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Abstract

Purpose: Non-tuberculous Mycobacteria (NTM) infections are often misdiagnosed as tuberculosis due to the similar clinical and

radiological presentations. NTM infections can be differentiated from tuberculosis only through species identification. Here we per-

formed a species-level identification of NTM from sputum samples using ITS sequencing of the 16S-23S rRNA gene.

Materials and Methods: Twenty-one immunochromatographic assay negative isolates from smear-positive patients were collected

and evaluated. The isolates were then subjected to mycolic acid extraction for HPLC, DNA isolation for line probe assay (LPA), hsp65

and 16S-23S rRNA gene ITS sequencing.

Results: After evaluating all the diagnostic modalities for NTM, it was observed that the Mycobacterium intracellulare was the pre-

dominant slow-growing NTM (9/20, 45%), while Mycobacterium abscessus (subsp. bolletii) was the dominant rapid grower (5/20,

25%). One isolate, which could not be identified either by LPA or by HPLC, was detected as Nocardia cyriacigeorgica, by sequencing

a non mycobacterial species predominantly found in pulmonary infection. The results of HPLC and LPA were 100% concordant. One

isolate was identified as M. abscessus by sequencing, but HPLC and LPA detected it as Mycobacterium chelonae.

Conclusion: NTM should be considered as the key pathogen in immunocompromised patients and in patients with manifestations

similar to tuberculosis. In such cases, species identification is critical for initiation of appropriate therapy. The 16S-23S rRNA gene

ITS sequencing method is a rapid and accurate technique for NTM species identification up to subspecies.
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Key Messages

Present study helps in understating the NTM infections which
are often misdiagnosed and incorrectly treated as tuberculosis due
to the similar clinical and radiological presentations. In this study,
we performed species identification of NTM using ITS sequencing
of the 16S-23S rRNA gene and compared the results to those ob-
tained using HPLC and line probe assay. Our findings indicate that
the use of ITS (16S-23S rDNA ITS sequences) region sequencing is
arapid and reliable way of NTM species identification.

Introduction

Non-tuberculous Mycobacteria (NTM) are being increasingly
recognized as the cause of chronic pulmonary and extra pulmonary
disease. Among pulmonary tuberculosis patients who do not re-
spond to anti-tuberculosis therapy, a high index of suspicion should
be maintained for NTM as an etiological agent, and appropriate
testing should be conducted to isolate them. At present, more than
60 types of NTM species that are pathogenic to humans have been
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identified [1]. Their prevalence is especially high in immunocom-
promised hosts like PLHIV and organ transplant recipients, and
early diagnosis and treatment is essential to prevent disease pro-
gression and further complications. The diseases caused by NTM
present similar to tuberculosis, which often results in them being
misdiagnosed as tuberculosis. Moreover, techniques for the identi-
fication of NTM are available only at select centres. Both these fac-
tors contribute to poor understanding of the epidemiology and dis-
ease burden of NTM. Traditional methods have relied on evaluation
of the growth rate, pigment production, and colony morphology for
preliminary identifications of NTM; however, rapid and accurate
species identification is crucial to initiate appropriate therapy and

to distinguish pathogenic species from contaminants [2].

The automated liquid culture system (MGIT 960) with com-
mercial molecular techniques such as probe hybridization assay
[GenoType Mycobacterium CM/AS (HAIN Life science, Germany)]
can accurately identify species, yielding results within weeks [3].
High Performance Liquid Chromatography (HPLC) relies on an or-
ganism'’s mycolic acid (MA) content (fatty acids found in the cell
walls of Mycobacteria) and is highly species specific; however, it
is highly labour intensive and takes months to obtain the results
[4]. Hence, there is a need for the development of a clinically use-
ful and cost effective, rapid and accurate diagnostic test for species
identification of NTM. The16S-23S rRNA gene internal transcribed
spacer (ITS) sequencing technique is highly specific for identify-
ing most Mycobacterial species [5]. Although, there are other genes
such as hsp65, rpoB and 16s rRNA genes were also used in various
studies done worldwide [6-8]. In this observational study, we per-
formed NTM species identification by ITS sequencing of 16S-23S
rRNA gene region and compared the results of those obtained us-
ing probe hybridization assay [Geno Type Mycobacterium CM/AS
(HAIN Lifescience, Germany)] and HPLC. We have also performed
the hsp65 gene sequencing as well to give more strength to NTM

speciation experiments.

