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Mycobacterium avium restriction fragment lenght polymorphism-
IS 1S1245 and the simple double repetitive element polymerase
chain reaction typing method to screen genetic diversity in
Brazilian strains
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Smple double repetitive element polymerase chain reaction (MaDRE-PCR) and Pvu I1-1S1245 restriction frag-
ment length polymorphism (RFLP) typing methods were used to type 41 Mycobacterium avium isolates obtained
from 14 AIDS inpatients and 10 environment and animals specimens identified among 53 mycobacteria isolated
from 237 food, chicken, and pig. All environmental and animals strains showed or phan patter ns by both methods. By
MaDRE-PCR four patients, with multiple isolates, showed different patterns, suggesting polyclonal infection that
was confirmed by RFLP in two of them. Thisfirst evaluation of MaDRE-PCR on Brazilian M. avium strains demon-
strated that the method seems to be useful as simple and less expensive typing method for screening genetic diversity
in M. avium strains on selected epidemiological studies, although with limitation on analysis identical patterns

except for one band.
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Even in developed countries human mycobacterial
infections have been defeating the XX century science
technology since tuberculosis by Mycobacterium tuber -
culosis complex and disseminated infection by nontu-
berculous mycobacteria (NTM) has emerged asan impor-
tant health problem associated to acquired immunodefi-
ciency syndrome (AIDS). In developing countries, such
as Brazil, were tubercul osis was never controlled, infec-
tion by NTM, of which mostly M. aviumcomplex (MAC),
has been identified in immune compromised patients
(Ferreiraetal. 2002).

In 1996, the treatment of human immunodeficiency vi-
rus (HIV) infection underwent considerable changes. Pro-
teaseinhibitorsand non-nucleosi de anal ogue reversetran-
scriptaseinhibitors becameavailablefor clinical practice,
and more recently the fusion inhibitors, as part of acom-
bination regimen of a highly active antiretroviral treat-
ment (HAART) (Carpenter et d. 1996, Barbaro et al. 2005).
However, athough has been reported decrease of dis-
seminated MAC (DMAC) infection in colonized individu-
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als that argue in favor of a HAART protective effect
against DMAC, restoration of CD4 counts seems not to
protect patientsagainst MAC colonization (Gadelhaet a.
2002).

The epidemiology of the M. avium infection is not
well understood. In the last decade available molecular
methods have been useful for strains differentiation and
for the understanding of epidemiological transmission of
this environmental pathogen. M. avium has been typed
successfully by 1S1245-restriction fragment length poly-
morphism (RFLP) and pulsed field gel electrophoresis
(PFGE) (Arbeit & Slutsky 1993, Guerrero et al. 1995,
Devallois& Rastogi 1997, Ritacco et al. 1998, Saad et a.
1999, Legrand et al. 2000). However these methods are
time consuming and expensive, besidesthey need alot of
extracted DNA. Picardeau and Vincent (1996) haveintro-
duced arapid and easy polymerase chain reaction (PCR)
based typing method of M. avium by amplification of the
sequence between the 151245 and 1 S1311, both presentin
this species. Despite it has been described with discrimi-
natory power similar to 1 S1245-RFL Pthereisstill disagree-
ment about its discriminatory power (Pestel-Caron et al.
1999, Yoder et a. 1999).

The aim of this study is to evaluate the genetic poly-
morphism of Brazilian M. aviumisolated from clinical and
environmental source by the simple doublerepetitive ele-
ments(MaDRE-PCR) and compared withthel S1245-RFLP.
We further evaluated the ability of the simple and rapid
MaDRE-PCR to identify polyclonal infection since mul-
tipleisolatesfrom AIDS patientswere available.

