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Strain comparison is important to population genetics and to evaluate relapses in patients with Mycobacterium avium complex
(MAC) lung disease, but the “gold standard” of pulsed-field gel electrophoresis (PFGE) is time-consuming and complex. We
used variable-number tandem repeats (VNTR) for fingerprinting of respiratory isolates of M. intracellulare from patients with
underlying bronchiectasis, to establish a nonsequence-based database for population analysis. Different genotypes identified by
PFGE underwent species identification using a 16S rRNA gene multiplex PCR. Genotypes of M. intracellulare were confirmed by
internal transcribed spacer 1 (ITS1) sequencing and characterized using seven VNTR primers. The pattern of VNTR amplicon
sizes and repeat number defined each specific VNTR type. Forty-two VNTR types were identified among 84 genotypes. PFGE
revealed most isolates with the same VNTR type to be clonal or exhibit similar grouping of bands. Repetitive sequence-based
PCR (rep-PCR) showed minimal pattern diversity between VNTR types compared to PFGE. Fingerprinting of relapse isolates
from 31 treated patients using VNTR combined with 16S multiplex PCR unambiguously and reliably distinguished different
genotypes from the same patient, with results comparable to those of PFGE. VNTR for strain comparison is easier and faster
than PFGE, is as accurate as PFGE, and does not require sequencing. Starting with a collection of 167 M. intracellulare isolates,
VNTR distinguished M. intracellulare into 42 clonal groups. Comparison of isolates from different geographic areas, habitats,
and clinical settings is now possible.

The ability to compare different strains of microorganisms, in-
cluding nontuberculous mycobacteria (NTM) of the same

species, is essential for understanding sources of disease, clinical
outbreaks, disease relapses, and population dynamics. This need is
especially important for environmental species where exposure to
individual strains may occur frequently.

Efforts to compare isolates of Mycobacterium intracellulare
have been difficult, as the species has no known unique, multicopy
insertional elements, and until recently the genome had not been
sequenced (1–3). Strain comparison of this species has been de-
pendent upon pulsed-field gel electrophoresis (PFGE) (4, 5),
which is expensive, technically difficult, and time-consuming.
Other methods such as repetitive sequence-based PCR (rep-PCR)
(6, 7) and gene sequencing have also been employed.

In 2008, sequences of the type strain of M. intracellulare
ATCC 13950T became publicly available as 353 contiguous
consensus sequences (http://www.ncbi.nlm.nih.gov/nuccore
/NZ_ABIN00000000.1), but the sequence was only published as
a complete sequence in 2012 (1). Variable-number tandem (i.e.,
consecutive) repeats (VNTR) of the minisatellite class (10 to 100
bp) were identified. VNTR typing has been used for strain com-
parison and population studies of other species of mycobacteria,
including Mycobacterium ulcerans, Mycobacterium avium, and
Mycobacterium tuberculosis (8–15). Subsequently, studies of the
use of VNTR for M. intracellulare isolates were reported in 2009
and 2010 from Japan (16) and (Bordeaux) France (17), and the
candidate markers were described as mycobacterial interspersed
repetitive unit–variable-number tandem repeats (MIRU-VNTR)
(17). Those studies looked at approximate VNTR sizes based on
sequencing of M. intracellulare populations from the two coun-

tries. They did not utilize estimated amplicon sizes as an addi-
tional strategy, did not look at isolates of the same VNTR type for
strain relatedness using other typing techniques, and did not use
VNTR typing for strain comparison except for a small number of
patients.

To expand upon their work, we utilized M. intracellulare
MIRU-VNTR for strain comparison in isolates from the same
patients, and we utilized the composite data to create a database of
local isolates VNTR type, amplicon size, and alleles generated by
using all of the above data.

MATERIALS AND METHODS
Patients. The University of Texas Health Science Center at Tyler (UTHSCT)
patients were being monitored in the bronchiectasis and NTM clinic. Patient
isolates were candidates for study if the patient had nodular bronchiectasis
that met current American Thoracic Society/Infectious Diseases Society
of America (ATS/IDSA) 2007 guidelines for clinical disease (18). Some
patients and their initial isolates had been included in previous clinical
studies from this institution (4, 5). Clinical information was extracted
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from medical records. This study was approved by the Institutional Re-
view Board of the UTHSCT.

