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ABSTRACT

Background: In recent years, the prevalence of nontuberculous mycobacterial (NTM) infections has increased in different regions of 
the world. The American Thoracic Society (ATS) recommends standardized identification criteria, reinforcing the need for faster and less 
complicated clinical and laboratory techniques.  

Methods: In this retrospective study, NTM species isolated from pulmonary, extrapulmonary, and disseminated samples from patients 
treated at a TB/HIV reference unit in the State of Amazonas from 2011 to 2014 were identified through a combination of molecular 
techniques. 

Results: To identify the molecular technique, 50 cryopreserved NTM cultures were recovered and subcultivated in culture medium. The 
potentially pathogenic NTM species identified were M. avium, M. intracellulare, M. kansasii, M. chelonae, M. abscessus, M. fortuitum, and M. 
peregrinum. Results of GenoType® showed moderate agreement with those of genomic sequencing (kappa = 0.60), whereas the results 
obtained by the PRA-hsp65 technique  disagreed with the results obtained by sequencing (kappa = 0.49). 

Conclusions:  Our findings highlight that GenoType CM is a good method for the identification of NTM, as well as the need for the 
application of standardized criteria, such as those set forth by the ATS.
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INTRODUCTION

In recent years, the prevalence of infections caused by 
nontuberculous mycobacteria (NTM) has increased in different 
regions of the world1,2.

One of the most common occupations in the northern region of 
Brazil is fishing, and recent studies have highlighted fishermen and 
other individuals exposed to fish as a population with a greater risk 
of developing skin infections caused by Mycobacerium marinum3,4. 
In Manaus, an outbreak of postoperative NTM infection was related 
to the water supplied to the surgical center5.

Furthermore, people infected with HIV are more prone to 
diseases caused by NTM6. Thus, surveillance of these infections 
is of utmost importance, and correct diagnosis to differentiate 
between cases of colonization and disease requires well-defined 
clinical, radiological, and laboratory criteria.

The diagnosis of diseases caused by NTM is still a major 
challenge due to the non-specific clinical symptoms, possible 
transitory colonization, or contamination. In addition to the 
possibility of infection, whether associated or not, to mycobacteria 
of the Mycobacterium tuberculosis complex, which all present 
similar signs and symptoms7-9.

Recently updated guidelines for the treatment of pulmonary 
disease caused by NTM, developed in conjunction with the 
American Thoracic Society (ATS), European Respiratory Society 
(ERS), European Society of Clinical Microbiology and Infectious 
Diseases (ESCMID), and Infectious Diseases Society of America 
(IDSA), suggest that more than one isolated culture (≥2) of NTM, 
revealing the same species of NTM or isolated subspecies10,  
is necessary to confirm the disease. 

In addition, it is recommended that isolates be subjected to 
drug sensitivity tests (DST). In species of the Mycobacterium avium 
complex (MAC), mutations in the 23S rRNA gene confer resistance 
to macrolides and mutations in the 16S rRNA gene confer 
resistance to amikacin and/or related aminoglycosides. Species 
such as M. kansasii and M. abscessus are resistant to macrolides and 
amikacin, with rifampicin and clarithromycin being the principal 
drugs tested for the M. kansasii species11. These findings reinforce 
the need for swifter and less cumbersome techniques to identify 
NTM species in clinical and laboratory routines to guarantee 
adequate medical treatment.

In this context, the present study aimed to identify isolated 
NTMs in patients who received medical care in a TB/HIV reference 
unit in the state of Amazonas, using a combination of molecular 
techniques.

METHODS

Study design

This retrospective cohort study was conducted from 2011 
to 2014 at the Fundação de Medicina Tropical Dr. Heitor Vieira 
Dourado (FMT-HVD), a TB/HIV reference center in the city of 
Manaus, Amazonas state, in the northern region of Brazil. 

This study was carried out using two methods: 1) Analysis of 
the clinical and sociodemographic data of the patients, and 2) 
Molecular characterization of NMT.

