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Six isolates of Mycobacterium avium of genotype dnaJ� IS901� IS1311� IS1245� and serotypes 6 (n � 1), 6/9,
(n � 2), and 9 (n � 3) were obtained within a 5-month period from a human immunodeficiency virus-negative
patient treated for tuberculosis. The isolates were identified with PvuII restriction fragment length polymor-
phism (RFLP) analysis as a single IS1311 RFLP type and six different IS1245 RFLP types. Six separate
colonies/clones obtained by subculture from each of the six isolates were tested for MICs of a set of 10 drugs.
This report documents the appearance of isolates that are resistant to antimycobacterial drugs as the duration
of therapy increases. Because isolates recovered from the patient following longer duration of treatment were
more likely to be resistant to more antimycobacterial drugs, we would conclude that there was selection for
antimycobacterial drug-resistant isolates. Analyses of all 36 clones identified three IS1311 and 22 IS1245 types
forming three clusters. Tests of 105 environmental samples collected in the home and the work place of the
patient yielded 16 mycobacterial isolates, of which one M. avium from soil was of genotype dnaJ� IS901�

IS1311� IS1245� and serotype 2, and the second M. avium from a vacuum cleaner was of genotype dnaJ�

IS901� IS1311� IS1245� and serotype 9. Overall analyses of the results did not reveal any relation between
serotype, RFLP type, and drug susceptibility. Based on the course of the disease in the patient and different
serotypes, IS1311 and IS1245 RFLP types of isolates of M. avium we suppose represent polyclonal infection.

Even in the beginning of the 21st century, human mycobac-
terial infections presented a serious health problem (16, 25,
48). In addition to isolates of the Mycobacterium tuberculosis
complex, the causative agents of human lung diseases include
nontuberculous mycobacteria, of which mostly isolates of the
M. avium complex have been identified. Most of the diagnosed
cases are opportunistic infections affecting immunocompro-
mised patients due to different factors, including human im-
munodeficiency virus (HIV) infection (13). The treatment of
infections, caused mostly by M. avium complex isolates, is
rather difficult due to primary resistance of the agent against
most of the commonly used drugs (1, 11, 16).

Human infections by M. avium complex isolates and the
subsequent diseases result mostly from exposure of an immu-
nocompromised patient to a high M. avium complex infection
pressure. The rather high prevalence of M. avium complex
infections in HIV-AIDS patients, reaching up to 65%, results
from the frequent occurrence of M. avium complex isolates in
various environmental components (water, soil, dust, dung,
raw vegetables) in which the isolates can survive for long pe-
riods or even propagate (19, 20, 23). Their circulation in the
environment occurs via inanimate materials (in particular wa-
ter, dust, and soil) and various wild or captive animals. M.

avium complex isolates have been isolated from wild birds (18),
small vertebrates (14), invertebrates (15), and poikilotherms
(30). As to farm animals, isolates of M. avium complex were
most frequently detected from poultry and swine (12, 35, 37,
49).

Various biological methods, including bioassays in chicks,
serological typing, probes (Accu-Probes, San Diego, Calif.),
PCR, restriction fragment length polymorphism (RFLP) anal-
ysis, and further molecular biological techniques, have been
used for more accurate identification and detailed differentia-
tion of M. avium complex isolates (27, 31, 36, 39, 41, 42, 45, 53).
All 28 serotypes of M. avium complex yield positive reactions
with the Accu-Probe M. avium complex but differ in virulence,
as demonstrated by bioassays in chicks. In terms of this char-
acteristic, they were divided in the early 1970s into three
groups: group 1, fully virulent (milliary tuberculosis of paren-
chymatous tissues); group 2, intermediate virulent (lesions at
the inoculation site, parenchymas free of damage); and group
3, avirulent (39).

Group 1 (fully virulent for birds) includes serotypes 1
through 3 (39) and PCR types IS901�, IS1311�, and IS1245�

(27, 36, 41). Isolates of the three serotypes reacted with the M.
avium complex and M. avium probes and failed to react with
the M. intracellulare probe (45, 46). M. avium complex isolates
showing these characteristics were most frequently isolated
from birds and swine and only very seldom from environmental
samples and humans (36).
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Group 2 (partially virulent for birds) includes serotypes 4
through 6, 8 through 11, and 21. Isolates of this group reacted
with the same probes as those of group 1 (M. avium complex
positive, M. intracellulare negative), but were classified by PCR
with the genotype IS901� IS1311� IS1245� (39, 41, 43, 45, 46).
Isolates showing these characteristics were isolated most fre-
quently from human, porcine, and environmental samples (3,
6, 33, 36, 41).

