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The genus Mycobacterium includes more than 190 species and belongs to

the family of Mycobacteriaceae, class Corynobacteriales, type

Actinobacteria, and kingdom Bacteria. It was first proposed in 1896

(Lehmann and Neuman, 1896) to host organisms considered at that time to

be halfway between fungi and bacteria.

The Swedish botanist Carl Linnaeus is considered the founder of taxon-

omy: a hierarchical classification of plants (Linnaeus, 1735), subsequently

extended to animals, based on similarity of phenotypic characters. A simi-

larly important innovation introduced by Linnaeus is the binomial nomencla-

ture, still in use for naming species.

Following the discovery of DNA (Watson and Crick, 1953), genetic char-

acters started to be investigated and to be used for taxonomic purposes. The

determination of DNA base composition (guanine 1 cytosine%) represented

the first step (Barbu et al., 1956). A few years later Wayne et al. proposed to

measure the DNA relatedness among strains in a paper aiming to reconcile

the competing taxonomic approaches: phenotypic and genotypic (Wayne

et al., 1987). He suggested that in members of different species this parame-

ter, measured by DNA�DNA hybridization (DDH), should be lower than

70%. The 70% threshold is still considered a gold standard for species cir-

cumscription, the DDH test is, however, hardly performed in modern labora-

tories (Chan et al., 2012).

The genetic sequencing introduced by Sanger (Sanger et al., 1977), a

milestone in biological sciences, had an enormous impact on taxonomy and

represented significant progress toward a phylogeny-based classification. The

rRNA, which is highly conserved because of the essential role of ribosomes

in the protein synthesis, soon became the primary target. Among its three

subunits, the 16S has been by far the most frequently investigated, and at
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present the sequence of this locus is available, for every known species, in

public databases.

Comparative studies between 16S rRNA sequence and DDH lead to iden-

tify a 16S similarity of 97% as the threshold corresponding to 70% DDH

(Gevers et al., 2005). Despite the cutoff being subsequently revised and

raised to 98.8%�99% (Stackebrandt and Ebers, 2006) it still remains

unsuitable to appraise the divergence between several species within the

genus Mycobacterium.

The genus Mycobacterium is characterized, at phenotypic level, by

unique characteristics. In the cell wall, extremely rich in lipids, the mycolic

acids play a major role. Although they are present in a few other

Actinobacteria-related genera, only the genus Mycobacterium has chains as

long as 60�90 C (Brennan and Nikaido, 1995). On the basis of growth rate,

the mycobacteria are conventionally divided into two groups: the slow

growers require more than 1 week to develop visible colonies on solid

media, while the rapid growers may require 3�7 days, thus growing slower

in comparison with other cultivable bacteria (Tortoli, 2003).

Genetically, the mycobacteria differ from the large majority of bacteria

for the high G1 C content (ranging from 62% to 70%). The number of cop-

ies of the ribosomal operon is low: two copies in the rapid growers and only

one in the slow growers; there are very few exceptions (Böddinghaus et al.,

1990).

The variability of 16S rRNA is moderate among mycobacteria with a

number of species presenting 100% identical sequence (Tortoli, 2003). The

16S rRNA is about 1500 bp long and includes mostly highly conserved

regions with few interposed variable traits. The two major variable strings

are located in the first third of the gene; they are known as hypervariable

regions A (E. coli positions 130�210) and B (E. coli positions 430�500)

with the latter including the helix 18. Minor variable regions are located in

the remaining two thirds of the gene (Stahl and Urbance, 1990). The hyper-

variable region A hosts most of the species-specific polymorphisms. The

hypervariable region B is characterized by three mayor formats; it may host,

in the helix 18, a 14-nucleotide insertion, a 12-nucleotide insertion, or no

insertion at all.

Since the first taxonomic analyses of the genus Mycobacterium based on

the sequence of 16S rRNA, a number of features have emerged. Rapid and

slow growers appeared clearly separated in the phylogenetic tree. All the rap-

idly growing species had a short helix 18 (no insertion in the hypervariable

region B). The majority of slow growing species had a long helix 18:

12-nucleotide insertion in the hypervariable region B. The slow growers

M. terrae and M. nonchromogenicum had a 14-nucleotide insertion and were

located in a separate clade interposed between slow and rapid growers.

M. simiae did not have insertion in the hypervariable region B, but clustered

2 Nontuberculous Mycobacteria (NTM)



with slow growers according to its phenotype (Rogall et al., 1990; Stahl and

Urbance, 1990) (Fig. 1.1).

In subsequent years, the inclusion in the analysis of further species did

not produce substantial changes in the topology of the phylogenetic tree.