MATERIALS AND METHODS

The study included 41 MAC isolates obtained from 14
inpatients (Table) at Clementino Fraga Filho University
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Hospital, a Reference Center for AIDSin Rio de Janeiro.
HIV seropositive status was determined by EL1SA/West-
ern blot (Organon Teknica, Boxtei, The Netherland/
Dupont, Welmington, US) and none of the patients was
on HAART. All clinical information was obtained through
retrospective review of the patients’ medical records. A
total of 237 environmental and animals specimens pro-
cessed for culture in Léewenstein-Jensen at 37°C, 53
yielded mycobacterial strains, of which ten (18.1%) were
identified as belonging to MAC,; eight strains were ob-
tained from swinelymph nodeliving freein backyard and
two from raw vegetabl e and chicken (slaughtered collected
from abattoir), respectively. Speciesisolation, biochemi-
cal, and M. avium molecular identification by 247bp IS
1245-PCR fragments were performed as described previ-
oudly (Ferreiraet a. 2002, Leiteet a. 2005).

Genotypic characterization of the sampleswith 1S1245-
RFL P was performed as described by Saad et al. (1999).
MaDRE-PCR was performed using apreviously described
method (Picardeau & Vincent 1996) with minor modifica-
tion. Briefly, total DNA was prepared by enzymatic proto-
col as described elsewhere (van Soolinger et al. 1991).
Amplification reaction was performed by adding 49 pl of
Platinum® PCR Super Mix (LifeTechnologies, US) to 1 ul
of the extracted DNA, 0.5M MgCl, and 1 uM of each
specific oligonucleotide primers (PA: 5SCAGAGCCTCA
GGCGA3 and PB: 5CAGAGCCTCACGCGGA3
(LifeTechnologies). Initial 2 min denaturation at 95°C was
followed by 35 amplification cyclesof 1 min denaturation
at 95°C, 1 min annealing at 55°C and 2 min elongation at
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72°C and finally onecycleof 10 minextensionat 72°Cin
MJ Research PTC-100 thermocycler (MJ Research Inc.,
MA, US). Theampliconswereresolved on TBE 1.8% gel
agarose containing 0.5 pg/ml ethidium bromide (Sigma &
Aldrich, Saint Louis, US) by 90V eletrophoresis/2 h. Lad-
der 100 bp was used as molecular weigh marker and M.
avium clinical strain 40418 was used as standard isolate
for all experiments.

DNA fingerprint pattern interpretation for both meth-
odsfollow the convention established for genetic pattern
generated for M. tuberculosis. MaDRE-PCR and RFLP
banding pattern were analyzed visually. Strains with the
same fingerprint from different patients were considered
cluster and orphan patterns were those whose fingerprints
weredifferent from the others.

RESULTS

Thestrainswere analyzed at first by MaDRE-PCR and
41 human and ten environments isolates were amplified
by PCR. Thebanding pattern reveal ed amaximum of eight
bands, some of them intense and some other correspond-
ing to weaker bands. None of the strainsfailed to be am-
plified and the patterns found were reproducible in two
PCR performed in different days on the different DNA
preparation. Eleven out of 14 patients had multiple iso-
lates cultured at different or the sametimeasdescribed in
the Table. Most of the multiple isolates were obtained
from sterile body sites (27/38, 71%), in 7/11 patients all
isolates showed the same MaDRE-PCR pattern for each
patient (Fig. 1A). Patients 11 and 3 with three and five

e

Fig. 1: Mycobacterium avium double repetitive elements-polymerase chain reaction (MaDRE-PCR) (A) and |S1245-restriction fragment

lenght polymorphism (B) identical patterns of M. avium multiples isolates from Brazilian AIDS patients. Numbers are patients' identifi-
cation. MW: molecular weigh; C+: M. avium standard strain 40418; C—: negative control; L: 100 bp ladder; 13, 14, and 6: patients with

single isolates.
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multipleisolates, respectively, showed different MaDRE-
PCR pattern in one of them (Fig. 2A). In the first patient
two isolates were obtained from bronquialveolar lavage
(BAL) and one from induced sputum; all were collected at
the same day, however one BAL isolate had MaDRE-PCR
banding pattern differing in number and position from the
other isolates. The second patient had one isolate from
non-sterile site (feces) and bone marrow, respectively, and
three isolates from blood, all collected in different days.
The bone marrow strain showed aMaDRE-PCR banding
pattern differing in number and position from the other
and it wasisolated one month later (01/03/1997) from one
of the blood isolates (12/09/1996) (Table). On the other
hand, patients 5 and 9, with three and four isolates each,
obtained at the same or closer days, showed isolateswith
extrafragment despite of the majority of the bands being
identical in size and position (Fig. 2B).

