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Species of the Burkholderia cepacia complex cause chronic and life-threatening infections in persons with
cystic fibrosis. Epidemic strains infect multiple patients, reside primarily in genomovar III, and have an
apparent enhanced capacity for human infection and/or interpatient transmission. By using subtractive
hybridization, a novel insertion element, designated 1S1363, was identified in epidemic strain PHDC, known to
infect many cystic fibrosis patients in the mid-Atlantic region of the United States. IS1363 was also found in
most isolates of the ET12 lineage, responsible for infecting large numbers of patients in Ontario, Canada, and
the United Kingdom. Southern blot analysis demonstrated that whereas multiple copies of IS1363 were present
in strain PHDC, only one copy was present in ET12 isolates. IS1363 was used to probe a collection of 943 B.
cepacia complex isolates, representing all nine genomovars, recovered from 761 cystic fibrosis patients or the
natural environment. IS1363 was not found in other genomovar III strains and, with the exception of B.
ambifaria, was absent from other B. cepacia complex species. Genotyping analyses of all IS1363-positive isolates
demonstrated that strain PHDC was more widely distributed in the United States than previously appreciated;
212 cystic fibrosis patients in 24 states were identified as being infected with PHDC.

The Burkholderia cepacia complex consists of nine closely
related bacterial species (or genomovars) (8, 35). Although
generally not pathogenic for healthy persons, these species can
cause life-threatening pulmonary infection in persons with cys-
tic fibrosis (17). Most of the species in this group have received
formal binomial designations, including B. multivorans, B. sta-
bilis, B. vietnamiensis, B. ambifaria, B. anthina, and B. pyrro-
cinia. The name B. cepacia will be reserved for genomovar I,
while genomovars III and VI await formal names pending the
identification of distinguishing phenotypes. Recent analyses of
large numbers of isolates recovered from cystic fibrosis pa-
tients indicate that although all nine species are capable of
causing infection in cystic fibrosis, some are much more com-
monly involved than others. In fact, in the United States, ap-
proximately half of infected cystic fibrosis patients harbor
genomovar III (19); in Canada and parts of Europe, the pro-
portion is even higher (1, 32).

A number of studies employing isolate genotyping analyses
have also demonstrated the existence of specific B. cepacia
complex strains, or clonal lineages, that infect multiple cystic
fibrosis patients. Such so-called epidemic strains reside primar-
ily (although not exclusively) in genomovar III. The best stud-
ied of these is strain ET12, which predominates among cystic
fibrosis patients in Ontario, Canada, and the United Kingdom
(12, 13, 26). Another genomovar III strain, designated PHDC,
has been described more recently as the dominant strain
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among infected cystic fibrosis patients in the mid-Atlantic re-
gion of the United States, where it has been endemic for at
least the past 20 years (5). Isolates belonging to this lineage
have also been found recently in agricultural soil in New York
State (20). Another genomovar III strain, referred to as the
Midwest clone, infects multiple cystic fibrosis patients in Ohio
and Michigan (7, 14).

The factors that account for the apparent enhanced capacity
of these strains for pulmonary infection and/or interpatient
spread in cystic fibrosis remain to be elucidated. An approach
that may be useful in this regard involves the use of subtractive
hybridization, a method by which DNA that is present in one
bacterial genome (the tester strain) but absent in another (the
driver strain) is identified (3). In ongoing studies, we have used
this approach to identify genetic elements present in certain
epidemic B. cepacia strains and absent from strains infre-
quently recovered from cystic fibrosis patients (unpublished
data).

In the study reported here, we describe the use of subtractive
hybridization to identify a novel putative insertion element,
designated IS7363, which is found in B. cepacia genomovar III
epidemic strains PHDC and ET12. Screening of a large col-
lection of sputum isolates from cystic fibrosis patients for the
presence of IS71363 together with isolate genotyping analyses
indicated that strain PHDC was much more common and
widely distributed among cystic fibrosis patients in the United
States than was previously appreciated.

