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Mycobacterium avium complex (MAC) infections are increasing annually in various countries, including
Japan, but the route of transmission and pathophysiology of the infection remain unclear. Currently, a
variable-number tandem-repeat (VNTR) typing method using the Mycobacterium avium tandem repeat
(MATR) loci (MATR-VNTR) is employed in Japan for epidemiological studies using clinical isolates of M.
avium. In this study, the usefulness of this MATR-VNTR typing method was compared with that of the
IS1245-restriction fragment length polymorphism (IS1245-RFLP) typing method and a mycobacterial inter-
spersed repetitive-unit (MIRU)-VNTR typing method reported previously (V. C. Thibault, M. Grayon, M. L.
Boschiroli, C. Hubbans, P. Overduin, K. Stevenson, M. C. Gutierrez, P. Supply, and F. Biet, J. Clin. Microbiol.
45:2404-2410, 2007). Seventy clinical isolates identified as M. avium from human immunodeficiency virus-
negative patients with MAC infections were used. MATR-VNTR typing using 15 loci distinguished 56 patterns
of different allele profiles, yielding a Hunter-Gaston discriminatory index (HGDI) of 0.990. However, 1S1245-
RFLP and MIRU-VNTR typing yielded HGDIs of 0.960 and 0.949, respectively, indicating that MATR-VNTR
has an excellent discriminatory power compared with MIRU-VNTR and IS1245-RFLP typing. Moreover,
concomitant use of the MATR-VNTR method and IS7245-RFLP typing increased the HGDI to 0.999. MATR-
VNTR typing is inexpensive and easy to perform and could thus be useful in establishing a digital multifacility
database that will greatly contribute to the clarification of the transmission route and pathophysiology of M.

avium infections.

There are many species of nontuberculous mycobacteria
in nature, and they are widely distributed as environmental
inhabitants that are found in soil, water, and dust (7). The
Mycobacterium avium complex (MAC) is comprised of ma-
jor pathogenic nontuberculous mycobacteria infecting hu-
mans and animals. MAC infection is increasing annually in
many countries, including Japan (13, 14). The cause of this
increase remains unclear because the route of transmission
and the pathophysiology of the disease are not fully under-
stood. The original descriptions of MAC as the Battey ba-
cillus were reported for men with underlying chronic lung
disease (18). Thereafter, among species belonging to MAC,
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M. avium was considered an opportunistic bacterium that
causes generalized disseminated diseases in human immu-
nodeficiency virus (HIV)-infected patients and was not con-
sidered to cause disease in the absence of a compromised
host immune system. However, the emergence of pulmonary
disease, especially in women, has been well described for
some time (20). Recently, pulmonary MAC infections pro-
ducing lesions in the lingular segments and middle lobe are
increasing in middle-aged and elderly women with no un-
derlying disease, especially in Japan. Also, since the treat-
ment for MAC infections is not as established as that for
tuberculosis, patient outcomes are often poor. Patients who
exhibit lung lesions characterized by cavities or bronchiec-
tasis on radiography and who show progressive lung destruc-
tion may develop fatal dyspnea (4, 13). Since such diseases
are also observed in patients showing no immunological
abnormalities, we speculate that they may be caused not
only by host characteristics but also by the bacteria.

M. avium strains are typed according to their patterns of
insertion sequences. ISI245-restriction fragment length
polymorphism (RFLP) analysis as reported by Guerrero et



VoL. 47, 2009

al. (5) is regarded as the standard method for the typing of
M. avium strains (28). However, the usefulness of this
method is limited because of reduced resolution when M.
avium strains have few or no IS7245 sequences (1) and
because of reduced reproducibility when they have a sub-
stantial number of IS7245 sequences, as is the case with the
Mycobacterium tuberculosis complex (2). This method is
therefore inappropriate for epidemiological analysis per-
formed jointly by multiple facilities. In contrast, variable-
number tandem-repeat (VNTR) typing analysis using Myco-
bacterium avium tandem repeats (MATR-VNTR), which
has a high level of reproducibility and allows the digitaliza-
tion of data for easy comparison among facilities, has begun
to be applied not only in the veterinary field but also for the
genotyping of human clinical isolates in Japan for further
clarification of human M. avium diseases (10, 16). TRs or
repetitive units are interspersed throughout chromosomes
in which sequences of 10- to 100-bp minisatellites appear
repeatedly (24). The number of repetitions in the sequence
is known to vary specifically among bacterial strains, allow-
ing for their discrimination. The advantages of this method
are as follows. First, the method is based primarily on PCR.
Second, it can be performed with minimal training. Third, it
can be performed with a small amount of sample. Fourth, a
database derived from multiple facilities can easily be cre-
ated because the results are expressed numerically (23).

