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ABSTRACT 

Introduction: Mycobacteria other than Mycobacterium tuberculosis complex and Mycobacterium leprae 

are known as Non tuberculous Mycobacteria (NTM). Identification by use of molecular methodslike 

amplification of targets sequences of hsp65, 16S rRNA gene, 16S-23S rRNA internal transcribed spacer 

sequence (ITS) DNA and some transposable elements are rapid, but not used in routine 

Mycobacteriology laboratory because of their complexity. A newer simpler technique like immune 

chromatographic test is used on direct culture positive specimens.  

AIM:    To characterize the Non Tuberculous Mycobacterial (NTM) species from   pulmonary and extra 

pulmonary clinical specimen. 

OBJECTIVES: 

1. To isolate NTM species from pulmonary and extra pulmonary specimens. 

2. To speciate NTM isolates by conventional methods, molecular method Line Probe Assay (LPA) and 

High Performance Liquid Chromatography(HPLC). 

3. To compare the conventional methods, molecular method and HPLC as atool for speciation of NTM. 

Material & Methods:  This  study  was   carried  out  at  the  TB  culture  and  drug  sensitivity  

testinglaboratory of  Department of Microbiology, at a tertiary care centre. 

Study Design: Cross sectional facility based comparative study. 
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Study Duration:  Between Jan2020–June 2021 (18 months) 

Total Samples 15,374 Suspected Pulmonary TB (14,667), Suspected Extra Pulmonary TB (707) 

Result 

A total of 15,374 (14667 sputum and 707 Extra Pulmonary) samples were processed in the TB Culture 

& DST laboratory of a Tertiary Health Care. These samples were subjected to microscopy followed by 

decontamination and concentration. The concentrates were inoculated on LJ slants and growth was 

characterized by performing biochemical reactions, LPA and HPLC. Of the 15,374 samples processed 

6,127 in PTB samples and 30 in EPTB samples were smear positive for the presence of acid fast 

bacilli.Of the 15,374 samples processed, 7,553 samples exhibited growth and were culture positive on 

solid (LJ) media. Of  these 7,553 culture positives, 7,502 weredetected as M. tb complex and 51 were 

identified as NTM. 

1. Introduction 

Mycobacteria other than Mycobacterium tuberculosis complex and Mycobacterium leprae are known as 

Nontuberculous mycobacteria (NTM).NTM species are widely distributed in the environment with high 

isolationrates worldwide. Organisms can be found in soil and water, includingboth, natural and treated 

water sources (Mycobacterium kansasii,Mycobacterium xenopi and Mycobacterium simiae are 

recovered almost  exclusively  from  municipal  water sources  and  rarely  if  ever from  other  

environmental  sources). There  is no  evidence  of  animal to human  or  human  to  human  

transmission  of  NTM . Human  disease is  suspected to be acquired  from  environmental  exposures, 

although the  specific  source of  infection  usually  cannot be  identified. M. tuberculosis is by far the 

most important mycobacterial species from apublic health perspective, despite this fact other 

mycobacterial species are also being encountered with increasing frequency and new species are being 

identified.The current unprecedented high level of interest in NTM disease is the result of two major 

recent trends; the first one being the association ofNTM infection with AIDS and secondly, recognition 

of NTM lung disease with increasing frequency in the non-AIDS population. Furthermore, 

NTMinfections are emerging in previously unrecognized settings, with new clinical manifestations. In 

immune competent individuals, NTM disease is mainly pulmonary. The risk factors for pulmonary 

NTM disease arechronic obstructive pulmonary disease (COPD), bronchiectasis, cysticfibrosis, prior 

tuberculosis(TB), pulmonary alveolar proteinosis, pneumoconiosis, and oesophageal motility disorder. 

