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ABSTRACT: A PCR method previously developed for typing Mycobacterium avium was used to characterize the
genetic diversity of M. avium strains isolated from swine (n = 90) and humans (n = 24). The strains were identified
with IS901 PCR and IS1245 PCR: 38 strains were of IS901+ and IS1245+ genotype (M. avium subsp. avium) and
76 strains were of IS901– and IS1245+ genotype (M. avium subsp. hominissuis). All human isolates were IS901
negative. IS1245-IS1311 spacer typing was successfully accomplished for 59 isolates while 55 isolates gave no
amplification signal. The isolates with negative typing results were additionally tested for the presence of IS1311
and all with the exception of one gave positive results. IS1245-IS1311 spacer typing failed in all IS901+ isolates
as they yielded no bands. A high degree of heterogeneity among isolates was observed: 59 isolates demonstrated
43 different patterns comprising up to 6 bands.
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Mycobacterium avium and Mycobacterium intracellulare are members of Mycobacterium avium complex (MAC). MAC isolates are divided
into 28 serotypes (Wolinsky and Schaeffer, 1973).
Serotypes 1 to 6, 8 to 11 and 21 are classified as
M. avium and serotypes 7, 12 to 20 and 22 to 28 are
classified as M. intracellulare. Based on biochemical
and DNA analysis, M. avium was first subdivided
into subspecies corresponding to pathogenicity and
host-range characteristics: M. avium subsp. avium,
M. avium subsp. silvaticum and M. avium subsp.
paratuberculosis (Thorel et al., 1990). In order to
clarify the epidemiology of M. avium-related infections, Mijs et al. (2002) proposed that M. avium
strains most frequently isolated from pigs with tuberculous changes in lymph nodes (Guerrero et al.,
1995; Komijn et al., 1999) and from humans with
respiratory or disseminated MAC infection (Kunze
et al., 1992; Bono et al., 1995; Guerrero et al., 1995;

Bauer and Andersen, 1999) should be classified as
M. avium subsp. hominissuis (M. a. hominissuis;
serotypes 4 to 6, 8 to 11 and 21, genotype IS901–,
IS1245+) while M. avium isolates originating from
birds should remain considered as a separate, evolutionarily conserved taxon designated M. avium
subsp. avium (M. a. avium; serotypes 1 to 3, genotype IS901+, IS1245+). The majority of M. a. avium
isolates induces generalised tuberculosis in birds
(Thoen and Steele, 1995) and can be transmitted
from this reservoir to humans and various animal
species. M. a. hominissuis strains do not cause avian tuberculosis; however, they can cause pathological changes in pullets at the site of intramuscular
inoculation.
M. avium genome contains several insertion sequences (IS), short DNA fragments which are capable of transposition. ISs can be species-specific,
strain-specific or specific for a certain group of
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strains and represent a suitable tool in epidemiological research as genetic markers (Grange, 1996).
IS901 is present in all M. a. avium isolates virulent for mice (Kunze et al., 1992). All field isolates
of serotypes 1, 2 and 3, which are fully virulent
for birds, also contain IS901 (Pavlik et al., 2000).
IS901 is present also in M. a. silvaticum (Moss et
al., 1992). Supposedly the most frequent IS found
in human M. avium isolates is IS1110, which is
related to IS900 and IS901 (Hernandez Perez et al.,
1994). IS1245 and IS1311, sharing 85% similarity
at the DNA level, are present in the majority of M.
avium isolates (Guerrero et al., 1995; Roiz et al.,
1995). IS900 is characteristic for M. avium subsp.
paratuberculosis (Green et al., 1989).
The methods that allow differentiation of strains
within a species add to our understanding of epidemiology of M. avium infections. Several genotyping procedures can be used to type M. avium
(e.g. pulsed-field gel electrophoresis (PFGE), restriction fragment length polymorphism (RFLP)
analysis, sequencing etc). Genotyping techniques
are considered to be more technically complex than
phenotyping methods but their reproducibility and
discriminatory power yield better results. In the
need for a simple, rapid and inexpensive means of
genotyping that would be suitable for large-scale
epidemiological studies Picardeau and Vincent
(1996) introduced a PCR-based typing method
with the primers designed for the inverted repeats
of the insertion sequences IS1245 and IS1311 and
therefore amplifying DNA fragments between the
copies of both insertion elements (IS1245-IS1311
spacer typing).
The aim of our study was to test this PCR typing
method on a variety of M. avium strains isolated
from animals and humans in order to characterize
the genetic diversity among Slovenian M. avium
strains and to assess the suitability of the method
for routine typing of M. avium isolates.