In this study, M. avium strains were typed according to
1S1245-RFLP patterns, MATR-VNTR patterns, and mycobac-
terial interspersed repetitive-unit (MIRU)-VNTR patterns,
using the MIRUs reported by Thibault et al. in 2007 (25). The
usefulness of MATR-VNTR typing analysis employed in Japan
was also evaluated.

MATERIALS AND METHODS

Bacterial strains. Seventy clinical isolates were identified as M. avium by the
Cobas Amplicor mycobacterium test (Roche Diagnostic Systems, Inc., Basel,
Switzerland) (9) and further identified as M. avium by PCR (17). The standard
MAC strains M. avium subsp. avium (GTC00603; derived from M. avium ATCC
25291 and ATCC 35718), M. avium subsp. paratuberculosis (ATCC 19698), M.
avium subsp. hominissuis (ATCC 19978), and M. avium subsp. silvaticum (ATCC
49884) were used. Clinical isolates were recovered from the sputa of HIV-
negative patients with pulmonary MAC infection who had been examined at a
medical organization in Japan between 2004 and 2008. One strain from each
patient was analyzed.

RFLP analysis. (i) DNA extraction. After the isolated M. avium strains were
cultured at 37°C for 1 to 3 weeks in 5 ml of Middlebrook 7H9 liquid medium
supplemented with 10% oleic acid-albumin-dextrose-catalase enrichment, 0.5 ml
was transferred to Mycobroth liquid medium (Kyokuto, Tokyo, Japan), and
enrichment culture was performed until the absorbance (530 nm) reached 0.4.
The culture was centrifuged at 2,000 X g for 15 min, the pellets were treated
using Isoplant IT (Nippon Gene, Tokyo, Japan) according to the manufacturer’s
instructions, and the DNA extract was dissolved in 50 wl of Tris-EDTA buffer
(pH 8.0) (Sigma-Aldrich, St. Louis, MO).

(ii) IS1245-RFLP. 1S1245-RFLP typing was performed according to the
method proposed by van Soolingen et al. (5, 28). The probe was labeled with
digoxigenin, using a PCR DIG probe synthesis kit (Roche Diagnostic Sys-
tems), and was confirmed to be IS7245 by sequencing. Two micrograms of
DNA extract was digested with the restriction enzyme Pvull, separated by
electrophoresis on a 1% agarose gel (Takara Bio, Tokyo, Japan), transferred
from the gel by vacuum blotting onto a nylon membrane (Hybond N; GE
Healthcare, Buckinghamshire, United Kingdom), and exposed in a UV illu-
minator. The membrane was hybridized using a DIG luminescent detection
kit (Roche Diagnostic Systems) and exposed to X-ray film (GE Healthcare).
The gel images were saved in TIFF format and were analyzed with Finger
Printing IT software (Bio-Rad Laboratories, Hercules, CA). A dendrogram of
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pattern relatedness among the strains was constructed using the unweighted-
pair group method using average linkages and with the different bands of
calculation. The calculation was made with a 1.0% tolerance.

For clinical isolates that showed no band on IS/245-RFLP analysis, PCR
amplification of IS7245 was performed, using the same primers as those used in
probe preparation. Regarding the M. avium subsp. paratuberculosis standard
strain of the standard MAC strains, since the strain does not have 1S/245 and
also since PCR amplification was not observed, it was not used for IS7245-RFLP
analysis in this study (8, 26).

