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Mycobacterium kansasii was recognized as new 
species in 1953  1) and, in the subsequent 30 years, its 
awareness greatly increased; this species was in fact the 
most common nontuberculous mycobacterium (NTM) 
causing diseases in USA and in England  2). In such 
countries the M. kansasii isolations rate was surpassed 
by Mycobacterium avium complex (MAC) in the 1980s  
3), while, in the same period, it increased in Japan  4). In 
the AIDS era two periods must be considered which 
include the years preceding, and following, the 
introduction of highly active antiretroviral treatments. In 
the first one the infections due to M. kansasii increased 
in HIV-positive patients  5) 6), although they remained 
clearly below the infections due to MAC, while in the 
second they became very rare while the isolations in non 
immunocompromised subjects remained unchanged.  

Major phenotypic characters of M. kansasii include 
large cross-barred bacilli and predominantly rough 
colonies which develop an intense yellow pigmentation 
following the light exposure. The growth is slow and 
requires 2-3 weeks at temperatures ranging from 30 to 
40°C. Most frequently investigated biochemical tests 
include nitrate reduction, catalase, Tween 80 hydrolysis 
and urease which are positive, while arylsulfatase and 
tellurite reduction are negative  7). 

The role of M. kansasii as significant pathogen is 
supported by an estimated annual rate of infection 
ranging from 0.5 to 1 per 100,000 people  8). It is 
characterized however by wide geographic variability 
ranging from a very low frequency in Australia and 
Japan  9) 10) to a very high one in several states of USA, 
like Louisiana  11), and in central Europe, particularly in 
Czech Republic  12). As for other NTM not every M. 
kansasii isolation from human samples should be 
considered clinically significant. A close adherence to 
the guidelines proposed by the American Thoracic 
Society  13), allows in fact to exclude at least 1/3 of 
pulmonary isolations which reflect colonization rather 
than infection  14).  

In nonimmunocompromised subjects pulmonary 

 disease is far the most common M. kansasii infection; it 
is almost always accompanied by predisposing 
conditions among which stand out various pulmonary 
disorders like pneumoconiosis  15), chronic obstructive 
pulmonary disease  16) and emphysema  17). Other 
frequent targets of infection are lymph knots, soft 
tissues, cutis, bone, joints and genitourinary apparatus  
18). Disseminated infections are not very frequent  18). 

Other risk factors, in immunocompetent host, 
include work in dusty conditions, cancer, alcoholism, 
smoke, systemic illness and exposure to M. kansasii-
contaminated water  19). Also to live in hyperendemic 
regions  may be considered a risk factor  19). 

Clearly less frequent than several years ago are M. 
kansasii pathologies in immunodeficient patient; among 
them the infections limited to the lung and the ones 
disseminated largely predominate with CD4 shortage 
being the main predisposing factor  19).  

In absence of standardized methods for 
antimicrobial susceptibility testing, the treatment 
follows the recommendations of the literature that 
consider rifampin as the key drug. With it are almost 
always associated ethambutol and a third drug chosen 
among streptomycin, isoniazid or amikacin  13). 

The first report of variants within M. kansasii dates 
back to 1962 when Wayne made a distinction between 
isolates with certain or questionable clinical 
significance, being the first strong producer of catalase 
ad characterized by high virulence  in guinea pig  20). 

In the last 20 years the increase of genetic 
knowledge greatly affected every field of life sciences. 
The most important targets of genetic studies include the 
16S rRNA gene, the 16S-23S internal transcribed spacer 
(ITS), the 65 kD heath shock protein gene, several 
repetitive DNA sequences and  the intein-coding 
sequence within the gene for the A subunit of girase 
(girA).  

The DNA probe technology was applied to M. 
kansasii investigations since its introduction. Among 
research tools the pMK1-9 and the p6123, whose target  
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have not been determined, are the best investigated. 
Great popularity have achieved in diagnostic 
laboratories the commercial products, the AccuProbe 
(Gen-Probe, USA), aiming to 16S, and the INNO LiPA 
(Innogenetics, Belgium), aiming to ITS. 

The pMK1-9, which in a first study hybridized with 
all M. kansasii strains tested  21), turned out, on a wider 
panel of strain to fail hybridization with 20% of the 
strains  22).  