Group 3 (avirulent for birds) included isolates of the remain-
ing serotypes 7, 12 through 20, and 22 through 28. The isolates
reacted with the probes M. avium complex and M. intracellulare
but not with the probe M. avium and were classified by PCR
with the genotype IS901� IS1311� IS1245� (6, 17, 39, 41, 45,
46). Most of the isolates were obtained from environmental
samples (20).

RFLP analyses of all 28 serotypes of M. avium complex
isolates carried out with the three insertion sequences IS901,
IS1311, and IS1245 also resulted in classification of the sero-
types with the groups defined above. IS901 was detected in the
genome of isolates of group 1 in more than four copies at
various positions (27, 41). IS1245 was present in three copies
only, and their positions, designated the avian RFLP type,
were invariable (6, 17, 33, 41). IS1311, which showed a high
sequence homology with IS1245, was present in the genome of
group 1 isolates in a single copy in the conservative position
(33). RFLP analyses of group 2 isolates showed the presence of
IS1245 and IS1311 in more than three copies in various posi-
tions.

The objective of our study was to analyze isolates of M.
avium complex obtained from a female patient suffering from
a lung infection by serotyping, PCR, and RFLP over time, to
determine the MICs of selected antimycobacterial drugs for
the isolates, and to find environmental sources of the infection
in the home and work place of the patient.

CASE REPORT

The patient was a 47-year-old HIV-negative female affected
by a serious deficiency of cellular immunity and suffering from
M. avium complex-induced lung mycobacteriosis. The initial
treatment with antimycobacterial drugs (isonikotine hydrazide,
rifampin, pyrazinamide, and ethambutol) resulted in only par-
tial mitigation of clinical manifestations; clearance of myco-
bacteria and complete retreat of clinical disease was achieved
only when drug therapy was completed by immunostimulation.
The clinical course and therapy with other antimycobacterial
drugs (streptomycin, ciprofloxacin, clarithromycin, rifabutin,
and amikacin) are described in detail by Ostadal et al. (34).

The patient showed a decrease in the number of CD4�

lymphocytes to 0.29 � 109/liter, resulting in a marked imbal-
ance of the CD4/8 lymphocytes, and a weak reaction to phy-
tohemagglutinin in the lymphocyte transformation test. The
patient was living in a village and working in the local agricul-
tural cooperative as a cattlewoman. From the beginning of
1995 she was exposed to excessive physical and psychological
strain and was suffering from lack of sleep. Medical care was
sought in September 1995. The patient complained about an
irritating cough with occasional mucopurulent expectoration,
perspiration, subfebrile body temperature in the evening, loss
of appetite, and fatigue.

MATERIALS AND METHODS

Mycobacterial examination. (i) Samples of biological materials. Culture of
sputum samples collected during 5 months of the treatment period yielded six
isolates of M. avium complex that were put to detailed analyses. At the end of the
therapy of the patient, a total of 105 samples were collected and tested within
epidemiological tracing of the source of infection in the work place (n � 28) and
the home of the patient (n � 77).

(ii) Examination by culture. Sputum samples were homogenized, decontam-
inated with sodium laurylsulfate, and inoculated onto two egg media of Ogawa,
one egg medium of Löwenstein-Jensen, and one liquid serum medium of Sula
(26). Environmental samples were homogenized, decontaminated with HCl and
NaOH, and inoculated onto one Herrold egg yolk medium, one egg medium of
Stonebrink, and one liquid serum medium of Sula (15, 26, 52).

(iii) Identification of isolates. The mycobacterial isolates from the sputum and
environmental samples were identified by the Accu-Probe technique with the M.
tuberculosis complex probe for species of the M. tuberculosis complex and the M.
avium complex and M. intracellulare probes for species of the M. avium complex.
The M. avium complex isolates and clones were also tested by serotyping (47, 53),
biochemical tests (51), and molecular biological techniques PCR and RFLP, as
described below. The homogeneity of seven M. avium complex isolates (six from
sputum and one from the dust-collecting bag of a vacuum cleaner) was tested by
subculturing six single colonies derived from the original isolates. Each culture
received from one single colony was designated in our paper as a clone.