VNTR analysis. (i) DNA extraction. The clinical isolates of M. avium were
cultured at 37°C for 1 to 3 weeks in 5 ml of Middlebrook 7H9 liquid medium
supplemented with 10% oleic acid-albumin-dextrose-catalase enrichment, and 5
ml was cultured for enrichment in Mycobroth liquid medium (Kyokuto, Tokyo,
Japan) to an absorbance (530 nm) of 0.2. DNA was then extracted using In-
staGene Matrix (Bio-Rad Laboratories, Hercules, CA) according to the manu-
facturer’s instructions.

The distinctive features of InstaGene Matrix are its DNA purification reagent
for PCR amplification and its extremely simple DNA extraction procedure.
Furthermore, DNA extraction is possible within 1 hour (17).

(ii) MATR-VNTR. In the search for homology with the TRs of M. tuberculosis,
MATR-VNTR typing selected a candidate by use of M. avium strain 104, and by
comparing this strain with M. avium subsp. paratuberculosis strain K10, 16 VNTR
loci were thus identified. Among these, except for MATR-10, 15 loci are pres-
ently used for analysis (16). Also, primers were designed so that PCR amplifi-
cation can be performed under the same conditions for all loci.

The primers used for MATR-VNTR are listed in Table 1. The PCR mix-
ture (50 pl) was composed of 2 pl of DNA solution, 1 U of AmpliTaq Gold
DNA polymerase (Applied Biosystems, Foster City, CA), 5 pl of 2 mM
deoxynucleoside triphosphate mix, 5 ul of 10X PCR buffer, and 1 pl of each
primer at 25 wM. The reactions were carried out using a GeneAmp 9700 PCR
system (Applied Biosystems). The PCR conditions were as follows: 1 cycle of
95°C for 10 min followed by 38 cycles of 98°C for 10 s, 68°C for 30 s, and 72°C
for 1 min and then 1 cycle of 72°C for 7 min. The PCR products were
electrophoresed with the TrackIt 50-bp DNA ladder (Invitrogen, San Diego,
CA) in a 2% agarose gel (E-gel; Invitrogen). The amplification product of M.
avium subsp. paratuberculosis (ATCC 19698), for which the number of rep-
etitions of each VNTR locus had been determined by sequence analysis, was
used as a positive control. After electrophoresis, the gel was photographed
with Gel-Doc (Bio-Rad), and the number of base pairs in the target VNTR
loci was estimated using Quantity One (Bio-Rad) analysis software. The
numbers of repetitions of various VNTR loci of each strain were determined
and regarded as an allele profile. The Manhattan distance was determined on
the basis of each obtained allele profile, and a dendrogram was estimated by
the Fitch-Margoliash method, which was prepared using Tree View (http:
//taxonomy.zoology.gla.ac.uk/rod/rod.html).

(iii) MIRU-VNTR. The primers reported by Thibault et al. (25) were used for
MIRU-VNTR typing analysis (see Table S1 in the supplemental material). The
PCR mixture (25 pl) was composed of 1 wl of DNA solution, 1.25 U of AmpliTaq
Gold DNA polymerase (Applied Biosystems), 2.5 wl of 2 mM deoxynucleoside
triphosphate mix, 2.5 pl of 10X PCR buffer, and 0.5 ul of each primer at 25 uM,
with 1 ul of dimethyl sulfoxide (Wako, Osaka, Japan) for TR292, TR25, TR3,
TR7, and TR47 and 2 .l of dimethyl sulfoxide for TR32 and TR10. The reactions
were carried out using a GeneAmp 9700 PCR system (Applied Biosystems). The
PCR conditions were as follows for TR292, TR25, TR3, TR7, and TR47: 1 cycle
of 95°C for 10 min followed by 40 cycles of 94°C for 30 s, 58°C for 30 s, and 72°C
for 30 s and then 1 cycle of 72°C for 7 min. For TR32 and TR10, the PCR
conditions were 1 cycle of 95°C for 10 min followed by 40 cycles of 94°C for 1 min,
57°C for 1 min, and 72°C for 1 min and then 1 cycle of 72°C for 7 min. The PCR
products were electrophoresed alongside TrackIt 50-bp DNA ladder size mark-
ers (Invitrogen) in a 2% agarose gel (Invitrogen). The amplification product of
M. avium subsp. paratuberculosis (ATCC 19698), for which the number of rep-
etitions of each VNTR locus had been determined by Thibault et al. (25), was
used as a positive control. Hereafter, the same analytical procedure as that used
for MATR-VNTR was performed. For the samples that showed no amplifica-
tion, PCR amplification was attempted again, using the same method as that
reported previously (15, 25).