Among the newly added species, the new rapid growers clustered with the

previous ones and confirmed the short helix 18; the species which added to

the clade of M. terrae and M. nonchromogenicum had the 14-nucleotide

insertion; most of the slow growers confirmed the presence of a 12-

nucleotide insertion. The few slow growers with short helix 18 grouped with

M. simiae except two, M. doricum and M. tusciae, which fell among the

rapid growers (Figs. 1.2 and 1.3).

On the basis of such results, the presence of signatures within the 16S

rRNA was theorized:

� The short helix 18 is a marker of rapid growers.

� A small group of slow growers related to M. simiae (M. simiae complex),

recognizable for sharing the same sequence in the hypervariable region

B, have the short helix 18 as well.

� The long helix 18 (12-nucleotide insertion) is a marker of slow growers.
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FIGURE 1.1 Phylogenetic tree inferred with the neighbor-joining algorithm from the sequence

dataset investigated by Rogall et al. (1990). The tree was rooted with Nocardia asteroids as out-

group. Bar, 0.005 substitutions per nucleotide position.
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RAPID GROWERS

FIGURE 1.2 Phylogenetic tree of slow growers inferred with the neighbor-joining algorithm

from the sequence dataset investigated by Tortoli (2012), bootstrapped 500 times. The tree was

rooted with Nocardia asteroides as outgroup. Bar, 0.005 substitutions per nucleotide position.
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FIGURE 1.3 Phylogenetic tree of rapid growers inferred with the neighbor-joining algorithm

from the sequence dataset investigated by Tortoli (2012), bootstrapped 500 times. The tree was

rooted with Nocardia asteroides as outgroup. Bar, 0.005 substitutions per nucleotide position.
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� A small group of slow growers related to M. terrae (M. terrae complex)

have an even longer helix 18 (14-nucleotide insertion).

M. doricum and M. tusciae where regarded as the exceptions to the theo-

rem above.

In the first decade of the 21st century, with the objective of improving

the robustness of the phylogenetic trees, concatenated sequences of a few

housekeeping genes were used for inference (Devulder et al., 2005; Mignard

and Flandrois, 2008; Tortoli, 2012). The reduction of the weight of 16S

rRNA, due to the presence of other genes in the concatenated sequence, was

expected to minimize or even to sponge out the theory of the signatures.

This was not the case, the 16S signatures continued to predict the topology

of the phylogenetic supertree. M. doricum and M. tusciae were confirmed as

the only exceptions.

The ultimate taxonomy of the genus Mycobacterium is being written right

now. So far, two studies based on whole genomes have dealt with the phy-

logeny of the genus Mycobacterium (Fedrizzi et al., 2017; Tortoli et al.,

2017). The number of genomes were different, as well as the approaches.

Trees were reconstructed starting from the core genomes (concatenated

sequences of the genes shared by all strains), the gene presence/absence clus-

tering (Fedrizzi et al., 2017), and the average nucleotide identity (ANI)

(Tortoli et al., 2017). The first tree was inferred from concatenated sequences

using the maximum likelihood (ML) algorithm; the second was obtained,

again with the ML algorithm, after converting the clusters to a binary matrix

encoding the presence of each strain in the clusters; the third was constructed

from the distance matrix of pairwise ANI-divergences using the ML, the

neighbor-joining and the unweighted pair group method using arithmetic

averages (UPGMA) algorithms. The similarity between topologies of differ-

ent trees is striking.

The most ancestral branch leads to the species of the M. abscessus-

chelonae complex. The other rapid growers emerge from a more recent branch

giving rise to a major clade, accommodating the species of the M. fortuitum-

smegmatis group, and a large number of dispersed species. Other progres-

sively more recent branches lead to the M. terrae complex and to slow

growers. Among slow growers several clusters of species are present. Two

minor close groupings include the species related to M. xenopi and M. cela-

tum. A large cluster includes the major pathogens (M. tuberculosis, M. leprae,

M. ulcerans) and a number of species frequently involved in human diseases.

Other clusters include the species of the M. simiae complex and the M. avium

complex. Most of the 16S rRNA signatures are confirmed, only the one

related to theM. simiae complex emerges poorly specific as part of the species

presenting the signature do not cluster with M. simiae, but are dispersed

among other slow growers not part of the complex. Interestingly, M. doricum

and M. tusciae cluster again with rapid growers (Figs. 1.4 and 1.5).
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FIGURE 1.4 Phylogenetic tree of slow growers (excluding M. terrae complex) inferred with

the maximum likelihood algorithm on 10,878 ANI-divergence scores (Tortoli, 2017), boot-

strapped 500 times. The tree was rooted with Hoyosella altamirensis as outgroup. Bar, 2 units

difference of ANI-divergence values.
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FIGURE 1.5 Phylogenetic tree of M. terrae complex and rapid growers inferred with the maxi-

mum likelihood algorithm on 10,878 ANI-divergence scores (Tortoli, 2017), bootstrapped 500

times. The tree was rooted with Hoyosella altamirensis as outgroup. Bar, 2 units difference of

