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Background & objectivesWe report a new polymerase chain reaction (PCR) — restriction fragment
length polymorphism (RFLP) assay using mycobacteriaroES as a target to identify Mycobacterium

avium and M. intracellulare in clinical samples.

Methods The assay was standardized usinlyl. avium and M. intracellulare standard strains obtained
from ATCC and was tested with 45M. avium-M. intracellulare complex (MAC) clinical isolates (Of
which 31 were from HIV* individuals). The standard and clinical strains were typed with HPLC based

mycolic acid fingerprinting.

Results Three polymorphisms BamHI, BstNI and Hgal) were identified for inter-species differentiation
among standard strains; of which, onlyHgal was found to be useful in clinical isolates. Of the 45 isolates,
25 wereM. avium and 20 wereM. intracelluare. MAC isolates, which could not be differentiated by
HPLC analysis, were also typed by this method.

Interpretation & conclusions The use of mycobacteriaroES as a PCR-RFLP target forM. avium and
M. intracellulare is a simple and rapid method that can complement HPLC in their differentiation.
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Mycobacterium aviumm M. intracellularecomplex and genitourinary tracts. Conventional technigues falil
(MAC) comprises two genetically distinct but difficult to discriminateM. aviumandM. intracellulare The
to discriminate species hamel. avium which assays used to identify these two species include both
predominates (87-98%) in AIDS patients with no anti- genotypic methods like polymerase chain reaction
retroviral therapy ani. intracellulare which is more  (PCR) fnig), PCR with restriction fragment length
frequent among non-AIDS patiehtklentifying clinical polymorphism (PCR-RFLP) hsp69, probe
isolates ad/. aviumandM. intracellularewould have  hybridization and sequencing (16S rRNA) and
both clinical and epidemiological implications. MAC phenotypic methods like high performance liquid
strains occasionally cause human disease that i€hromatography (HPLC) and serotypinén general,
indistinguishable from tuberculosis. The organisms genotypic assays have proved far superior to
infect lung, lymph nodes, skin, bones, gastrointestinalconventional methods in terms of specificity, sensitivity
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and rapidity“. Of the several genotypic assays, PCR- of 1 min denaturation at 95°C, 1 min annealing at 55°C,
RFLP analysis offers an easy, rapid and an inexpensivd min extension at 72°C which is followed by a final
way to identify several mycobacterial speties extension at 72°C for 5 min. PCR products were

The groESL operon that encodes 10 kDa (GroES) visualized on 2 per cent agarose gel.

and 60 kDa} (GrqEL) heat shock proteins is UbiqUitOUSPCR-RFLP:EquaI quantity of PCR products were
and evolutionarily conserved among ba@ct‘é_riﬁhe digested for 3h wittBamHI, BstNI or Hgal (New
Hsp65 (GroEL2) gene of mycobacteria is well England Biolabs, USA) at 37°C f@amHI andHgal

documented for its utility in species identificati@rBut and 60°C foBstNIfollowing manufactures instruction.

theHsp10(groES gene (Rv3418c), though well conserved The digested products were visualized on a 2 per cent
like the Hsp65gene, has not been utilized for species agarose gel

identification, probably due to its small sizBespite its

highly ~ conserved amino acid sequence, yp| C analysis:The use of HPLC to separate the
immunodominant species-specific T- and B-cell promophenacyl esters of mycobacterial mycolic acids
epitopes have been identifi€é and have been utilized \y55 as described by Butkeral. HPLC was conducted
for immunodiagnosis. In the present study, we on 3 Beckman model 330 liquid chromatograph
a_ttemptng. avium and M. intracellulare species (Beckman Instruments, Inc., Berkeley, CA) equipped
differentiation usinggroESbased PCR-RFLP assay. ith an Altex/Hitachi model 155 UV detector for
This assay was also validated using MAC clinical measuring A254, two Beckman model 110A solvent
isolates obtained from HIV positive individuals. pumps, and a model 420 pump controller. The mycolic
. acid p-bromophenacyl esters (5-p.I samples) were
Material & Methods applied to a 5-ri. particle size, C18 reverse-phase column
Bacterial strains: All the reference strains of (4.6 mm by 25 cm) equilibrated in 91 per cent methanol-