For p6123  23), at present, no hybridization failure 
has been reported with any isolate of M. kansasii. 
Two different formulations of AccuProbe M. kansasii 
have been developed. The first one, tested in parallel 
with pMK1-9, hybridized with all the strain pMK1-9-
positive and with a part of the negative ones as well  22). 
Following the confirmation of the presence a number of 
M. kansasii strains which were AccuProbe-negative  24) 
a second version was developed; with it also the strains 
not recognized by the previous probe gave positive 
results  25). 

The LiPA, a reverse hybridization DNA-probe, 
presents three line-probes aiming to different M. 
kansasii types; the MKA1 hybridizes with all the strains 
positive with the first AccuProbe but negative with the 
second, the MKA2 hybridizes with the strains positive 
with the second and negative with the first AccuProbe, 
and the MKA3 reacts with M. kansasii which are 
negative with both AccuProbe  26). 

The first sequence alternative to the one previously 
determined for M. kansasii  27) was detected in 1992 in 
pMK1-9-negative isolates  22). At present five sequevars 
are known in the 16S rDNA, differing fro 1 to 6 
nucleotides  28). Five sequevars have been detected in the 
ITS too; they are characterized by extensive diversities 
involving up to 49 bases  8). 

The presence of repetitive DNA sequences has been 
thoroughly investigated in the last decade. A GC-rich 
polymorphic repetitive sequence is present, in at least 30 
copies, in M. kansasii, but also in the Mycobacterium 
tuberculosis complex and in Mycobacterium szulgai  29). 
The IS1652 characterizes M. kansasii pMK1-9-negative 
only and the number of copies, ranging from 1 to 9, 
gives rise to extensive polymorphism  30). The major 
polymorphic tandem repeat (MPTR) has been in deep 
investigated by Hermans et al.  31); it is characterized by 
tandemly repeated sequences of 10 bp separated by 
spacers of 5 bases. About 80 different MPTR regions 
are present in the mycobacterial genome of M. kansasii, 
but also of M. tuberculosis complex, Mycobacterium 
gordonae, Mycobacterium gastri and M. szulgai. 

A powerful tool for the study of polymorphism is 
represented by restriction enzyme technology. The 
restriction fragment length polymorphism (RFLP), 
produces patterns that are very homogeneous among 
pMK1-9-positive M. kansasii, and very heterogeneous 
among negatives ones  29). The same technique reveals 
among M. kansasii AccuProbe-positive a 3kb fragment 
and, among AccuProbe-negative, fragments of variable 
length  30).  

The inteins are protein sequences that are excised 

 from the precursor protein during maturation; the girA 
includes, in several species, an intein-coding sequence. 
M. kansasii, along with Mycobacterium flavescens and 
M. gordonae, are the only species in which girA intein, 
which may or may not be present  32), determines 
polymorphism. 

The mpb70 gene encodes an antigen protein in 
Mycobacterium bovis; the analog gene which is present 
in M. kansasii is  characterized by sequence variations 
which determine further heterogeneity  33). 

In M. kansasii the ITS-amplification product, far 
from being reproducible as in other mycobacteria, may 
be characterized by three different profiles  34). 

In a study of ours  35) we investigated the 
correlations of the genetic variants of M. kansasii with 
several phenotypic characters and with clinical features. 
A significant correlation emerged of AccuProbe-positive 
strains with the esterasic activity (Tween 80 hydrolysis) 
and  with the presence of �-fucosidase enzyme. Even 
more striking is the significantly higher prevalence of 
the AccuProbe-negative isolates among HIV-positive 
patients in comparison with HIV-negative ones. 

The paper of Picardeau et al.  36) is a milestones in 
the knowledge of the heterogeneity characterizing the 
species M. kansasii. In such study two different 
approaches, the investigation of MPTR, and the PCR-
restriction analysis (PRA) agreed in revealing five types 
within the species M. kansasii (Table 1). Such division 
was furthermore corroborated by the amplified fragment 
length polymorphism  and the pulsed field gel 
electrophoresis (PFGE), in which, despite the 
emergence of numerous patterns, their clustering in five 
major groups is possible. Only two such types, ii and iii, 
harbor IS1652; in single copy and in 4-6 copies 
respectively. Type i includes typical M. kansasii and, 
likewise type iv, is AccuProbe-positive. Types ii and iii 
are the only ones which appear closely related each 
other. 