In immune deficient individuals, particularly AIDS patients, NTM disease is usually disseminated.There 

is no definite method available for the identification of NTM.Acid fast staining, which has been the 

basic method for diagnosis, requires a large number of bacteria to be present in the specimens.Moreover 

the appearance of NTM is indistinguishable from M.tuberculosis. Culture confirmation is the 

conventional method for the detection, but it takes 3 to 8 weeks and another 2 to 4 weeks for final 

identification by biochemical analysis. Other methods, such as highperformance liquid chromatography, 

thin-layer chromatography and gas chromatography, are cumbersome and expensive and are used in 

very few clinical laboratories. Identification by use of molecular methods like amplification of targets 

sequences of hsp65, 16S rRNA gene, 16S 23S rRNA internal transcribed spacer sequence (ITS) DNA 

and some transposable elements are rapid, but not used in routine Mycobacteriology laboratory because 

of their complexity. A newer simpler technique like immune chromatographic test is used on 

directculture positive specimens. Even though it can discriminate between M.tb complex and NTM, it 

cannot help in species level identification of NTM. The presentstudy  is  being   undertaken  to  isolate  

the  NTM  speciesfrom  pulmonary  and  extra pulmonary  cases  of suspected TB usingculture  methods  

and  their  further  characterization   by  conventional biochemical  reactions  and  molecular  methods  

using  line  probe assay and HPLC. The Geno type Mycobacterium assay is a commercial kit developed 

to identify NTM from cultures. Itinvolves DNA amplification targeting the 23S rRNA gene region, 

followedby reverse hybridization to specific oligonucleotide probes immobilized on membrane strips. 
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There are two kits – the CM (common mycobacteria)and AS (additional species) kits. The CM kit 

identifies 24 Mycobacterium species, including Mycobacterium tuberculosis complex, while, the AS kit 

identifies 19 additional pathogenic NTM species. The HPLC has beensconsidered a standard test for 

chemotaxonomic classification and for rapid identification of Mycobacterium species by the Centres for 

DiseaseControl and Prevention (CDC) since 1990, and has been reported to be more than 96% accurate 

compared with DNA probe tests. It analyses the mycolic acids found in the cell wall of mycobacteria 

which is highly species specific. The results are obtained in the form of chromatograms.Thus there is a 

need for a simple, reproducible and specific method forthe identification for NTM causing infections. 

2. Aims/Objective 

 The main aim of this study is to 

1.To  characterize the  Non tuberculous  Mycobacterial (NTM) species  from  pulmonary  and  extra  

pulmonary clinical specimens . 

2.To speciate NTM isolates by conventional methods, molecular method Line Probe Assay (LPA) and 

High Performance Liquid Chromatography(HPLC). 

3. To compare the conventional methods, molecular method and HPLC as atool for speciation of NTM. 

3. Materials and methods 

 This cross sectional facility based comparative study was carried out from Jan2020–June 2021.This  

study  was   carried  out  at  the  TB  culture  and  drug  sensitivity  testing laboratory of  Department of 

Microbiology, at a tertiary care centre, Kerala. 

All   pulmonary and extra pulmonary samples from clinically suspected tuberculosis cases received in 

the TB laboratory at a tertiary healthcare centre.Two sputum samples(one early morning and one 

spotsample) per patient as per RNTCP guidelines in case of suspected  PulmonaryTB (PTB) and or a 

single extra pulmonary sample was taken in case of Extra pulmonary TB (EPTB). 

The smears were prepared, air-dried, heat- fixed and stained by Ziehl-Neelsen method. All the samples 

were decontaminated and concentrated using N-acetyl Lcysteine-sodium hydroxide (NALC-NAOH) 

method except for sterile body fluids.Three slants of plain LJ media were inoculated per specimen and 

each of these were incubated at 250C, 370C, 420C respectively, as each mycobacterium species has an 

optimal temperature for growth therefore three slants of plain LJwere inoculated and incubated at three 

different temperatures for each sample. Along with three plain LJ slants, one slant of LJ containing p-

nitro benzoate (PNB) was also inoculated and incubated at 370C to exclude growth of Mycobacterium 

tuberculosis and to confirm growth of NTM species as PNB is inhibitory to Mycobacterium 

tuberculosis. 