Sequence and in silico analyses. The PCR products obtained from various
loci of MIRU-VNTR and MATR-VNTR of M. avium subsp. avium
(GTC00603; derived from M. avium ATCC 25291 and ATCC 35718) were
purified using a GenElute PCR DNA purification kit (Sigma-Aldrich), and
direct sequencing analysis was performed using the same primers as those
used in the PCRs. The nucleotide sequences were compared with the genomic
data for M. avium subsp. paratuberculosis strain K10 (GenBank accession
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M aviem M avium

FIG. 1. Dendrogram of 1S1245-RFLP patterns of M. avium isolates, including 70 clinical strains and reference strains, as determined by the
unweighted-pair group method using average linkages, using the different band calculation and a 1.0% position tolerance. The scale at the top
shows the genetic similarity among the profiles, expressed as percentages. Faint bands were included in the comparison. MAA (M. avium subsp.
avium), strain GTC00603; MAH (M. avium subsp. hominissuis), strain ATCC 19978; MAS (M. avium subsp. silvaticum), strain ATCC49884.
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FIG. 2. Dendrogram and allele profiles constructed from MATR-VNTR typing results for M. avium isolates, including 70 clinical strains and
reference strains. The dendrogram was created from distance matrix files by Fitch-Margoliash analysis according to MATR-VNTR markers. Allele
profiles analyzed using MATR-VNTR loci from isolates showing 100% similarity are boxed. The Manhattan distance is indicated at the bottom.
MAA (M. avium subsp. avium), strain GTC00603; MAH (M. avium subsp. hominissuis), strain ATCC 19978; MAS, (M. avium subsp. silvaticum)
strain ATCC 49884; MAP (M. avium subsp. paratuberculosis), strain ATCC 19698.

number NC002944) (12) and M. avium strain 104 (GenBank accession num-
ber NC008595), using a minisatellite database (http://minisatellites.u-psud
r/). Alignment of the nucleotide sequences was performed using CLC Se-
quence Viewer 4.6.2 (CLC Bio, Tokyo, Japan).

VNTR allelic diversity analysis. The allelic diversity index /2 was used for the
evaluation of allelic diversity of the various VNTR loci. The value of / was
calculated using the following formula described by Selander et al. (22):h =1 —
Sxp[n/(n — 1)], where x; is the frequency of the ith allele at the locus and 7 is the
number of bacterial strains.

Calculation of discriminatory power. The discriminatory power of each typing
method was compared using the Hunter-Gaston discriminatory index (HGDI)
(6). The HGDI was calculated using the following formula:

s

1
w2

where DI is the discriminatory index, N is the total number of strains in the typing
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TABLE 2. VNTR typing of MATR allelic distribution in M. avium
clinical isolates

No. of isolates with specified MATR allele” Allelic
Locus diversity
0 1 2 3 4 5 6 7 (h)*

MATR-1 1 30 38 1 0.514
MATR-2 29 34 5 2 0.581
MATR-3 42 10 1 3 14 0.571
MATR-4 2 66 2 0.096
MATR-5 1 66 3 0.096
MATR-6 1 49 20 0.420
MATR-7 20 27 3 5 14 1 0.718
MATR-8 14 53 3 0.376
MATR-9 44 26 0.459
MATR-11 21 48 1 0.431
MATR-12 71 0.000
MATR-13 38 329 0.525
MATR-14 1 45 22 2 0.480
MATR-15 67 2 1 0.070
MATR-16 5 13 52 0.400

“ Calculated as described by Selander et al. (22).
" There was a total of 70 clinical isolates tested.

scheme, s is the number of clusters obtained, and #; is the number of strains
belonging to the jth pattern cluster.