A substantial confirmation of above findings 
emerges from the work by Alcaide et al.  8) in which the 
presence of five types (Table 1), emerging again from 
PRA and PFGE, is supported by their precise 
overlapping with the five sequevars present in the ITS. 
Types i, iv and v differ from the others for the 
AccuProbe-positivity, the possession of girA intein-
coding sequence and the sharing of a common sequence 
in the 16S rDNA. Equally confirmed is the 
polymorphism characterizing the type ii, which contrasts 
with the very homogeneous type i, which probably 
reflects a clonal structure. From the epidemiological 
point of view, the isolation of type i is restricted to 
clinical samples; type ii is grown both from humans and 
the environment while types iii, iv and v are 
environmental only.  
The heterogeneity of M. kansasii is therefore revealed by 
a large number of genetic characters, some of which 
(sequencing, RFLP, PFGE, girA intein) define, or 
contribute to the definition of five well separated types 
(Table 1). 
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Table   Variability within the species M. kansasii as revealed by different genotypic approaches 
 

 

a amplified fragment length polymorphism; S, single pattern; M, multiple patterns 
b 4 subgroups 
c 5 subgroups 
d 3 subgroups 

 
or contribute to the definition of five well separated types 
(Table 1). 

From the taxonomic point of view, the belonging of 
the presently known variants of M. kansasii to a single 
species appears questionable. They are in fact 
characterized by so extensive divergence that some of 
them present closer relationships to other species than to 
other variants within their own species. Striking are the 
of cases of type iii, close to M. tuberculosis, and of types 
i and ii, close to M. szulgai  32) 

In conclusion, the strains of  M. kansasii involved in 
human infections belong almost solely to types i and ii. 
While however the polymorphism is minimum in type i, 
it is wide in type ii. The evident clonal structure of type i  
seems to  suggest the adaptation of such  strains  to the 
human host with the divergence being restricted by the 
virulence. On the other hand, the significantly higher 
involvement of type ii in infections of 
immunocompromised patients  35) entitles to hypothesize 
for them a lower ability to overcome natural resistance 
mechanisms. 

A more precise definition of various M. kansasii 
isolates would provide a significant contribution to 
understanding of its biological and epidemiological key 
aspects.  
 

Summary 
Mycobacterium kansasii is one of the best known 

nontuberculous mycobacteria and large awareness exists 
about its involvement in diseases both of 
immunocompetent and immunocompromised patients. 
Two phenotypic variants within this species, which differ 
for the virulence in guinea pig too, have been detected 
since 1962. It was however following recent progress in 
genetic studies that a large variability emerged. Major 
contributions to the disclosure of such findings came 
from the DNA probes hybridization, the nucleotide 
sequencing of 16 rDNA and internal transcribed spacer 
(ITS), and from the analyses of repetitive DNA sequences 
polymorphism. At present five subtypes of M. kansasii 
are recognized, defined by the ITS sequence and by the 
polymorphism revealed by different restriction enzyme 
technologies. Such variants differ from the 
epidemiological point of view too, with type i being 
isolated from humans, type ii both from humans and 
environment,  and types iii, iv and v, from the 
environment only. A revision of the present taxonomic 

status of M. kansasii and its splitting into different 
species or subspecies seems nowadays necessary. 
 

Acknowledgement 
I express my gratitude to Prof. Toshiharu 

Matsushima and Dr. Hajime Saito for the invitation to the 
annual conference of the Japanese Society for 
Tuberculosis and for their kind hospitality during my stay 
in Kurashiki and Hiroshima. A particular thank to Dr. 
Saito for translating the Summary.  
 

Literature 
1)  Buhler VB, Pollak A: Human infection with atypical 

acid-fast organisms: report of two cases with 
pathogenic findings. Am J Clin Pathol 1953; 23:363-
374. 

2)  Hobby GL, Redmond WB, Runyon EH, Schaefer 
WB, Wayne LG, Wichelhausen RH: A study on 
pulmonary disease associated with mycobacteria 
other than Mycobacterium tuberculosis: 
Identification and characterization of the 
mycobacteria. Am Rev Respir Dis 1967; 95:954-971. 

3)  Good RC, Snider DE Jr: Isolation of nontuberculous 
mycobacteria in the United States, 1980. J Infect Dis 
1982; 146:829-833. 

4)  Tsukamura M, Kita N, Shimoide H, Nagasawa S, 
Mishima Y, Kuze A, Uemura H, Arakawa H, 
Shinoda A, Mtsuura K, Yoshimoto K, Miura M: 
Studies on the nontuberculous lung mycobacteriosis 
in Japan. Incidence rate of lung disease caused by 
Mycobacterium kansasii is still increasing which 
elevates the incidence rate of nontuberculous lung 
mycobacteriosis. Kekkaku 1987; 62:319-327. 

