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Abstract
Introduction: The GenoType Mycobacterium CM and the GenoType Mycobacterium AS (HAIN Lifescience, Germany) were
evaluated for the ability to differentiate mycobacterial species of clinical isolates. Serial use of the both assays is aimed to
identify 38 different molecular patterns, of which 24 patterns can be assigned to single species, 10 patterns are allocated to
two or more Mycobacterium species, and 4 patterns correspond to Mycobacterium species and gram-positive bacteria with
a high G + C content. The analysis of mycolic acids by high pressure liquid chromatography (HPLC) was the reference
method.
Material and methods: A set of 127 nontuberculous mycobacterial isolates on Loewenstein-Jensen media, derived from
different patients between 1999 and 2007, was analyzed. The strains were primary classified by HPLC following the
diagnostic procedure, and retyped by GenoType Mycobacterium CM/AS.
Results: In total, results obtained by both methods were interpretable for 113 strains. Concordant results were obtained for
105 (93%) mycobacterial strains. One out of 8 incorcondantly classified strains, which was classified as M. abscessus/
/M. chelonae by HPLC, displayed a pattern of M. tuberculosis complex by a molecular method. Eleven clinical strains were
differentiated only by one of used methods, either by HPLC (6 strains) or by GenoType CM/ AS (5 strains). Three strains were
not classified at all.
Conclusions: Our results show that the GenoType Mycobacterium CM/AS system represents a useful tool to identify
mycobacterial clinical isolates. The molecular system is as rapid and reliable as the HPLC, but much easier to perform and
more friendly for the environment.
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Introduction

Over the past decade, along with the develop-
ment of molecular techniques, we have witnessed
considerable progress in the taxonomy of mycobac-
teria. The genus Mycobacterium currently includes
148 species and 11 subspecies, numbers that con-
tinue to grow. A list of already described taxa,

updated on an ongoing basis, can be accessed on-
line [1]. Of these, M. leprae and M. tuberculosis are
obligatory pathogens, while the remainder, called
non-tuberculous mycobacteria (NTM), are sapro-
phytes commonly found in the environment. Ho-
wever, about a third of NTM species are capable
of causing opportunistic infections, most common-
ly associated with immune system dysfunction.
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Factors predisposing to NTM infections inc-
lude immunosuppressive treatment, old age, past
illnesses or co-morbidities. In the case of pulmo-
nary manifestation of mycobacteriosis, these may
include tuberculosis and chronic obstructive pul-
monary disease, while in the case of mycobacte-
rial skin infection, these may include skin or mu-
cosal damage [2–4]. However, the commonest cli-
nical manifestation of mycobacteriosis is chronic
lung disease [4–7]. In Poland, the species most
commonly isolated from samples collected from
patients with pulmonary mycobacteriosis include:
M. kansasii, M. avium/M. intracellulare and
M. xenopi. In contrast to tuberculosis, mycobacte-
riosis is not transmitted to healthy individuals and
therefore is not subject to obligatory reporting, with
the result that epidemiological data are only rough
estimates and usually concern specific regions of
the country or just a single NTM species. It should
be borne in mind that mycobacteriosis is a rare
disease, although it has become more common
than one might have expected a decade or two ago.
Based on our experience, we believe that the pul-
monary diseases in which NTM are the causative
factor may account for over a dozen percent of all
mycobacterial infections [8]. This is consistent
with data reported from other parts of the world
[9–12]. There has been a noticeable rise in the num-
ber of cases of mycobacteriosis in developed co-
untries, and this has been paralleled by a fall in
the incidence of tuberculosis. It is difficult to es-
tablish whether this is associated with increased
numbers of people predisposed for NTM infec-
tions, or other it is instead related to progress in
the techniques of differentiating mycobacteria, so-
mething which is naturally faster in developed co-
untries [11]. Due to the necessity of differentiating
aetiologically significant NTM from accidental con-
taminations of clinical samples, a microbiological
confirmation of mycobacteriosis in symptomatic
patients in whom tuberculosis has been ruled out
consists of positive cultures for NTM of the same
species on two separate occasions [4]. This some-
times requires testing of more than three clinical
samples from a patient, which is a standard in the
diagnosis of tuberculosis [8]. However, the funda-
mental diagnostic difficulties in the case of myco-
bacteriosis result from the fact that, based on the
clinical manifestations, it is impossible to differen-
tiate it from tuberculosis, and microbiological
methods, even the most sensitive ones (molecular
methods), do not detect infection with M. tubercu-
losis in all the patients affected by tuberculosis. It
happens that in asymptomatic patients presumed
to have tuberculosis without microbiological con-

firmation, antituberculous treatment is initiated.
It is only when this treatment proves unsuccess-
ful that the search for aetiological factors other than
M. tuberculosis is prompted

It seems that from the laboratory point of view,
failure to diagnose mycobacteriosis can be equal-
ly blamed on the arbitrary designation of NTM iso-
lates without identification of the species as envi-
ronmental contaminants, and on the lack of tech-
niques of performing typing. We believe that an
important step forward in the diagnosis of myco-
bacterioses would be the dissemination of rapid
and low-cost molecular methods for differentiating
mycobacterial species.

