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The usefulness of single-enzyme amplified-fragment length polymorphism (AFLP) analysis for the subtyping
of Mycobacterium kansasii type I isolates was evaluated. This simplified technique classified 253 type I strains
into 12 distinct clusters. The discriminating power of this technique was high, and the technique easily
distinguished between the epidemiologically unrelated control strains and our clinical isolates. Overall, the
technique was relatively rapid and technically simple, yet it gave reproducible and discriminatory results. This
technique provides a powerful typing tool which may be helpful in solving many questions concerning the
reservoirs, pathogenicities, and modes of transmission of these isolates.

Mycobacterium kansasii is the most common cause of pul-
monary nontuberculous mycobacterial infection in the non-
human immunodeficiency virus-infected population in many
parts of the world (4, 6, 9, 12, 16, 19, 25). Of all nontuberculous
mycobacterial diseases, the clinical course of M. kansasii lung
disease most closely parallels that caused by M. tuberculosis
infection (12, 36). Although it has seldom been recovered from
soil (10, 22), M. kansasii has frequently been isolated from tap
water and is thought to be acquired from the environment
rather than by case-to-case transmission (8, 17, 18, 20, 24, 29,
31, 37).

The first typing method developed for M. kansasii was phage
typing. Other features, especially catalase activity, have been
used to type M. kansasii isolates. Isolates with high catalase
activities were considered more virulent (23). Analysis of the
16S rRNA sequence (27), amplification of the 16S-23S rRNA
spacer region (1), PCR-restriction fragment length polymor-
phism (RFLP) analysis of the hsp65 gene (7, 33), and detection
of insertion sequence element IS1652 (38) showed that M.
kansasii contains a subspecies genetically distinct from the
typical M. kansasii isolates.

M. kansasii has been classified into five subspecies or types
(types I to V) on the basis of PCR-RFLP analysis of the hsp65
gene (7, 33). These results have been confirmed by differences
in the sequences of the 16S-23S rRNA spacer region (2) and by
RFLP analysis with the major polymorphic tandem repeat
probe (23). Recently, two new types (types VI and VII) have
been described (26, 32). Of the seven types identified, M.
kansasii type I is the most prevalent type from human sources
worldwide. Moreover, large restriction fragment–pulsed-field
gel electrophoresis (LRF-PFGE) (2, 14, 23), amplified-frag-
ment length polymorphism (AFLP) analysis (23), and ran-

domly amplified polymorphic DNA analysis (2) have produced
polymorphic patterns within each type.

By use of these typing methods, minimal genetic polymor-
phism was noted among type I strains. These results gave the
impression that type I shows substantial clonality (21). This
apparent clonality may have resulted from the insufficient dis-
criminatory powers of the techniques used. Solutions to ques-
tions about the reservoirs, pathogenicities, and modes of trans-
mission of these isolates require more discriminating typing
techniques in order to shed light on possible heterogeneity. In
the present report we describe a simplified typing approach
which may be a valuable addition to the existing genotyping
fingerprinting methods available for M. kansasii.

Next to LRF-PFGE, whole-genome fingerprinting by the
AFLP technique is one of the most promising methods for the
typing of bacterial pathogens (13). The AFLP technique is
based on the selective PCR amplification of restriction frag-
ments from a digest of total genomic DNA and can be used for
DNA of any origin or complexity. Fingerprints are produced
without prior knowledge of the sequence and with a limited set
of primers. In the classic AFLP analysis, the genomic DNA is
digested with two restriction enzymes and two double-stranded
oligonucleotide adapters are ligated to the restriction frag-
ments. The adapter-tagged fragments are then subjected to
PCR amplification with radioactively labeled primers, and the
PCR products are analyzed by polyacrylamide gel electro-
phoresis (35). For the purpose of bacterial strain typing, major
applications of AFLP analysis have been reported with the
genera Aeromonas, Acinetobacter, Campylobacter, Legionella,
Staphylococcus, and Streptococcus (for reviews, see references
3 and 28). Problems due to the use of radioactively labeled
primers led to the development of fluorescently labeled prim-
ers, which permitted the detection of fragments in an auto-
matic sequencer apparatus. While the fluorescent format has
significant advantages, the cost of a DNA sequencer may be
prohibitive for most laboratories. A number of modified AFLP
analysis-based techniques have been described. One of these
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alternative procedures is based on the use of a single enzyme,
a single adapter, a single unlabeled primer, and analysis by
agarose gel electrophoresis (11, 34). This simplified AFLP
method presents several advantages compared to the classic
AFLP analysis. It allows the detection of RFLPs directly on
agarose gels without the need to use labeled primers and the
tedious analysis of complicated polyacrylamide gels.