Materials and Methods
Ethical statement

The study was approved by institutional ethics committee and
written informed consent was obtained from all the study partici-

pants.

Subject recruitment and initial processing

A total of 1619 sputum smear-positive samples [male; 1104
(68%), female; 515 (32%) with mean age of 35 + 14.5 years] were
received at Intermediate Reference Laboratory of the Department
of Medicine at AIIMS, New Delhi between September 2013 and
January 2016. All the patients were diagnosed with tuberculosis
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and were not responding to standard anti-tuberculosis therapy
and were HIV negative. Of these, 21 were suspected as NTM based
on an immunochromatographic assay (ICA)-negative in culture-
positive isolates result (Figure 1). The cryopreserved cultures
were revived and sub-cultured on liquid (BACTEC MGIT-960) and
on Lowenstein Jensen (L] solid culture) medium using standard
operating procedures (SOP) of the National Tuberculosis Elimina-
tion Programme (formerly Revised National Tuberculosis Control
programme) [9,10]. These were then observed for growth rate, pig-
ment production, and colony morphology on L] medium (Figure 2)
and initially classified based on the Runyon classification criteria
[11].

HPLC and DNA sequencing
The MA extraction for HPLC (Agilent HPLC instrument) and

DNA isolation for line probe assay was performed for all the cul-

Algorithm for identification of NTM isolates among PTB cases

Clinical specimens

Sample processing (with NALC
NaOH method)

Repeat sa

Culture inoculation

Solid (L media) Liquid (MGIT- 960)

Mycolic acid extraction Colony morphology
flor HPLC study

**ITS & hsp6s gene

region sequencing

Figure 1: Schematic flow of species identification of NTM
isolates.

Definition of abbreviations: MGIT-960: Mycobacterial Growth
Indicator Tube 960; ICA: Immunochromatographic Assay; L-]:
Lowenstein-Jensen Media; DNA™: Deoxyribose Nucleic Acid
(DNA was used for LPA and ITS gene sequencing); DST: Drug
Susceptibility Testing; CM/AS: Common Mycobacteria/Addition-
al Species of Mycobacteria; LPA: Line Probe Assay; HPLC: High
Performance Liquid Chromatography; AFB: Acid-fast Bacilli;
MTBC: Mycobacterium tuberculosis Complex; Mtb: Mycobacte-
rium tuberculosis; NTM: Non-tuberculous Mycobacteria; ITS™:
Internal Transcribed Spacer Region of Ribosomal Gene Amplifi-
cation for Species Identification of NTM Isolate.
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Figure 2: Identification of the NTM culture isolates on the basis
of colony morphology on L] media (solid culture). Lane 1: Myco-
bacterium tuberculosis (rough, buff and beige coloured colony),
Lane 2: M. intracellurae (non pigmented shiney sticky coloney),
Lane 3: M. gordonae pigment producer, Lane 4: M. simiae conflu-
ent growth and pigmented when exposed in light. Lane 5: M.
absessus light yellow pigments producer.

tures as per the previous studies [4,6,12]. The isolated DNA was
then subjected to DNA sequencing on ABI prism 3130xl genetic
analyzer (Applied Biosystems and Hitachi, Ltd., Carlsbad, CA, USA).
for hsp65 gene using primers Tb11(F): 5" -ACCAACGATGGTGTGTC-
CAT-3’ and Tb12 (R): 5’-CTTGTCGAACGCATACCCT-3’ and 16S-23S
rRNA gene ITS region with the primers ITS(F) 5-GAAGTCGTAA-
CAAGGTAGCCG-3’ and ITS(R) 3’- GACAGCTCCCCGAGGCTTATCG-
CA-5’ (Supplementary Figure 1) [6].