Isolates. Patients with nodular bronchiectasis whose isolates were
submitted for strain comparison because of microbiologic relapse during
or after drug treatment of their infection were chosen for the fingerprint
portion of this study. Current isolates were compared to previous isolates
stored at �70°C or in their original broth culture vial, which had been
stored at room temperature following primary isolation.

Sputum cultures from patients had been submitted and processed by
the clinical mycobacteriology lab at the UTHSCT, as previously described
(4, 5).

A recent study compared patient and household water isolates of M.
avium complex (MAC) isolates (6) using rep-PCR. Selected patient iso-
lates from that study were also chosen for the population portion of this
study. The type strains of M. intracellulare, ATCC 13950T, and M.
chimaera, DSM 44623T, were included as controls.

Species identification. Isolates for study were identified as MAC using
a commercial hybridization assay (AccuProbe) (Hologic Gen Probe, Inc.,
San Diego, CA). They were then identified as M. avium, M. intracellulare,
or MAC “X” using the multiplex 16S rRNA gene PCR technique described
by Wilton and Cousins (18a). This method does not separate M. intracel-
lulare from the closely related M. chimaera (19). To separate these two
species, sequencing of the internal transcribed spacer (ITS) region was
performed (19, 20).

PFGE. PFGE was performed as previously described using restriction
enzymes XbaI and AseI (4, 5, 21). Isolates from the same patient were
compared and categorized as “indistinguishable,” “probably related,” or
“not related” using differences in band number and position by methods
originally described by Tenover et al. for bacterial outbreaks (22) and then
modified for M. intracellulare (4). Strains in the first two categories were
considered clonal. Different (not related) genotypes from the same
patient were given different letter designations starting with A, then B,
and then C, etc. Numbers were added to letter designations (e.g., A2) if
fewer than seven band differences with each restriction enzyme were
observed.

VNTR. All different PFGE genotypes (“not related” patterns) from
individual patients (range, 2 to 5) and patients with a single isolate or
genotype underwent VNTR analysis.

Mycobacterial DNA was obtained with PrepMan Ultra (Applied Bio-
systems, Carlsbad, CA) according to the manufacturer’s protocol. The
DNA from the supernatant was directly used as a template for identifica-
tion of M. intracellulare isolates using multiplex PCR with designed prim-
ers (18a).

The size of PCR products was estimated by electrophoresis in 2%
agarose gels in 1� Tris-acetate-EDTA (TAE) buffer using a 100-bp ladder
(Life Technologies, formerly Invitrogen, Carlsbad, CA).

rep-PCR. Primers previously described by Versalovic et al. (23) were
used for rep-PCR (9).

Visual strain comparison of rep-PCR band patterns utilized defini-
tions previously published for the use of random primers with isolates of
Mycobacterium abscessus (21). Isolates were considered “indistinguish-
able” if all major bands were the same, with four or more major bands run
on the same gel. They were called “probably related” if they differed by one
major band and “not related” if they differed by two or more major bands.
As with random primers (21), isolates in the “indistinguishable” and
“probably related” categories with rep-PCR could be found to be unre-
lated by PFGE, as some isolates yielded a low number of rep-PCR bands.
(This definition was based on the use of a minimum of three random
primers. The validity of its use with the single rep-PCR has not been
studied without the use of molecular software.)

DNA fingerprinting of isolates with the same VNTR type using
PFGE and rep-PCR. M. intracellulare isolates from different patients sub-
sequently shown to belong to the same VNTR type were compared to each
other using PFGE, rep-PCR, and ITS sequencing. The same three PFGE
categories of relatedness were used as with intrapatient isolates, with a

fourth category of “similar grouping” describing isolates from different
patients whose grouping of DNA fragments on the sizing gel looked sim-
ilar, but the number of individual band differences exceeded seven.

DNA fingerprinting of relapse isolates of M. intracellulare from the
same patient. Patients who underwent relapse after or during drug treat-
ment and who had at least one isolate of M. intracellulare had the initial
and relapse isolates compared by multiplex 16S rRNA gene PCR, PFGE,
and VNTR fingerprinting.