Until recently, the reference method in myco-
bacterial typing, also used in Poland, was the ana-
lysis of mycolic acids by high performance liquid
chromatography (HPLC) [13–15]. The set of myco-
lic acids, or more accurately their elution profile
in HPLC, differentiates many, but not all, myco-
bacterial species. It seems that, although excellent,
this technique is becoming obsolete because of the
equipment-related costs and the environmental
burden of organic solvents.

The current gold standard in experimental
research is 16S rDNA sequencing [16], although
this is not a method available for routine diagno-
stics. At the same time, molecular assays, certified
for clinical purposes, are being introduced. One of
the proposals includes the following EU-certified,
mutually complementary assays: GenoType Myco-
bacterium CM and GenoType Mycobacterium AS
(HAIN Lifescience, Germany).

The GenoType Mycobacterium CM (Com-
mon Mycobacteria) system offers 15 molecular
patterns differentiating between the species: M.
avium, M. chelonae/M. immunogenum, M. ab-
scessus/M. immunogenum, M. fortuitum 1, M. for-
tuitum 2/M. mageritense, M. gordonae, M. intra-
cellulare, M. scrofulaceum/M. paraffinicum/M.
parascrofulaceum, M. interjectum, M. kansasii,
M. malmoense/M. haemophilum/M. palustre, M.
marinum/M. ulcerans, M. tuberculosis complex,
M. peregrinum/M. alvei/M. septicum and M. xe-
nopi. The GenoType Mycobacterium AS (Addi-
tional Species) offers 19 molecular patterns dif-
ferentiating between the species: M. simiae,
M. mucogenicum, M. goodii, M. celatum,
M. smegmatis, M. genavense/M. triplex, M. lenti-
flavum, M. heckeshornense, M. szulgai/M. inter-
medium, M. phlei, M. haemophilum, M. kansasii
(4 subtypes), M. ulcerans, M. gastri, M. asiaticum,
M. shimoidei. In addition, each system offers the
possibility of obtaining a molecular pattern for
Mycobacterium sp. (Genus Control).
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The aim of our study was to compare the pre-
cision in identifying mycobacterial species by the
molecular system GenoType Mycobacterium CM/
/AS (HAIN Lifescience, Germany) versus mycolic
acid analysis by HPLC used in routine diagnostics.

Material and methods

Test strains
This was a retrospective study that included

NTM strains isolated from clinical materials from
127 patients between 1999 and 2007 at a teaching
hospital of the Medical University of Warsaw. The
strains were cultured from 64 sputum samples,
38 bronchial lavage fluid samples, 19 bronchoalve-
olar lavage fluid samples, 2 pleural effussion samples
and 4 other clinical samples. The clinical samples
were liquefied and decontaminated using soda lye
with N-acetylcysteine and sodium citrate (final
concentration: 2% NaOH, 0.5% NAC, 1.3%
C6H5O7Na3) [17]. The samples were then concen-
trated and cultured on the Lowenstein-Jensen
(L-J) medium. We qualified for the study only acid-
fast bacterial strains by Ziehl-Nielsen stain whose
elution pattern by HPLC confirmed Mycobacterium
sp. and differed from M. tuberculosis complex.

Species typing by HPLC
The isolated mycobacterial strains were typed

in accordance with the Centres for Disease Con-
trol and Prevention (CDC) guidelines [18] analy-
sing mycolic acids by HPLC, which is the method
routinely used in the microbiological diagnostics
of tuberculosis and mycobacterioses at the labora-
tory of the Medical University of Warsaw [14, 15].

Molecular typing
Species typing at the molecular level was per-

formed with the GenoType Mycobacterium CM/AS
systems (HAIN Lifescience, Germany), in which
the product of multiplex PCR (polymerase chain
reaction) hybridize with specific oligonucleotide
probes on a nitrocellulose strip. The system does
not involve isolation of mycobacterial DNA, which
should be isolated by any technique used for this
type of isolation. The manufacturer of the kits does
not provide DNA polymerase either.

