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ABSTRACT

Introduction: Non tuberculous mycobacteria (NTM) have been isolated more frequently from clinical cases in recent years. The aim
of this study was to show the distribution and identification of NTM isolated from pulmonary samples of patients pre-diagnosed as
tuberculosis between 2010-2019 in a referral tuberculosis hospital by commercial Line Probe Assay (LPA, GenoType MycobacteriumCM/
AS, Hain Lifescience, Nehren Germany).

Materials and Methods: A total of 528 NTM strains obtained from pulmonary samples of 47.161 suspected tuberculosis (TB) patients
were included in the study. The samples were processed by routine methods (homogenization-decontamination, acid-fast staining and
culture) in the laboratory according to previously described reference procedures. DNA isolation from acid-fast bacilli and LPA GenoType
assay were performed and evaluated according to the manufacturer’s recommendations.

Results: In the study, the most common species were found a Mycobacterium avium complex (MAC), Mycobacterium fortuitum,
Mycobacterium abscessus and Mycobacterium chelonae, with a rate of 35.7%, 18.6%, 16.0%, and 11.2% respectively. Mycobacterium
szulgai/Mycobacterium intermedium, Mycobacterium kansasi, Mycobacterium simiae were isolated at the rate of 5.2%, 4.3% and
3.0% respectively, while Mycobacterium lentiflavum, Mycobacterium celatum, Mycobacterium mucogenicum and Mycobacterium
asiaticum were less than 1.0%.

Conclusion: Our study showed that LPA method, The GenoType® Mycobacterium CM/AS assay, which uses multiplex PCR and reverse
hybridization, is an useful tool for rapid diagnosis of mycobacteria isolated from suspected TB patients in a routine hospital laboratory
and has a good potential to show epidemiological distribution of NTM.
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Ankara’da bir Referans Hastanede Firsatci Patojen Tlberkdiloz Disi Mikobakterilerin
Epidemiyolojisi

ismail CEYHAN!, Sedat VEZIR?

! Ankara Yidirm Beyazit Universitesi Saglik Bilimleri Fakdltesi, Hemsirelik B&IGmU, Ankara, Turkiye
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Giris: Son yillarda tiiberkiiloz disi mikobakteriler (TDM) klinik vakalardan daha sik izole edilmektedir. Bu ¢calismanin amaci, 2010-2019
yillari arasinda bir tiiberkiiloz referans hastanesinde akciger tiiberktilozii 6n tanisi alan hastalarin pulmoner érneklerinden izole edilen
TDM’lerin ticari Line Prob Assay (LPA, GenoType Mycobacterium CM/AS, Hain Lifescience, Nehren) testiyle tanimlanmasi ve tiir dagi-
Iiminin gésterilmesidir.

Materyal ve Metod: Toplam 47.161 siipheli tiiberkiiloz (TB) hastasinin pulmoner drneklerinden elde edilen toplam 538 TDM susu
calismaya dabhil edildi. Numuneler laboratuvarda daha énce tanimlanan rutin referans yéntemlerle (homojenizasyon-dekontaminasyon,
aside direngli boyama ve kiilttir) islendi. Aside direncli basilden (ARB) DNA izolasyonu ve LPA GenoType testi (reticinin dnerilerine gére
yapildi ve degerlendirildi.

Bulgular: Calismada en yaygin tiirler Mycobacterium avium kompleksi (MAC), Mycobacterium fortuitum, Mycobacterium abscessus ve
Mpycobacterium chelonae sirasiyla %35.7, %18.6, %16.0, and %11.2 oraninda bulunmustur. Mycobacterium szulgai/Mycobacterium
intermedium, Mycobacterium kansasi, Mycobacterium simiae sirasiyla %5.2, %4.3 ve %3.0 oranlarinda iken Mycobacterium lentifla-
vum, Mycobacterium celatum, Mycobacterium mucogenicum ve Mycobacterium asiaticum %1.0’den daha az olarak izole edilmistir.