Cultures positive for non tuberculous mycobacteria   were further phenotypically identified and 

characterized using conventional biochemical tests. The battery of tests used were Niacin production, 

Nitrate reduction, Growth on Mac Conkey agar, Semi quantitativeCatalase production, Tween 80 

hydrolysis, Urease production, Iron uptake,Growth in the presence of 5% NaCl, Pyrazinamide’s and 

Arylsulphatase.The NTM phenotypically characterized by above tests were subjected to molecular 

method ofcharacterization- LPA using Genotype CM (Common Mycobacteria)/AS(Additional Species) 

assay.The entire cultures positive for NTM were also subjected to HPLC. 

 

 

 

http://www.ijcrt.org/


www.ijcspub.org                                        © 2022 IJCSPUB | Volume 12, Issue 2 April 2022 | ISSN: 2250-1770 

IJCSP22B1012 International Journal of Current Science (IJCSPUB) www.ijcspub.org 104 
 

3. Results 

A total of 15,374 (14667 sputum and 707 Extra Pulmonary) samples wereprocessed in the TB Culture & 

DST laboratory of a Tertiary Health Care setting from January, 2020 to June, 2021. These samples were 

subjected to microscopyfollowed by decontamination and concentration. The concentrates were 

inoculated on LJ slants and growth was characterized by performing biochemical reactions, LPA and 

HPLC. Of the 15,374 samples processed 6,127 in PTB samples and 30 in EPTBsamples were smear 

positive for the presence of acid fast bacillias shown inTable 1.Of the 15,374 samples processed, 7,553 

samples exhibited growth and were culture positive on solid (LJ) media. Of these 7,553 culture 

positives, 7,502 were detected as M. tb complex and 51 were identified as NTMas shown in Table 2. Of 

the 51 isolates, 19 (37.27%) were rapidly growing mycobacteria (RGM), there growth being detected in 

less than 7 days and the remaining 32 (62.73%) wereslow growing mycobacteria (SGM) which 

exhibited growth anytime between 10-21 days.Of the 32 slow growing mycobacteria, majority were 

observed to be nonchromogens, both amongst slow growers (71.87%) and among all Runyongroups 

(45.09%).All NTM in the present study grew at 37˚C (no NTM species showed growth at 25˚C or at 

42˚C) and showed growth on LJ containing PNB.One Extra Pulmonary sample which was pleural fluid 

showed growth of NTM onLJ media and the growth was characterised as M.abscessus by 

biochemicalreactions. 

Of the 51 isolates, 19 (37.25%) were rapidly growing mycobacteria (RGM).Amongst the RGM, two 

species, of M. fortuitum, 10 strains (19.61%) and of M.abscessus, 9 strains (17.64%), were identified on 

the basis of biochemicalcharacterisation.Remaining 32 (62.77%) were slow growing mycobacteria 

(SGM). Of these 7 were photochromogens. Amongst them, 5 strains were speciated as M. 

kansasii(9.80%) and 1 strain each of M. asiaticum (1.96%) and M. simiae (1.96%).Two SGM which 

produced pigment in dark were identified as M. gordonae(3.92%).Remaining 23 SGM did not produce 

pigment either in light or in dark. On biochemical characterisation 20 of these were detected to be 

belonging to MAC(39.21%) while, one each was characterised as M. gastri (1.96%), M.terrae(1.96%) 

and M. celatum (1.96%). 