were isolated at the Institute of Microbiology
and Parasitology of Veterinary Faculty, Ljubljana.
Human strains were provided by the University
Clinic of Respiratory and Allergic Diseases, Golnik
(UC Golnik). The cultures were maintained on
conventional solid media (Middlebrook 7H10,
Stonebrink, Löwenstein – Jensen) at 37°C.

MATERIAL AND METHODS

Identification of human isolates

M. avium isolates

The strains were identified at the UC Golnik on
the basis of their physical and biochemical characteristics and on the basis of AccuProbe assays
(Mycobacterium avium complex assay and/or
Mycobacterium avium assay and/or Mycobacterium
intacellulare assay, GenProbe, San Diego, CA,
USA). The strains were subsequently identified
also with IS901 and IS1245 PCRs.

The strains (n = 114) were isolated from pigs
(n = 90) and humans (n = 24). All swine strains
belonged to different animals. Human strains were
isolated from 23 patients as 2 strains represented
sequential isolates (isolated in 2002 and 2003,
respectively) from one patient. Animal strains
176

Identification of animal isolates
IS1245 PCR and in-house IS901 PCR were
used to assess the molecular characteristics of
the strains. IS1311 PCR was performed only in
strains with negative typing results. Template DNA
was extracted with the simplified boiling method:
a few colonies were suspended in 50 µl PCR-grade
distilled water, incubated at 100°C for 15 min and
centrifuged for 2 min at 11 000×g. The supernatant was used for PCR with the primer sets described previously (Kunze et al., 1992; Guerrero
et al., 1995; Roiz et al., 1995). Amplification reactions were performed in a thermocycler (Applied
Biosystems, Foster City, CA, USA) with 20-µl
volumes containing 10 µl Taq PCR Master Mix
(Qiagen, Hilden, Germany), 7.8 µl UltraPure 
water (Invitrogen, Carlsbad, CA, USA), 10 pmols
each oligonucleotide primer (Invitrogen, Carlsbad,
CA, USA) and 2 µl of template DNA. For IS901
PCR, the first 5 cycles consisted of 1 min at 94°C,
1 min at 65°C and 1 min at 72°C. The next 27 cycles, consisting of 30 s at 94°C, 30 s at 64°C and
30 s with the addition of 2 s in every cycle at 72°C,
were followed by a final extension for 5 min at
72°C. IS1245 and IS1311 PCRs were performed
following the amplification protocols described
previously (Guerrero et al., 1995; Roiz et al., 1995).
Amplification products were analyzed by electrophoresis on 2% agarose gels and detected by ethidium bromide staining.

Vet. Med. – Czech, 50, 2005 (4): 175–180

Original Paper

IS1245-IS1311 spacer typing
A small loop of mycobacteria was suspended
in 100 µl TE containing 1% Triton-X, incubated
at 100°C for 30 min and centrifuged for 2 min at
11 000×g. The supernatant was used as a DNA
source without further purification. The amplification protocol was a variation of a procedure
described elsewhere (Picardeau and Vincent,
1996). Amplification was performed in a thermocycler (Biometra, Göttingen, Germany) with
50-µl volumes containing 25 µl Taq PCR Master Mix
(Qiagen, Hilden, Germany), 22 µl UltraPure water
(Invitrogen, Carlsbad, CA, USA), 50 pmols each
oligonucleotide primer (Invitrogen, Carlsbad, CA,
USA) described previously (Picardeau and Vincent,
1996) and 2 µl of template DNA. Amplification
protocol started with 5 cycles consisting of 1 min
at 94°C, 1 min at 52°C and 1 min at 72°C. The next
30 cycles, consisting of 30 s at 94°C, 30 s at 52°C
and 30 s with the addition of 2 s in every cycle at
72°C, were followed by a final extension for 5 min
at 72°C. Amplification products were analyzed by
electrophoresis on 2% agarose gels and detected
by ethidium bromide staining. The results were
analysed with BioNumerics software (Applied
Maths, version 4.0, Sint-Martens-Latem, Belgium).
Dendrogram was created using an UPGM (Dice coefficient) algorithm made by means of BioNumerics
software.