The present study describes the potential usefulness of a
single-enzyme AFLP method for the differentiation of M. kan-
sasii isolates at the subspecies level. The steps of the AFLP
procedures used here are (i) digestion of the extracted DNA
with a single enzyme with an average cutting frequency, (ii)
ligation of an adapter to each end of the digestion fragments,
(iii) selective PCR amplification of the adapter-tagged frag-
ments with a single unlabeled adapter-specific primer that has
an extension of one selective base at the 3� end, and (iv)
electrophoretic separation on an agarose gel and detection of
the amplified fragments by ethidium bromide staining.

MATERIALS AND METHODS

Bacterial strains and culture conditions. A total of 255 M. kansasii strains
were included in this study: 252 clinical isolates and 3 epidemiologically unre-
lated strains. The clinical strains were recovered from 240 patients: (i) 228 single
patient isolates and (ii) 24 paired isolates collected from 12 patients at different
intervals. These isolates were included to assess the reproducibilities of the
AFLP patterns. All the clinical isolates were recovered from five public hospitals
in the district of Bizkaia in Spain between 1995 and 2002. The epidemiologically
unrelated strains included (i) type strain CECT 3030 (kindly provided by La
Colección Española de Cultivo Tipo [CECT], Valencia, Spain), a subculture of
type strain ATCC 12478; (ii) a strain of subspecies I (strain PI) kindly provided
by Veronique Vincent (National Reference Center for Mycobacteria, Pasteur
Institute, Paris, France); and (iii) a scotochromogenic mutant strain (strain BI),
which was recovered from an old archived clinical isolate recovered from a
patient with pulmonary infection in 1993. All clinical isolates were identified by
conventional biochemical tests and by the AccuProbe test (Gen-Probe Inc.).

DNA extraction. Whole-genome DNA was prepared by the standardized ex-
traction method described previously (30). Some colonies from Löwenstein-
Jensen medium were harvested, placed into 400 �l of Tris-EDTA (pH 8.0)
buffer, and inactivated by heating at 80°C for 20 min. Lysozyme was added at a
concentration of 1 mg/ml, and the tubes were incubated overnight at 37°C to
digest the mycobacterial cell wall. After the addition of proteinase K (to 0.1
mg/ml) and sodium dodecyl sulfate (to 1%), the tubes were incubated at 65°C for
20 min. NaCl (0.6 M) and N-cetyl-N,N,N-trimethyl ammonium bromide were
added, and the tubes were incubated again at 65°C for 10 min. Subsequent to
extraction with chloroform-isoamyl alcohol, DNA was precipitated with isopro-
panol and washed with 70% cold ethanol. The extracted DNA was resolved in 50
�l of TE buffer (10 mM Tris, 1 mM EDTA [pH 8.0]).

PCR-RFLP analysis of hsp65 gene. PCR-RFLP analysis of the hsp65 gene was
performed for all strains as described previously (7, 33). A 439-bp segment
amplified by using primers Tb11 (5�-ACC AAC GAT GGT GTG TCC AT) and
Tb12 (5�-CTT GTC GAA CCG CAT ACC CT) was digested with BstEII and
HaeIII (Roche). Restriction fragments were then separated by electrophoresis
on a 3% MS-8 agarose gel (Pronadisa) and visualized by staining with ethidium
bromide and UV light.