All strains from animals and vegetables yielded or-
phan MaDRE patterns and none were identical to human
isolates(Fig. 3A).

RFL P polymorphism was complex showing threeto 18
copies. Multiple isolates from different patients were
found to beidentical for each patient except for patients 3
and 11 confirming polyclond pattern provided by MaDRE-
PCR (Fig. 2A). However, for patients 5 and 9 RFLPiso-
lates patternswere found to beidentical (Fig. 2B).
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For all multipleisolatesfrom the same patientsor from
environment and animals MaDRE-PCR patternsinterpre-
tation wassimilar to that provided by RFLP. For all strains
analyzed, cluster patternswere neither identified by PCR
or RFLP.

DISCUSSION

Thisstudy performed with MaDRE-PCR wasthefirst
on Brazilian M. avium isolates and the results showed a
limited number of bands (Iessthan ten) as previously de-
scribed by Pirardeau and Vincent (1996). Similar approach
to type M. tuberculosiswas used by Friedman et al. (1995)
amplifying the nucl eotides between the two repetitive el -
ements; 156110 and PGRS (G-C rich sequences). Thereli-
ability of theMaDRE-PCR typing method was confirmed
by the same profile found on multiple isolates from the
same patient. However, as described for M. tuberculosis
DRE-PCR typing method, the presence of weak bands
was observed. These features may result from cross hy-
bridization with arelated DNA sequence (Roiz et al. 1995,
Picardeau & Vincent 1996) or it isrelated to technical limi-
tation of the method. The same explanation may be ap-
plied for the finding of multiple isolates from the same
patients (5 and 9) with identical patterns except for one or
two extra bands in one of the strains of each patient, but
RFLP provided identical pattern. Thismay introduce some

11 3
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Fig. 2A, B: Mycobacterium avium double repetitive elements-polymerase chain reaction (MaDRE-PCR) results on multiple isolates from
patients 11, 3, 5, and 9 showing different banding pattern in one of the isolates. C: 1S1245-restriction fragment length polymorphism
confirming polyclonal patterns in isolates from patients 11 and 3, and identical patterns for isolates from patients 5 and 9. L: 100 bp

ladder; MW: molecular weigh.
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difficulty for MaDRE pattern interpretation. However,
where PCR amplification strains produced complete dif-
ferent patterns also displayed unrelated RFLP profiles
(patients3and 11).

PCR and RFLPin patient 3, both discriminateinfection
involving different M. avium strains. In fact this patient
had seven isolates during a period of 6 months and we
analyzed five of those. Our result characterized polyclonal
infection with persistence of the initial strain in blood.
Picardeau and Vincent (1996) observed similar finding,
when they studied sequential strains of M. avium iso-
lated over 23 months. Despite similar results have been
observed for patient 11 polyclonal infection could not be
characterized. Human NTM infectionisdefined by amini-
mum criteria such as: (a) repeated isolates of the same
strainsfrom natural clinical specimen from sterilesitewith
moderate to intense in vitro culture growth; (b) clinical
evolution of active disease; and (c) exclusion of other
pathogenic agent (Wallace et al. 1990). Contrarily to pa-
tient 3, patient 11 did not fulfill these criteria. Furthermore,
strains obtained from non-sterile site may be only acolo-
nize event and NTM, as M. avium, can be isolate from
respiratory tract from healthy patients (Portaels 1995).