RESULTS

IS1245-RFLP typing. Of the 70 clinical isolates analyzed, 14
strains (20.0%) showed no band corresponding to 1S71245 (Fig.
1). The failure of amplification of 1S/245 by PCR suggested
that the strains do not have IS7245. The number of bands was
one to six for 28 strains (40.0%) and seven or more for 28
strains (40.0%). RFLP profiles were similar for strains TH-7,
TH-81, and TH-82, for strains TH-9 and TH-12, and for strains
TH-110 and TH-112, all of which had one to six bands, indi-
cating that no differentiation could be made using 1S7245-
RFLP typing.

MATR-VNTR typing. As shown in Fig. 2, the 70 clinical
isolates showed allele profiles representing 56 different pat-
terns. Of these isolates, 48 showed distinct patterns and the
remaining 22 formed eight clusters. Each of the standard MAC
strains showed a unique pattern.

Table 2 shows the allelic diversity in various MATR-VNTR
loci. Among the 15 loci, the highest allelic diversity index was
0.718, for MATR-7, while the allelic diversity index was =0.50
for MATR-1, MATR-2, MATR-3, and MATR-13. The allelic
diversity index was low (=0.1) for 4 of the 15 loci, and no allelic
diversity was observed in MATR-12 in this analysis.

MIRU-VNTR typing. As shown in Fig. 3, the 70 clinical
isolates showed allelic profiles representing 27 patterns. Eleven
formed unique patterns, and the remaining 59 formed 16 clus-
ters. Each of the standard MAC strains formed an individual
pattern.

No amplification of the TR3 locus was observed by MIRU-
VNTR typing for 49 of the 70 isolates. Recent reports using the
same methods also showed no amplification of this locus (15,
25). In the 21 strains that showed amplification, the number of
repetitions was 1, similar to the report of Thibault et al. (25).
Therefore, even when amplification was observed, this locus
lacked allelic diversity and was excluded from subsequent anal-
yses.
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The same 191-bp products were amplified from the TR7 loci
of GTCO00603 and all clinical isolates. For the TRX3 locus,
multiple bands were confirmed for all strains, with two or more
repetitions.

Table 3 shows the allelic diversity in various loci by MIRU-
VNTR typing. The allelic diversity index was >0.50 for three of
the seven loci other than TR3, was <0.10 for two loci, and was
0 for TR7.

Sequence and in silico analyses. When theoretically calcu-
lated with only one repetition, the size of TR7 in M. avium
subsp. paratuberculosis strain K10 was 181 bp, while that in M.
avium strain 104 was shown to be 191 bp by in silico analysis.
For TRX3, the primer we used is highly homologous to the
sequence in the TR. TRX3 and MATR-3, TR292 and
MATR-2, and TR10 and MATR-9 were found to be located at
the same loci by VNTR typing. These loci were also in agree-
ment upon sequence analysis using GTC00603. Table 1 shows
the MATR-VNTR loci that were in agreement with those
reported in references 3, 19, and 21.

Comparison of 1S1245-RFLP, MIRU-VNTR, and MATR-
VNTR typing. All strains that formed clusters using 1S7245-
RFLP typing could be discriminated by MATR-VNTR analy-
sis. The 14 strains that showed no band on IS7/245-RFLP
typing could still be discriminated using MATR-VNTR anal-
ysis, except for strains TH-37 and TH-93 and strains TH-46
and TH-59, which could not be discriminated using this
method. Also, all strains that formed the same clusters using
MATR-VNTR typing could be discriminated by IS7245-RFLP
analysis, except for strains TH-37, TH-46, TH59, and TH-93,
which did not have IS7245.

Comparing MATR-VNTR with MIRU-VNTR typing, all of
the strains that formed clusters by MIRU-VNTR typing could
be discriminated by MATR-VNTR analysis. However, strains
TH-62, TH-65, and TH-95 formed the same cluster on MATR-
VNTR typing but could be divided into two clusters by MIRU-
VNTR typing. The number of repetitions of TR32 was eight
for strain TH-62 and seven for strains TH-65 and TH-95.