Isolates were considered different if they belonged to different species
or met the PFGE criteria for “not related” (4, 5). Isolates were considered
the same if they belonged to the same species and were “indistinguishable”
or “probably related” by PFGE. Results were then compared to the VNTR
fingerprinting results for isolates of M. intracellulare.

DNA sequencing. Sequencing of the ITS region (263 bp) of each M.
intracellulare isolate was performed as previously described (19, 20, 24).
The sequences were compared to GenBank sequences, including the
Min-A sequence for M. intracellulare ATCC 13950T (AB026691) and the
MAC-A sequence for the type strain of M. chimaera DSM 44623T

(EF521902) (19, 20, 24). Examples of each of the different-size alleles for
each of the seven primers were also sequenced to determine the exact
tandem-repeat size.

Comparisons with pulmonary isolates from patients from the Bor-
deaux region of France. The Texas isolates were numbered by rounding
each tandem-repeat size up to the next whole number. This was the tech-
nique for strain comparison used for the 52 isolates from France reported
by Dauchy et al. (17) and the same seven VNTRs. ATCC 13950T was
included as a control, as it was sized in both studies.

Nucleotide sequence accession numbers. The ITS1 rRNA gene se-
quences for the newly encountered Min-E and Min-F found in M. intra-
cellulare have been deposited in GenBank with accession numbers
KC018476 and KC018477, respectively.

RESULTS
Patients. A total of 56 patients (including the 2 patients who
yielded the ATCC isolates) contributed isolates to the study. The
48 patients from the UTHSCT were typical of older patients with
nodular bronchiectasis and comparable to previous descriptions
(25). All met the American Thoracic Society/Infectious Diseases
Society of America guidelines for NTM lung disease (18).

Species identification. A total of 167 isolates were identified as
M. intracellulare by different means and were utilized in the study.
The human type strain of M. intracellulare ATCC 13950T was in-
cluded as a control.

PFGE. Isolates of M. intracellulare from the same patient were
compared using PFGE to determine the number of unrelated ge-
notypes. PFGE revealed 84 genotypes among the 167 isolates of M.
intracellulare. Individual patients had up to four different geno-
types. The average time for completion of PFGE from receipt of
the initial and relapse cultures was approximately 3 weeks (S.
McNulty, unpublished observations).

VNTR. A range of between 1 and 7 isolates (mean, 1.9 isolates)
shared the same PFGE genotype from the same patient and un-
derwent VNTR typing (167 isolates). All 84 PFGE genotypes of M.
intracellulare produced VNTR amplicons satisfactorily for gel siz-
ing and DNA sequencing. Examples of nine different-size ampli-
cons with different copy number tandem repeats for MIN22 is
shown in Fig. 1.

The different copy numbers and amplicon sizes observed for
each tandem repeat were given allele numbers according to the
size that reflected their complete copy number (partial copies were
not included) (17). Amplicons from each primer set were grouped
together as a single allele if their base pair size difference did not
allow separation on the sizing gel (generally �20 bp) (Table 1).
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This resulted in 42 VNTR types (Table 2). Most types (28/42
[67%]) consisted of a single genotype from one patient. Only 14
VNTR types included multiple PFGE genotypes, and only 5

VNTR types (types 5, 11, 24, 37, and 40) (11.9%) included four or
more isolates from different patients. The average time for com-
pletion of VNTR typing from receipt of initial and relapse isolates
was 6 to 8 h (E. Iakhiaeva, unpublished observations).

rep-PCR. rep-PCR was very reproducible, with both transpar-
ent and opaque colony variants from a single genotype done on
three separate occasions with different growth times and DNA
preparation showing indistinguishable patterns (data not shown).

Because little comparison between the results of rep-PCR and
other typing techniques has been published, we performed rep-
PCR on nine different VNTR types and compared the results to
those obtained by PFGE. There were five major bands with the M.
intracellulare isolates, and all bands were present with most VNTR
types. Figure 2A shows the striking similarity of isolates of M.
intracellulare (lanes 2 to 9 and 12) despite the fact that each pattern
came from a different VNTR type. Lane 3 (type 7), lane 4 (type 11),
lane 5 (type 16), lane 7 (type 38), lane 8 (type 36), and lane 9 (type
37) have “indistinguishable” patterns based on the five major
bands. Single major band differences are seen in lane 2 (type 5)
and lane 12 (type 34), with two major band differences in lane 6
(type 24). The two isolates with six major band differences from all
other isolates (lanes 10 and 11) both belonged to VNTR type 41.
The differences between different VNTR types of this same isolate
collection were much greater using PFGE (Fig. 2B).