MATERIALS AND METHODS

Bacterial isolates and growth conditions. Isolates were recovered from sputum
cultures from cystic fibrosis patients and sent by referring clinical microbiology
laboratories to the Burkholderia cepacia Research Laboratory and Repository at
the University of Michigan. These included B. cepacia genomovar III isolates
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TABLE 1. Primers and PCR conditions

Assay Primer Primer sequence PCR conditions ?:;pl(lgg;l
IS-PCR P1 5'-GCTTAATAGGATGGTCAG-3’ 95°C for 2 min, 1 cycle; 95°C for 45 s, 55°C for 45 s, 235

P2 5'-TCCATGACCACCGTACAACTC-3’

Full-length PCR P1 As above

P5 5" -TCTATGGTCAGCCCGATTTTTG-3’

RT-PCR P3

5'-TCCGGCAAGGCAACAAGAACGAT-3’
P4 5’-GCCCGACCGACGCCGCAAACTG-3'

72°C for 45 s, 30 cycles; 72°C for 10 min, 1 cycle

98°C for 3 min, 1 cycle; 98°C for 30 s, 56°C for 30 s, 1,363
72°C for 2 min, 30 cycles; 72°C for 10 min, 1 cycle

95°C for 2 min, 1 cycle; 95°C for 45 s, 61°C for 45 s, 495
72°C for 45 s, 40 cycles; 72°C for 10 min, 1 cycle

AU1482 and PCS8, which represent strain PHDC (5), and PC184, representing
the Midwest clone (7, 14). Several sputum isolates representing the ET12 strain
were kindly provided by D. Henry (Vancouver, Canada) (7). Other isolates,
including B. cepacia genomovar III strains ES0222 and ES0263, were recovered
from agricultural soil as described previously (24). P. Vandamme (Ghent, Bel-
gium) kindly provided additional isolates from soil and cystic fibrosis patients.
Species identification (i.e., assignment to one of the nine species [or genomovars]
within the B. cepacia complex) was performed by using ribosomal DNA (rDNA)-
and recA-directed PCR assays as previously described (18, 22). Isolates were
recovered from frozen stocks maintained at —80°C by aerobic growth on Muel-
ler-Hinton broth (Becton Dickinson) supplemented with 1.8% (wt/vol) agar
following incubation overnight at 32°C.

Escherichia coli TOP10 (Invitrogen), XL1-Blue MRF’, and XLOLR (Strat-
agene) were used for cloning, genomic library propagation, and phagemid exci-
sion, respectively. E. coli strains were grown in Luria-Bertani (LB) medium
supplemented with appropriate antibiotics. Kanamycin and tetracycline (Sigma)
were used at 50 pg/ml and 12.5 pg/ml, respectively, as needed.

Subtractive hybridization and DNA sequence analysis. Subtractive hybridiza-
tion was performed essentially as described by Akopyants et al. (3), except that
the amounts of both tester and driver DNA were doubled and Haelll was used
instead of Alul. AU1482 was used as the tester DNA, and a pool of equal
amounts of ES0222 and ES0263 DNA was used as the driver. A hybridization
temperature of 65°C was used. After the second round of PCR, the subtractive
hybridization products were cloned into pCR-Blunt II-TOPO (Invitrogen) and
transformed into E. coli TOP10. For DNA sequence determination, plasmid
DNA was purified from host bacteria by using the Qiagen mini spin kit (Qiagen).
DNA sequence was determined by using an Applied Biosystems 3700 DNA
sequencer (PE Applied Biosystems) with the BigDye terminator cycle sequenc-
ing ready reaction kit. Sequence analyses were performed by using EditSeq
(DNAStar).

