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Retrospective molecular genetic analysis of 166 My-
cobacterium intracellulare isolates showed that 143 (86%) 
strains could be assigned to Mycobacterium chimaera sp. 
nov. Of 97 patients from whom M. chimaera sp. nov. was 
isolated, only 3.3% exhibited mycobacterial lung disease, 
whereas all M. intracellulare isolates caused severe pulmo-
nary infections.

Bacteria of the Mycobacterium avium complex (MAC) 
play an important role among infections caused by 

nontuberculous mycobacteria (NTM). MAC consists of 
the 2 well-established species, M. avium (which has 4 
subspecies) and M. intracellulare, as well as several other 
closely related mycobacteria (1). Recently, a new species 
derived from the group of unnamed members of the MAC 
has been defi ned. It combines features characteristic of dif-
ferent MAC members and has been named M. chimaera 
sp. nov. (2).

Based on the sequence of the 16–23S internal tran-
scribed spacer (ITS) region, this species genetically cor-
responds to sequevar MAC-A and differs from M. intra-
cellulare type strain, sequevar MIN-A (DSMZ 43223) by 
20 nt mismatches (2,3). In contrast, the 16S rRNA gene 
sequence is identical, except for 1 nt mismatch, with that of 
the M. intracellulare type strain. Because sequencing of the 
16S rDNA still is considered the approved standard for the 
identifi cation of NTMs, M. chimaera sp. nov. usually has 
been misreported as M. intracellulare. Molecular genetic 
standard tools in clinical microbiologic laboratories do not 
differentiate MAC members. These tools merely provide 
a rough classifi cation in M. intracellulare and M. avium 
and/or the MAC group as a whole. Currently, a detailed 

genotyping of MAC is restricted to research laboratories. 
Nevertheless, several studies have shown that certain sero-
types or genotypes were associated with different clinical 
manifestations of MAC infection concerning the patient 
groups affected, the localization and course of disease, and 
the antimicrobial drug resistance patterns (4,5).

The Study
Since available data on the epidemiology of M. chi-

maera sp. nov. are sparse, we performed a retrospective 
study to determine the frequency of its occurrence within 
the group of MAC-positive clinical specimens and its 
possible role in causing human disease in comparison to 
M. intracellulare. We reanalyzed mycobacterial isolates 
from 97 in-house patients of the Charité University Hos-
pital that have been processed in our laboratory from 2002 
through 2006. An additional 69 isolates were provided by 
the National Reference Center (NRC) for Mycobacteria 
in Borstel, Germany. All strains had previously been clas-
sifi ed as M. intracellulare by 16S rDNA–based methods. 
In addition to the partial 16S rRNA gene, we sequenced 
the 16S–23S ITS region to allow for unambiguous identi-
fi cation. Amplifi cation of the partial 16S rRNA gene was 
performed according to a standard procedure (6). For the 
amplifi cation of the ITS, the following primers were used: 
Sp1 (5′-ACC TCC TTT CTA AGG AGC ACC-3′) and 
Mb23S.44n (5′-TCT CGA TGC CAA GGC ATC CAC 
C-3′) (7,8). PCR conditions and the sequencing procedure 
are described elsewere (9). The assignment to sequevars 
was based on the ITS sequence, according to the taxon-
omy introduced by Frothingham and Wilson (3). Labo-
ratory analysis was performed without knowledge of the 
clinical course of the disease. The frequency distribution 
of the 166 strains according to their species or sequevar 
designations is presented in Table 1.

In addition, we tested the application of denaturating 
high-performance liquid chromatography (DHPLC) for the 
identifi cation of the ITS PCR product to distinguish M. in-
tracellulare, type strain, and M. chimaera sp. nov. DHPLC 
is a semiautomated, quick, and sensitive technique and has 
been used for the detection of genetic variations predomi-
nantly for genotyping purposes of a wide range of human 
diseases (10). Recently, it has also been introduced for 
the identifi cation and genotyping of bacterial species (11) 
and yeasts (12). The amplifi ed ITS gene fragments were 
separated on the WAVE 3500 HT System (Transgenom-
ic, Omaha, NE, USA). Optimal separation was achieved 
at an oven temperature of 61.5°C and a fl ow rate of 1.4 
mL/min on an integrated DNASep HT cartridge. Samples 
were loaded in 53.5% buffer A (0.1 mmol/L triethylam-
moniumacetate [TEAA]) and 46.5% buffer B (0.1 mmol/L 
TEAA in 25% acetonitrile). After 30 s, buffer B was set 
to 51.5%, reaching 60.5% after an additional 4.5 min. The 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 9, September 2008 1443 

Author affi liations: Charité-Universitätsmedizin, Berlin, Germany 
(B. Schweickert, A. Petrich, U.B. Göbel, P. Buchholz, A. Moter); 
Transgenomic Ltd., Glasgow, Scotland, UK (O. Goldenberg ); and 
Nationales Referenzzentrum für Mykobakterien am Forschungs-
zentrum, Borstel, Germany (E. Richter) 

DOI: 10.3201/eid1409.071032



column was cleaned with 100% buffer B (5.0–5.6 min) and 
equilibrated with 46.5% buffer B (5.7–6.6 min) before the 
next injection. Analysis was accomplished with Navigator 
software version 1.5.4 (Transgenomic).