Sonug: Calismamiz, ticari multipleks PCR ve ters hibridizasyon kullanan LPA GenoType® Mycobacterium CM/AS testinin, rutin bir
hastane laboratuarinda stipheli TB hastalarindan izole edilen mikobakterilerin hizl teshisi icin yararl bir ara¢ oldugunu ve TDM’nin
epidemiyolojik dagiliminin gésterilmesinde iyi bir potansiyele sahip oldugunu géstermistir.

Anahtar Kelimeler: Line probe assay; Tiiberktiloz disi mikobakteriler; Tiiberkiiloz disi mikobakterilerin epidemiyolojisi; Akciger hastaligi

INTRODUCTION of NTM infections by acid-fast staining and bio-
chemical tests are not sufficient, and classical tu-
berculosis drugs are mostly unsuccessful for these
patients[gl. Definintion of non-tuberculosis myco-
bacteria species is critical for successful treatment
and must be performed since treatment is almost

always based on kind of Mycobacterium spp.
[2,4-7]

Non tuberculous mycobacteria (NTM) have
been isolated more from clinical cases in recent
years. Mycobacterium other than Mycobacterium
tuberculosis complex (MTBC) are mostly called
“non tuberculosis mycobacteria” or atypical my-
cobacteria. Most of the NTM are commonly
found in nature and are known as opportunis-
tic pathogens[l’z]. Mycobacteria are divided into Cultural and biochemical characteristics were
two main groups as rapid and slow growers used in the differentiation of many mycobacteria
depending on their growth rate on laboratory species before molecular tests were introduced.

media. The rapidly growing mycobacteria (RGM) Even though some phenotypic characteristics are
are generally grown within 7 days. Conversely, still being used today in some laboratories, ad-
NTM requiring more than 7 days to form visible vanced and molecular methods have often been
colonies on the media are named “slowly grow- preferred for more than two decades. One of
ing mycobacteria[z].” these methods, Line Probe Assay (LPA), is now

widely used for rapid and accurate identification
of mycobacteria lately. To identify frequently iso-
lated ones from clinical samples of Mycobacteri-
um species, LPA, a genetic strip technique based

Identification of NTM is essential not only
for the treatment of NTM diseases in individuals
but also for monitoring its epidemiological trend
and distribution of species. Appropriate diagnosis
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on the application of PCR plus reverse-hybrid-
ization DNA, has been developed. In general,
mycobacterial 16-23S rRNA spacer region from
isolated strains growing on solid or in liquid
media are amplified using PCR with biotinylated
primers. Subsequently, obtained PCR products
are hybridized to nitrocellulose membrane-bound
species-specific fragments on a strip followed by
an enzyme-mediated colour reaction. The spe-
cies-specific banding patterns are visually analysed
following a colorimetric conjugation step by com-
parison to a commercially available chart which is
coded to the NTM species identification!®!.

LPA can be run from solid or liquid media,
and results are available in hours, depending on
the type of strips. More than 90% of the com-
monly encountered mycobacteria can be identified
by LPA. There are few reports of misidentifi-
cations that have been described for line probe
assays, and they usually occur for the less com-
monly encountered species[3’8].

Almost 90% of NTM diseases show clinical
picture as chronic pulmonary disease. Other NTM
are related to extrapulmonary infections including
skin, soft tissue, lymphadenitis, and disseminated
infection. Depending on host wvulnerability and
pathogenicity of the causative agent, disease pro-
gression can be variable. Some factors facilitate
the formation of the disease, such as bronchiec-
tasis, chronic obstructive pulmonary disease, and
immunosuppression[g’ 10],

In this study, we aimed to perform species
identification and distribution of NTM isolated
from the pulmonary samples of patients pre-di-
agnosed as tuberculosis between 2010-2019 in
a referral hospital in Turkey by a commercial
polymerase chain reaction (PCR) based reverse
hybridization kit LPA, GenoType assay (Hain
Lifescience, Nehren Germany).

MATERIALS and METHODS
Mycobacteria Isolates

Retrospective study was conducted in one of
four referral tuberculosis (TB) hospital in Turkey,
involving suspected TB patients with a positive
cultural exam for NTM over a period of ten
years from 2010 to 2019, detected in any col-
lected pulmonary samples including lung biopsy.