Data analysis

Clinical and laboratory data of the patients were searched 
using the online medical records system, I-Doctor, made available 
at FMT-HVD, and the Notifiable Diseases Information System 
(SINAN, in Portuguese). Data analysis was conducted using a 
databank constructed with the Microsoft Excel computer program 
(Office 2016), in which the information contained in the clinical 
and laboratory records (sex, age, HIV, viral load, lymphocyte count, 
antiretroviral therapy used (ART), biological sample, result of the 
mycobacterial culture, and prescribed medicines) was recorded. 
Biological samples were classified as pulmonary, extrapulmonary, 
or disseminated. Phlegm and gastric juices were classified as 
pulmonary in origin, while cerebrospinal fluid, urine, tracheal, and 
abscess secretions, and skin and organ biopsies were classified as 
extrapulmonary in origin. Blood and bone marrow samples were 
classified as having a disseminated origin.

For the molecular characterization of NTM, patients whose clinical 
samples presented positive culture results for NTM and negative 
culture results for M. tuberculosis Complex (MTC) were included. 

The separation of MTC was conducted through microscopic 
and macroscopic analyses of the culture and growth inhibition in a 
Löwenstein-Jensen (Becton Dickinson©) culture medium containing 
p-nitrobenzoic acid (LJ-PNB) and niacin (Becton Dickinson©) 
(Supplementary Material 1).

Extraction of the genomic DNA

To conduct the molecular tests, this study used DNA from the 
NTM cultures that were cryopreserved at -70ºC and subcultivated 
in Ogawa Kudoh (OK - Laborclin©) solid medium. Subcultivation 
of the cryopreserved strains was performed to verify the viability 
of the strain and to identify possible contaminants12.

Cryopreserved NTM cultures were recovered and subcultivated 
in culture medium. 

In order to exclude MTC, the macroscopic characteristics of the 
colonies were considered, such as the presence of growth and/or the 
presence of contamination in the culture medium, the morphology 
and pigmentation of the colonies, and the microscopic features of 
the colony stained by the Ziehl-Neelsen method. The formation of 
the cord and the presence of contamination by other bacteria and 
fungi were also evaluated. In the analysis of the subcultivations, 
10.7% (6/56) presented contaminants and the absence of 
mycobacterial growth, and were not included in the molecular tests.

After this screening step, the genomic DNA of Mycobacteria 
was extracted using the cetyltrimethylammonium bromide  
(CTAB; SIGMA-Aldrich-Merck©) method. It was performed briefly 
after bacterial inactivation by heating for 30 min at 80 °C, followed 
by the enzymatic reaction by applying lysozyme (SIGMA-Aldrich-
Merck©) (10 mg/mL) and proteinase K (SIGMA-Aldrich-Merck©) 
(10 mg/mL) solution. The DNA was purified by adding CTAB and 
was precipitated by using alcohol solutions of chloroform/isoamyl 
alcohol (24:1), isopropanol, and 70% ethanol13.

GenoType® Mycobacterium CM-AS – Genotype 

The GenoType® Mycobacterium CM-AS Mobius Life Science© 

(Genotype) trial was conducted according to the manufacturer’s 
instructions. The complete procedure was divided into three steps: 
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TABLE 1: Main clinical and laboratory characteristics of patients with isolates of NonTuberculous Mycobacteria.

N Percentage/IQR

Positive HIV Serology 84/224 37.5%

Negative HIV Serology 3/224 1.3%

Lymphocyte Count CD4 ≥100 29/84 34.5%

ART use 16/84 19.1%

No information of ART use 68/84 80.9%

Median IQR

Viral charge 17490.5 1.899-63.3360

Lymphocyte Count CD4 244 74.5-383.5

Legend: IQR: Interquartile Range; ART: Anti-retroviral therapy; HIV: Human Immunodeficiency Virus; N: number of patients. 

(i) DNA extraction from the cultivated material through sonication, 
(ii) Multiplex amplification with biotinylated primers, and (iii) 
Reverse hybridization14.

Molecular identification by Polymerase Chain Reaction Restriction 
Analysis of the hsp65 gene- PRA-hsp65 (Supplementary Material 2). 

Amplification and digestion of the hsp65 gene were performed 
using the BstEII and HaeIII restriction enzymes. The resulting 
fragments were subjected to electrophoretic analysis using agarose 
gel, and the determination of the species was carried out by the 
interpretation of the bands in the gel, according to the profile of the 
DNA fragments obtained through digestion by each specific enzyme15.