PCR. The isolates were determined to be mycobacteria by the detection of the
genus-specific dnaJ gene with the primers 5�-GGG TGA CGC GAC ATG GCC
CA-3� and 5�-CGG GTT TCG TCG TAC TCC TT-3� (32). IS901 was identified
with the primers 5�-GCA ACG GTT GTT GCT TGA AA-3� and 5�-TGA TAC
GCC CGC AAT CGC GT-3� (27), IS1245 with the primers 5�-GCC GCC GAA
ACG ATC TAC-3� and 5�-AGG TGG CGT CGA GGA AGA-3� (17), and
IS1311 with the primers 5�-TGC TGG ACG CAT TAC GCA ATG-3� and
5�-CCG CAA CTC CAA ATC GCC AG-3� (8).

RFLP. Mycobacterial DNA was isolated as described by van Soolingen et al.
(50). DNA was isolated from at least three bacteriological loops. The bacterial
mass was suspended in 400 �l of 1� TE buffer (10 mM Tris-HCl, 1 mM EDTA
[pH 8.0]). The suspension was completed with 50 �l of lysozyme (10 mg/ml) and
incubated at 37°C for 3 h. Then, 75 �l of a 10% sodium dodecyl sulfate-
proteinase K mixture was added, the suspension was incubated at 65°C for
another 10 min, and cetyltrimethylammonium bromide was added to complete
cell wall, protein, and polysaccharide degradation.

DNA was purified with a chloroform-isoamyl alcohol mixture and precipitated
with isopropanol. The precipitate was dissolved in 1� TE buffer. Approximately
5 �g of the purified mycobacterial DNA was digested with restriction endonu-
clease PvuII. The resulting DNA fragments were separated by agarose gel elec-
trophoresis, exposed in a UV transilluminator, and transferred from the gel by
vacuum blot onto a nylon membrane. DNA was fixed and hybridized with the
respective labeled probe.

Preparation of constructs pMA12 and pCR-2.1-IS1311. Plasmid pMA12 with
the cloned IS1245-specific fragment was provided by Pieter Overduin (National
Institute of Public Health and the Environment, Bilthoven, The Netherlands).
The plasmid was selected from the KspI/BamHI M. avium subsp. paratuberculosis
genomic library. Approximately 250 fg of plasmid DNA was used for PCR. The
positive M. avium isolate 543/95 was used for the preparation of the IS1311
probe. The IS1311 sequence of this isolate was transcribed by PCR with the
primers specified above (8). The 199-bp PCR product was cloned into the vector
pCR2.1 (TA cloning kit; Invitrogen), and the resulting construct, pCR2.1-IS1311,
was used at 250 fg of plasmid DNA in PCRs for the preparation of a probe with
the primers of Collins et al. (8).

Probe preparation. All the original cultures and clones derived from them
were tested with a nonradioactive probe prepared by PCR amplification of
plasmid pMA12 for the preparation of a probe identifying the element IS1311
and of the construct pCR2.1-IS1311 for the preparation of a probe identifying
the element IS1245. The resulting 426-bp amplification product was obtained
with IS1245-specific primers derived as described by Guerrero et al. (17). A
199-bp product was obtained with the IS1311-specific primers described by Col-
lins et al. (8). A check of the PCR amplification products in agarose gels was
followed by purification of the fragments of anticipated sizes with the QIAquick
gel extraction kit (Qiagen, Berlin, Germany), which were subsequently used as
the hybridization probes. The probes were labeled according to the manufactur-
er’s instructions (ECL direct labeling kit; Amersham, London, United King-
dom).