RESULTS
The results of PCR identification and typeability of IS1245-IS1311 spacer typing of the strains
are shown in Table 1. The majority of investigated
strains belonged to M. a. hominissuis (66.7%); 33.3%
strains were M. a. avium. In pigs, 57.8% strains were
M. a. hominissuis and 42.2% M. a. avium. All human isolates lacked IS901.

IS1245-IS1311 spacer typing was successfully accomplished for 59 (51.8%) isolates while 55 (48.2%)
isolates gave no amplification signal. All IS901+
strains and 17 M. a. hominissuis were not typeable. The isolates with negative typing results were
tested for the presence of IS1311 and all except one
gave positive results.
A high degree of genetic diversity among isolates
was observed: 59 isolates demonstrated 43 different
patterns comprising up to 6 bands (Figure 1). The
discrimination index of the method (Hunter and
Gaston, 1988) was 0.985.
All isolates were subjected to 2 IS1245-IS1311
spacer typing tests in order to assess the reproducibility of the method. One isolate expressed
different PCR profiles in different PCR tests while
in one case the isolate was positive in the first test
and negative in the second. All other isolates gave
identical results in both tests; the reproducibility
rate was 96.6%.

DISCUSSION
IS1245-IS1311 spacer typing introduced by
Picardeau and Vincent (1996) was described as
a simple, rapid and reproducible method as discriminating as IS1245 RFLP and providing a relevant characterization of M. avium strains. So
far it was used to characterize human M. avium
strains from HIV positive and HIV negative patients (Picardeau and Vincent, 1996; Picardeau et
al., 1997; Pestel-Caron et al., 1999), to compare the
levels of relatedness of clinical and food M. avium
isolates (Yoder et al., 1999) and to characterize M.
avium isolates in an epidemic among farmed lesser
white-fronted geese (Kauppinen et al., 2001). PCR
profiles of M. avium strains isolated from humans
were found to be relatively diverse with the patterns
consisting of less than 10 bands (Picardeau and
Vincent, 1996; Pestel-Caron et al., 1999). Identical

Table 1. Results of PCR identification and typeability of IS1245-IS1311 spacer typing of Mycobacterium avium
strains isolated from animals and humans
Identiﬁcation