ANI-divergence values.
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Several major traits characterize the phylogenetic scenario emerging from

whole genome data. Primordial mycobacteria were rapid growers more

closely related to the M. abscessus-chelonae complex. The evolution toward

slow growers, likely associated with the acquisition of a 14-nucleotide inser-

tion in the helix 18, leads to the species related to the present M. terrae com-

plex. The deletion of two nucleotides in the helix 18 made the 12-nucleotide

insertion the marker of the most successful slow growers. In contrast with

previous knowledge, the lost of the whole 12-nucleotide insertion is not a

specific marker of M. simiae complex. It is actually shared by a number of

paraphyletic species.

Interestingly, the present pathogenic species and most of those frequently

responsible of opportunistic diseases in humans appear to have evolved from

a common ancestor. The latter hypothesis is not new, it was in fact hypothe-

sized on the basis of the presence, in many such species, of genes related

with virulence (van Ingen et al., 2012).

A recent paper (Gupta et al., 2018), published after the completion of

present review, redraws in deep the classification of mycobacteria. The

Authors split the genus Mycobacterium in five genera basing on molecular

markers consisting, either in insertions/deletions of amino acids, or in pro-

teins exclusively found in evolutionarily-related groups of species. Far from

distorting the aforesaid phylogenetic reconstruction, the new genera exactly

overlap the major clades of classical taxonomy: M. abscessus complex, other

rapid growers, M. terrae complex and M. triviale-related species.

REFERENCES

Barbu, E., Lee, K.Y., Wahl, R., 1956. Contenu en bases puriqniue et pyrimidiniques des acides

deoxyribonucleiques bacteriques. Ann. Inst. Pasteur. (Paris) 91, 212�224.
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Rogall, T., Wolters, J., Flohr, T., Böttger, E.C., 1990. Towards a phylogeny and definition of

species at the molecular level within the genus Mycobacterium. Int. J. Syst. Bacteriol. 40,

323�330.

Sanger, F., Nicklen, S., Coulson, A.R., 1977. DNA sequencing with chain-terminating inhibitors.

Proc. Natl. Acad. Sci. U.S.A. 74, 5463�5467.

Stackebrandt, E., Ebers, J., 2006. Taxonomic parameters revised: tarnished gold standards.

Microbiol. Today 33, 152�155.

Stahl, D.A., Urbance, J.W., 1990. The division between fast- and slow-growing species corre-

sponds to natural relationship among the mycobacteria. J. Bacteriol. 172, 116�124.

Tortoli, E., 2003. Impact of genotypic studies on mycobacterial taxonomy: the new mycobacteria

of the 1990s. Clin. Microbiol. Rev. 16, 319�354.

Tortoli, E., 2012. Phylogeny of the genus Mycobacterium: many doubts, few certainties. Infect.,

Genet. Evol. 12, 827�831.

Tortoli, E., Fedrizzi, T., Meehan, C.J., Trovato, A., Grottola, A., Giacobazzi, E., et al., 2017.

The new phylogeny of the genus Mycobacterium: the old and the news. Infect. Genet. Evol.

56, 19�25.

van Ingen, J., Boeree, M.J., van Soolingen, D., Iseman, M.D., Heifets, L.B., Daley, C.L., 2012.

Are phylogenetic position, virulence, drug susceptibility and in vivo response to treatment in

mycobacteria interrelated? Infect. Genet. Evol. 12, 832�837.

Watson, J.D., Crick, F.H., 1953. Molecular structure of nucleic acid: a structure for deoxyribose

nucleic acid. Nature 171, 737�738.

Wayne, L.G., Brenner, D.J., Colwell, R.R., Grimont, P.A.D., Kandler, O., Krichevsky, M.I.,

et al., 1987. Report of the ad hoc committee on reconciliation of approaches to bacterial sys-

tematics. Int. J. Syst. Bacteriol. 37, 463�464.