Designation of RFLP types and subtypes. DNA fingerprints were scanned with
a charge-coupled device camera (UltraLum KS4000) and analyzed with the
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software Gel Compar (version 4.1; Applied Maths, Kortrijk, Belgium) by the
unweighted pair group method using arithmetic averages (Dice coefficient)
method. IS1311 RFLP type was marked according to the origin of the isolate,
sputum or dust. IS1311 RFLP subtypes of the clones were marked with Roman
numerals. IS1245 RFLP types of the isolates were marked with capitals. New
RFLP type of the isolate was defined by a difference in at least five bands.
Differences in IS1245 RFLP type between RFLP type A detected in the first
isolate and the subsequent RFLP types are shown by arrows (Fig. 2). IS1245
RFLP subtype received from the clone was marked with the capital corresponing
ot the RFLP type of the original isolate and an Arabic numeral expressing the
heterogeneity.

Determination of MICs of selected antimycobacterial drugs. The susceptibil-
ities of the 36 clones derived from isolates from sputum to 10 drugs were
determined by the quantitative micromethod MIC in Sula’s medium (22). The
MIC was defined as the lowest drug concentration causing visible inhibition of
growth. Each susceptible pattern was designated by a lowercase letter.

RESULTS

Demonstration of mycobacteria in sputum. None of the six
mycobacterial isolates from the patient during a 5-month treat-
ment period reacted with the M. tuberculosis complex or M.
intracellulare Accu-Probe, and all the isolates reacted with the
M. avium complex and probes as M. avium. The isolates and
clones were identified as genotype dnaJ� IS901� IS1311�

IS1245�. Isolates were of serotypes 6 (n � 1), 6/9 (n � 2), and
9 (n � 3), and clones were of the same serotypes: 6 (n � 3), 6/9
(n � 18), and 9 (n � 15) (Table 1).

PvuII RFLP analysis. PvuII RFLP analysis, used for detailed
differentiation of the isolates, yielded a single IS1311 RFLP

TABLE 1. MICs for all clones derived from sputum isolates

Isolate
serotype

IS-RFLP

Clone
serotype

MICa (�g/ml)

Susceptibility
patternbDate of

isolation
(mo/day/yr)

Type
Subtype Cluster

(clade) INH RIF ETB STR GEN OFX AMK RFB CLO CLR
1245 1311

6 11/20/95 A A1 I I (b) 6/9 4 8 16 4 2 4 2 1 0.06 4 a
A2 III III 6 4 8 16 4 1 4 1 1 0.06 4 a
A3 I I (a) 6 8 8 16 4 1 4 1 2 0.06 2 a
A3 I I (a) 6 8 8 16 2 1 4 1 1 0.06 2 b
A4 I I (a) 6/9 4 8 16 2 1 4 1 1 0.03 2 b
A4 I I (a) 6/9 4 8 16 4 1 4 1 1 0.06 1 a

6/9 12/21/95 B A1 I I (b) 6/9 16 1 16 2 1 4 1 0.50 0.06 1 b
B1 I I (a) 6/9 8 0.5 8 1 1 2 1 0.13 0.03 1 c
B2 I I (a) 6/9 8 0.5 8 1 1 2 1 0.13 0.06 2 c
B2 I I (a) 9 8 1 8 1 1 2 1 0.50 0.06 2 d
B3 I I (a) 9 8 0.5 8 2 0.5 2 1 0.13 0.06 1 c
B4 I I (a) 9 8 0.5 8 1 1 2 1 0.13 0.06 2 c

9 1/4/96 C C1 I I (a) 9 4 8 4 2 0.5 4 1 2 0.06 1 b
C2 I I (a) 9 16 8 16 8 2 8 1 2 0.06 4 a
C2 I I (a) 6/9 16 8 16 4 2 4 2 2 0.06 4 a
C2 I I (a) 6/9 8 8 8 2 1 8 1 2 0.06 1 b
C2 I I (a) 6/9 16 2 16 2 1 2 0.5 0.25 0.06 1 d
C3 I I (a) 6/9 16 8 16 1 2 2 1 2 0.06 1 d

6/9 1/18/96 D D1 I I (b) 6/9 16 8 16 16 1 8 1 2 0.13 4 a
D2 I I (b) 6/9 16 8 16 16 2 8 2 2 0.06 4 a
D2 I I (b) 6/9 16 8 16 16 1 8 2 1 0.06 4 a
D3 I I (b) 6/9 16 8 16 16 2 8 2 1 0.13 4 a
D4 I I (b) 9 16 8 16 16 1 8 2 1 0.13 4 a
D5 I I (b) 9 16 8 16 16 1 8 2 1 0.06 4 a