DNA fingerprinting of relapse isolates of MAC from the same
patient using multiplex 16S rRNA gene PCR, PFGE, and VNTR.
A total of 31 patients who relapsed with positive cultures one or
more times after sputum conversion to negative cultures (4) and
who had one or more isolates of M. intracellulare among both the
initial and relapse isolates were studied. For ease of comparison,
the first M. intracellulare genotype was considered the initial iso-
late and designated PFGE pattern A (see Table S1 in the supple-
mental material). Among the 31 isolates of M. intracellulare in
both the initial and relapse categories, there were 11 episodes in
which the isolates met the definition of indistinguishable (“re-
lapse”) and 19 episodes in which the isolates met the PFGE defi-

FIG 1 Examples of eight different amplicon sizes associated with eight differ-
ent tandem-repeat copy numbers for MIN22. The amplicons from lanes 2 to 8
are from isolates of M. intracellulare, while that in lane 9 is from another MAC
species (MAC “X”). The gel was performed with 2% agarose in 1� TAE buffer.
Lane 1, 100-bp ladder; lane 2, strain 3068 (6.93 copies) (600 bp); lane 3, strain
1760 (5.9 copies) (550 bp); lane 4, strain 07-3369 (4.94 copies) (500 bp); lane 5,
ATCC 13950T (3.93 copies) (450 bp); lane 6, strain 2788 (3.04 copies) (400 bp);
lane 7, strain 0416 (2.3 copies) (340 bp); lane 8, strain 289-0316 (0.93 copies)
(275 bp); lane 9, water isolate LH-Sw-11-2 (0.16 copy) (220 bp); lane 10,
100-bp ladder.

TABLE 1 VNTR copy number, amplicon sizes, and allele designation seen in isolates of M. intracellulare with seven M. intracellulare tandem repeats
from Dauchy et al. (17)a

(Allele) copy no./amplicon size (bp) for each tandem repeat

MIN22 (57 bp) MIN20 (55 bp) MIN18 (56 bp) MIN19 (53 (bp) MIN33 (54 bp) MIN31 (57 bp) MIRU3 (53 bp)

(7) 7.9/635
(6) 6.93/600
(5) 5.9/550 (5) 5.13/620
(4) 4.94/500 (4) 4.24/560 (4) 4.13/550 (4) 4.7/450 (4) 4.13/595
(3a) 3.93/450
(3) 3.04/400 (3) 3.24/500 (3) 3.13/500 (3) 3.74/390 (3) 3.13/530 (3) 3.43/400

(2) 2.2/445
(2) 2.61/490 (2) 2.11/445

(2) 2.3/340 (2) 2.24/475 (2) 2.7/330 (2) 2.17/480 (2) 2.05/440 (2) 2.43/350
(1a) 1.96/425 (1) 1.11/450

(1) 1.25/400 (1) 1.13/380 (1) 1.74/220 (1) 1.13/420 (1) 1.05/375 (1) 1.43/290

(0a) 0.93/275 (0a) 0.24/350 (0a) 0.74/220 (0a) 0.42/335 (0a) 0.69/250
(0) 0/200 (0) 0/320 (0) 0/200 (0) 0/200 (0) 0/350 (0) 0.280 (0) 0/200
a The allele number in parentheses represents the tandem-repeat complete copy number, with partial values not included. Consecutive alleles generally differ by one complete copy
number (e.g., for MIN22, copy numbers are 7.9, 6.9, 5.9, 4.9, etc.).An “a” indicates a second amplicon size that contains the same number of complete copies. The last row contains
copy numbers/amplicon sizes that contained no tandem-repeat sequences in group 0 that were reported by Dauchy et al. (17) but were not seen in the current study.
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nition of “unrelated” (“new infection”), and two patients with
both unrelated and relapse genotypes. There was one patient
for whom the results of PFGE and VNTR typing were discrep-
ant, with the same VNTR type but an unrelated PFGE pattern.
The PFGE and VNTR typing were done by different individuals
who were unaware of the other results until the fingerprinting
was complete. (The results are shown in Table S1 in the sup-
plemental material.)