Genomic library construction and screening, Southern blot, and dot blot
assays. Twenty micrograms of genomic DNA from strain PC8 was partially
digested by incubating with 0.4 U of Sau3AlI at 37°C for 30 min. DNA fragments
between 5 kb and 10 kb in size were purified by using the Qiagen gel extraction
kit (Qiagen), and a genomic library was constructed in ZAP Express (Stratagene)
according to the manufacturer’s instructions.

The PC8 genomic library was screened by transfecting E. coli XL1 Blue MRF’
with approximately 5,000 PFU/plate (132-mm diameter). After incubation at
37°C overnight, phage DNA was transferred onto positively charged nylon mem-
branes (Roche) and denatured. Southern blot analysis was performed by trans-
ferring 2 pg of EcoRV-digested genomic DNA fragments from a 0.8% agarose
gel onto a positively charged nylon membrane. For dot blot analysis, DNA was
prepared from each bacterial isolate, and approximately 1 ug was applied to a
nylon membrane as described previously (19). For Southern blot, dot blot, and
library screening, a digoxigenin-labeled 235-bp DNA fragment within IS7363 was
generated by PCR (below) by employing the PCR DIG probe synthesis kit
(Roche) and used as a probe. After hybridization at 42°C overnight in Easy Hyb
solution (Roche), membranes were washed twice (15 min each wash) in 0.5%
SSC (1x SSC is 0.15 M NaCl plus 0.015 M sodium citrate) at 55°C prior to
detection.

IS1363-specific PCR and reverse transcription-PCR. The oligonucleotide
primers and conditions for the PCR assays used in this study are provided in
Table 1. Template DNA was prepared from bacterial isolates by using a colony
lysis method as described previously (7). 1S1363-specific PCR (IS-PCR) was
performed with oligonucleotide primers (P1 and P2) that target sequences within
1S1363. PCR was performed in 25-ul reactions containing 2 pl of bacterial cell
lysate (7), 1 U of Tag polymerase (Gibco-BRL), 1.5 mM MgCl,, 0.8 mM de-

oxynucleoside triphosphates, 0.4 wM each primers P1 and P2, and 1X PCR
buffer (Gibco-BRL). Amplification was carried out by using a PTC-100 program-
mable thermal cycler (MJ Research). The resulting 235-bp amplicon was visu-
alized after gel electrophoresis and staining with ethidium bromide. Genomic
DNAs prepared from strains PC8 and PC184 were used as positive and negative
PCR controls, respectively.

For PCR amplification of the entire IS1363 sequence, primers P1 and P5 were
used. The PCR mixture and thermal cycler were as described previously for the
IS-PCR (above) except that ThermalAce DNA polymerase (Invitrogen) was
used.

Reverse transcription-PCR (RT-PCR) was performed by using the Superscript
One-Step RT-PCR kit (Invitrogen). RNA was isolated from strains AU1482 and
PC8 grown under in vitro growth conditions (above) by using the SNAP total
RNA isolation kit (Invitrogen). Oligonucleotide primers P3 and P4, targeting
sequences within the IS7363 open reading frame (ORF), were used. RT-PCR
was carried out in a 50-pl reaction containing 250 ng of RNA template, 0.2 uM
each oligonucleotide primer, and 1 pl of RT-Platinum 7ag mix. cDNA was
synthesized at 50°C for 30 min followed by the amplification program detailed in
Table 1. Absence of genomic DNA in RNA preparations was verified by omitting
the RT-Platinum 7ag mix and substituting 2 U of Tag DNA polymerase in the
reaction.

Isolate genotyping analyses. Many bacterial isolates included in this study had
been genotyped in the course of previous studies by using either random ampli-
fied polymorphic DNA typing (RAPD), rep-PCR typing by using a BOX-A1R
primer (BOX-PCR), macrorestriction analysis by using Spel digestion and
pulsed-field gel electrophoresis (PFGE), or multilocus restriction typing as de-
scribed previously (5, 7, 9, 20). For RAPD, BOX-PCR, and PFGE, gel images
were digitized by using a GelDoc2000 gel analyzer (Bio-Rad), stored as TIF files,
and analyzed by using Molecular Analyst Fingerprinting Plus software (Bio-
Rad), also as described previously (5). Similarity matrices of densitometric
curves of the gel tracks were calculated by using Pearson’s product-moment
correlation coefficient, and cluster analyses were performed by using the un-
weighted pair group method with arithmetic averages. Isolates clustering with
similarity coefficients of 80%, 70%, and 65% for RAPD, BOX-PCR, and PFGE
analyses, respectively, were considered the same strain (9).