AFLP analysis. (i) Preparation of tagged DNA fragments. A 6-�l aliquot of
DNA was digested for 90 to 120 min at 30°C with 20 U of the ApaI enzyme
(Roche) in a final volume of 20 �l of the buffer provided with the enzyme. A
10-�l aliquot of digested DNA was used in a ligation reaction mixture containing
0.2 �g of the double-stranded adapter and 1 U of T4 DNA ligase (Roche) in a
final volume of 20 �l of single-strength ligase buffer, and the mixture was held at
37°C for 90 to 120 min. To prepare the adapters, oligonucleotides Apa-1 and
Apa-2 were mixed in equal molar amounts in 1� PCR buffer (Roche) and were
allowed to anneal as the mixture cooled from 80 to 4°C (1°C each min) in a
thermocycler. After ligation, the ligated DNA samples were diluted with distilled
water to a final volume of 55 �l and were then heated to 65°C for 10 min to
inactivate the T4 ligase. A 5-�l aliquot of the diluted sample was used as a
template for PCR.

(ii) PCR of tagged DNA. Amplification reactions were performed in a final
volume of 50 �l containing 5 �l of the tagged DNA, 10% glycerol (Sigma), 1.25
U of Taq polymerase (Roche), 250 �M (each) deoxynucleoside triphosphate
(Promega), and a single primer at a concentration of 1 �M in 1� PCR buffer (1.5
mM MgCl2, 50 mM KCl, 10 mM Tris-HCl [pH 8.3]) provided by the manufac-
turer. Amplification was performed in a GeneAmp PCR System 2400 (Perkin-
Elmer). After initial denaturation at 95°C for 5 min, the reaction mixture was run
through 33 cycles of denaturation at 95°C for 60 s, annealing at 60°C for 60 s, and
extension at 72°C for 150 s, followed by a final extension period at 72°C for 5 min.
The oligonucleotides used in this study are listed in Table 1. The amplified
fragments were separated by electrophoresis at 3.5 V/cm in a 2% (wt/vol) MS-8
agarose gel (Pronadisa) in 1� TBE buffer (90 mM Tris, 90 mM boric acid, 2 mM
EDTA) and were stained with ethidium bromide (0.5 �g/ml). The gels were
photographed under UV illumination. The DNA VIII molecular weight marker
(Roche) was used.

RESULTS

PCR-RFLP analysis. Hsp65 PCR-RFLP analysis generated
two patterns among the 255 M. kansasii strains tested. A total
of 250 clinical isolates and the 3 epidemiologically unrelated
strains (the type strain and strains PI and BI) presented the
type I pattern. Only two clinical isolates presented the type II
pattern (Fig. 1).

AFLP analysis. The initial studies were performed to de-
velop optimal conditions for the performance of the AFLP
analysis. In this part of the study, a small number of strains
(including the epidemiologically unrelated control strains and
some clinical strains isolated from different hospitals and at
different times) were analyzed. Of the five primers used for
PCR amplification, primers Apa-1 and Apa-G produced nu-
merous bands that ran as a smear on the gel. However, the
selective primers, primers Apa-A, Apa-C, and Apa-T, gener-
ated the best amplification patterns for ease of visual analysis

FIG. 1. PCR-RFLP analysis of the hsp65 gene after digestion with
BstEII and HaeIII of representative strains. Lanes 1, type II; lanes 2 to
5, type I; lanes 6, negative controls; lane M, molecular size marker
VIII.

TABLE 1. Oligonucleotide sequences used in this studya

Oligonucleotide Sequenceb

Apa-1...........................5�-TCG TAG ACT GCG TAC AGG CC-3�
Apa-2...........................5�-TGT ACG CAG TCT AC-3�
Apa-A..........................5�-GAC TGC GTA CAG GCC CA-3�
Apa-C ..........................5�-GAC TGC GTA CAG GCC CC-3�
Apa-G..........................5�-GAC TGC GTA CAG GCC CG-3�
Apa-T ..........................5�-GAC TGC GTA CAG GCC CT-3�

a The oligonucleotides were described previously (15).
b The selective base is underlined.
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and strain identification. These three primers were used there-
after in the following analysis.