In our study, we obtained the DNA matrix
using the AMPLICOR Respiratory Specimen Pre-
paration Kit (Roche Diagnostics, USA) and conti-
nued amplification as described previously [19].
Hybridisation and detection were carried out in an
automated system (TwinCubator, HAIN Lifescien-
ce, Germany) according to the manufacturer’s in-
structions briefly presented here: 20 μl of the am-

plification product was incubated for 5 minutes at
room temperature with 20 μl of denaturation reagent
(all the reagents and strips are available in the kit).
Then 1 ml of hybridisation buffer at 37°C was ad-
ded, and after the nitrocellulose strip with the pro-
bes were placed, hybridisation was carried out for
30 minutes at 45°C. After washing in 1 ml of Strin-
gent Wash Solution at 45°C for 15 minutes, followed
by 1 ml of Rinse Solution (RIN) at room temperature
for 1 minute, the strips were incubated for 30 minu-
tes at room temperature with 1 ml of alkaline pho-
sphatase conjugated with streptavidin, diluted with
an appropriate buffer. The strip was washed three
times at room temperature: twice in 1 ml of RIN for
1 minute, and once in 1 ml of water for 1 minute. The
washed strip was incubated in 1 ml of the substrate
at room temperature, in the darkness, for between
three and 20 minutes, until the CC (Conjugate Con-
trol) band was stained. The colour reaction was in-
hibited by washing twice the strip with water. After
drying the strip, the pattern of stained bands consi-
stent with specific DNA probes was assessed by com-
paring it with the pattern provided by the manufac-
turer. Assessment was only carried out with respect
to strips in which the control bands had stained.

Results
For 113 mycobacterial strains out of the 127 cli-

nical isolates tested, reliable results were obtained
using both the GenoType Mycobacterium CM/AS
molecular system and HPLC. In 105 (93%) cases,
the results for both typing methods were consi-
stent. This applied to 35 isolates of M. kansasii,
22 isolates of M. xenopi, 16 isolates of M. avium/
/M. intracellulare, 11 isolates of M. gordonae,
10 isolates of M. fortuitum, 10 isolates of M. ab-
scessus/M. chelonae and one mixed isolate, name-
ly M. fortuitum + M. kansasii. The molecular
method allowed us to increase the precision of
typing of 16 strains identified by HPLC as M. avium/
/M. intracellulare, 15 isolates of which turned out
to be M. avium, and one M. intracellulare. Simi-
larly in the case of ten isolates of M. abscessus/
/M. chelonae (HPLC), there were nine strains of
M. chelonae and one strain of M. abscessus (Ge-
noType Mycobacterium CM) (Table 1). Inconsi-
stent typing results were obtained in the case of
eight strains (7%) (Table 2).

In addition to the aforementioned 113 strains,
there were also strains successfully identified by
only one of the two methods (6 strains by HPLC
and five strains by the molecular method) (Table
3), plus three clinical isolates consistently quali-
fied as NTM but whose identification was unsuc-
cessful by either method.
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Discussion

In two cases, the strains identified as NTM by
HPLC were identified as non-mycobacterial stra-
ins by genotyping. This may be explained by the
presence of mycolic acids in the cell walls of mi-
croorganisms other than those belonging to the
Mycobacteria genus, such as Nocardia [20], which

may sporadically grow on the L-J medium. The li-
brary of elution patterns only includes profiles for
29 mycobacterial species.

When M. interjectum was identified by HPLC,
molecular typing yielded M. avium in one case, and
M. xenopi in the other. Without genotyping based
on a reference method, such as 16S rDNA sequen-

Table 1. Mycobacterial strains concordant when typed by both methods

Number of strains HPLC GenoType Mycobacterium CM/AS

35 M. kansasii M. kansasii

22 M. xenopi M. xenopi

16 M. avium/M. intracellulare 15 M. avium

1 M. intracellulare

11 M. gordonae M. gordonae

10 M. fortuitum M. fortuitum

10 M. abscessus/M. chelonae 9 M. chelonae

1 M. abscessus

1 M. fortuitum + M. kansasii M. fortuitum + M. kansasii

Table 3. Mycobacterial strains typed only by one of two used methods

Number of strains HPLC GenoType Mycobacterium CM/AS

1 M. flavescens NTM

1 M. neoaurum NTM

1 M. nonchromogenicum NTM

1 M. avium Polymerase inhibition

1 M. fortuitum Polymerase inhibition

1 M. kansasii Polymerase inhibition

1 NTM M. fortuitum 2/M. mageritense

1 NTM M. intermedium

1 NTM M. lentiflavum

1 NTM M. mucogenicum

1 NTM M. smegmatis

Table 2. Mycobacterial strains non-concordant when typed by HPLC and GenoType Mycobacterium CM/AS