Trend analysis for species were not analysed in
this study. NTM disease was diagnosed based on
American Thoracic Society (ATS). A “possible
case” was defined as a person with at least
one positive pulmonary mycobacterial isolate oth-
er than Mycobacterium tuberculosis or Mycobac-
terium gordonae. A “definite case” further met
additional ATS microbiologic criteria at least two
sputum samples positive for an NTM species or
a single positive culture from bronchoscopy or
lung biopsy.

The patients excluded from this study were
those with unspecified Mycobacterium spp. iso-
lates. As pulmonary samples, 185.634 sputum
and 30.009 bronchoalveolar lavage including
bronchial aspiration were processed. A total of
538 NTM strains obtained from pulmonary sam-
ples of 47.161 suspected TB patients were in-
cluded in the study. The samples were processed
according to commonly used and previously de-
scribed routine methods!!!l. The samples were
processed by homogenization-decontamination, ac-
id-fast staining and inoculated into at least one
solid medium (Lowenstein-Jensen and/or Ogawa)
and in an automated culture system (BACTEC/
MGIT 960, USA or VersaTREC, Trec Diagnos-
tics, UK ). 19.541 suspected TB patients yielded
mycobacterial growth in their cultures.

GenoType assay (Line probe assay
method, LPA)

GenoType assay (GenoType® Mycobacterium
CM/AS, Hain Lifescience, Nehren Germany) is
based on the detection of species-specific se-
quence in the 23S rRNA gene. There are two
kits - the CM, which identifies 15 Muycobacterium
spp, including MTBC while the AS kit aims to
differentiate 16 additional less common NTM
species available for differentiation. In general,
the target sequences from culture are amplified
using PCR and biotinylated primers. Subsequently,
the amplified PCR products are hybridized to ni-
trocellulose membrane-bound species-specific frag-
ments on a strip followed by an enzyme-mediated
colour reaction. The specific banding patterns are
visually analysed following a colorimetric conjuga-
tion step by comparison to a chart that is coded
to the NTM species identification.

672|

FLORA 2021;26(4):670-678



Ceyhan |, Vezir S.

The GenoType CM assay identifies Mycobac-
terium avium, Mycobacterium chelonae, Mycobac-
terium abscessus, Mycobacterium fortuitum com-
plex, Mycobacterium gordonae, Mycobacterium
intracellulare, Mycobacterium scrofulaceum, Myco-
bacterium interjectum, Mycobacterium szulgai, My-
cobacterium kansasii, Mycobacterium malmoense,
Mycobacterium peregrinum and Mycobacterium
xenopi as common NTM species and MTBC, but
is unable to discriminate between the Muycobacte-
rium marinum/Mycobacterium ulcerans according
to the manufacturer. The AS strip can identify
additional species including Mycobacterium simi-
ae, Mycobacterium mucogenicum, Mycobacterium
goodii, Mycobacterium celatum, Mycobacterium
smegmatis, Mycobacterium genavense, Mycobacte-
rium lentiflavum, Mycobacterium heckeshornense,
Muycobacterium szulgai, Mycobacterium intermedi-
um, Mycobacterium phlei, Mycobacterium haemo-
philum, Mycobacterium kansasii, M. ulcerans, My-
cobacterium gastri, Mycobacterium siaticum and
Mycobacterium shimoidei (Table 1).

In the study, MTBC strains were identified
and excluded by using cart test (MPB64, Cap-
illa TB-Neo, Tauns Laboratories, Inc., Numazu,
Japan) including some phenotypic characteristic
such as cord factor in liquid or colony mor-
phology on solid media, where applicable. The
GenoType Mycobacterium CM/AS assay was per-
formed as recommended by the manufacturer.
Briefly, DNA were isolated from the culture and
PCR method was performed by using the prim-
ers specific for mycobacterial 23S rRNA spacer
region. PCR products were then hybridized with
the probes specific for Mycobacterium species on
nitrocellulose strips. For colorimetric detection of
hybridized amplicons, streptavidin conjugated with
alkaline phosphatase and substrate buffer was
added. After final washing, strips were air dried

and fixed on paper. Patterns were evaluated in
accordance with the reference card provided by
the manufacturer.