Nucleotide seq e accessi bers. The nucleotide sequences of the
1S1363 elements cloned from B. cepacia genomovar III PHDC strain PC8 and
PCR-amplified from B. ambifaria strain ES0607 were deposited in GenBank
under accession numbers AY 148030 and AY148031, respectively.

RESULTS

Subtractive hybridization and library screening. Subtractive
hybridization was performed by using genomic DNA from
AU1482 as the tester DNA and a pool of DNAs from non-
PHDC genomovar I1I strains ES0222 and ES0263 as the driver
DNA. Several hundred clones were obtained in the resultant
subtraction library. PCR analysis by using vector-specific prim-
ers identified several clones with different sizes of inserts. From
among these, eight distinct clones were selected for DNA se-
quence determination. Based on these sequences, insert-spe-
cific PCR assays were designed. These assays were used with
tester or driver DNA as the template to confirm that six of the
eight clones contained tester-specific DNA. The DNA inserts
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TABLE 2. Tester-specific clones analyzed from the subtractive hybridization library

Similar protein

Clone Insert size (bp) % G+C
Organism Putative function % Identity % Similarity NCBI accession no.

GIII-35 318 47 Pseudomonas fluorescens ~ Hypothetical protein 64 88 ZP_00088075
GIII-44 181 54 Deinococcus radiodurans ~ Transposase 55 68 NP_293902
GIII-56 202 56 Pseudomonas aeruginosa Transcriptional regulator 86 90 NP_250517
GIII-66 159 47

GIII-76 278 54

GIII-78 244 58 Pseudomonas sp. Putative transposase 57 73 AAF80258

of these six clones ranged from 159 to 318 bp in length and
were found to have a G+C content ranging from 47 to 58%.
The DNA sequences were analyzed by using the NCBI BlastX
program, and four were found to have homology to predicted
proteins present in the GenBank database (Table 2).

One of the subtraction clones, designated GIII-78, had a
244-bp insert with homology to a Pseudomonas putative trans-
posase. This insert was used as a probe to screen the PCS8
genomic library, and four probe-positive clones, each with a
different-size insert, were selected for further analysis.

IS1363 characterization. DNA sequence analysis showed
that each of the four GIII-78 probe-positive library clones had
an identical 1.4-kb fragment containing a 1,026-bp OREF,
flanked by perfect 14-bp terminal inverted repeats. Additional
perfect 12-bp inverted repeats (IR1) and perfect 11-bp in-
verted repeats (IR2) were also identified (Fig. 1). Potential
—35 promoter regions (TGACCA) were imbedded in the ter-
minal inverted repeats, and a putative ribosome-binding site
(GGAGG) was identified between the downstream IR1 and
the ORF. The G+C content was 58%. The ORF encoded a
putative polypeptide of 341 amino acids, the deduced sequence
of which had 61.1% homology to the IS71328 transposase of
Yersinia enterocolitica and 57.8% homology to TnpA of Enter-
obacter aerogenes. The deduced protein had a high isoelectric
point (10.01) characteristic of transposases. This 1,363-bp in-
sertion element was designated IS7363. RT-PCR analysis with
total RNA from PHDC strains AU1482 and PC8 grown in
vitro indicated that the putative transposase of 1S1363 was
transcribed.