Number of strains HPLC GenoType Mycobacterium CM/AS

2 NTM Other than Mycobacterium sp.

1 M. interjectum M. avium

1 M. interjectum M. xenopi

1 M. scrofulaceum M. gordonae

1 M. xenopi M. xenopi + M. intracellulare + M. scrofulaceum

1 M. gordonae M. gordonae + M. xenopi

1 M. abscessus/M. chelonae M. tuberculosis complex
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cing, these cases are not unequivocally justified. One
can only suppose that the elution profile of mycolic
acids by HPLC defined as characteristic of M. inter-
jectum could in fact result from the presence of non-
mycobacterial microorganisms dominating the cul-
ture, with concurrent presence of M. avium in the
first and M. xenopi in the second instance.

The discrepancy in identifying M. scrofulaceum
vs M. gordonae (by HPLC and molecular genotyping,
respectively) may be explained by the diversity of
elution profiles in HPLC. In the library of elution
patterns, M. gordonae is characterised by one gro-
up of peaks. We demonstrated that within the
M. gordonae species there was another subtype cha-
racterised by two groups of peaks [21], similarly to
M. scrofulaceum [13], for which we did not have the
elution patterns in our database. This is where we
see the possibility of error in HPLC typing, and de-
spite not having the results by another genotyping
method, we are inclined to recognise the correct-
ness of typing by the molecular method.

In two cases, HPLC analysis revealed an elu-
tion pattern for one species while the molecular
analysis demonstrated the presence of genomes of
this and two additional mycobacterial species (Ta-
ble 2). This precision of molecular typing is the
most important advantage of the GenoType Myco-
bacterium CM/AS system compared to HPLC. This
important advantage of the assay has also been
emphasised by other authors [22].

It is important that the GenoType assay offers the
opportunity to detect M. tuberculosis in species-hete-
rogenous in which fast-growing environmental myco-
bacteria predominate and mask the presence of slow-
replicating M. tuberculosis. In our study, this happe-
ned in one case, confirmed by another molecular as-
say (AMPLICOR MTB, Roche Diagnostics, USA), in
which the presence of M. tuberculosis was masked by
fast-growing mycobacteria (M. chelonae/M. abscessus).

The GenoType Mycobacterium CM/AS system
enables rapid and reliable species-specific identifi-
cation of mycobacterial clinical isolates. The Geno-
Type assay procedure is relatively simple, although
it does require certain preparation in using mole-
cular methods, because it does not involve DNA
isolation, so that each laboratory should carry it out
for itself, using one of the commonly accepted tech-
niques. In contrast to the currently used HPLC me-
thod, the molecular system is environment-friendly.

Our results fully confirm the positive evalu-
ation reached by other authors regarding the use-
fulness of the GenoType Mycobacterium CM/AS
system for routine diagnostics [22–24]. This sim-
ple molecular method may speed up considerably
the diagnosis of mycobacterial infections.

References
1. Euzéby J.P. List of Prokaryotic names with Standing in Nomen-

clature — Genus Mycobacterium. Last full update: 04. 09. 2009.
http://www.bacterio.cict.fr/m/mycobacterium.html

2. Falkinham J.O. III. Epidemiology of infection by nontubercu-
lous mycobacteria. Clin. Microbiol. Rev. 1996; 9: 177–215.

3. Katoch V.M. Infections due to non-tuberculous mycobacteria
(NTM). Indian J. Med. Res. 2004; 120: 290–304.

4. American Thoracic Society Documents. Diagnosis, Treatment
and Prevention of Nontuberculous Mycobacterial Diseases. Am.
J. Respir. Crit. Care Med. 2007; 175: 367–416.

5. Management of opportunist mycobacterial infection. Joint
Tuberculosis Committee guidelines 1999. Thorax 2000; 55:
210–218.

6. Shitrit D., Priess R., Peled N. et al.  Differentiation of Mycobacteri-
um kansasii infection from Mycobacterium tuberculosis infection:
comparison of clinical features, radiological appearance, and out-
come. Eur. J. Clin. Microbiol. Infect. Dis. 2007; 26: 679–684.