Both reference strains, M. intracellulare, sequevar 
Min-A (DSMZ 43223), and M. chimaera sp. nov., seque-
var MAC-A (DSMZ 44623), showed reproducible peak 
profi les. M. avium spp. avium, sequevar Mav-A, DSMZ 
44156 (21 mismatches to M. intracellulare, sequevar 
Min-A; 18 mismatches to M. chimaera sp. nov.,) and M. 
intracellulare, sequevar Min-C (2 mismatches to M. intra-
cellulare, sequevar Min-A; 14 mismatches to M. chimaera 
sp. nov.) served as negative run controls providing a differ-
ent peak location. All clinical M. intracellulare, sequevar 
Min-A strains, and M. chimaera sp. nov. strains (sequevar 
MAC-A) could be allocated unequivocally to the 2 refer-
ence strains by their congruent peak patterns (Figure). M. 
avium complex isolates, sequevars MAC-C and MAC-E, 
and M. intracellulare isolates, sequevar Min-C, showed 
different peak profi les that could easily be separated from 
the 2 reference species. All DHPLC results could be repro-
duced in a second run conducted on another day.

The clinical relevance of M. intracellulare/chimaera 
sp. nov. strains isolated from respiratory specimens of 97 
in-house patients of the Charité University Hospital has 
been assessed according to the 1997 American Thoracic 
Society criteria for NTB lung disease (13). The data have 

been drawn from past hospital records. Cases were subdi-
vided into 3 categories: clinically relevant, clinically not 
relevant, and undetermined (Table 2). A clinical follow up 
of the 69 isolates provided by the NRC for mycobacteria 
was not possible. The characteristics of the patients with 
mycobacterial infection resemble already known features, 
such as underlying lung disease, immunosuppression, fe-
male sex, and microscopically positive respiratory samples 
(online Appendix Table, available from www.cdc.gov/
EID/content/14/9/1443-appT.htm). 

Conclusions
DHPLC was a rapid and reliable method for distin-

guishing M. intracellulare type strain from M. chimaera sp. 
nov. within a well-defi ned group of mycobacterial isolates. 
Low costs and the high degree of automation predispose 
this technique for epidemiologic studies. Our results show 
that M. chimaera sp. nov. accounts for most of the myco-
bacterial isolates formerly classifi ed as M. intracellulare. 
The small number of clinically relevant isolates (3.3%) 
suggests relatively low pathogenicity. As most other stud-
ies assessing the pathogenic potential of clinical NTM iso-
lates referred either to members of the whole MAC group 
(inclusively M. avium) or to the complete NTM spectrum, 
their results cannot be compared (14). Our observations are 
not concordant with those of Tortoli et al. (who suspected 
that M. chimaera sp. nov. was highly virulent), possibly 
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Table 1. Distribution of mycobacterial species and sequevars* 

Species, sequevar† 
Total isolates,

no. (%), n = 166 
Isolates from Charité,‡ 

no. (%), n = 97 
Isolates from NRC,‡ 

no. (%), n = 69 Odds ratio (p value§) 
MAC
 MAC-A 143 (86.1) 90 (92.8) 53 (76.8) 3.88 (p = 0.003) 
 MAC-C 2 (1.2) 1 (1.0) 1 (1.5) ND
 MAC-E 1 (0.6) 1 (1.0) 0 ND
Min
 Min-A 17 (10.2) 3 (3.1) 14 (20.3) 0.12 (p<0.001) 
 Min-C 3 (1.8) 2 (2.1) 1 (1.5) ND
*MAC, M. avium complex species; MAC-A, M. chimaera sp. nov.; ND, not done; Min, M. intracellulare; Min-A, M. intracellulare type strain. 
†Classification of MAC strains according to the taxonomy of Frothingham and Wilson (3).
‡Charité, Charité University Hospital, Berlin, Germany; NRC, National Reference Center for Mycobacteria, Borstel, Germany. 
§ 2 test, software package Stata version 9 (Stata Corporation, College Station, TX, USA). 