DNA fingerprinting of isolates with the same VNTR type.
PFGE and ITS1 sequencing was performed on the 14 VNTR types

with two or more isolates from different patients (range, 2 to 10).
Almost all isolates within a VNTR type were clonal by PFGE (Fig.
3; see also Table S2 in the supplemental material).

Sequencing. All 84 genotypes of M. intracellulare that fell into the
42 VNTR types underwent ITS1 region sequencing. The two control
strains of M. chimaera (including the type strain) matched the
MAC-A ITS1 sequence (20) of the M. chimaera type strain, DSM
44623T (GenBank sequence no. LO7847). Of the remaining 82 PFGE
genotypes of M. intracellulare, 77 (93.9%) had 100% sequence iden-
tity to Min-A (i.e., ATCC 13950T; GenBank sequence no. L07859),

TABLE 2 VNTR types among M. intracellulare isolates from patients with nodular bronchiectasis using the seven tandem repeats described by
Dauchy et al. (17)a

VNTR
type

Complete tandem repeat no.

ITS1 (100% identity)
No. of
isolates

No. of
patientsbMIN22 MIN20 MIN18 MIN19 MIN33 MIN31 MIRU3

1 7 2 3 2 2 2 1 Min-A 1 1
2 6 2 3 0 5 2 4 Min-A 2 2
3 5 2 1 1 1 2 2 Min-A 7 1
4 4 4 3 4 3 2 4 Min-A 1 1
5 5 4 3 3 3 2 3 Min-A 10 5
6 4 4 3 3 3 2 2 Min-A 4 1
7 4 4 3 2 3 2 3 Min-A 2 2
8 4 4 1 3 4 1 3 Min-A 1 1
9 4 2 3 3 3 2 3 Min-A 4 1
10 3a 4 3 3 4 2 1 Min-A 4 3
11c 3a 4 3 3 3 2 3 Min-A 15 7
11a 3a 4 3 2 5 2 1 Min-A 1 1
12 3a 4 1 3 3 2 3 Min-A 1 1
13 3a 3 3 3 5 2 2 Min-A 1 1
14 3a 3 3 3 4 2 3 Min-A 5 2
15 3a 3 3 2 3 2 3 Min-A 4 1
16 3a 2 3 2 4 2 1 Min-A 9 3
17 3a 2 3 2 4 1 3 Min-A 1 1
18 3a 2 3 2 3 1 0 Min-A 1 1
19 3a 2 1 3 � 2 3 � 4 2 2 Min-A 3 1
20 3a 2 1 3 3 1 1 Min-E (new) (all 3 patients) 5 3
21 3a 2 1 1 4 2 0 Min-A 4 1
22 3a 1 4 2 3 1 1 Min-A 3 1
23 3a 1 3 3 4 2 0 Min-A 1 1
24 3a 1 1 3 4 1 2 Min-A 9 5
25 3a 12 1 3 4 0 2 Min-A 2 1
26 3a 1 1 2 3 1 2 Min-A 9 3
27 3a 1 1 1 3 1 2 Min-A 1 1
27a 3a 0a 3 3 4 2 2 Min-A 1 1
28 3 2 1a 0 3 2 0 Min-B 1 1
29 2 1 1 3 4 1 2 Min-A 1 1
30 2 1 1 2 4 2 0 Min-F (new) 1 1
31 0a 4 3 2 3 2 2 Min-A 1 1
32 0a 3 3 3 3 1 0 Min-A 1 1
33 0a 3 1a 2 4 2 0 Min-A 1 1
34 0a 2 3 1 3 2 0 Min-A 2 1
35 0a 2 3 3 3 1 0 Min-A 2 1
36 0a 2 1a 2 2 2 0 Min-A 10 3
37 0a 2 1a 0 2 2 0 Min-A 13 7
38 0a 2 1 1 4 2 0 Min-A 13 3
39 0a 0a 1a 1 1 0 1 Min-A 1 1
40 0a 0a 1a 0 1 0 1 Min-A 15 6