HGDI. Table 4 shows the HGDIs of the different typing
methods. The discriminatory power of MATR-VNTR typing
yielded an HGDI of 0.990, that of IS1245-RFLP typing yielded
an HGDI of 0.960, and that of MIRU-VNTR typing yielded an
HGDI of 0.949, indicating that MATR-VNTR typing has an
excellent discriminatory power. Moreover, a combination of
the MATR-VNTR method with IS7245-RFLP typing in-
creased the HGDI to 0.999.

DISCUSSION

In this study, three different typing methods, IS71245-RFLP
typing, MATR-VNTR typing, used in Japan, and MIRU-
VNTR typing, were compared using 70 M. avium clinical iso-
lates derived from HIV-negative patients with pulmonary
MAC infection.

One problem with IS7245-RFLP typing was that only 80.0%
of the M. avium isolates had ISI245 and the copy numbers
were six or less for one-half of the M. avium isolates used in
this study. Upon IS6710-RFLP typing of the Mycobacterium
tuberculosis complex (27), the reproducibility among laborato-
ries has been reported to decline with an increase in the num-
ber of bands, and the discriminatory power decreases when
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FIG. 3. Dendrogram and allele profiles constructed from MIRU-VNTR typing results for M. avium isolates, including 70 clinical strains and
reference strains. The dendrogram was created from distance matrix files by Fitch-Margoliash analysis according to MIRU-VNTR markers. Allele
profiles analyzed using MIRU-VNTR loci from isolates showing 100% similarity are boxed. The Manhattan distance is indicated at the bottom.
MAA (M. avium subsp. avium), strain GTC00603; MAH (M. avium subsp. hominissuis), strain ATCC 19978; MAS (M. avium subsp. silvaticum),
strain ATCC 49884; MAP (M. avium subsp. paratuberculosis), strain ATCC 19698.
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TABLE 3. VNTR typing of MIRU allelic distribution in M. avium
clinical isolates
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TABLE 4. Discriminatory index of VNTR and 1S7245-RFLP typing
of M. avium clinical isolates”

No. of isolates with specified MIRU allele® Allelic No. of No. of No. of No. of
Locus diversity Typing method different ) t clustered  unique ~ HGDI”
1 2 3 4 5 7 8 NP (hy? patterns clusters isolates isolates
TR32 17 53 0.359 1S1245-RFLP 53 4 21 49 0.960
TR292 29 34 5 2 0.581 MATR-VNTR 56 8 22 48 0.990
TRX3 42 10 1 3 14 0.571 MIRU-VNTR 27 16 59 11 0.949
TR25 4 42 24 0.512 1S7245-RFLP plus 68 2 4 66 0.999
TR3 21 49 MATR-VNTR
TR7 70 0.000
TR10 44 26 0.459 “ Calculated as described by Hunter and Gaston (6).
TR47 3 67 0.069 ® There was a total of 70 clinical isolates tested.

“ NP, no PCR product.
b Calculated as described by Selander et al. (22).
¢ There was a total of 70 clinical isolates tested.

there are fewer bands (1, 2). To overcome these problems, the
addition of another typing method, such as spoligotyping or
VNTR typing, is recommended (1). This may also be true for
typing of M. avium strains with small numbers of bands that
cannot be discriminated using RFLP typing. For 14 (20.0%)
strains that did not have 1S7245, 1S7245-RFLP typing had no
discriminatory power at all, whereas 10 of these 14 M. avium
isolates could be distinguished using MATR-VNTR typing.
Since all M. avium subsp. paratuberculosis strains do not have
1S71245, 1S1245-RFLP analysis cannot be used for these strains.
Furthermore, cross-hybridization of IS7377 has been reported
with the use of IS/245 as a probe (8, 26). However, it is
possible that VNTR analysis is applicable to these strains. To
evaluate the in vivo stability of the IS7245 and VNTR loci,
Kazumi et al. reported that whereas strains collected on 26
October 1998 and on 19 February 1999 had different RFLP
patterns and four strains collected between 20 February 1999
and 17 March 1999 also had different RFLP patterns, all six
strains showed the same VNTR pattern. Including these cases,
changes in IS7245-RFLP patterns were observed in a short
period for 2 of 16 strains, while no changes in the number of
repetitions were reported using VNTR (10). Therefore, VNTR
analysis has a higher level of reproducibility than IS7245-RFLP
analysis. For RFLP analysis, highly purified DNA is required.
On the other hand, for VNTR analysis, since PCR is the base
for the method, detection is possible as long as DNA is ex-
tracted, even though its purity is not high. Therefore, for DNA
used for VNTR analysis in this study, a DNA purification
reagent for PCR amplification was used. By use of this reagent,
the DNA extraction procedure is very simple and easy, and
DNA extraction is possible within 1 hour. This procedure is
considered a DNA extraction method useful for performing
VNTR analysis.