Supplementary Figure 1: Gel picture of ITS gene ampli-
fied product of NTM isolates from PTB specimens; L: ladder
(100bp); C: DNA control; 1: M. intracellurae; 2: M. absessus; 3: M.
gordonae; 4: M. simiae; 5: M. kansassi; 6: Nocardia species; 7: M.

fortuitum.
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Sequence analysis

The nucleotide sequence of the ITS region and hsp65 gene of the
NTM isolates were analysed using a Basic Local Alignment Search
Tool (BLAST) (http://www.ncbinlm.nih.gov) (Thomas Hall, Ra-
leigh, NC, USA). Conservative and polymorphic ITS and hsp65 se-
quences of the NTM isolates were presented in a multi-alignment
of the ITS and hsp65 regions using CUSTAL-W 2.0 software (http://
genome.kribb.re.kr). The obtained nucleotide sequences were
submitted to NCBI GenBank and an accession number for ITS se-
quence was generated for each identified isolate [Supplementary
Figure 2 (1-3)].

Results

Of the 1619 smear-positive sputum specimen received, 21 ICA-
negative isolates were tested using the GenoType® Common My-
cobacteria (CM) kit, HPLC and sequencing simultaneously. Among
these, nine (45%) were identified as Mycobacterium intracellulare,

three (15%) as Mycobacterium gordonae, five (25%) as Mycobac-

Nucleotide sequences of Internal Transcribed spacer (ITS) region of ribosomal gene (165-235
rDNA) among Non-tuberculous mycobacterium (NTM) and Necardia species

Sample Nucleotide sequences Nucleotide numbers Strain name
No.
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igeorgica

Supplementary Figure 2: Alignment of 165-235 rDNA ITS sequences (sample number 1" =20
NTM species and 21¥Nocardiaspp.)

Supplementary Figure 2: Alignment of 16S-23S rDNA ITS
sequences (sample number 1 -20" NTM species and
215 Nocardiaspp.).

terium abscessus, and one (5%) as Mycobacterium chelonae. Two

unidentified isolates were tested using the GenoType® Additional
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species of Mycobacteria (AS) Kit; one (5%) was identified as Myco-
bacterium simiae and the other was found to not be a NTM upon
analysis using the GenoType® AS kit. Howerver, one isolate were
found to be invalid at the end of hybridization of GenoType®, were
found as Mycobacterium kansasii (1; 5%) in HPLC and sequencing
simultaneously (Figure 3a and 3b).

Figure 3
a. DNA strips of GenoType Mycobacterium AS kit.

A: showing M. simiae NTM species identified by using Geno-
TypeR Mycobacterium AS kit; B: Negative control; C: Master mix
control, D: M. tuberculosis H37RV positive control.

b. DNA strips of GenoType Mycobacterium CM Kit.

A: M. intracellulare; B: M. intracellurae; C: M. intracellurae; D:
M. absessus; E: M. chelonae; F: M. gordonae; G: GC-Negative; H:
(H37RV) I: Negative control; J: Master mix control.

The prepared MA extract was subjected to HPLC (Agilent HPLC
instrument) and analysis was performed using a UV detector. The
obtained HPLC peaks of the NTM isolates were separated into clus-
ters (single, double, triple, and multiple clusters) based on high and
low molecular weight. Each cluster group was then identified by
the number of peaks, retention times, and relative peaks heights.
Of the 21 ICA-negative isolates, 20 were separated using HPLC into
clusters and peaks. Among the single clusters, three (15%) were
identified as M. gordonae, one (5%) as M. kansasii, previously this
isolate was observed as invalid in GenoType® and one was a H37R,
as control. The double cluster included five (25%) M. abscessus iso-
lates, one (5%) M. chelonae isolate, and 9(45%) M. intracellulare
isolates; the triple clusters included only one (5%) M. simiae isolate
(Figure 4a and 4b).

The results of ITS and hsp65 genes based sequencing were iden-
tical in speciation of NTM isolates and mostly consistent with those
of LPA and HPLC. One discordant result was obtained by ITS and
hsp65 gene sequencing: one species identified as M. chelonae by
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Figure 4
a: HPLC graphs of NTM Species.
b: HPLC graphs of NTM Species.

LPA and HPLC was identified as M. abscessus by both ITS and hsp65
gene sequencing. Interestingly, one isolate that could be identified
neither by LPA nor by HPLC was identified using ITS and hsp65
gene sequencing as Nocardia cyriacigeorgica (Table 1) and all M.

abscessus were identified as subsp. Bolletii.