Totals 176 82
a Some patients had more than one isolate tested. All VNTR types were validated as M. intracellulare by sequencing of the ITS1 region.
b Some patients are included in more than one VNTR type.
c The VNTR type and ITS1 sequence match M. intracellulare ATCC 13950T.
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one genotype in VNTR 28 (1.2%) matched Min-B (GenBank se-
quence no. Z46423), three patient isolates (3.1%) in VNTR 20 be-
longed to a new sequence designated Min-E (GenBank sequence no.
KC018476), and a single patient isolate in VNTR 30 (1.2%) belonged

to a second new sequence designated Min-F (GenBank sequence no.
KC018477). No isolates with Min-C or Min-D were identified.

Comparison of VNTR results of Texas isolates with those of
isolates from France. VNTR results of the Texas isolates described
herein were also compared with those of a group of isolates from
France (17) (Table 3). The type strain ATCC 13950T was used as a
control and gave the same tandem-repeat copy number for all
seven alleles in both studies. Overall, the same tandem-repeat sizes
were found in isolates from both collections, except that isolates
with no partial or complete tandem repeats (the amplicon con-
sisted only of the flanking regions) were more common among the
French strains (54/357 alleles [15.1%]) than among the Texas iso-
lates (0/357 alleles [�0.3%]). A number of sequenced tandem
repeats gave base pair sizes that differed from a whole copy num-
ber by only a few bases (Table 1), making an error in rounding up
or rounding down a concern. This was especially true because only
one control was used. The use of multiple controls of isolates
whose sequence length varied from a whole number by only 1 or 2
bp would have provided strong confirmation that measured dif-
ferences in each rounded-up copy number were real.

DISCUSSION

VNTR typing has major advantages over PFGE. Typing can be
done in a single day using only PCR and a sizing agarose gel. With
PFGE, the average time to complete a gel in our laboratory is 3
weeks, and one or more PFGE instruments (about $20,000 each)
are required. PFGE requires much more operator experience to
produce reproducible results and interpretable gels.

We studied respiratory tract isolates from patients with nodu-
lar bronchiectasis and MAC lung disease who are being monitored
by one of us (R.J.W.). Most isolates were recovered in the
UTHSCT mycobacterial laboratory, and most patients lived
within a 200-mi radius of Northeast Texas. We identified 42
MIRU-VNTR types based on the combination of the seven loci.
Fourteen MIRU-VNTR types (33%) contained isolates from mul-
tiple patients (range, 2 to 10), while 28 types (67%) were unique to
only a single patient.

FIG 2 (A) rep-PCR of representative isolates from 9 different VNTR types of
M. intracellulare. Note the overall similarity of the four major bands of M.
intracellulare (marked by the arrows) despite isolates from multiple different
VNTR types. Lane 1, 1-kb ladder; lane 2, type 5; lane 3, type 7; lane 4, type 11;
lane 5, type 16; lane 6, type 24; lane 7, type 38; lane 8, type 36; lane 9, type 37;
lanes 10 and 11, M. chimaera controls; lane 12, type 34. Lanes 2 to 9 and lane 12
are M. intracellulare. (B) PFGE using XbaI of representative isolates from the
same 9 VNTR types of M. intracellulare and the two M. chimaera controls
studied by rep-PCR for panel A. Note the overall difference of isolates from
different VNTR types which were not as apparent with rep-PCR (A). Lanes 1
and 13, � ladder; lane 2, type 5; lane 3, type 7; lane 4, type 11; lane 5, type 16;
lane 6, type 24; lane 7, type 38; lane 8, type 36; lane 9, type 37; lanes 10 and 11,
M. chimaera; lane 12, type 34. Lanes 2 to 9 and lane 12 are M. intracellulare.