9 4/12/96 E B3 I I (a) 9 16 8 16 16 1 4 2 1 0.06 1 a
E1 I I (b) 9 16 8 16 16 1 8 1 2 0.06 4 a
E2 I I (b) 9 16 8 16 16 1 8 1 2 0.06 4 a
E2 I I (b) 9 16 8 16 16 1 4 1 2 0.13 2 a
E3 II II 6/9 16 8 16 16 1 8 1 1 0.06 4 a
E4 II II 6/9 16 8 16 16 1 8 1 1 0.06 4 a

9 4/18/96 F F1 I I (b) 6/9 16 8 16 16 0.5 8 1 1 0.06 4 a
F1 I I (b) 6/9 16 8 16 16 1 8 1 0.5 0.13 4 a
F2 I I (b) 9 16 8 16 16 0.5 8 2 0.5 0.06 4 a
F2 I I (b) 9 16 8 16 16 1 8 1 0.5 0.13 4 a
F2 I I (b) 9 16 8 16 16 1 8 2 1 0.13 4 a
F2 I I (b) 9 16 8 16 16 1 8 1 1 0.13 4 a

a Abbreviations: INH, isonikotine hydrazide (isoniazid) (sensitive, 0.25 �g/ml; resistant, 0.5 �g/ml); RIF, rifampin (sensitive, 0.5 �g/ml; resistant, 1.0 �g/ml); ETB,
ethambutol (sensitive, 2.0 �g/ml; resistant, 4.0 �g/ml); STR, streptomycin (sensitive, 2.0 �g/ml; resistant, 4.0 �g/ml); GEN, gentamicin (sensitive, 2.0 �g/ml; resistant,
4.0 �g/ml); OFX, ofloxacin (sensitive, 2.0 �g/ml; resistant, 4.0 �g/ml); AMK, amikacin (sensitive, 4.0 �g/ml; resistant, 8.0 �g/ml); RFB, rifabutin (ansamycin) (sensitive,
0.13 �g/ml; resistant, 0.25 �g/ml); CLO, clofazimin (lamprén) (sensitive, 0.13 �g/ml; resistant, 0.25 �g/ml); CLR, clarithromycin (sensitive, 0.13 �g/ml; resistant, 0.25
�g/ml). Concentrations of clarithromycin for sensitivity/resistance assessment were not determined.

b Susceptibility patterns derived from MICs of nine drugs (clarithromycin not included).

3714 DVORSKA ET AL. J. CLIN. MICROBIOL.



type (Fig. 1) and six IS1245 RFLP types, marked A, B, C, D, E,
and F (Fig. 2, Table 1). The subsequent RFLP analyses of six
clones derived from one colony of each of the six isolates
yielded three IS1311 RFLP subtypes, marked I, II, and III (Fig.
3, Table 1) and 22 IS1245 RFLP subtypes marked A1 through
A4, B1 through B4, C1 through C3, D1 through D5, E1
through E4, F1, and F2 (Fig. 4, Table 1). The IS1245 RFLP
analysis of clones of two B and E type isolates identified the
RFLP type of one clone that had already been found in earlier
isolates (Table 1).

Cluster analysis. The IS1311 RFLP subtypes identified in
the 36 clones could be grouped into three clusters (�79.5%
matching patterns). The first cluster included 33 clones, the
second included two, and the third included a single clone (Fig.
3, Table 1). Similarly, the IS1245 RFLP subtypes identified in
the 36 clones could be grouped into three clusters (�69.3%
matching patterns). The first cluster included 33 clones, the
second cluster included two clones, and the third cluster in-
cluded a single clone (Fig. 4, Table 1). Matching of the two
dendrograms yielded clusters I, II, and III, of which cluster I
could be subdivided into clades Ia and Ib (Fig. 4, Table 1).

Determination of MICs and evaluation of IS1311 and
IS1245 RFLP analyses. All 36 clones derived from the six
isolates were resistant to isonikotine hydrazide and ethambutol
(Table 1). Clones resistant to isonikotine hydrazide showed a
progressive increase in MIC. The resistance of the clones to
rifampin was stable during therapy except in the second month
of therapy. The susceptibility of some clones to streptomycin
was found only in isolates detected during the first 3 months of
therapy. From the fourth month on, they became resistant. All
the isolates were sensitive to gentamicin, amikacin, and clofa-
zimin. Only some isolates received in the second and third
months were sensitive to ofloxacin. In terms of susceptibility to
nine drugs (clarithromycin not included), four susceptible pat-
terns were defined, a, b, c, and d, which were found in 66.7%,
13.9%, 11.1%, and 11.1% of the clones, respectively (Table 1).