5)  Horsburgh CR Jr, Selik RM: The epidemiology of 
disseminated nontuberculous mycobacterial infection 
in the acquired immunodeficiency syndrome (AIDS). 
Am Rev Respir Dis 1989; 139:4-7. 

6)  Carpenter JL, Parks JM: Mycobacterium kansasii 
infections in patients positive for human 
immunodeficiency virus. Rev Infect Dis 1991; 
13:789-796. 

7)  Wayne LG, Kubica GP: Family Mycobacteriaceae 
CHESTER 1897, 63AL. In: Sneath PHA, Mair NS, 
Sharpe ME, Holt JG, eds. Bergey's manual of 
systematic bacteriology. Baltimore: The Williams & 
Wilkins Co., 1986:1435-1457. 

 DNA probe   Molecular typing  
   AccuProbe INNO LiPA Sequencing RFLP     
 

Type 
P6123 pMK1-9 1st 2st MKA1 MKA2 MKA3 16S 

rDNA 
ITS MPTR IS1652 PRA PFG

E 
AFLPa girA 

intein 
i + + + + + - - a 1 I - A ib S + 
ii + - - + - + - b 2 II + B iic M - 
iii + - - - - - + b 3 III + C iiid S - 
iv + - - - - - + a 4 IV - D iv S + 
v + - + + - - + a 5 V - E v S + 



708 

8)  Alcaide F, Richter I, Bernasconi C, Springer B, 
Hagenau C, Schulze-Röbbecke R, Tortoli E, Martín 
R, Böttger E, Telenti A: Heterogeneity and clonality 
among isolates of Mycobacterium kansasii: 
implications for epidemiological and pathogenicity 
studies. J Clin Microbiol 1997; 35:1959-1964. 

9)  Tsukamura M, Kita N, Shimoide H, Arakawa H, 
Kuzwe A: Studies on the epidemiology of 
nontuberculous mycobacteriosis in Japan. Am Rev 
Respir Dis 1988; 137:1280-1284. 

10)  Dawson DJ, Reznikov M, Blacklock ZM, Leggo JH: 
Atypical mycobacteria isolated from clinical material 
in south-eastern Queensland. Pathology 1974; 6:153-
160. 

11)  Witzig RS, Fazal BA, Mera RM, Mushatt DM, 
Dejace PMJT, Greer DL, Hyslop NE Jr: Clinical 
manifestations and implications of coinfection with 
Mycobacterium kansasii and human 
immunodeficiency virus type 1. Clin Infect Dis 1995; 
21:77-85. 

12)  Kubín M, Svandová E, Medek B, Chobot S, 
Olsowskÿ Z: Mycobacterium kansasii infection in an 
endemic area of Czechoslovakia. Tubercle 1980; 
61:107-112. 

13)  Wallace RJ Jr, O'Brien R, Glassroth J, Raleigh J, 
Dutt A: Diagnosis and treatment of disease caused by 
nontuberculous mycobacteria. [Statement of the 
American Thoracic Society; prepared by an ad hoc 
committee of the Scientific Assembly of 
Microbiology, Tuberculosis, and Pulmonary 
Infection]. Am Rev Respir Dis 1990; 142:940-953. 

14)  Ahn CH, McLarty ZW, Ahn SS, Ahn SI, Hurst GA: 
Diagnostic criteria for pulmonary disease caused by 
Mycobacterium kansasii and Mycobacterium 
intracellulare. Am Rev Respir Dis 1982; 125:388-
391. 

15)  Jenkins PA: Nontuberculous mycobacteria and 
disease. Eur J Respir Dis 1981; 62:69-71. 

16)  Gorse GJ, Fairshter RD, Friedly G, de la Mazza L, 
Greene GR, Cesario TC: Nontuberculous 
mycobacterial disease. Experience in a southern 
California hospital. Arch Intern Med 1983; 143:225-
228. 

17)  Ahn CH, Wallace RJ, Steele LC, Murphy DT: 
Sulfonamide-containing regimens for disease caused 
by rifampin-resistant Mycobacterium kansasii. Am 
Rev Respir Dis 1987; 135:10-16. 

18)  Wolinsky E: Nontuberculous mycobacteria and 
associated diseases. Am Rev Respir Dis 1979; 
119:107-59. 