mycobacteriall. avium ATCC no. 25291, 43015 and ?hgerr;%?;ﬁp'@féogrﬁéﬁftgg niection fc‘; tgg Sirrng'; :
M. intracellulare— ATCC no. 23434, 23435 and 23436) thg 1-70 i h? f y 'pd {65
were from American Tissue Culture Collection (ATCC), methano |E=)|er cen cforo l‘;m.‘ over a period o
USA. The MAC clinical isolates from HIV patients min at a total flow rate of 2 ml/min.
and from non HIV patients (n=45) were collected
from the Department of Bacteriology, Tuberculosis
Research Centre (ICMR), Chennai. Species
identification by high performance liquid PCR was attempted using conserved primers for
chromatography (HPLC) and HIV testing were also groES as reported by Cobb and Forthink&om two
carried out at the same centre. Of the 45 MAC clinical M. aviumand threeM. intracellulare standard strains
isolates, 32 were from HIpositive subjects. The study obtained from ATCC. This yielded a single band of
was conducted during 2002-2005 and most of the600bp in both species. The PCR products were gel
samples were collected during this period and a fewpurified and sequenced (data not shown). Sequence
were from the archival collection. analysis revealed the presenceBaimHI|, BstNI (both
sites present inM. avium and absent inM.
PCR amplification:DNA extraction was carried out intracellulare) and Hgal (absent inM. avium and
following the standard Cetyl trimethyl ammonium present inM. intracellulare) polymorphisms which
bromide (CTAB)-NaCl methdd * Mycobacterial  could be used for PCR-RFLP analysis. The PCR
groESspecific primers (MAF-5CCTTGAGTAC products were digested witamH|, BstNI or Hgall.
TAGCACTCTCATG3;MAR-5ATCAGC BamHI digestion yielded a 400bp and 200bp doublet
TTGCTCATCAGGCTC @) (Invitrogen,  in M. aviumand an undigested band\h intracellulare
USA) were used for PCR amplificatitSnPCR reaction  Several other non tuberculous mycobacteria (NTM)
was carried out in a final volume of 25pl that contains species yielded the same doublet pattern obtained for
5-10ng DNA, 20pM each of forward and reverse M. intracellulareand thus this polymorphism was not
primers, 1.5mM MgCl 125uM dNTPs, 2.5U Taq found to be useful for species identification (results not
polymerase (Amersham, Singapore), 10mM Tris-HCI shown). UporBstNI digestion,M. aviumyielded two
(pH 9.0) and 50mM KCI. The PCR conditions were: 5 distinct bands (500 and 100bp) while the 600bp
min initial denaturation at 95°C followed by 40 cycles fragment ofM. intracellulare remained intact due to

Results & Discussion
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the absence of this restriction site. Upon Hgal digestion,
M. avium fragment remained undigested due to the lack
of the Hgal site (600bp) while M. intracellulare yielded
a doublet of 300bp. Thus, out of BamHI, BstNI and
Hgal, only Hgal and BstNI were found to be useful for
species differentiation.

To validate this assay on clinical specimens, 45
MAC clinical isolates were subjected to PCR-RFLP
assay. These isolates were selected based upon their
HPLC pattern. HPLC analysis showed three distinct
chromatographic patterns for these isolates: those
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Fig. 1. Representative mycolic acid profile for clinical isolates of
(a) M. avium, (b) M. intracellulare and (¢) M. avium-intracellulare
complex (MAC).

Table. Summary of comparison between the newly developed PCR-
RFLP assay and the well established HPLC based mycolic acid
analysis. MAC clinical isolates (n=45) were used to validate the
groES based PCR-RFLP assay. These isolates were also subjected
to HPLC analysis for species identification

HPLC analysis

M. avium M. intracellulare MAC
(n=14) (n=18) (n=13)
M. avium 12 4 9
(n=25)
PCR- M. intracellulare 2 14 4
RFLP  (n=20)
A5 Total 14+18+13= 45