As for the IS1311 RFLP subtypes, the susceptible pattern a
was found in 21 clones of subtype I, two clones of subtype II,
and one clone of subtype III, and the patterns b, c, and d in 5,
4, and 3 clones of subtype I, respectively. As for IS1245, the
susceptible pattern a was found in 18 clones at the beginning
(A1 through A4, B3, and C2) and towards the end (D1 through
D5, E1 through E4, F1, and F2) of the treatment period. The
patterns b, c, and d were found in one clone each (C1, B1, and
C3, respectively). The susceptible pattern of some IS1245 sub-
types (A1, A3, A4, B2, B3, and C2) changed during the treat-
ment period. Only pattern a was identified in clones of IS1311
RFLP subtypes II and III, as well as in IS1245 RFLP subtypes
A2, E3, and E4, belonging to clusters II and III. On the other
hand, all four susceptible patterns were found in the clones
forming cluster I of the IS1245 RFLP subtypes.

Demonstration of mycobacteria in environmental samples.
Examination of environmental samples yielded 16 dnaJ� my-
cobacterial isolates, of which none reacted with the Accu-
Probe M. tuberculosis complex and M. intracellulare probes and
two reacted with the M. avium complex probe. Biochemical
typing identified seven isolates as M. gordonae, two isolates as
M. fortuitum, and two isolates as M. avium complex. Species of
the remaining five dnaJ� IS901� IS1311� IS1245� mycobac-
terial isolates were not identifiable (Table 2). The soil M.
avium isolate was classified as serotype 2 and genotype dnaJ�

IS901� IS1311� IS1245� and the dust isolate as serotype 9 and
genotype dnaJ� IS901� IS1311� IS1245� (Table 2). The
IS1311 and IS1245 RFLP types of the dust isolate differed
from those of the sputum isolates (Fig. 1 and 2). Six clones
derived from the dust isolate were of serotype 9 and were
classified with IS1311 as subtype IV and with IS1245 as sub-
types G1 through G3 forming cluster IV (Fig. 3, 4, and 5).

DISCUSSION

The following three hypotheses of the source of the M.
avium infection in our patient were considered: concurrent or
consecutive infections by M. avium isolates belonging to dif-
ferent serotypes and genotypes which, in the case of repeated
infections, may have come from the environment; reactivation
of endogenous infection manifested by aggravation of clinical
symptoms provided that characteristics of the isolates obtained
at the beginning and towards the end of the infection would be
identical; microevolution of isolates, which would be confirmed
by progressive transformation of RFLP types. Genomic muta-
tions might result from transposition of insertion elements or
site-specific recombination between sequences of insertion el-
ements or homologous sequences at insertion element hot
spots.

The hypotheses were tested at the DNA level with the in-
sertion sequences IS1311 and IS1245. The latter is a suitable
marker for epidemiological studies because most human iso-

FIG. 1. IS1311 RFLP types of all sputum isolates and the single
dust isolate. Sizes are shown in kilodaltons.

FIG. 2. Dendrogram of IS1245 RFLP types of sputum isolates
(RFLP types A to F) and the single dust isolate (RFLP type G). The
arrows indicate differences in RFLP profile between RFLP type A
detected in the first isolate and subsequent RFLP types.

FIG. 3. Dendrogram of IS1311 RFLP subtypes obtained by cloning
of sputum and dust isolates.
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lates, classified as serotypes 4, 6, and 8, yield polymorphic
RFLP profiles with 6 to 20 bands. These RFLP types are
designated nonavian (41). Knowledge of the in vivo and in
vitro stability of the insertion elements is essential for inter-
pretation of the results of epidemiological studies. In vitro
stability of IS1245 has been demonstrated by serial passage in
culture media (2, 38).