Genome Sequencing - hsp65 Gene

For hsp65 gene sequencing, the following primer were 
used: Hsp667 F 5’ GGCCAAGACAATTGCGTACG; Hsp667 R 5’ 
GGAGCTGACCAGCAGGATG. The conditions were as follows:  2 min at 
95 °C, followed by 30 cycles for 45 s, 57 °C for 45 s, and 72 °C for 45 
s, with a final extension at 72 °C for 5 min, generating a fragment of 
439 bp. Sequencing was performed using the same oligonucleotides16.

Gene rpoB 

Sequencing of the rpoB gene was performed using the 
following primers: Myco F 5’ GCAAGGTCACCCCGAAGGG and 
Myco R 5’ AGCGGCTGCTGGGTGATCATC, under the following 
amplification conditions: 95 °C for 1 min, followed by 35 cycles of 
denaturation at 94 °C for 30 s, 64 °C for 30 s, 72°C for 90 s, and 
one final extension of 72°C for 5 min, generating a fragment of 
764 bp. The same oligonucleotides were used for the sequencing 
of the amplicons16.

The amplicons were first purified with polyethylene glycol 
(PEG) 8000/2.5 M NaCl using the ABI 3500 Genetic Analyzer with 
capillaries of 50 cm and a POP7 polymer (Applied Biosystems®), 
and then again purified using the BigDye XTerminator Purification 
Kit (Applied Biosystems®)17. Sequencing was used as the standard 
method for NTM characterization.

Sequence analysis 

The electrostatic profiles were determined and compared to 
the restriction patterns of various algorithms found in the PRASITE 
online system (http://app.chuv.ch/prasite/index.html)

The sequencing reaction products were aligned and analyzed 
using the DNASTAR Lasergene7 SeqMan program and compared 
using the Basic Local Alignment Search Tool (BLAST) databank17.

The sequences were analyzed with higher coverage, with an 
average coverage of 98.8%. For species identification, a similarity 
value equal to or higher than 97% with the reference sequences 
was considered. 

Statistical analyses

Statistical analysis was conducted using the SPSS v.21 statistical 
program (SPSS Ins. Chicago, IL, USA). The agreement between the 
methods was evaluated using the kappa score. 

Ethics

This study was approved by the FMT-HVD Research Ethics 
Committee and logged under the protocol number CAAE: 
58214916.8.0000.0005. 

RESULTS

During the study period, 3202 patients with a likely infection 
caused by mycobacteria, including presumed TB cases, received 
medical care at FMT-HVD. Of these, 758 (23.7%) presented a 
positive culture for mycobacteria, among which 224 (29.5%) were 
identified as NTM.

Of the 224 positive cultures for NTM, 189 (84.3%) were of 
pulmonary origin, 20 (8.9%) from extrapulmonary, and 15 (6.6%) from 
disseminated origin. According to sample source, 187 (83.5%) of the 
positive samples were phlegm samples and 2 (0.9%) were gastric juice 
samples, followed by tracheal and abscess secretions at 11 (4.9%), 
skin and organ biopsies at 6 (2.7%), urine at 2 (0.9%), cerebrospinal 
fluid at 1 (0.4%), blood at 13 (5.8%), and bone marrow at 2 (0.9%).

Analysis of Clinical Characteristics of patients with NTM

Among the 224 patients with NTM, 66% were men, with a 
median age of 35 years. HIV serology results were obtained for 87 
(38.8%) patients, of whom 84 (37.5%) presented an HIV-positive 
serology and 3 (1.3%) presented an HIV-negative serology. The 
sociodemographic, clinical, and laboratory data are described in 
Table 1, and the NTM species identified according to the anatomic 
site and HIV serology results are described in Table 2.

http://app.chuv.ch/prasite/index.html
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TABLE 2: Species distribution by anatomical site of identified Nontuberculous Mycobacteria and Human Immunodeficiency Virus serology (N=50).

Identification a
Pulmonary  

(n = 44)

Extrapulmonary/
Disseminated 

(n = 6)
HIV

Species Sputum Blood Bone Marrow Secretion HIV+ (n=38) HIV- (n=3) NA (n=9)

M. gordonae 15 (30%) - - - 10 (20%) 1 (2%) 4 (8%)

Mycobaterium sp. 10 (20%) - 1 (2%) 1 (2%) 11 (22%) - 1 (2%)

M. fortuitum 9 (18%) - - 1 (2%) 7 (14%) 1 (2%) 2 (4%)

M. avium/intracellulare 4 (8%) 2 (4%) - - 5 (10%) 1 (2%) -

M. abscessus 3 (6%) - - 1 (2%) 2 (4%) - 2 (4%)

M. kansasii 2 (4%) - - - 2 (4%) - -

M. mucogenicum 1 (2%) - - - 1 (2%) - -

Legend: HIV: Human Immunodeficiency Virus; NA: No Available; a: Genomic sequencing technique.