Discussion

Screening for Mycobacterium tuberculosis (MTB) using smear
microscopy in patients presenting with a history suggestive of
PTB is the cornerstone of tuberculosis control strategy, especially
in high-burden, resource-limited countries like India. Even newer
PCR-based molecular diagnostic tests such as GeneXpert MTB/RIF
cannot identify NTM species, whose isolation depends on the cul-
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S. GenoTypt?R HPLC t%lrou.gh selq'll‘lselr‘l(i:?:lognby
No. Mycobacterium | mycolic acid automated DNA
CM/AS kit (LPA) analysis B
1. M. intracellulare |M. intracellulare| M. intracellulare
2. M. abscessus M. abscessus M. abscessus
3. M. abscessus M. abscessus M. abscessus
4. GC neg Unidentified Nocardiag?: ;iacigeor-
5. M. abscessus M. abscessus M. abscessus
6. M. gordonae M. gordonae M. gordonae
7. M. intracellulare |M. intracellulare| M. intracellulare
8. Invalid M. kansasii M. kansasii
9. M. chelonae M. chelonae M. abscessus
10. M. gordonae M. gordonae M. gordonae
11. M. simiae M. simiae M. simiae
12. M. abscessus M. abscessus M. abscessus
13. M. intracellulare |M. intracellulare| M. intracellulare
14. M. intracellulare |M. intracellulare| M. intracellulare
15. M. intracellulare |M. intracellulare| M. intracellulare
16. M. intracellulare |M. intracellulare| M. intracellulare
17. M. intracellulare |M. intracellulare| M. intracellulare
18. M. intracellulare |M. intracellulare| M. intracellulare
19. M. intracellulare |M. intracellulare| M. intracellulare
20. M. abscessus M. abscessus M. abscessus
21. M. gordonae M. gordonae M. gordonae

Table 1: Comparison of LPA, HPLC and ITS region of ribosomal

gene sequencing methods for isolation and species identification

in 21 ICA negative culture isolates grown in liquid culture (MGIT-

960).

Definition of abbreviations: GC neg: Genus Control Negative;

Noise: Unintrepertable Graph by Instruments; CM/AS: Common

Mycobacteria/Additional Species of Mycobacteria; ICA: Immu-

nochromatographic Assay: LPA: Line Probe Assay; HPLC: High

Performance Liquid Chromatography; AFB: Acid-fast Bacilli; Mtb,

Mycobacterium tuberculosis NTM: Non-tuberculous Mycobacte-

ria; ITS: Internal Transcribed Spacer; NCBI: National Centre for

Biotechnology Information.

ture and other specialized techniques. Moreover, the techniques
are available only at selected centres. All these factors highlight
the importance of high clinical suspicion and timely referral of pa-

tients with NTM infections for appropriate testing. NTM infections
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present a unique challenge to clinicians, as their clinical and radio-
logical presentations are similar to those of MTB, and because they
show acid-fast reaction to ZN staining, which is usually the only test
being performed at peripheral health centres before starting anti-
tuberculosis therapy [13]. This leads to inappropriate treatment of
NTM cases, sometimes even with MDR-TB regimens in view of lack
of response to conventional anti-TB drugs. Since a culture-positive
result for NTM is an absolute diagnostic criterion according to ATS
guidelines and because treatment regimens differ according to the
species, rapid species identification of NTM is essential for appro-

priate treatment [14,15].

The data on various techniques for NTM isolation from India
are limited, with no study reporting ITS sequencing results so
far. The present study was thus aimed at isolating and identifying
NTM among persistently smear, culture-positive and ICA-negative
isolates, where the patients infected were not responding to con-
ventional anti-TB drugs. We used HPLC, LPA, and ITS and hsp65
gene sequencing and compared the results of the four methods to
identify the best method for NTM species identification. Our study
provides pivotal information on the potentially pathogenic range of
prevailing NTM species among HIV-negative sputum-positive cases

from a tertiary care centre in India.