LPA was performed on all the 51 NTM isolates characterised biochemically.On LPA, 47 of the 51 NTM 

strains were characterized into various species.All 20 strains of M. avium complex detected by 

conventional biochemical were identified as M. intracellulare on LPA.The 4 species characterised as 

M.terrae, M.celatum, M.simiae and M.gastri on biochemical reactions remained unidentified by both 

CM as well as AS assay.HPLC was performed for the identification of all NTM isolates. The speciation 

of NTM by HPLC was on the basis single, double and triple cluster peak patterns  obtained on 

chromatograms.HPLC could identify all 51(100%) NTM isolates to the species level. The four isolates 

unidentified by LPA were speciated as M.gastri, M.terrae, M.celatum andM.simiae by HPLC.All twenty 

NTM isolates identified as MAC by biochemical characterisation were speciated as M.intracellulare by 

HPLC. The same twenty MAC isolates were also characterised as M.intracellulare by LPA.All 51 NTM 

strains identified by biochemical reactions were confirmed by HPLC.All 20 MAC isolates were 

observed to be M. Intracellulare by both LPA and HPLCwith no isolate of M.avium. While 47/51 strains 

were identified by LPA, fourstrains namely M.gastri, M.terrae, M.celatum, M.simiae which were not 

identifiedon LPA but were identified by biochemical reactions, were confirmed to be thesame by HPLC. 
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Table 1: Results of Microscopy 

Type of sample Total samples Smear positive using ZN 

PTB samples 14,667 6,127 

EPTB samples 707 30 

Total 15,374 6,157 

 

Table 2: Solid (LJ) Culture Results 

Type of Samples Total Samples Total Cultures 

positive 

Total Cultures 

positive 

Cultures positive 

for M.tb 

Culture positive 

for NTM 

PTB samples 14,667 7,425 7375 50 

EPTB samples 707 128 127 01 

Total 15,374 7,553 7502 51 

 

Table3: Type of NTM species on Rate of growth(n= 51) 

Types of NTM species Number percentage 

Rapidly Growing Mycobacteria 19 37.23 

Slowly Growing Mycobacteria 32 62.77 

 

Table 4: Characterisation of Slow Growers on basis of pigment production(n=32) 

PHOTOCHROMOGENS 

(GROUP I) (% 

SCOTOCHROMOGENS 

(GROUP II) (%) 

NON CHROMOGENS (GROUP III) (%) 

7(21.87) 2(6.25) 23(71.87) 

 

Table 5: Results of Conventional Biochemical reactions(n = 51) 
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M.gastrii(1) 37˚C + - - + - + - - - - - 
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M.terrae  (1) 37˚C + - - + + - - - - - + 

M.celatum(1) 37˚C + - - - + - - - - + + 
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Table6:SpeciesidentifiedonLPA(n=51) 
 

Speciesidentified Number(%) 

M.intracellulare 20(39.2) 

M.fortuitum 10(19.6) 

M.abscessus 9(17.7) 

M.kansasii 5(9.8) 

M.gordonae 2(3.9) 

M.asiaticum 1(1.96) 

Total 47(92.2) 

Unidentified 4(7.84) 

 

Table 7:ResultsofHPLC(n=51) 

 

HPLCclusterpattern Speciesidentified No.OfSpecies(%) 

Singlecluster M.kansasii 5(9.80) 

 
M.gordonae 2(3.92) 

 
M.asiaticum 1(1.96) 

 
M.gastri 1(1.96) 

Doublecluster M.fortuitum 10(19.60) 

 
M.intracellulare 20(39.21) 

 
M.abscessus 9(17.64) 

 
M.celatum 1(1.96) 

 
M.terrae 1(1.96) 

Triplecluster M.simiae 1(1.96) 

Total  51(100) 
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Table 8: Comparative Results of Biochemical Reactions (B/R), LPA &HPLC(n=51) 

Species Totalisol

ates 

(%) 

Correctlyiden

tified byB/R 

(%) 

Correctlyident

ified byLPA 

(%) 

Correctlyidentifie

d byHPLC(%) 

M.intracellulare 20(39.21) 20(MAC) 20 20 

M.fortuitum 10(19.60) 10 10 10 

M.abscessus 9(17.64) 9 9 9 

M.kansasii 5(9.80) 5 5 5 

M.gordonae 2(3.92) 2 2 2 

M.asiaticum 1(1.96) 1 1 1 

M.gastri 1(1.96) 1 0 1 

M.terrae 1(1.96) 1 0 1 

M.celatum 1(1.96) 1 0 1 

M.simiae 1(1.96) 1 0 1 

Total 51 51(100) 47(92.15) 51(100) 

 
 
4.    Discussion 

As seen in various studies conducted across the globe there has been a nupsurge in the rate of 

NTM isolation from various clinical samples. Many ofthe recognized NTM are significant 

opportunistic pathogens in patients who are immune compromised. At the same time, many 

other NTM are emerging as causes of disease in immune competent individuals.  