Absolute IS1245 stability has not been demonstrated (2, 38).
Bauer et al. (3), who in 1999 compared the RFLP profiles
obtained from colonies of several isolates obtained from a
single HIV-positive patient, found differences in one or two
bands and interpreted this finding as evidence of a noticeable
frequency of in vivo transposition of this insertion element.
RFLP profiles of our isolates received from sputum at various
phases of the treatment period differed from each other in 5 to
10 bands (Fig. 2). Identical RFLP profiles of two sputum iso-
lates collected on consecutive days were indicative of a short-
term stability of IS1245. Like many other authors (17, 27, 32,
41, 43), we observed a considerable heterogeneity among our
isolates and clones in tests with the IS1245 probe.

IS1311 RFLP types obtained by hybridization of isolates
from HIV-positive patients in Spain were characterized by
considerable heterogeneity. RFLP analyses of 75 isolates
yielded more than 19 types (43). Our analyses of all 36 clones
derived from the six sputum isolates from an HIV-negative
patient and six clones from a dust isolate yielded only four
RFLP types (Fig. 3). Our finding is consistent with the low
discrimination potency of IS1311 reported earlier by Roiz et al.
(43) and O’Grady et al. (33), who detected only six to eight
copies of this transposon in the genome.

Since the isolates at the beginning and towards the end of

the disease differed in genotypic and phenotypic characteris-
tics, we can assume that the patient was infected by more than
a single clone (as shown in IS1245 RFLP subtypes A1, A2, A3,
and A4 present in two clusters, I and III, and subtypes E1, E2,
E3, and E4, present in two clusters, I and II). It has been
demonstrated in Brazil that, unlike M. tuberculosis, infections
by the facultatively pathogenic M. avium complex agents can
be polyclonal; this fact can cause therapeutic problems if iso-
lates differing in drug resistance are involved (44).

The hypothesis of a concurrent or consecutive infection is
supported by the finding of lung lesions in our patient which
were indicative of inhalation of the agent from an environmen-
tal source. Along with deglutition, inhalation is considered the
most frequent route of human infections by M. avium complex
isolates (7, 10, 54). One of the isolates from the dust collected
in the patient’s home had the same genotype, dnaJ� IS901�

IS1311� IS1245�, as the sputum isolates. Isolates of this ge-
notype are also most frequently isolated from environmental
samples and from infected swine and humans (6, 17, 24). Our
finding allows the conclusion that home dust was the major risk
factor for our patient (Table 2).

Japanese authors demonstrated M. avium complex isolates
in 68.0% of dust samples tested (21). Our findings were much
lower; the presence of M. avium complex isolates was demon-
strated in only 2 (4.2%) of the 48 dust samples tested. Our
conclusion is also supported by the identification of serotype 9
in one of the dust isolates and in four sputum isolates collected
during a 4-month period of M. avium complex shedding in the
sputum. On the other hand, dust could be contaminated by
aerosols from the patient’s cough.

Another possible and highly hazardous source in the case

FIG. 4. Dendrogram of IS1245 RFLP subtypes obtained by cloning of sputum and dust isolates.
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under study was soil with which the patient came into contact
frequently during repotting of flowers and work in her garden.
M. avium complex isolates detected in soil can originate from
the excrement of domestic animals (4, 5, 9). Our serotype 2,
genotype IS901� IS1311� IS1245� isolate (Table 2) was prob-
ably of avian origin, because it is known most frequently to
occur in birds (36). The serotype 6 sputum isolates may have
originated from soil. Reznikov et al. (40) and Masaki et al. (28,
29) reported the isolation of this serotype of M. avium from
soil samples collected in the vicinity of pig farms.

The most convincing proof supporting the hypothesis of
concurrent or consecutive infection was a considerable heter-
ogeneity found in RFLP analyses of clones derived from the
sputum isolates (Fig. 2). By Gel Compar analysis, no obvious
similarity was observed between RFLP types and correspond-
ing RFLP subtypes (Fig. 2 and 4). The RFLP subtypes A1, A2,
A3, and A4 were presented in different clusters (I and III) and
clades (Ia and Ib), which confirmed their nonclonal origin.
RFLP profile A can be extrapolated as a mixture of individual
A1, A2, A3, and A4 RFLP profiles. The same situation was
observed for RFLP subtypes derived from RFLP type E. The
corresponding RFLP subtypes, B3, E1, E2, E3 and E4, were
presented in clusters I and II and clades Ia and Ib. The rela-
tively more genetically homogeneous groups were formed by
RFLP subtypes derived from RFLP types B and F.