Most pathogenic NTM species are resistant to first-line anti-TB
drugs and cause disease progression with persistent and often ir-
reversible loss of lung function [2]. A vast majority of NTM cases
come to light when the patient is investigated for suspected drug-
resistant tuberculosis. A Chinese study revealed that about 30% of
NTM isolates were from suspected MDR-TB cases, which corrob-
orates the findings of our study [14]. Prevalence of NTM isolates
can be quite high in EPTB cases, as demonstrated by a recent study
from New Delhi, India, in which 12.4% of EPTB cases were actu-
ally NTM infections. The same study also identified NTM isolates in
17.4% of PTB cases who were on MDR-TB regimen [12].

The Canters for Disease Control and Prevention (CDC) proposes
the use of HPLC to aid in the differentiation between tubercular
and non-tubercular Mycobacteria [16]. In our study, of the 21 sus-
pected NTM isolates, HPLC correctly identified 20 isolates as NTM
and only one isolate was not identified; therefore, in resource-lim-
ited settings, HPLC can be a good choice for species identification.
However, the turnover time (TOT) is relatively high and the requir-
esspecial training to perform this test are the major limitations

forthe use of this modality [4].

The NTM isolates in our study were also tested using the Geno-

Type® CM Kkit based on the principle of probe hybridization. Nine-
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teen of the 21 NTM isolates were identified using the GenoType®
CM kit with one invalid result. Two unidentified isolates were then
tested using the GenoType® AS kit, which identified one isolate as
M. simiae, and the other isolate was found to not be a NTM. Another
study from Lucknow, India, on pulmonary specimens evaluated the
performance of GenoType® Mycobacterium CM/AS and reported
a sensitivity of 99.3% and specificity of 98.3% for NTM species
identification [17]. The most common NTM species reported in the
study from Lucknow was Mycobacterium fortuitum (20, 33.3%)
among rapid growing Mycobacteria, and M. intracellulare (11,
18.3%) among the slow-growing Mycobacteria [16]. Another study
from Mumbai, India showed that M. abscessus (59%) and M. fortui-
tum (41%) were the dominant species [18]. In the present study,
M. intracellulare (43%) was found to be the predominant species,
followed by M. gordonae (24%) and M. abscessus (14%).

Another study from Australia reported concordant results be-
tween LPA and HPLC for NTM identification among 119/131 clini-
cal isolates [19]. These results were further substantiated in the
present study, which showed 100% concordance between the two

techniques.

One isolate that could not be detected by either LPA or HPLC
was later identified as N. cyriacigeorgica by ITS sequencing. Nocar-
dia infection is important and can silently present as pulmonary
and extra- pulmonary diseases indistinguishable from Mycobacte-
rium tuberculosis infections. N. cyriacigeorgica has been isolated
predominantly from respiratory samples, although isolation from
other sites is not infrequent and has been reported from Europe,
Asia, and North America [20]. Being acid-fast, this species is often
missed, and patients are subjected to erroneous treatment, which
may contribute to significant morbidity and mortality. A discordant
result between ITS sequencing and LPA/HPLC was found for one
species, which was identified incorrectly as M. chelonae using HPLC
and LPA and was later identified correctly as M. abscessus using ITS
sequencing. This difference in the results obtained using the differ-
ent methods could be explained by the complicated taxonomical
relationship between M. chelonae and M. abscessus, both of which
were earlier considered part of the M. chelonae-abscessus group.
It was only later that M. chelonae was characterized as a separate
species; however, clarity on this topic is still lacking in published
literature [21,22].

International literature on the use of the ITS region for ribosom-
al gene sequencing for NTM species identification is very limited.

To the best of our knowledge, this is the first study from Delhi, In-
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dia, to present such data and to report concordant results between

the three techniques for characterization of NTM species.

One major limitation of this study was the lack of data on co-in-
fection of MTB and NTM, as the tests were not performed on mixed
cultures. This aspect has also been infrequently reported in previ-
ous studies and could be a relevant research question for future
studies [23]. Nevertheless, the findings from the present study in-
dicate that the use of ITS (16S-23S rDNA ITS sequences) sequenc-
ing is a rapid and reliable way of NTM species identification [24].

Conclusion

The rapidityof ITS along with hsp65 genes sequencing may help
in the early and accurate identification of NTM species and sub-
species and will aid in initiation of appropriate treatment regimen.
The rapidity, cost-effectiveness, and reliabilityof this technique in-
dicates that it has potential for use as a standard of careon a larger

scale.
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