.nlm.nih.gov/pubmed/29040079
http://doi.org/10.3389/fmicb.2019.00620
http://www.ncbi.nlm.nih.gov/pubmed/31040829
http://doi.org/10.1093/bmb/ldq035
http://www.ncbi.nlm.nih.gov/pubmed/20977990
http://doi.org/10.1099/00221287-26-1-123
http://www.ncbi.nlm.nih.gov/pubmed/14449786
http://doi.org/10.1038/nrmicro2163
http://www.ncbi.nlm.nih.gov/pubmed/19528958
http://doi.org/10.1128/CMR.00019-11
http://www.ncbi.nlm.nih.gov/pubmed/22232370
http://doi.org/10.3389/fmicb.2017.02190
http://www.ncbi.nlm.nih.gov/pubmed/29170656
http://doi.org/10.1111/j.1462-2920.2005.00891.x
http://www.ncbi.nlm.nih.gov/pubmed/16232283
http://doi.org/10.1111/j.1365-2672.2007.03706.x
http://www.ncbi.nlm.nih.gov/pubmed/18217926
http://doi.org/10.1111/j.1462-2920.2011.02469.x
http://www.ncbi.nlm.nih.gov/pubmed/21450006


Microorganisms 2022, 10, 55 3 of 3

17. Ulmann, V.; Modrá, H.; Babak, V.; Weston, R.T.; Pavlik, I. Recovery of Mycobacteria from Heavily Contaminated Environmental
Matrices. Microorganisms 2021, 9, 2178. [CrossRef] [PubMed]

18. Mugetti, D.; Tomasoni, M.; Pastorino, P.; Esposito, G.; Menconi, V.; Dondo, A.; Prearo, M. Gene Sequencing and Phylogenetic
Analysis: Powerful Tools for an Improved Diagnosis of Fish Mycobacteriosis Caused by Mycobacterium fortuitum Group Members.
Microorganisms 2021, 9, 797. [CrossRef] [PubMed]

http://doi.org/10.3390/microorganisms9102178
http://www.ncbi.nlm.nih.gov/pubmed/34683499
http://doi.org/10.3390/microorganisms9040797
http://www.ncbi.nlm.nih.gov/pubmed/33920196

	References