Typing positive

Typing negative

Total

animal

human

animal

human

0

0

38

0

38

M. avium hominissuis (IS901–, IS1245+)

38

21

14

3

76

Total

38

21

52

3

114

M. avium avium (IS901+, IS1245+)
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Figure 1. Dendrogram of IS1245-IS1311
spacer typing patterns of human and swine
Mycobacterium avium isolates. Origin of the
isolates is designated as follows: I-H: imported
from Hungary; I-A: imported from Austria;
SF1-22: small farms (less than 1000 animals);
LF1-4: large farms (more than 1 000 animals);
H1-20: human isolates (H10-02 and H10-03:
strains, isolated from the same patient in the
year 2002 and 2003, respectively)
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and closely related profiles were found in comparisons between clinical and food samples (Yoder et
al., 1999). M. avium strains isolated from lesser
white-fronted geese showed mainly one-band patterns in comparison to the environmental isolates
that yielded multi-banded patterns (Kauppinen et
al., 2001). No data on presence of IS901 in the investigated strains were found in previous reports
on M. avium IS1245-IS1311 spacer typing.
This is the first study of M. avium isolates in
Slovenia based on IS1245-IS1311 spacer typing.
M. avium isolates were found to be very heterogeneous which is in agreement with the findings reported previously (Pestel-Caron et al., 1999; Yoder
et al., 1999). We found only two clusters (consisting
of 4 and 5 strains, respectively) and 9 duplicates
of the same pattern, which cannot be correlated
with the origin of the strains. The isolates from
human and animal sources were indistinguishable
in only one case. The two isolates from the same
patient, obtained in two different time periods,
were identical. The discrimination index of the
method (0.985) is high but a high proportion of
one-band (11.9%) and two-bands (33.9%) patterns
among our isolates should be taken into account.
Frequent occurrence of one-band patterns, associated with low IS copy number, is a critical limitation as such patterns are poorly discriminatory for
epidemiologically unrelated isolates. Apart from
PFGE and RFLP, random amplified polymorphic
DNA (RAPD) analysis might provide a solution in
these cases as it was described as a useful and more
discriminating rapid method for fingerprinting M.
avium strains (Kaupinnen et al., 2001).
Furthermore, all IS901+ isolates in the present
study yielded no bands. This might be due to low
IS1245 copy number as M. a. avium isolates carry
only 3 copies of IS1245 and 1 or 2 copies of IS1311
(O’Grady et al., 2000). One of the possible reasons
for this outcome could also be that IS901 copies are
located between the copies of IS1245 and IS1311,
increasing the distance between them and disabling
the amplification of the DNA fragment between
both insertion elements. If IS901+ strains indeed
cannot be typed, then the usefulness of the method
is significantly reduced, particularly in veterinary
medicine.
As proposed previously, the method would be
suitable for preliminary screening or to investigate
small numbers of isolates collected over a short period of time (Pestel-Caron et al., 1999). As it seems
from the results of our study, only IS901 negative

Original Paper
strains are typeable with this method, which is a
considerable drawback when testing field samples.
To our belief, tedious and time-consuming PFGE or
RFLP should still remain the reference techniques
for M. avium strain characterization.

REFERENCES
Bauer J., Andersen A.B. (1999): Stability of insertion
sequence IS1245, a marker for differentiation of Mycobacterium avium strains. Journal of Clinical Microbiology, 37, 442–444.
Bono M., Jemmi T., Bernasconi C., Burki D., Telenti A.,
Bodmer T. (1995): Genotypic characterization of Mycobacterium avium strains recovered from animals
and their comparison to human strains. Applied and
Environmental Microbiology, 61, 371–373.
Grange J.M. (1996): Mycobacteria and human disease.
2nd ed. Arnold, London. 11–28.
Green E.P., Tizard M.L., Moss M.T., Thompson J., Winterbourne D.J., McFadden J.J., Hermon-Taylor J. (1989):
Sequence and characteristics of IS900, an insertion
element identified in a human Crohn’s disease isolate
of Mycobacterium paratuberculosis. Nucleic Acids
Research, 22, 9063–9087.
Guerrero C., Bernasconi C., Burki D., Bodmer T., Telenti
A. (1995): A novel insertion element from Mycobacterium avium, IS1245, is a specific target for analysis
of strain relatedness. Journal of Clinical Microbiology,
33, 304–307.
Hernandez Perez M., Fomukong N.G., Hellyer T., Brown
I.N., Dale J.W. (1994): Characterization of IS1110,
a highly mobile genetic element from Mycobacterium
avium. Molecular Microbiology, 12, 717–724.
Hunter P.R., Gaston M.A. (1988): Numerical index of
the discriminatory ability of typing systems: an application of Simpson’s index of diversity. Journal of
Clinical Microbiology, 26, 2465–2466.
Kauppinen J., Hintikka E.-L., Iivanainen E., Katila M.-L.
(2001): PCR-based typing of Mycobacterium avium
isolates in an epidemic among farmed lesser whitefronted geese (Anser erythropus). Veterinary Microbiology, 81, 41–50.
Komijn R.E., de Haas P.E.W., Schneider M.M.E., Eger T.,
Nieuwenhuijs J.H., van den Hoek R.J., Bakker D., van
Zijderveld F.G., van Soolingen D. (1999): Prevalence
of Mycobacterium avium in slaughter pigs in the Netherlands and comparison of IS1245 restriction fragment
length polymorphism patterns of porcine and human
isolates. Journal of Clinical Microbiology, 37, 1254–
1259.