Figure. Denaturating high-performance liquid 
chromatography profi les after separation of 
PCR-amplifi ed internal transcribed spacer 
regions of Mycobacterium spp. Strain 
designations from above: DSMZ 43223, M. 
intracellulare, sequevar MIN-A type strain; 
MM 1675, M. intracellulare, sequevar MIN-A, 
patient strain; DSMZ 44623, M. chimaera sp. 
nov., sequevar MAC-A type strain; MM 119; M. 
chimaera sp. nov., sequevar MAC-A, patient 
strain; MM 300, M. intracellulare, sequevar 
MIN-C, patient strain.



Mycobacterium chimaera sp. nov.

because of the low number of cases analyzed (12 patients) 
(2). The most striking result of our study was that all 3 M. 
intracellulare, sequevar Min-A, isolates were unequivocal-
ly associated with severe mycobacterial lung disease. De-
spite the low case numbers, these fi ndings suggest that this 
species is more virulent and justify further epidemiologic 
investigations to verify this observation.

In agreement with other authors, our observations in-
dicate that a precise differentiation of MAC isolates may 
provide clinically relevant data (4,5). This conclusion is in 
accord with a recently published review that discusses ad-
vances and future aspects of MAC genomics and points out 
the importance of taking into account the heterogeneity of 
MAC species (15).

If one assumes substantial differences in pathogenic-
ity, the allocation of MAC isolates to defi ned species may 
facilitate diagnosis of mycobacterial lung disease. How-
ever, implementation of a staged identifi cation procedure 
in routine microbiologic laboratories requires the availabil-
ity of commercial, easy-to-use test kits. Because diagnosis 
of NTM infections remains a challenge and often results 
in indecisive situations that prolong the administration of 
adequate therapy, the rapid identifi cation of MAC-related 
species highly predictive for mycobacterial disease would 
be very useful. 

Acknowledgments
We thank Gitina Fiedler, Angela Pohlisch, and Gernot Reif-

enberger for their excellent technical assistance.

This work was supported by research funds of Charité-Uni-
versitätsmedizin, Berlin.

Dr Schweickert is the head of the molecular biology diagnos-
tic laboratory at the Institute of Microbiology und Hygiene, Uni-
versity Hospital Charité, Berlin. Her current research interests are 
the application of molecular genetic techniques in the diagnosis of 
infectious diseases and the epidemiology of infectious diseases.

References

  1.  Inderlied CB, Kemper CA, Bermudez LE. The Mycobacterium avi-
um complex. Clin Microbiol Rev. 1993;6:266–310.

  2.  Tortoli E, Rindi L, Garcia MJ, Chiaradonna P, Dei R, Garzelli C, 
et al. Proposal to elevate the genetic variant MAC-A, included in 
the Mycobacterium avium complex, to species rank as M. chimaera 
sp. nov. Int J Syst Evol Microbiol. 2004;54:1277–85. DOI: 10.1099/
ijs.0.02777-0

  3.  Frothingham R, Wilson KH. Sequence based differentiation of 
strains in the Mycobacterium avium complex. J Bacteriol. 1993;175:
2818–25.

  4.  Frothingham R, Wilson KH. Molecular phylogeny of the Mycobac-
terium avium complex demonstrates clinically meaningful divisions. 
J Infect Dis. 1994;169:305–12.

  5.  Maekura R, Okuda Y, Hirotani A, Kitada S, Hiraga T, Yoshimura 
K, et al. Clinical and prognostic importance of serotyping Myco-
bacterium avium–Mycobacterium intracellulare complex isolates 
in human defi ciency virus-negative patients. J Clin Microbiol. 
2005;43:3150–8. DOI: 10.1128/JCM.43.7.3150-3158.2005

  6.  Springer B, Stockmann L, Teschner K, Roberts GD, Bottger EC. 
Two-laboratory collaborative study on identifi cation of myco-
bacteria: molecular versus phenotypic methods. J Clin Microbiol. 
1996;34:296–303.

  7.  Roth A, Reischl U, Streubel A, Naumann L, Kroppenstedt RM, 
Habicht M, et al. Novel diagnostic algorithm for identifi cation of 
mycobacteria using genus-specifi c amplifi cation of the 16–23S 
rRNA gene spacer and restriction endonucleases. J Clin Microbiol. 
2000;38:1094–104.

  8.  Roth A, Fischer M, Hamid ME, Michalke S, Ludwig W, Mauch H. 
Differentiation of phylogenetically related slowly growing myco-
bacteria based on 16S–23S rRNA gene internal transcribed spacer 
sequences. J Clin Microbiol. 1998;36:139–47.