19)  Falkinham JO, III: Epidemiology of infection by 
nontuberculous mycobacteria. Clin Microbiol Rev 
1996; 9:177-215. 

20)  Wayne LG: Two varieties of Mycobacterium 
kansasii with different clinical significance. Am Rev 
Respir Dis 1962; 86:651-656. 

21)  Huang ZH, Ross BC, Dwyer B: Identification of 
Mycobacterium kansasii by DNA hybridization. J 
Clin Microbiol 1991; 29:2125-2129. 

22)  Ross BC, Jackson K, Yang M, Sievers A, Dwyer B: 
Identification of a genetically distinct subspecies of 
Mycobacterium kansasii. J Clin Microbiol 1992; 
30:2930-2933. 

23)  Yang M, Ross BC, Dwyer B: Isolation of a DNA 
probe for identification of Mycobacterium kansasii, 
including the genetic subgroup. J Clin Microbiol 
1993; 31:2769-2772. 

24)  Tortoli E, Simonetti MT, Lacchini C, Penati V, 
Piersimoni C, Morbiducci V: Evaluation of a 
commercial DNA probe assay for the identification 
of Mycobacterium kansasii. Eur J Clin Microbiol 
Infect Dis 1994; 13:264-267. 

25)  Tortoli E, Simonetti MT, Lavinia F: Evaluation of 
reformulated chemiluminescent DNA probe 
(AccuProbe) for culture identification of 
Mycobacterium kansasii. J Clin Microbiol 1996; 
34:2838-2840. 

26)  Tortoli E, Nanetti A, Piersimoni C, Cichero P, Farina 
C, Mucignat G, Scarparo C, Bartolini L, Valentini R, 
Nista D, Gesu G, Passerini Tosi C, Crovatto M, 
Brusarosco G: Performance assessment of new 
multiplex probe assay for identification of 
mycobacteria. J Clin Microbiol 2001; 39:1079-1084. 

27)  Rogall T, Flohr T, Böttger EC: Differentiation of 
mycobacterial species by direct sequencing of 
amplified DNA. J Gen Microbiol 1990; 136:1915-
1920. 

28)  Harmsen D, Rothganger J, Singer C, Albert J, Frosch 
M: Intuitive hypertext-based molecular identification 
of microorganisms. [letter]. Lancet 1999; 353:291. 

29)  Ross BC, Raios K, Jackson K, Dwyer B: Molecular 
cloning of a highly repeated DNA element from 
Mycobacterium tuberculosis and its use as an 
epidemiological tool. J Clin Microbiol 1992; 30:942-
946. 

30)  Yang M, Ross BC, Dwyer B: Identification of an 
insertion sequence-like element in a subspecies of 
Mycobacterium kansasii. J Clin Microbiol 1993; 
31:2074-2079. 

31)  Hermans PWM, van Soolingen D, van Embden JDA: 
Characterization of a major polymorphic tandem 
repeat in Mycobacterium tuberculosis and its 
potential use in the epidemiology of Mycobacterium 
kansasii and Mycobacterium gordonae. J Bacteriol 
1992; 174:4157-4165. 

32)  Sander P, Alcaide F, Richter I, Frischkorn K, Tortoli 
E, Springer B, Telenti A, Böttger E: Inteins in 
mycobacterial GyrA are a taxonomic character. 
Microbiology 1998; 144:589-591. 

33)  Woolford AJ, Hewinson RG, Woodward M, Dale 
JW: Sequence heterogeneity of an mpb70 gene 
analogue in Mycobacterium kansasii. FEMS 
Microbiol Lett 1997; 148:43-48. 

34)  Abed Y, Bollet C, De Micco P: Demonstration of  
Mycobacterium kansasii species heterogeneity by the 
amplification of the 16S-23S spacer region. J Med 
Microbiol 1995; 43:156-158. 

35)  Tortoli E, Simonetti MT, Lacchini C, Penati V, 
Urbano P: Tentative evidence of AIDS-associated 
biotype of Mycobacterium kansasii. J Clin Microbiol 
1994; 32:1779-1782. 

36)  Picardeau M, Prod'Hom G, Raskine L, Lepennec 
MP, Vincent V: Genotypic characterization of five 
subspecies of Mycobacterium kansasii. J Clin 
Microbiol 1997; 35:25-32. 



Invited Lecture / Genetics of M. kansasii / E. Tortoli                                                                                                      709 

 