179

Original Paper
Kunze Z.M., Portaels F., McFadden J.J. (1992): Biologically distinct subtypes of Mycobacterium avium differ
in possession of insertion sequence IS901. Journal of
Clinical Microbiology, 30, 2366–2372.
Mijs W., de Haas P., Rossau R., van der Laan T., Rigouts
L., Portaels F., van Soolingen D. (2002): Molecular
evidence to support a proposal to reserve the designation Mycobacterium avium subsp. avium for bird-type
isolates and M. avium subsp. hominissuis for the
human/porcine type of M. avium. International Journal of Systematic and Evolutionary Microbiology, 52,
1501–1518.
Moss M.T., Malik Z.P., Tizard M.L.V., Green E.P., Sanderson J.D., Hermon-Taylor J. (1992): IS902, an insertion
element of the chronic-enteritis-causing Mycobacterium avium subsp. silvaticum. Journal of General Microbiology, 138, 139–145.
O’Grady D., Flynn O., Costello E., Quigley F., Gogarty
A., McGuirk J., O’Rourke J., Gibbons N. (2000): Restriction fragment length polymorphism analysis of
Mycobacterium avium isolates from animal and human
sources. International Journal of Tuberculosis and
Lung Disease, 4, 278–281.
Pavlik I., Svastova P., Bartl J., Dvorska L., Rychlik I.
(2000): Relationship between IS901 and the Mycobacterium avium complex strains isolated from birds,
animals, humans and the environment and virulence
for poultry. Clinical and Diagnostic Laboratory Immunology, 7, 212–217.
Pestel-Caron M., Graff G., Berthelot G., Pons J.L., Lemeland J.F. (1999): Molecular analysis of Mycobacterium
avium isolates by using pulsed – field gel electrophoresis and PCR. Journal of Clinical Microbiology, 37,
2450–2455.

Vet. Med. – Czech, 50, 2005 (4): 175–180
Picardeau M., Vincent V. (1996): Typing of Mycobacterium avium isolates by PCR. Journal of Clinical Microbiology, 34, 389–392.
Picardeau M., Varnerot A., Lecompte T., Brel F., May T.,
Vincent V. (1997): Use of different molecular typing
techniques for bacteriological follow-up in a clinical
trial with AIDS patients with Mycobacterium avium
bacteremia. Journal of Clinical Microbiology, 35,
2503–2510.
Roiz M.P., Palenque E., Guerrero C., Garcia M.J. (1995):
Use of restriction fragment length polymorphism as a
genetic marker for typing Mycobacterium avium strains.
Journal of Clinical Microbiology, 33, 1389–1391.
Thoen C.O., Steele J.H. (1995): Mycobacterium bovis
infection in animals and humans. 1 st ed. Iowa State
University Press, USA. 355 pp.
Thorel M.F., Krichevsky M., Levy-Frebault V.V. (1990):
Numerical taxonomy of mycobactin-dependent mycobacteria, emended description of Mycobacterium
avium, and description of Mycobacterium avium
subsp. avium subsp. nov., Mycobacterium avium subsp.
paratuberculosis subsp. nov., Mycobacterium avium
subsp. silvaticum subsp. nov. International Journal of
Systematic Bacteriology, 40, 254–260.
Wolinsky E., Schaefer W.B. (1973): Proposed numbering
scheme for mycobacterial serotypes by agglutination.
International Journal of Systematic Bacteriology, 23,
182–183.
Yoder S., Argueta C., Holtzman A., Aronson T., Berlin
O.G., Tomasek P., Glover N., Froman S., Stelm Jr. G.
(1999): PCR comparison of Mycobacterium avium
isolates obtained from patients and foods. Applied and
Environmental Microbiology, 65, 2650–2653.

Corresponding Author
Matjaz Ocepek, Ph.D., Veterinary Faculty, Gerbiceva 60, 1115 Ljubljana, Slovenia
Tel. +386 1 4779 252, fax: +386 1 4779 352, e-mail: matjaz.ocepek@vf.uni-lj.si

180

Received: 04–10–11
Accepted after corrections: 05–04–19