RESULTS

In this study, as pulmonary samples,
sputum (86.1%) and bronchial aspiration fluid/
bronchoalveolar lavage (13.9%) were processed,
and 13 different Mycobacterium spp. were found.
In the study, pulmonary samples from 19.541
suspected TB patients vyielded mycobacterial
growth in their cultures, and 538 (2.8%) were
identified as NTM. Only 20 (3.7%) of the
isolated mycobacteria could not be identified by
this method, so they remained as Mycobacterium
spp. NTM were isolated from the culture of
1098 respiratory tract samples belonging to 538
patients. While repeated atypical mycobacterial
growth was found in 413 patients on >2 different
days, 125 patients showed NTM growth in at
least one sample (bronchial aspiration fluid and
bronchoalveolar lavage including lung biopsy) or in
separate multiple samples taken within the same
day. We excluded the isolates that were thought
to be laboratory or environmental contamination
according to ATS criteria.

Species distribution was as follows; M. avium
(n= 101, 18,8%), M. fortuitum (n= 100, 18.6%),
M. intracellulare (n= 91, 16.9%), M. abscessus
(n= 86, 16.0%), M. chelonae (n= 60, 11.2%),
M. szulgai/M. intermedium (n= 28, 5.2%), M.
kansasii (n= 23, 4.3%), M. smiae (n= 16, 3.0%),
M. celatum (n= 3, 0.6%), M. lentiflavum (n= 3,
0.6%), M. malmoense (n= 3, 0.6%), M. mucoge-
nicum (n= 3, 0.2%), and M. asiaticum (n= 1,
0.2%). Only 20 (3.7%) NTM isolated from the
patients could not be identified with this method
(Figure 1). Table 2 shows the isolated Mycobacte-
rium species by GenoType® Mycobacterium CM/

Table 1. Identification of Nontuberculous Mycobacteria (NTM) by GenoType® Mycobacterium CM and

AS
CM M. tuberculosis complex, M. avium, M. chelonae, M. abscessus, M. fortuitum, M. gordonae, M. intracellulare,
M. scrofulaceum, M. interjectum, M. kansasii, M. malmoense, M. marinum, M. ulcerans, M. peregrinum,
M. xenopi and Mycobacterium spp.
AS M. simiae, M. mucogenicum, M.goodlii, M. celatum, M. smegmatis, M. genavense, M. lentiflavum,

M. heckeshornense, M.szulgai, M. intermedium, M. phlei, M. haemophilum, M. kansasii, M. ulcerans,
M. gastri, M.asiaticum and M. shimoidei
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Figure 1. GenoType® mycobacterium common mycobacteria/additional species (CM/AS) assay (Hain Lifescience, Nehren Ger-
many) for rapid differentiation of different species of Mycobacteria. (1) Mycobacterium celatum, (2) Mycobacterium kansasii, (3)
Mpycobacterium spp, (4) Mycobacterium malmoense, (5)Mycobacterium chelonae, (6) Mycobacterium abscessus, (7) Mycobacterium
fortuitum, (8) Mycobacterium intracellulare, (9) Mycobacterium avium, (10) Mycobacterium asiaticum, (11) Mycobacterium mucoge-
nicum, (12) Mycobacterium lentiflavum, (13) Mycobacterium szulgai/ Mycobacterium intermedium, and (14) Mycobacterium smiae.

CC: Conjugate Control, IC: Internal Control, GC: Genus Control, C: Chart for line corresponding species. M:Marker line

Table 2. Distribution of different NTM species differentiated by GenoType® Mycobacterium CM/AS
assay (n= 538)

Species Frequency (%)
M. avium 101 (18.8%)
M. fortuitum 100 (18.6%)
M. intracellulare 91 (16.9%)
M. abscessus 86 (16.0%)
M. chelonae 60 (11.2%)
M. szulgai/M. intermedium 28 (5.2%)
M. kansasii 23 (4.3%)
M. smiae 16 (3.0%)
M. celatum 3 (0.6%)
M. lentiflavum 3 (0.6%)
M. malmoense 3 (0.6%)
M. mucogenicum 3 (0.6%)
M. asiaticum 1 (0.2%)
Mpycobacterium spp. 20 (3.7%)

674|

FLORA 2021;26(4):670-678



Ceyhan |, Vezir S.