FIG 3 PFGE using Xba of three M. intracellulare VNTR types (types 10, 14,
and 16) with isolates from different patients. Note the identity or close simi-
larity (clonality) of the patterns within the three types but the unrelated band
patterns between the different types. Lanes 1, 5, and 11 contain DNA ladder;
lanes 2, 3, and 4, VNTR type 10; lanes 6 and 7; VNTR type 14; and lanes 8, 9,
and 10, VNTR 16.
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All but five isolates of M. intracellulare (171/176 [97.2%]) con-
tained the proven or presumptive Min-A ITS1 sequence of the M.
intracellulare type strain, ATCC 13950T. (Of multiple isolates
from the same patient of the same VNTR type, only one was se-
quenced and the remainder were considered presumptive.) Simi-
lar ITS1 sequence findings in the same patient population were
reported by Stout et al. (14). Of the five isolates of M. intracellulare
with different ITS1 sequences, one belonged to the previously de-
scribed Min-B (GenBank accession number 246423), and four
belonged to two new ITS1 sequences designated Min-E and
Min-F.

In 2010, Dauchy et al. published an MIRU-VNTR study of 61
M. intracellulare isolates collected from 51 French patients be-
tween 2001 and 2008, as well as the M. intracellulare type strain,
ATCC 13950T (17). Six isolates were from Brittany, while the re-
mainder were recovered from patients at Bordeaux University
Hospital (France). Multiple isolates over time were collected from
eight patients. The majority of isolates (51/61 isolates [84%]) were
from the respiratory tract. Fifty-one of the Bordeaux isolates and
the ATCC type strain met the ATS criteria for NTM clinical dis-
ease (18). The second method used for strain comparison (PCR-
restriction fragment length polymorphism [PCR-RFLP]), de-
scribed by Picardeau and Vincent (26), was not generally
successful with M. intracellulare isolates (17). The designation of
VNTR types was not done; rather, the authors reported the num-
ber of isolates for each VNTR primer combination.

The current data are similar to those obtained in the study by
Dauchy et al. (17) that identified 44 VNTR using the same prim-
ers, but they differ in that the French study found a much higher
frequency of types having a single isolate (40/44 [91%], compared
to 28/43 [65.9%] in the current study) (17). Further, the current
study had no VNTR alleles without any partial tandem-repeat
sequence (0/644 [�0. 2% of all alleles among 92 genotypes]), in
contrast to the French study, in which all primer combinations
had some alleles or isolates with no tandem-repeat sequence (54/
364 [14% of all alleles among 52 separate isolates]).

In 2010, a second study of the use of MIRU-VNTR for M.
intracellulare from Nagoya University Hospital (Japan) was pub-
lished by Ichikawa et al. (16). These authors utilized 16 different
VNTR loci to separate 74 clinical isolates into 50 MIRU-VNTR
types (16). These results are not comparable to those obtained in
the current study or the study from France (17), as different
VNTRs were examined. These VNTRs were not chosen for the
current study because the individual repeats were less discrimina-
tory than those characterized by Dauchy et al. (17), and the num-
ber of primers (16 versus 7) would have made this study more
complex.

There are two motivations for performing comparisons of M.
intracellulare isolates. The first is to determine the basis for a drug
relapse in a single patient. Second, comparison of environmental
and clinical isolates is essential to understanding disease sources
with an eye toward preventing or limiting exposure for high risk
patients. Comprehensive, large-scale studies have not yet been
possible because strain comparisons by PFGE are too expensive or
unproven (rep-PCR). Understanding the basis for relapse is crit-
ical to patient care. Treatment of a true relapse (same genotype)
usually requires addition of new drugs (especially an injectable
such as streptomycin) and longer therapy. Treatment of a new
infection requires the same standard therapy and treatment dura-
tion.

Such strain comparison is relatively easy using two PCR tech-
niques. The first is the 16S rRNA gene multiplex PCR using the
primers of Wilton and Cousins (18a) to determine the grouping of
the initial and relapse isolates. If different MAC species, subspe-
cies, or types are identified, no additional testing is needed. If both
initial and relapse isolates (or, preferred, multiple isolates from
both periods given the frequent polymicrobial nature of these in-
fections) (5) are M. intracellulare, then VNTR fingerprinting using
the current primers with the original and relapse isolates will pro-
vide an answer. In most cases, sequencing is not needed, as the
amplicon sizes of the original and relapse isolates can be run side
by side on a gel. It will be evident whether the isolates are the same

TABLE 3 Number of isolates with each VNTR allele based on rounding off each patient copy number to the next whole number and then
comparing the current isolates with previously reported French isolates (17)a

Rounded-up VNTR copy no.