10 Nontuberculous Mycobacteria (NTM)

http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref9
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref9
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref10
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref10
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref10
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref11
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref11
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref11
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref11
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref12
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref12
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref12
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref13
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref13
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref13
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref14
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref14
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref14
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref15
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref15
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref15
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref16
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref16
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref16
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref17
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref17
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref17
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref17
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref18
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref18
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref18
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref18
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref19
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref19
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref19
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref20
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref20
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref20
http://refhub.elsevier.com/B978-0-12-814692-7.00001-2/sbref20

	Front Cover
	Nontuberculous Mycobacteria (NTM)
	Copyright Page
	Contents
	List of Contributors
	Preface
	Reference

	1 The Taxonomy of the Genus Mycobacterium
	References

	2 Identification of Nontuberculous Mycobacterium: Conventional Versus Rapid Molecular Tests
	Species Concept in Mycobacterium
	Classification of Mycobacterium

	Laboratory Procedures for Mycobacterium Identification
	Primary Steps in Identification of Mycobacterium
	Photo Induction Procedure
	Niacin Test
	Materials
	Preparation
	Classical Procedure
	Reading
	Paper Strip Procedure
	Reading
	Nitrate Reduction Test
	Materials
	Preparation
	Procedure
	Results
	Nitrite Test Strips for Detection of Nitrate Reduction
	Reading
	Catalase Test
	Materials
	Preparation
	Procedure 1 (Heat-Stable Catalase)
	Results
	Semiquantitative Catalase Test
	Results

	Thiophen-2-Carboxylic Acid Hydrazide
	Susceptibility Test
	Materials
	Preparation
	Procedure
	Reading
	Tween Hydrolysis Test
	Materials
	Preparation
	Substrate Medium
	Procedure
	Reading
	Control
	Urease Test
	Materials
	Preparation
	Procedure
	Results
	Controls

	Three- and Fourteen-Day Arylsulfatase Test
	Materials
	Preparation
	Reading
	Control

	Oxygen Preference Test
	Control
	Detection of Pyrazinamidase Activity
	Procedure
	Reading
	Control
	Disinfection of Nontuberculous Mycobacteria in Laboratory
	Disinfectants
	Cleaning Bench Surface
	Molecular Procedures for Identification of Mycobacterium
	Stock Solution and Buffers

	Genomic DNA Extraction From Mycobacterial Culture
	Extraction of Mycobacterial DNA From Paraffin-Embedded Tissue
	Extraction of Mycobacterial DNA From Clinical Specimens (Sputum and Others)
	Primer Preparation
	Example of Primer Stock Solution Preparation
	Rapid Identification Procedures for Nontuberculous Mycobacteria Identification
	Polymerase Chain Reaction Mixture for 50μL Reaction
	Polymerase Chain Reaction Product
	hsp65 Restriction Analysis
	Evaluation of Restriction Patterns
	Identification Using 16S–23S rRNA Primer
	Polymerase Chain Reaction Mixture for 50μL Reaction
	Restriction Analysis

	References
	Further Reading

	3 Susceptibility Testing of Nontuberculous Mycobacteria
	Determination of Clinical Significance
	Mechanisms of Resistance
	Phenotypic Drug Susceptibility Testing for Nontuberculous Mycobacteria
	Methods for Susceptibility Testing of Rapidly Growing Mycobacteria
	Methods for Susceptibility Testing of Slow Growing Mycobacteria
	Susceptibility Interpretive Criteria (Breakpoints)
	Rapid Phenotypic Drug Susceptibility Testing for Nontuberculous Mycobacteria

	Genotypic Drug Susceptibility Testing for Nontuberculous Mycobacteria
	Treatment of Nontuberculous Mycobacteria Infections
	Antimicrobial Treatment for M. chelonae Pulmonary Disease
	Antimicrobial Treatment for M. fortuitum Pulmonary Disease
	Antimicrobial Treatment for M. malmoense Pulmonary Disease
	Antimicrobial Treatment of M. xenopi Pulmonary Disease
	Antimicrobial Treatment of M. simiae Pulmonary Disease
	Treatment of M. terrae Complex Infections
	Treatment of M. szulgai Infections
	Treatment of M. hemophilum Infections
	Treatment of M. marinum Infections
	Treatment of M. ulcerans Infections

	Conclusion
	References

	4 Future Nontuberculous Mycobacteria DST and Therapeutic Interventions
	Current Challenges of Drug Susceptibility Testing
	The Role of Testing Drug Combination Therapy
	Future Therapeutic Approaches
	Synergistic Treatment Regimens
	Potential New Treatments
	Inhalation Treatment Regimens
	Intermittent Treatment Regimens
	Therapeutic Vaccine Approaches
	Summary
	References