7. d’Arminio Monforte A., Vago L., Gori A. et al.   Clinical diagnosis
of mycobacterial diseases versus autopsy findings in 350 pa-
tients with AIDS. Eur. J. Clin. Microbiol. Infect. Dis. 1996; 15:
453–458.

8. Grubek-Jaworska H., Walkiewicz R., Safianowska A. et al.  Non-
tuberculous mycobacterial infections among patients suspect-
ed of pulmonary tuberculosis. Eur. J. Clin. Microbiol. Infect.
Dis. 2009; 28: 739–744.

9. Debrunner M., Salfinger M., Brandli O., von Graevenitz A. Epi-
demiology and clinical significance of nontuberculous myco-
bacteria in patients negative for human immunodeficiency vi-
rus in Switzerland. Clin. Inf. Dis. 1992; 15: 330–345.

10. Henry M.T., Inamdar L., O’Riordain D.  et al.  Nontuberculous
mycobacteria in non-HIV patients: epidemiology, treatment and
response. Eur. Respir. J. 2004; 23: 741–746.

11. Marras T.K., Daley C.L. Epidemiology of human pulmonary
infection with nontuberculous mycobacteria. Clin. Chest Med.
2002; 23: 553–567.

12. Adle-Biassette H., Huerre M., Breton G. et al.   Non tuberculous
mycobacterial diseases. Ann. Pathol. 2003; 23: 216–235.

13. Butler W.R. i Guthertz L.S. Mycolic Acid Analysis by High-
Performance Liquid Chromatography for Identification of My-
cobacterium Species. Clin. Microbiol. Rev. 2001; 14: 704–726.

14. Safianowska A., Walkiewicz R., Grubek-Jaworska H. et al.   My-
colic acids analysis from various species mycobacterium by
high pressure liquid chromatography (HPLC). Pneumonol. Al-
ergol. Pol. 2002; 70: 130–138.

15. Walkiewicz R., Safianowska A., Grubek-Jaworska H.  et al.  Zas-
tosowanie analizy kwasów mikolowych w diagnostyce gruźlicy
i mikobakterioz — 3 lata doświadczeń. Pneumonol. Alergol.
Pol. 2002; 70: 444–449.

16. Daley P., Petrich A., May K. et al.  Comparison of in-house and
commercial 16S rRNA sequencing with high-performance liq-
uid chromatography and Genotype AS and CM for identifica-
tion of nontuberculous mycobacteria. Diagn. Microbiol. Infect.
Dis. 2008; 61: 284–293.

17. Przondo-Mordarska A. Podstawowe procedury laboratoryjne
w bakteriologii klinicznej. Wyd. Lek. PZWL, Warszawa 2005; 86–87.

18. Standarized Method for HPLC Identification of Mycobacteria.
U.S. Departament of Heath and Human Services, CDC 1996;
http://www.cdc.gov/ncidod/publications/hplc.pdf; 01.04.1998.

19. Safianowska A., Walkiewicz R., Nejman-Gryz P. et al.  Przydat-
ność diagnostyczna molekularnego testu GenoType MTBC
(HAIN Lifescience, Niemcy) w identyfikacji prątków gruźlicy.
Pneumonol. Alergol. Pol. 2009; 77: 517–520.

20. Butler W.R., Ahearn D.G. i Kilburn J.O. High-Performance Liq-
uid Chromatography of Mycolic Acids as a Tool in the Identifi-
cation of Corynebacterium, Nocardia, Rhodococcus, and Myco-
bacterium Species. J. Clin. Microbiol. 1986; 23: 182–185.

21. Astola J., Muńoz M., Sempere M et al. The HPLC-double-cluster
pattern of some Mycobacterium gordonae strains is due to their
dicarboxy-mycolate content. Microbiology 2002; 148: 3119–3127.

22. Gitti Z., Neonakis I., Fanti G. et al.  Use of the GenoType Myco-
bacterium CM and AS Assays to Analyze 76 Nontuberculous
Mycobacterial Isolates from Greece. Journal of Clin. Microbiol.
2006; 44: 2244–2246.

23. Richter E., Rüsch-Gerdes S., Hillemann D. Evaluation of the
GenoType assay for Identification of mycobacterial species from
cultures. J. Clin. Microbiol. 2006; 44: 1769–1775.

24. Sarkola A., Mäkinen J., Marjamäki M. et al. Prospective evalua-
tion of the GenoType assay for routine identification of myco-
bacteria. Eur. J. Clin. Microbiol. Infect. Dis. 2004; 23: 642–645.