Several shortcomings were noted in the use of MIRU-
VNTR typing. First, discrimination by electrophoresis of
MIRU-VNTR TR32, whose TR length is 18 bp long, was
difficult. Le Fleche et al. showed that TRs larger than 50 bp
were easier to analyze by electrophoresis (11). In MATR-
VNTR typing, since all VNTR loci were selected to be 53 to 58
bp in TR length, size discrimination was much easier. Second,
PCR of the TRX3 locus produced multiple bands by MIRU-
VNTR analysis because of the presence of sequences inside
the TR locus that are highly homologous to the primer. How-

ever, the MATR3 primers used in MATR-VNTR analysis,
which are targeted to the same locus as the TRX3 primers,
were designed to be nonhomologous to the sequences of the
TR locus, and a single band was always obtained. Third, for all
clinical isolates studied, the size of the PCR products from the
TR7 locus was 191 bp, 10 bp longer than that shown originally
for M. avium subsp. paratuberculosis by Thibault et al. (25). In
silico analysis of the TR7 locus in GTC00603 and M. avium
strain 104 confirmed this difference. Similarly, it is presumed
that this result could also be obtained even by MATR-VNTR
analysis of M. avium subsp. paratuberculosis. Since in silico
analysis of M. avium subsp. paratuberculosis strains K10 and
ATCC 19698 showed that MATR-11 was 10 bp shorter than
the theoretically calculated value, it was suggested that
MATR-11 could not be used to discriminate M. avium subsp.
paratuberculosis strains. Finally, no amplification of the TR3
locus was noted for 49 (70.0%) of the 70 strains, indicating that
this locus may not be present in these isolates. A similar phe-
nomenon also occurred using VNTR typing of the Mycobacte-
rium tuberculosis complex (23), probably due to the difference
in endemic strains in various geographic areas.

As for features that MATR-VNTR and MIRU-VNTR anal-
yses have in common, the standard strains were all shown to
form a single pattern by either analysis. Since MATR-VNTR
typing was superior to MIRU-VNTR typing in classification, it
was presumed that the standard strains were spotted, not con-
centrated. MATR-VNTR loci and VNTR loci reported by
Thibault et al. (25) and other groups (3, 19, 21), which turned
out to be the same loci as MATR-VNTR loci by in silico
analysis, were found to show diversity. Therefore, since
MATR-VNTR and MIRU-VNTR typing methods are based
on the same principle, MATR-VNTR typing could also be a
useful tool in molecular epidemiology in countries other than
Japan.

VNTR typing is a very simple procedure which can be per-
formed with a very small amount of DNA, regardless of
whether the bacteria are alive or dead. PCR analysis and elec-
trophoresis can be completed in just 1 day. VNTR typing is
also a promising analytical method in molecular epidemiology
that can be performed with strains that show a small number of
bands on RFLP typing. This study showed that the discrimi-
natory power of MATR-VNTR analysis was higher than that
of IS7245-RFLP analysis. However, since there were strains
that could be discriminated using IS7245-RFLP but not by
MATR-VNTR typing, the concomitant use of RFLP typing,
when necessary, is recommended.
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Elucidation of the transmission routes and pathophysiology

of M. avium infection will likely be considerably advanced by
construction of a molecular epidemiological database by use of
VNTR typing, using clinical data from multiple facilities. This
technique is inexpensive and easy to perform and has a high
HGDL
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