The type II strains generated the same patterns with each of
these three primers. These patterns were not generated by any
of the type I strains. The patterns generated by type I strains
were polymorphic.

The patterns generated with primer Apa-A were composed
of four to seven bands ranging in size between 340 and 850 bp
(Fig. 2A). Primer Apa-A generated seven different patterns,
which were numbered 1 through 7. Pattern 1 was the most
prevalent one (n � 183), followed by pattern 2 (n � 65).
Patterns 3 to 7 were unique, and each one was represented by
only one strain: patterns 3 and 4 were each produced by only
one clinical isolate, pattern 5 was produced by scotochromo-
genic strain BI, pattern 6 was produced by strain PI, and
pattern 7 was produced by type strain CECT 3030.

The patterns generated by primer Apa-C were composed of
four to six bands ranging in size between 225 and 650 bp (Fig.
2B). Primer Apa-C generated six patterns, which were num-
bered 1 through 6. Pattern 2 was the most prevalent one (n �
186), followed by pattern 1 (n � 63). Patterns 3 to 6 were
unique, and each one was represented by only one strain:
pattern 3 was produced by only one clinical strain, pattern 4
was produced by strain BI, pattern 5 was produced by strain PI,
and pattern 6 was produced by the type strain.

The patterns generated with primer Apa-T were composed
of three to five bands ranging in size between 335 and 635 bp
(Fig. 2C). Primer Apa-T generated only four patterns, which
were numbered 1 through 4. Pattern 2 was the most prevalent
(n � 179), followed by pattern 1 (n � 72). Pattern 3 was
produced by only one clinical strain. Pattern 4 was produced by
strain BI. Pattern 2 was produced by strain PI and by the type
strain.

By using the patterns generated by the three primers for the
clustering of type I strains, 12 clusters were identified.
Throughout the text these clusters are indicated with a nu-
meric notation corresponding to the patterns generated by
these three primers. Each cluster is indicated with three digits
(the first digit for the Apa-A pattern, the second one for the
Apa-C pattern, and the third one for the Apa-T pattern). For
example, cluster 221 means that strains of this clusters pro-
duced pattern 2 with primer Apa-A, pattern 2 with primer
Apa-C, and pattern 1 with primer Apa-T. Figure 2A to C show
the AFLP patterns for a representative strain of each cluster.
Cluster 122 was the most prevalent (n � 121), followed by
cluster 111 (n � 59) and cluster 222 (n � 51). Cluster 221
contained 12 strains, and cluster 112 contained only 3 strains.
Clusters 211, 223, 332, and 422 each included only one clinical
strain. Cluster 544 was formed by scotochromogenic strain
(strain BI). Cluster 652 contained strain PI. Cluster 762 con-
tained the type strain.

The reproducibilities of the AFLP patterns were assessed by
including 24 paired strains collected from 12 patients at differ-

FIG. 2. AFLP banding patterns produced for 12 representative
strains from clusters 111 to 762. The analysis was performed with three
different selective primers: Apa-A (A), Apa-C (B), and Apa-T (C).

Lanes M, molecular size markers VIII (Roche); lanes 1, cluster 111;
lanes 2, cluster 112; lanes 3, cluster 122; lanes 4, cluster 211; lanes 5,
cluster 221; lanes 6, cluster 222; lanes 7, cluster 223; lanes 8, cluster
332; lanes 9, cluster 422; lanes 10, cluster 544; lanes 11, cluster 652;
lanes 12, cluster 762.
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ent intervals. The reproducibilities were also confirmed by
repeated testing with independent DNA preparations. Typing
of the control strains and many clinical strains was repeated
more than five times. Similar patterns were repeatedly ob-
tained from each strain. However, slight variations were ob-
served in only faint large-molecular-size bands (larger than 900
bp), and to avoid confusion, these fragments were disregarded.
The AFLP patterns were stable for the control strains and for
many clinical strains after five successive subcultures over a
period of 4 months.