AS assay (Hain Lifescience, Nehren Germany) in
the study.

DISCUSSION
Unlike M. tuberculosis, most mycobacteria
other than tuberculosis and leprae are not

obligate pathogens. The majority of NTM are
widespread in nature free-living organisms such
as soil, water, and so onl1:2], However, they
have been frequently reported in clinical cases in
recent years[&lo].

Identification of isolated Mycobacterium from
clinical samples is important as the species
differ in wvirulence, useful drugs for therapy,
host range and ecology. According to regional
data obtained from different studies, the most
frequent strains seem to be found in clinical
cases were MAC, M. kansasii, M. malmoense,
M. abscessus, M. chelonae and M. fortuitum.
Many NTM are not only capable of causing
infections in immunosuppressed people but also
cause infections in some immunocompetent
individuals!*7).

Commonly used acid-fast staining for the
diagnosis of tuberculosis is not able to distinguish
between TB and NTM. Because biochemical
methods are also insufficient to distinguish most
of the mycobacteria, using this method is not
recommended!12:13], Attempts to treat NTM patients
with anti-TB drugs almost always fail and lead
to worsening. This also leads to unnecessary use
of drugs, prolonged hospitalization, and economic
losses!12]. For more accurate identification of NTM
in place of biochemical methods, some routine
and research laboratories used methods based
on chromatographic/chemotaxonomic  methods
including high-performance liquid chromatography
(HPLC). However, newer, advanced and molecular
diagnostic methodologies have been introduced for
rapid and accurate diagnosis of NTM lately. These
methods are based on the detection of certain
gene regions such as 16S-23S rRNA, hsp65,
recA, rpoB, which vary among mycobacterial
species. Sufficient identification of the species
can be achieved by replicating the target genetic
region and determining the differences. One of
these methods, LPA, is based on the application

of PCR plus reverse-hybridization DNA for
identifying a variety of species of NTM!3.,

Studies on the distribution of NTM infections
in Turkey are very limited!?). The aim of this
study was to identify NTM by LPA method and
to show the species-level distribution of NTM
isolated from persons with lung infection in a
referral hospital. Bicmen et al. have found that
LPA method is specific enough and fast for more
frequently isolated NTM species!?. The method
that we also used in our study is now being used
in many EU countries for either as a screening
test or routine identification of NTMI4. In this
study, we identified thirteen different opportunistic
pathogen mycobacterial species by the GenoType
assay (Table 2).

Prevalence of NTM among suspected TB
cases ranges from 5.5%-47% in North America,
from 4%-15% in the Middle East and Africa and
0.2%-3.1% in Europe. MAC is the most isolated
agent worldwide, especially in East Asia and North
America including the United States. A population-
based estimate of trends in NTM pulmonary
disease in the United States using current ATS
microbiologic criteria has demonstrated an overall
increasing rate of pulmonary NTM (5.5%). MAC
was the most commonly isolated species from
patients with a definite case of pulmonary NTM
at the rate of 80%. The next most common
group was the rapidly growing mycobacteria (M.
chelonae/M. abscessus or M. fortuitum), and their