With regard to the treatment of NTM, evolution data were 
obtained for 14/50 (28%) patients, among which nine were 
treated with anti-tuberculosis drugs (rifampicin + isoniazid + 
pyrazinamide + ethambutol) and five were treated with a specific 
scheme for NTM, including the drugs clarithromycin, ciprofloxacin, 
and amikacin. A greater frequency of NTMs was observed in 
HIV-positive patients undergoing treatment, with the identified 
species being M. fortuitum, M. gordonae, M. abscessus, and  
M. avium/intracellulare.

Molecular Identification of the NTMs

In this study, molecular identification tests were carried out in 
22.3% (50/224) of  patients. The distribution of the species identified 
by GenoType, PRA-hsp65, and genomic sequencing is shown in 
Table 3. The prevalent NTM species identified by biochemical tests 
were also confirmed using molecular techniques: M. gordonae,  
M. fortuitum, Mycobacterium sp, M. avium/intracellulari,  
M abscessus and M. kansasii.

TABLE 3: Molecular identification of nontuberculous Mycobacteria species (n = 50).

Species  Sequencing (76%) GenoType  (84%) PRA hsp65 (68%)

M. gordonae 15 (30%) 18 (36%) 12 (24%)

Mycobacterium sp 12 (24%) 8 (16%) 16 (32%)

M. fortuitum 10 (20%) 6 (12%) 6 (12%)

M. avium/intracellulare 6 (12%) 8 (16%) 9 (18%)

M. abscessus 4 (8%) 5 (10%) 4 (8%)

M. kansasii 2 (4%) 2 (4%) 1 (2%)

M. mucogenicum 1 (2%) 1 (2%) -

M. scrofulaceum - 2 (4%) -

M. bohemicum - - 1 (2%)

M. nebraskense - - 1 (2%)

Legend: GenoType: GenoType®Mycobacterium CM/AS; PRA hsp65: Polymerase Chain Reaction Restriction Analysis of the hsp65 gene.

No NTM species were identified in 32% (16/50) of the samples 
using the PRA-hsp65 technique, in 16% (8/50) of samples using the 
GenoType method, and in 24% (12/50) of samples after genomic 
sequencing.

In the agreement analysis between the molecular techniques, 
a moderate agreement was observed between PRA-hsp65 and 
GenoType (kappa = 0.65) and between GenoType and genomic 
sequencing (kappa = 0.60), whereas low agreement was observed 
between PRA hsp65 and genomic sequencing (kappa = 0.49). The 
kappa´s score considered in this study was in accordance with 
Landis and Koch (1977),with <0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, 
and > 0.80 being poor, weak, moderate, good, and very good, 
respectively. (Table 4).

DISCUSSION

In this study, many NTM species were isolated mainly from 
pulmonary clinical samples, highlighting the necessity to evaluate 
molecular test results with clinical information to determine 
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TABLE 4: Concordance analysis between molecular techniques.

Molecular technique Kappa (95% CI) Concordance

PRA hsp65 and GenoTypea 0.65 (0.50 to 0.80) 72.00%

GenoType and Genomic sequencing 0.60 (0.44 to 075) 68.00%

PRA hsp65 and Genomic sequencing 0.49 (0.32 to 0.67) 60.00%

Legend: a: GenoType®Mycobacterium CM/AS; CI: Confidence Interval.

potential cases of infection in patients with HIV. In addition, species 
implicated in pulmonary disease were also identified: M. avium and 
M. abscessus6,18. With regard to the potentially pathogenic NTM 
species, the findings of this study are similar to that of clinical 
practice and other studies carried out worldwide, with the most 
common species being M. avium, M. intracellulare, M. kansasii,  
M. chelonae, M. abscessus, M. fortuitum, and M. peregrinum19-21. 