DISCUSSION

In the present study the vast majority of the clinical isolates
(250 of 252 isolates), collected in Bilbao, Spain, were of type I.
This result is nearly similar to that reported by Alcaide et al.
(2). In their study the 51 clinical isolates collected from Bar-
celona, Spain, were of type I. Type II was absent from the
Spanish collection.

In our study, the enzyme ApaI was chosen for AFLP tem-
plate preparation on the basis of the theoretical assumption
that it cleaves the genomes of organisms with high G�C con-
tents, such as M. kansasii (G�C content, 64%), at relatively
high frequencies (5, 15).

While the number of patterns generated by a single primer
was relatively low (seven patterns with primer Apa-A, six pat-
terns with primer Apa-C, and four patterns with primer Apa-
T), the discriminatory power of the technique was markedly
augmented by using the patterns produced by the three prim-
ers for clustering, which produced 12 different clusters. More-
over, the described numeric notation gives a rough idea of
strain-to-strain relatedness. For example, cluster 122 is com-
paratively more related to cluster 222 than to cluster 111 but is
completely different from cluster 544. The reproducibility of
the AFLP method was good throughout the entire investiga-
tion, and the patterns were stable after more than five succes-
sive subcultures over a period of 4 months.

In a previous study, Picardeau et al. (23) reported the use of
a single-enzyme AFLP analysis with the enzyme PstI for the
differentiation of strains within each one of the five types
identified. The patterns for the type I strains were very similar
or even identical, and only a few strains presented patterns
different from those shared by most strains. In the same study
and by using LRF-PFGE, the 24 strains of type I generated
only four patterns with the enzyme DraI. Moreover, three
strains (one of which was of type I) were untypeable by LRF-
PFGE and yielded degraded DNA.

Similarly, Alcaide et al. (2) previously used LRF-PFGE to
study the relatedness among M. kansasii type I strains. Minimal
genetic polymorphism was noted among 111 strains, which
were distributed among only five patterns representing minor
differences.

The apparent clonality of M. kansasii type I seen in these
studies may have resulted from the insufficient discriminatory
powers of the techniques used.

Further studies should take into consideration the possible
high degree of heterogeneity of M. kansasii type I isolates. The
use of powerful typing techniques or a combination of tech-
niques will bring to light this heterogeneity and will help
investigators answer many questions about the natural reser-

voirs, the modes of transmission, and the possibility of human-
to-human transmission of M. kansasii type I.

In conclusion, the present investigation has demonstrated
the usefulness of the simplified single-enzyme AFLP technique
as a reliable typing tool for the differentiation of M. kansasii
type I isolates. Further studies are needed to validate its po-
tential for the fingerprinting of other M. kansasii types, how-
ever. AFLP analysis demonstrated high levels of variation
among type I isolates and is therefore a valuable addition to
the existing available genotyping methods for the fingerprint-
ing of M. kansasii.
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becke, E. Tortoli, R. Martín, E. C. Böttger, and A. Telenti. 1997. Heteroge-
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transmission in mycobacterial infections. Cent. Eur. J. Public Health 2:103–
105.

30. Soolingen, D. V., P. E. W. de Hass, and K. Kermer. 2001. Restriction
fragment length polymorphism typing of mycobacteria. Methods Mol. Med.
54:165–203.

31. Steadham, J. E. 1980. High-catalase strains of Mycobacterium kansasii iso-
lated from water in Texas. J. Clin. Microbiol. 11:496–498.

32. Taillard, C., G. Greub, R. Weber, G. E. Pfyffer, T. Bodmer, S. Zimmerli, R.
Frei, S. Bassetti, P. Rohner, J.-C. Piffaretti, E. Bernasconi, J. Bille, A.
Telenti, and G. Prod’hom. 2003. Clinical implications of Mycobacterium
kansasii species heterogeneity: Swiss national survey. J. Clin. Microbiol.
41:1240–1244.

33. Telenti, A., F. Marches, M. Balz, F. Bally, E. C. Böttger, and T. Bodmer.
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