The overall result of PCR typing based on two inser-
tion sequences present in M. avium provided a discrimi-
natory power similar to RFL P results, sincein both meth-
ods most of related strainsyielded identical patterns and
unrelated strains produced different profile, but careful
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interpretation must be taken among strains closely related,
withidentical banding pattern exception for one extraband.
Thisfinding isin agreement with results obtained by other
comparing PCR-typing and PFGE methods (Pestel-Caron
etal. 1999).

In both molecular typing system no cluster strains
was seen in human, animals, and environment strains.
Exposure to MAC organisms is impossible to avoid be-
cause they are ubiquitous, and the human infection reser-
voir remainsunclear. Hot water (von Reyn et a. 1994), soil
(Eaton et a. 1995), and animals such as pig have been
proposed to be asource of M. aviumfor human infection.
However Brazil does not have such hot water system and
isolation of MAC strainsfrom soil isadifficult task. Has
been described that MAC pigs, food, and human isolates
shared high degree of RFLPsimilarity, but direct link be-
tween themwasnot found (von Reyn et a. 1994, Mansfield
& Lackner 1997, Yoder et a. 1999). Our results showed
low genotyping patterns similarities between humans,
environments, and animals strains but our sampling is
too small and the environmental and animals' specimens
were not taken from the same patients' geographic area.
PCR typing to screening diversity of M. aviuminfecting
human may favor links between environmental and ani-
mals’ sourcesin further epidemiologal studies.

In summary, this study showsthat the rapid, easy, and
inexpensive PCR typing based on two M. aviunm-inser-
tion sequencesis useful for epidemiological studies such
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Fig. 3: Mycobacterium avium double repetitive elements-polymerase chain reaction (MaDRE-PCR) (A) and 1S1245-restriction fragment
length polymorphism (B) patterns isolates from pigs, chicken (Ck), and lettuce (Lt). L: 100 bp ladder; C+: M. avium strain 40418; MW:

molecular weigh.
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TABLE

Source of Mycobacterium aviumisolates from 14 acquired
immunodeficiency syndrome Brazilian patients

Patients Clinical specimen Isolation data
Blood 18/12/96
Blood 16/01/97
Bone marrow 13/03/97
1 Blood 10/03/97
Sputum 04/04/97
Sputum 08/04/97
Blood 11/04/97
Blood 25/10/96
2 Blood 25/10/96
Blood 13/12/96
Blood 13/12/96
Blood 09/12/96
Feaces 07/01/97
3 Bone marrow 03/01/97
Blood 18/01/97
Blood 27/03/97
4 Sputum 28/11/96
Sputum 02/01/97
Bronquialveolar lavage 26/11/96
5 Sputum 26/11/96
Blood 18/12/96
6 Blood 02/08/96
Blood 06/01/97
7 Blood 06/01/97
Blood 06/01/97
Bronquialveolar lavage 29/01/97
Blood 10/04/97
8 Blood 10/04/97
Blood 10/04/97
Blood 01/0197
9 Blood 01/01/97
Blood 01/01/97
10 Blood 08/08/97
Blood 08/08/97
Bronquialveolar lavage 06/01/97
11 Bronquialveolar lavage 06/01/97
induced sputum 06/01/97
12 Blood 10/03/97
Bone marrow 30/04/97
13 Linphonode 30/07/97
14 Blood 12/08/96

as detection of polyclonal infection, an event that may
havetreatment implications (Arbeit et al. 1993, Saad et al.
2000, Panunto et al. 2003). However we suggest to strict
its use in small sampling from select set because of the
limitation on analysis of patterns with difference in one
band.

Despite HAART hasdramatically decreased M. avium
infections, it would be useful to have a simple and inex-
pensive genotypic method to easily screen a possible
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emergency of new genotype of M. aviumamong HIV pa-
tientswith achangein their immunological statusrelated
to begging HAART (detection of aparticular genotypein
preexisting polyclonal infection) or when preexisting M.
avium suppressive therapies or prophylaxis in patients
on HAART arewithdrawn (Legrand et al. 2000) or to fol-
low the epidemiological evolutionin HAART patient that
remains colonized by M. avium as showed by Gadel ha et
a. (2002).
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