A total of 15,374 samples were processed during the study period out of which 6,157 

samples were smear positive and 7,553 samples were culture positive.Out of 7,553 cultures 

positive samples7,502were positive forM.tbcomplex and 51 were positive for NTM 

species.Out of the total 7,553 positiv cultures0.67%was non-tuberculous mycobacteria and 

99.32% were M.tb complex. In one such study conducted by V.P. Myneedu et al16in the year 

2013 in Delhi, India, 0.38% of mycobacterial strains were identified as NTM and 1.16% of 

the total positive cultures were non-tuberculous mycobacteria and 98.63% were M.tb 

complex.Thus,the isolation rate in the present study is comparable with their study.Various 

other studies conducted in India have reported higher isolation rates such as Jesudasonet 
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al12in the year 2005, in their study conducted at CMCVellore showed that 3.86% were NTM 

and 96.13% strains were identified as M.tbcomplex amongst the culture positive for 

mycobacterial growth.  

All the 51 suspected NTM isolates on culture were further characterized as rapid and slow 

growing mycobacteria based on their rate of growth as given in Runyonclassification. 

19(37.23%) NTM showed growth on LJ within sevendays and were characterized as rapid 

growers. 32 out of 51 isolates (62.77%)were observed to be slow growers. A study conducted 

in 2010 by S.Shenaiet al18, in Mumbai showed 36% NTM isolates were RGM and 64% 

wereSGM. Thus,the results of the present study are comparable with this study. 

In thepresent study 23 (71.87%) SGM were observed to be non chromogens while 7(21.87%) 

were photochromogens and 2 (6.25%) were scotochromogens. Thus, majority of the SGM 

were non chromogens or belonged to group III ofRunyon classification. V.P. Myneeduet 

al16in the year 2013 in Delhi, India, alsoobservedthesimilartrend. 

All 51 NTM isolates were identified to the species level by performing variousbiochemical 

reactions. 20 of the 51(39.21%) isolates were identified as MAC on the basis of positive 

pyrazinamidase test.The 19NTM isolates whichwere labeled as rapidgrowers wereidentified 

asM.fortuitum(10strains)andM.abscessus (9 strains).These two rapid grower species were 

discriminated on the basis of nitrate reduction an d iron 

uptake(bothpositiveinM.fortuitum).On performing biochemical analysis for NTM, one of the 

limitations was that the complexes could not be segregated into individual species and this 

happened with species such as Mycobacterium avium complex (MAC) which comprises of 

Mycobacteriumavium and Mycobacteriumintracellulare,since both these species form the 

part of the complex and there are no separate biochemical reactions for M.intracellulare. 

In the present study,the 51 NTM isolates were tested by Genotype mycobacterium CM assay. 

This assay identified 47 out of 51 NTM up to the species level .The remaining four NTM 

isolates were only identified asmycobacterial species by both CM as well as AS kit. In total, 

the two Genotype assays correctl yidentified 47out of 51(92.15%)NTMspecies characterise 

biochemically. This agrees with the study conducted by Andie S. Lee et al. fromthe year 
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2006-2007 in Sydney, Australia in which the detection by LPA was91%. Twenty NTM 

isolates characterised as MAC on biochemical reactions were speciated as M.intracellulare 

on LPA. Also other three SGM namely M.kansasii (5 strains),M.gordonae (2 strains) and 

M.asiaticum (1 strain) were identified to be the same species on LPA.The19RGM which 

were characterised asM.fortuitum (10strains) and M.abscessus (9 strains) on biochemical 

reactions were identified tobe the same species on LPA. Four SGM which were characterised 

as M.gastri, M.terrae, M.simiae and M.celatum on biochemical reaction remained as 

uncharacterized mycobacterial species on LPA. 