frequency was more variable across sites, ranging
from 5.2-19.2%!1°],

The rate of NTM isolation from different
studies has been found as follows: The United
Kingdom, over 1995-1999, approximately
1.7%,and in Central Greece, over 2004-2006,
0.7%.116:171 " The Nijmegen-Arnhem region of
the Netherlands has been extensively studied.
Researchers reported, over 1999-2005, that the
rate of NTM was 1.4%!18l Detailed analysis
of NTM epidemiology throughout Denmark over
1997-2008 reported the rate of NTM disease
as 1.1%.19 The NTM rate we found (2.8%) in
this study was close and slightly high in most
of European countries, but it was different from
studies in the United States!10l.
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Distribution of MAC in European countries
varies (22.4%-82.0%) by regions or countries. M.
kansasii, M. malmoense and M. xenopi are also
common in Europel!®. Studies from France for
estimation of NTM distribution across the country
have used a sentinel-site methodology, collecting
data over 2000-2003, from 32 sites20:21]
According to the estimation, NTM distribution was
MAC (48%), M. xenopi (25%), M. kansasii (13%)
and M. abscessus (9%) respectively[21]. In the UK,
among 117 patients with NTM pulmonary disease
over 1995-1999, species distribution was MAC
first (45%), followed by M. malmoense (37%),
M. xenopi (6%) and M. kansasii (6%)[16]. The
most frequently isolated opportunistic pathogenic
species from pulmonary diseases in our study
were MAC (35.7%), M. fortuitum (18.6%), M.
abscessus (16.0%) and M. chelonae (11.2%),
respectively. We found the most common NTM
in our hospital as MAC, the same as in most
studies in Europe and in the United States. M.
kansasii was found as the second most common
agent in the United States, Europe and South
Africal?. In our study, however, we found that M.
kansasii (4.3%) ranked sixth, after M. szulgai/M.
intermedium (5.2%).

Bicmen et al. evaluated the distribution of
NTM detected in their own hospital laboratory
in Turkey between 2004 and 2006, and MAC
was found the most frequently isolated species
with a rate of 26.6%. In the same study, the
researchers detected M. fortuitum/peregrinum
complex, M. chelonae compleks, M. gordonae,
M. kansasii, Mycobacterium spp, M. szulgai/
intermedium, M. simiae, and M. scrofulaceum at
the rates of 16.7%, 13.3%, 13.3%, 10%, 6.7%,
6.7%, and 3.3%, respectively. One of the most
important findings of the study was that the
method works very well in mixed cultures'2. In
another study conducted in the country, 75 NTM
were determined in 101 samples collected from
15 different institutions in 2009-2010. The more
frequently isolated NTM species in pulmonary and
non-pulmonary samples were found M. fortuitum
(33.3%, n= 25), M. abscessus (18.7%, n= 14),
M. gordonae (10.7%, n= 8) and M. avium
(8%; n= 6)22. Gunaydin et al. have identified
17 different species obtained from a total of

ninety NTM from four different centres located
in Turkey. Contrary to the findings we found in
our research, M. gordonae (23.3%), M. abscessus
(14.4%) and M. lentiflavum (10%) have been
reported as the three most common species
by Gunaydin et al.23 Some Mycobacterium
species such as M. gordonae have been reported
as pathogenic agents by Gunaydin et al. and
Albayrak et al., but we mostly identified them as
the environmental contaminant according to ATS.

The results of many studies conducted in the
world have shown heterogeneous epidemiology of
NTM isolations and NTM disease worldwide. The
available data about distribution of NTM is very
different from continent to continent, from country
to country and even within countries1 924, Our
study has several limitations. Firstly, our study
was only performed on suspected pulmonary TB
patients and evaluation of our case definition
is limited. Thus, we used “definite case” as
microbiologic  criteria  alone.  Secondly, the
GenoType assay we used in the study is unable to
discriminate between some NTM groups such as
M. intracellulare/M. chimaera, M. malmoense/M.
haemophilum/M. palustre/M. nebraskense, and
MTBC/M. xenopi. Recent studies also show
that the GenoType M. intracellulare probe cross-
hybridizes with several other NTM including M.
arosiense, M. chimaera, M. colombiense, and
M. mantenii in the “MAC X” complex and M.
saskatchewanensé®.

To conclude, our study, similar to previous

studies,[z’lo] showed that MAC was the most
common  mycobacteria  isolated  pulmonary
infection among our patients. We evaluated

that the proportional differences between
mycobacteria isolated from those patients may
be due to sample numbers, limitations of the
methods and/or geographic differences. Despite
inherent limitations, the species found in this
study and their frequencies probably reflect the
current epidemiological situation for NTM in
the Turkey. In addition, our study showed that
LPA method, The GenoType® Mycobacterium
CM/AS assay, which uses multiplex PCR and
reverse hybridization, is a useful tool for rapid
diagnosis of mycobacteria isolated from suspected
TB patients in a routine hospital laboratory and
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has a good potential to show epidemiological
distribution of NTM.
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