	5 Nontuberculous Mycobacterial Diseases in Humans
	Etiological Agents
	Epidemiology and Transmission
	Pathogenesis and Immunity
	Predisposing Factors for Nontuberculous Mycobacteria Diseases
	Bacteriological Diagnosis
	Clinical Diagnosis and Presentation of Nontuberculous Mycobacteria Disease in Children
	Clinical Diagnosis and Presentation of Nontuberculous Mycobacteria Disease in Adults
	Therapy for Nontuberculous Mycobacteria Infections in Children
	Therapy for Nontuberculous Mycobacteria Infections in Adults
	Prognosis
	Conclusions
	References

	6 Nontuberculous Mycobacterial Lung Disease
	Introduction
	Clinical Manifestations of Nontuberculous Mycobacteria Lung Disease
	Chronic Obstructive Airways Disease, Bronchiectasis, and Nontuberculous Mycobacteria
	Nontuberculous Mycobacteria in Patients With Cystic Fibrosis
	Nontuberculous Mycobacteria in Immunocompromised Patients
	Summary and Conclusions
	References

	7 Clinical Presentation of Nontuberculous Mycobacteria Using Radiological and CT Scan Imagining
	Introduction
	Imaging in Nontuberculous Mycobacteria Group
	Lung Infection With Common Rapidly Growing Mycobacteria
	Lung Infection With Common Slow Growing Mycobacteria
	Conclusion
	References
	Further Reading

	8 Mapping the Footprints of Nontuberculous Mycobacteria: A Diagnostic Dilemma
	Introduction
	Potentially Pathogenic Nontuberculous Mycobacteria
	Potential Sources of Nontuberculous Mycobacterial Infection
	Transmission of Nontuberculous Mycobacteria
	Predisposing Conditions
	Structural Pulmonary Disease
	Age and Gender
	HIV and Immunodeficiency

	Clinical Manifestations of Nontuberculous Mycobacterial Infection
	Pulmonary Disease
	Lymphadenitis
	Skin, Soft Tissue, and Bone Disease
	Disseminated Disease
	Rare Reports of Infections Due to Nontuberculous Mycobacteria

	Diagnostic Criteria of Nontuberculous Mycobacterial Infection

	Microbiological Diagnosis of Nontuberculous Mycobacterial Disease
	Specimen Collection and Processing
	Pulmonary Specimens
	Pus, Body Fluids, and Tissue Samples

	Processing of Specimens
	Smear Microscopy and Culture
	Identification
	Phenotypic Identification
	High-Performance Liquid Chromatography
	Matrix Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry

	Molecular Methods of Identification

	Conclusions
	References

	9 Nosocomial and Healthcare-Associated NTM Infections and Their Control
	Epidemiology of Healthcare-Associated Nontuberculous Mycobacterial Infections
	Challenges of Identifying and Reporting Healthcare-Associated Nontuberculous Mycobacterial Infections and Outbreaks
	Preventive and Control Measures
	References

	10 Epidemiological Distribution of Nontuberculous Mycobacteria Using Geographical Information System
	Introduction
	Geographical Information System on Clinical and Environmental Isolates of Nontuberculous Mycobacteria
	Europe Geography
	Distribution of Nontuberculous Mycobacteria Based on Clinical and Environmental Specimens From Europe
	Clinical Nontuberculous Mycobacteria Reported From Northern Europe
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Northern Europe
	Clinical Nontuberculous Mycobacteria Reported From Southern Europe
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Southern Europe
	Clinical Nontuberculous Mycobacteria Reported From Eastern Europe
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Eastern Europe
	Clinical Nontuberculous Mycobacteria Reported From Western Europe
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Western Europe
	Asia Geography
	Distribution of Nontuberculous Mycobacteria Based on Clinical and Environmental Specimens From Asia
	Clinical Nontuberculous Mycobacteria Reported From Eastern Asia
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Eastern Asia
	Clinical Nontuberculous Mycobacteria Reported From Western Asia
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Western Asia
	Clinical Nontuberculous Mycobacteria Reported From Southern Asia
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Southern Asia
	Africa Geography
	Distribution of Nontuberculous Mycobacteria Based on Clinical and Environmental Specimens From Africa
	Clinical Nontuberculous Mycobacteria Reported From Africa
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Africa
	America Geography
	Distribution of Nontuberculous Mycobacteria Based on Clinical and Environmental Specimens From America
	Clinical Nontuberculous Mycobacteria Reported From America
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From America
	Australia Geography
	Distribution of Nontuberculous Mycobacteria Based on Clinical and Environmental Specimens From Australia
	Clinical Nontuberculous Mycobacteria Reported From Australia
	Distribution of Nontuberculous Mycobacteria Based on Environmental Specimens From Australia


	References

	Index
	Back Cover