TheHPLC has been considered a standard test for chemotaxonomic classification and for 

rapid identification of Mycobacterium species by the Centers for Disease Control and 

Prevention (CDC) since 1990, and has been reported tobe more than 96% accurate compared 

with DNA probe tests. 

Fivestrainsof M.kansasii, two strains of M.gordonae and one each of M.asiaticum and 

M.gastri were identified by their characteristic single cluster pattern. Similarly, 20 strains of 

M.intracellulare, 10 ofM.fortuitum, 9 of M.abscessus and one each of M.celatum and 

M.terrae were identified by their characteristic double cluster pattern. M.simiae (one strain) 

was identified by its unique triple cluster pattern.Thus on this basis, all the NTM isolates 

which were characterised biochemically and by LPA up to species level were confirmed by 

HPLC. In addition, like LPA, HPLC could discriminate MAC(M.avium &M.intracellulare) 

to its species level. In the present study, except for MAC, all other NTM isolates could be 

speciated bybiochemical reactions. Hence, they were less sensitive as they were unable to 

discriminate 20 MAC isolates up to their species level.This complex contains the important 

pathogen M.intracellulare which is known to cause pulmonary disease. In the present study 

all of the M.intracellulare isolates could be identified by both, LPA and HPLC.On LPA both 

M.avium andM.intracellulare species have different banding patterns, bands 1,2,3,4 for 

M.avium while, bands 1,2,3,9 for M. intracellulare. In the present study HPLC could 

discriminate 100% of the NTM isolates up to their species level.It could discriminate all 20 

MAC isolates to their species levelas the graphical patterns on HPLC are known to be 

different for both these species, M.avium and M.intracellulare. This study thus validates 

http://www.ijcrt.org/


www.ijcspub.org                                        © 2022 IJCSPUB | Volume 12, Issue 2 April 2022 | ISSN: 2250-1770 

IJCSP22B1012 International Journal of Current Science (IJCSPUB) www.ijcspub.org 110 
 

HPLC as a useful method for speciating NTM, which is essential for diagnosis and 

propertreatment in case of infections due to these isolates. 

Commonest isolate in the present study was M.intracellulare(20 strains), followed by M. 

fortuitum (10 strains), M. abscessus (9 strains), M.kansasii (5strains), M.gordonae (2strains) 

and one strain each of M.asiaticum, M. gastri, M. terrae, M. celatum and M. simiae .Early 

and reliable identification of NTM has the advantage of diagnosing mycobacterial infections 

accurately which will help to provide patients with an earlier onset of proper treatment. 

5.Conclusion 

Characterization of NTM species is important in countries with high TB prevalence rates such as 

India. Patients with AFB-positive   sputum on direct microscopic examination which is suggestive 

of active TB are generally presumed to have pulmonary TB and are treated empirically with anti-

tuberculosis drugs.NTM are generally resistant to firstline antituberculosis drugs and if not 

identified properly, may be falsely diagnosed as MDR-TB. But mere isolation does not aid the 

physician in effective management of NTM disease and hence, further characterization of NTM up 

to species level should be done inorder to formulate therapy for all NTM 

infections.Characterization can be done using conventional,biochemical reactions, molecular 

methods,chemotaxonomic techniques like HPLC and using various types of sequencing methods, 

but, the choice of method used depends on the availability of resources and the type of the 

laboratory setup. 

HPLC has been considered ‘gold standard’ for NTM speciation, but its availability has been 

restricted to research facilities and with recent advances in the field of molecular biology, it has 

been replaced by 16S rRNA sequencing for characterization of NTM. 
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