Although nearly half of the bacterial species isolated in humans 
worldwide belong to MAC, the distribution of the strains, incidence, 
and prevalence can vary according to geographic region. In 
Australia, nearly 71% of the isolates belonged to MAC; where as in 
North America and South America, this percentage was about 52% 
and 31% respectively; In a recent study, in Iran, 48.4% of the isolates 
were M. fortuitum, illustrating the importance of epidemiological 
surveillance and disease control through techniques for the 
identification of NTM species22,23.

Among the NTM identified in this study, M. gordonae was the 
most frequent, both in the general population of this study and in 
people with HIV. This result differs from most studies conducted 
in Brazil, wherein the NTMs M. kansasii and those belonging to 
MAC tend to be more common4,20. 

This finding highlights the importance of using the criteria 
proposed by the American Thoracic Society (ATS) to differentiate 
colonization from contamination, as well as to conduct regional 
studies and monitor the true epidemiological situation of the 
infections caused by NTMs, especially due to the fact that such 
infections are often not properly reported in Brazil, with the exception 
of postoperative infections caused by rapid growth mycobacteria10,24.

Another important aspect of the discussion based on these 
results is the need to carry out molecular tests, mainly the 
sequencing of genes such as the rpoB gene, with good accuracy, 
for the diagnosis and epidemiological surveillance of NTM25,26.

One relevant aspect of this study was the anti-TB treatment. Risk 
factors associated with an increase in the probability of receiving 
anti-TB treatment among people with HIV were examined27. A 
study that evaluated the activity of new therapeutic alternatives 
for the treatment of NTM using d-cycloserine, clarithromycin, 
and combinations of both antibiotics against clinical isolates of  
M. abscessus and M. fortuitum highlighted the importance of 
accurate laboratory diagnosis and rapid methods to differentiate 
these mycobacteria from MAC, especially in lung samples23.

Another important aspect with respect to the frequency of NTM 
in patients with HIV in this study was the fact that 16% of the NTMs 
isolated in these patients were identified as Mycobacterium sp, 
which highlights the need to validate the rapid laboratory methods, 
preferably molecular methods, which can identify NTM8,19.

The variation in agreement between the results obtained by 
PRA-hsp65, GenoType, and sequencing methods illustrates the 
challenge for precise identification of these mycobacteria sp. 
as well as the importance of conducting genomic sequencing 
to validate the use of molecular methods25,26,28. In this context, 
GenoType presented a moderate agreement when compared 
to sequencing, which indicated that this method can be used in 
clinical practice to optimize the identification of NTMs28,29.

In the analysis of discordant results, the results obtained by the 
PRA-hsp65 technique differed from those obtained by genomic 
sequencing. In the present study, it was not possible to identify NTM 
species in 32% (16/50) of strains using the PRA-hsp65 technique. 
Although further studies should be conducted to confirm these 
results, these results indicate that the recommendations set forth by 
the Brazilian Ministry of Health regarding the use of the PRA-hsp65 
technique to analyze NTMs in laboratory surveillance and routines 
should be reviewed. Moreover, this technique is cumbersome 
and costly; some NTMs can present a shared genetic profile, thus 
overlapping the results, and the same species can present more than 
one restriction profile or profiles that have not yet been described 
in the literature. Furthermore, because PRA-hsp65 is an in-house 
molecular test, it must be performed only by certified laboratories12. 

Nevertheless, this retrospective study had some limitations, 
such as limited clinical data and the difficulty in recovering a greater 
number of NTM isolates to conduct the genomic study, in addition 
to the identification of nine cases treated improperly for TB due to 
the incorrect identification of the NTM species. Another limitation 
of this study is that neither was it possible to apply the ATS clinical 
criteria, nor was it possible to obtain a second clinical sample to 
conduct the cultivation and identification of the same NTM10. 

This study identified species of MAC and M. kansasii species, 
generally considered pathogenic, in phlegm samples (Table 2). In 
cases of positive culture for MAC, it becomes impossible to identify 
the disease in patients that present a single positive culture of 
phlegm; however, for M. kansasii, a single positive culture may 
provide sufficient evidence to begin treatment30,31.

In conclusion, our findings highlight GenoType CM as a good 
method for the identification of NTM, as well as the need for the 
application of standardized criteria, such as those set forth by the 
ATS, under routine clinical and laboratory conditions to differentiate 
infection by NTM from colonization, as well as the need to monitor the 
prevalence of these mycobacterial species, especially in people with 
HIV, to avoid inadequate treatment and subsequent drug resistance.
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