MAC refers to strains showing an intermediate HPLC profile
between M. avium and M. intracellulare. This group was
discriminated by the PCR-RFLP assay

resembling M. avium, M. intracellulare and an
intermediate pattern (Fig. la, b and c) indicating
significant phenotypic heterogeneity. Based on HPLC
results, 14 M. avium, 18 M. intracellulare and 13 MAC
isolates were subjected to PCR-RFLP assay. Upon BstNI
and BamHI digestion all the 45 MAC clinical isolates
gave identical band pattern resembling M. intracellulare
(Fig. 2a, data not shown for BamHI digestion)
irrespective of their HPLC based phenotype. This
indicates the inability of these polymorphisms in
permitting species identification among clinical isolates.
This also shows that not all polymorphisms seen in
standard laboratory strains would be useful for
diagnosis. When the same samples were subjected to
Hgal digestion, clear species discrimination was seen
(Fig. 2b). Twelve out of 14 (85.7%) and 14 out of 18
(77.7%) isolates were correctly identified as M. avium
and M. intracellulare respectively by both HPLC and
PCR-RFLP (Table). Two were M. avium by HPLC and
M. intracellulare by PCR-RFLP. Similarly 4 were M.
intracellulare by HPLC and M. avium by PCR-RFLP.
More importantly, 13 isolates which could not be typed
by HPLC, were identified as M. avium (9 isolates) and
M. intracellulare (4 isolates). Thus, of the 45 isolates,
25 were found to be M. avium and 20 were M.
intracellulare by the PCR-RFLP assay. Of the 25 M.
avium and 20 M. intracellulare isolates, 22 and 10
isolates were from HIV-positive subjects respectively.
These results were in good accordance with previous
reports showing the preponderance of M. avium
infection among HIV-positive subjects!”8,

M. tuberculosis and MAC species are the most
important mycobacterial pathogens since they account
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Fig.2. (a). RFLP pattern generated BgtNI digestion ofgroESgene from the MAC clinical isolates. Molecular size marker- 1kb ladder
(NEB) (lane M), MAC clinical isolates (lanes 1-8), aviumstd strain (lane 9) and. intracellularestd strain (lane 10M. aviumstandard

strain gave a 500+100bp whiM. intracellulare remained undigested. The band at the bottom is the primer di)eRKELP pattern
generated byigal digestion ofgroESgene from the MAC clinical isolates. Clinical isolates (lanes 1-6 and 7-9), Molecular size marker -100
bp ladder (BRL) (lane M)M. aviumstd strain (lane 10) anil. intracellulare std strain (lane 11). Samples in lanes 1, 2 and 8 were
identified asM. intracellularewhile those in lanes 3, 4, 5, 6, 7 and 9 were identified.a@viumbased on the band pattern.

for more than 90 per cent of all the mycobacterial RFLP targets, since a single assay may be inadequate
infections®. Among these three specid, aviumand in discriminatingM. aviumandM. intracellularestrains

M. intracellulare have overlapping phenotypic from diverse geographical locations. Therefore, we have
properties that make their identification difficult by developed an indigenogsoESbased PCR-RFLP assay
conventional methods. But these two species differwhich was found to be useful for species identification
markedly at the genome level as evidenced by uniqueamong the south Indian clinical isolates. This assay was
polymorphisms in otherwise highly conserved also validated using MAC clinical isolates from HIV-
gened'®'’ Because of the scarceness of biochemicalpositive individuals.

differences betweeM. aviumandM. intracellulare, _

additional techniques such as HPLC, serotyping and In conclusion, our data showed thigal based
genotypic assays have been attempted with the aim 0@fOESPCR-RFLP is a simple and rapid method for the
discriminating them. HPLC is time-consuming and not identification and differentiation d1. aviumandM.
readily available to most clinical laboratories. On the intracellulareamong strains that are refractory to HPLC
other hand, serotyping has several drawbacks such aased species identification. The use of DNA
producing inconsistent data among laboratories and@Mmplification based techniques for the diagnosis of
inability to type all isolates. PCR-RFLP assay is a simple MAC is essential for the timely onset of chemotherapy,

genotypic method which has been used worldwide forwhich can lead to improvement of symptoms, clearing
mycobacterial species identification. of bacilli and in some instances an increased rate of

survival in patients with AIDS suffering from MAC
Earlier Delvalloiset al®, have reported limited disease.
utility of Hsp65 based PCR-RFLP in species
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