Our results are consistent with those of Pestel-Caron and
Arbeit (38), who observed differences in one or two fragments
among the IS1245 RFLP profiles of separate M. avium com-
plex colonies grown in a primary culture from a patient af-
fected by a polyclonal infection. Our results indicate that none
of the isolates of exact serotype or RFLP profile persisted in
the patient throughout the treatment period. It should be

noted that the individual RFLP subtypes were not always re-
placed by new ones and that the B and E RFLP types included
an A1 and B3 subtype, respectively. It could be supported by
the demonstration of clones of mixed serotype 6/9 during the
whole treatment period (Table 1). We conclude from the es-
tablished wide array of serotypes and some different RFLP
subtypes obtained from clones that the patient was infected by
more than a single mycobacterial clone of M. avium.

The hypothesis of a reactivation of endogenous infection
manifested by aggravation of clinical symptoms suppressed
initially due to inappropriate drug treatment can be rejected by
virtue of changing IS1245 RFLP types or subtypes. RFLP pro-

FIG. 5. IS1245 RFLP subtypes of a dust isolate and its clones. Sizes
are shown in kilodaltons.

TABLE 2. Examination of environmental samples from the home and the work place

Locality Place Biological material collected
No. of samples

Identification
Examined Positive

Work place Cattle house Drinking water sediment 6 5 M. gordonae
Floor scrapings 12 0

Feed stuff Silage 2 0
Courtyard Invertebrates (fliesa) 4 0
Office Drinking water sediment 4 1 M. gordonae

Total (%) 28 (100) 6 (21.4)
Home Bathroom Water and shower biofilm 9 1 M. gordonae

2 M. fortuitum
House corridor Garden soil 8 1 M. avium complex (serotype 2)b

Nursery 3 1 Mycobacterium sp.c

Living room 3 1 Mycobacterium sp.
Whole house Dust from vacuum cleaner 1 month old 30 1 M. avium complex (serotype 9)d

1
Courtyard Moss from the garden 3 0 Mycobacterium sp.

Scraping under the eaves 1 1 Mycobacterium sp.
Earthworms 1 0

Barn Floor dust 17 1
Poultry house Hen’s nest dust 1 0 Mycobacterium sp.
Garden Earthworms 1 0

Total (%) 77 (100) 10 (13.0)

Total (%) 105 (100) 16 (15.2)

a One sample with two imagoes of Muscidae and one sample with 126 imagoes of stable fly (Stomoxys calcitrans).
b dnaJ� IS901� IS1311� IS1245�.
c Slowly growing nonpigmented dnaJ� IS901� IS1311� IS1245� isolates.
d dnaJ� IS901� IS1311� IS1245�.
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files of the individual isolates and clones differed from each
other at the beginning of the disease and changed subsequently
(Table 1). Also phenotypic characteristics were variable, spe-
cifically the MICs of selected antituberculosis drugs. Monitor-
ing during the 5-month treatment period revealed increasing
resistance of all the clones tested to several drugs (Table 1). No
relation between RFLP profile and MIC was observed.
Among-clone differences in MIC complicated the treatment of
our patient (34). A similar problem was reported by Saad et al.
(44).

The hypothesis of microevolution of isolates would be true if
progressive changes of genotypic characteristics of the individ-
ual isolates/clones were demonstrated. Such progressive
changes could be traced particularly within cluster I or its
clades Ia and Ib, as was shown in IS1245 RFLP subtypes A1,
A2, A3, and A4 present in two clusters, I and III, and two
clades, Ia and Ib (Table 1, Fig. 4). The hypothesis cannot be
unambiguously rejected on the basis of MICs, either.

Although a progressive selection of isolates showing suscep-
tible pattern a could be traced, such putative microevolution
could not significantly influence the resistance against drugs
used within the study, because most of the clones were already
resistant. No links among the individual RFLP spectra of iso-
lates and clones that would unambiguously corroborate the
hypothesis of transformation of one RFLP subtype or clone
into another due to a simple transposition or site-specific re-
combination were demonstrable.
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