VNTR size (rounded-off next whole no.)

MIN22 MIN20 MIN18 MIN19 MIN33 MIN31 MIRU3

Fr Tx Fr Tx Fr Tx Fr Tx Fr Tx Fr Tx Fr Tx

8 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7 0 3 0 0 0 0 0 0 8 0 0 0 0 0
6 0 1 0 0 0 0 0 0 11 9 0 0 0 1
5 0 11 4b 23b 0 2 0 1 6 20 0 0 0 0
4 13b 39b 19 7 15b 38b 8b 37b 12b 33b 0 0 0 3
3 10 2 7 32 7 0 21 20 5 12 29b 58b 13b 36b

2 24 0 2 13 19 41 0 7 6 7 15 17 17 11
1 2 25 19 6 1 0 1 16 0 0 3 5 13 31
0 3 0 1 0 10 0 22 0 4 0 5 0 9 0

Total 52 81 52 81 52 81 52 81 52 81 52 81 52 81
a These values may not be predictive of the number or nature of the VNTR types from the two locations, as the French isolates were not characterized as to type. Fr, French isolates
from the Bordeaux region (17). Tx, U.S. isolates from Northeast Texas region (current study).
b Copy number of ATCC 13950T determined in both studies.
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or different. Species identification is important, as some of these
primers will not amplify other species or subspecies in the M.
avium complex.

This study demonstrates that M. intracellulare strain compar-
ison by rep-PCR lacked a high level of discrimination, as isolates of
M. intracellulare all had similar major band patterns despite be-
longing to different VNTR types and having unrelated PFGE pat-
terns (Fig. 2). Similar problems were noted with random ampli-
fied polymorphic DNA primed-PCR (RAPD-PCR) using random
primers with Mycobacterium abscessus (21), and RAPD-PCR be-
came useful only if isolates were clearly “different” based on major
band patterns or if related; this was seen with at least three differ-
ent random primers (21). Different mycobacterial rep-PCR prim-
ers are available commercially as the Diversilab mycobacterial typ-
ing kit (Bacterial Barcodes, Inc., Houston, TX, now subsidiary of
bioMérieux, Inc., Durham, NC). This kit utilizes a software pack-
age to determine strain pattern relatedness (7). Whether this sys-
tem would provide more discriminating results was not evaluated.

The creation of a database on a national or international scale is
within reach for the first time for M. intracellulare with the avail-
ability of MIRU-VNTR typing. The current technique does not
require sequencing, only PCR. The seven VNTR loci described by
Dauchy et al. in 2010 were used in the current study and produced
separation of isolates into multiple groups comparable to PFGE
while reducing time to results (17). Multiple isolates of M. intra-
cellulare from different patients shared the same VNTR type both
by amplicon size and by complete VNTR sequence, including the
flanking regions (data not shown). The study by Ichikawa et al.,
from Nagoya University Hospital (Japan), used 16 different
VNTR loci, but again, multiple isolates from different patients
shared the same VNTR type (16). The finding that different pa-
tient isolates with the same VNTR type are mostly clonal by PFGE
demonstrates that clonal groups do exist within M. intracellulare
and that additional tandem repeats for strain separation may not
be helpful. A major objective of developing an international sys-
tem will be agreement regarding which MIRU-VNTR loci should
be tested and what strains are to be used as references. (We did not
determine if the 16 primers characterized by Ichikawa et al. pro-
duced groupings [type] similar to those produced by the primers
utilized in the current study.) The presence of a typing system that
identifies specific clones of M. intracellulare should allow for com-
parison with isolates from other M. intracellulare-associated dis-
eases (e.g., disseminated disease and cavitary lung disease), from
isolates from other geographic areas (e.g., North and South Amer-
ica), and from different environmental compartments (e.g., water
and soil).

In summary, separation of M. intracellulare into distinct
groups can now be done worldwide as has been done for multiple
other genera and species, including M. tuberculosis (8–15). This
characterization should be done to allow us to begin to under-
stand the significance and virulence of different groups and spe-
cies in the large family currently known as M. avium complex. It
will also allow for determination of recurrence of M. intracellulare
disease. The clinical/therapeutic approach to new infections is of-
ten less aggressive than for relapse of the original genotype.
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