  9.  Lefmann M, Honisch C, Bocker S, Storm N, von Wintzingerode F, 
Schlotelburg C, et al. Novel mass spectrometry-based tool for geno-
typic identifi cation of mycobacteria. J Clin Microbiol. 2004;42:339–
46. DOI: 10.1128/JCM.42.1.339-346.2004

10.  Xiao W, Oefner PJ. Denaturating high performance liquid chroma-
tography: a review. Hum Mutat. 2001;17:439–74. DOI: 10.1002/
humu.1130

11.  Domann E, Hong G, Imirzalioglu C, Turschner S, Kühle J, Watzel 
C, et al. Culture-independent identifi cation of pathogenic bacte-
ria and polymicrobial infections in the genitourinary tract of renal
transplant recipients. J Clin Microbiol. 2003;41:5500–10. DOI: 
10.1128/JCM.41.12.5500-5510.2003

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 9, September 2008 1445 

Table 2. Distribution of MAC isolates according to ATS criteria* 

Mycobacterial species, sequevars† Total no. (%) 
Clinically relevant,‡ 

no. (%) 
Clinically not relevant,§ 

no. (%) 
Clinical relevance 
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Min
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 Min-C 2 (100) 0 2 (100) 0
Total 97 (100) 6 (6.2) 86 (88.7) 5 (5.2) 
*ATS, American Thoracic Society; MAC, Mycobacterium avium complex; MAC-A, M. chimaera sp. nov.; Min, M. intracellulare. Min-A, M. intracellulare
type strain. 
†Classification of MAC strains according to the taxonomy of Frothingham and Wilson (3).
‡ATS criteria (13) for mycobacterial lung disease are fulfilled. 
§ATS criteria for mycobacterial lung disease are not fulfilled. 
¶ATS criteria for mycobacterial lung disease are fulfilled, but radiologic findings have been attributed to the underlying illness or insufficient sample 
numbers.
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Appendix Table. Comparison of characteristics of Mycobacterium chimaera sp. nov. and M. intracellulare, sequevar Min-A–positive 
patients 

Clinical relevance 

M. chimaera sp. nov. M. intracellulare* 

Characteristic 
Not relevant, no (%), 

n = 82 
Intermediate, no (%), 

n = 5 
Relevant, no. (%), 

n = 3  
Relevant, no (%), 

n = 3 
Age, y      
 <60 38 (46.3) 2 (40) 2 (66.7)  1 (33.3) 
 >60 44 (53.7) 3 (60) 1 (33.3)  2 (66.7) 
Sex      
 F 20 (24.4) 2 (40) 2 (66.7)  3 (100) 
 M 62 (75.6) 3 (60) 1 (33.3)  0 
Clinical symptoms       
 Respiratory and general† 71 (86.6) 5 (100) 3(100)  3 (100) 
 General alone 11 (13.4) 0 0  0 
Radiologic findings‡ 63 (76.8) 5 (100) 3(100)  3 (100) 
Underlying disease§      
 Lung¶ 34 (41.5) 3 (60) 3 (100)  3 (100) 
 Lung cancer 12 (14.6) 0 0  0 
 Non–lung cancer 9 (11.0) 4 (80) 0  0 
 Autoimmune disease# 3 (3.7) 0 2 (66.7)  0 
 Other 18 (22.0) 0 0  0 
 Not known 6 (7.3) 0 0  0 
Immunosuppression       
 HIV 7 (8.5) 1 (20) 0  0 
 Immunosuppressive therapy 6 (7.3) 2 (40) 3 (100)  0 
 Hemato-oncologic disease 4 (4.9) 3 (60) 0  0 
Other pathogens      
 Active tuberculosis 5 (6.1) 0 0  0 
 Former tuberculosis 3 (3.7) 0 0  0 
 M. gordonae 6 (7.3) 0 0  0 
 Bacterial, viral, fungal** 15 (18.3) 0 0  0 
Smear positive 0 0 2 (66.7)  2 (66.7) 
PCR positive†† 0 0 3 (100)  3 (100) 
Single isolate 68 (82.9) 3 (60) 0  0 
Multiple isolates 14 (17.1) 2 (40) 3 (100)  3 (100) 
*All M. intracellulare, sequevar Min-A, isolates were clinically relevant. 
†Respiratory symptoms: cough, expectoration, dyspnea, hemoptysis; general symptoms: fever, fatigue, weight loss, night sweats. 
‡Infiltrations, bronchiectasis, fibrosis, fibronodular lesions, cavitation, unclear focal lesion, tumor. 
§Multiple answers possible. 
¶Chronic obstructive pulmonary disease, asthma bronchiale, pulmonary fibrosis, bronchiectasis. 
#Sclerodermia, rheumatoid arthritis, ankylosing spondylitis (Morbus Bechterew).  
**Streptococcus pneumoniae, Streptococcus pyogenes, Staphylococcus aureus, Bordetella pertussis, Serratia marcescens, Salmonella enteritidis, 
Legionella pneumophila, Cytomegalovirus, Aspergillus fumigatus, Cryptococcus neoformans. 
††PCR directly from the clinical sample has been performed for 30 patients. 

 