Southern blot. Southern blot analysis of 30 B. cepacia geno-
movar III isolates representing the ET12, PHDC, and Midwest
lineages was performed by using the IS-PCR-generated probe.
Twelve of the 14 ET12 isolates examined had a single copy of
1S7363, while the remaining two had none. Each of the 14
PHDC isolates examined contained four copies of IS7363. In

contrast, IS7363 was not found in two isolates belonging to the
Midwest clone. The presence or absence of IS/363 in all these
isolates was consistent with the dot blot and IS-PCR results
(below).

Dot blot and IS-PCR. A total of 943 B. cepacia complex
isolates were examined by dot blot analysis employing the
digoxigenin-labeled 235-bp IS-PCR probe. The isolates repre-
sented all nine species of the B. cepacia complex and were
recovered from either soil or cultures of sputum from cystic
fibrosis patients. The 761 cystic fibrosis sputum-derived isolates
were recovered from 761 cystic fibrosis patients attending 154
cystic fibrosis treatment centers in 133 cities in North America;
the 182 environmental isolates were recovered from soil as
previously described (20, 24). All dot blot-positive isolates also
tested positive with the IS-PCR assay. The results are shown in
Table 3. While 269 (55%) of the 489 genomovar III isolates
examined were dot blot and IS-PCR positive, only 2 (0.4%) of
the 454 non-genomovar III isolates were positive. Both of
these isolates, ES0607 and ES0864, were B. ambifaria recov-
ered from soil.

IS1363 sequence analyses. The 1S/363 cloned and se-
quenced from PHDC isolate PC8 showed 92.5% nucleotide
identity to the IS1363 PCR-amplified from B. ambifaria strain
ES0607. An IS1363 element with 94.3% nucleotide identity to
the IS7363 cloned from PC8 was found in the genome se-
quence database of strain J2315, the B. cepacia genomovar III
ET12 lineage isolate currently being sequenced by the Sanger
Institute (http://www.sanger.ac.uk/Projects/B_cepacia). In con-
trast, IS1363 was not found in the genomes of either the B.
pseudomallei strain sequenced by the Sanger Institute (http:
/www.sanger.ac.uk/Projects/B_pseudomallei) or the Burkhold-
eria sp. strain LB400 sequenced by the U.S. Department of
Energy Joint Genome Institute (http:/www.jgi.doe.gov
/JGI_microbial/html/burkholderia/burk_homepage.html).

ATGGTCAGCCCGATCCTCACTCAGTGGACTACGCTGAGTGAGGATTTTGTCCTTCTGGGAGG
IR1 RB .

— S |

TTGGCGAGGATCGCGTGGGCCATCCTCGCCAA
——’ 4—_

IR2

ATCGGGCTGACCAT
4—
IR2 TIR

FIG. 1. Schematic map and partial nucleotide sequence of IS7363. Sequences of perfect terminal inverted repeats (TIR) and additional inverted

repeats (IR1 and IR2) are underlined with arrowheads. The putative ribosome-binding site (RB) is in bold. Potential

—35 promoter regions in the

terminal inverted repeats (oriented outward from the IS element) are indicated with overlining.
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TABLE 3. Dot blot analysis for presence of 1S1363

No. dot blot positive/total no. tested

Species or

genomovar Sputum isolates Soil isolates Total
Genomovar I 0/17 0/20 0/37
B. multivorans 0/224 0/0 0/224
Genomovar 11 238/450 31/39 269/489
B. stabilis 0/13 0/3 0/16
B. vietnamiensis 0/30 0/0 0/30
Genomovar VI 0/20 0/0 0/20
B. ambifaria 0/4 2/48 2/52
B. anthina 0/1 0/18 0/19
B. pyrrocinia 0/2 0/54 0/56
Total 238/761 33/182 271/943

Isolate genotypes. Among the 489 B. cepacia genomovar III
isolates screened for the presence of IS7/363 by dot blot and
IS-PCR, 355 (73%) had been genotyped by using RAPD,
BOX-PCR, PFGE, or multilocus restriction typing in previous
studies (5, 7, 9, 20); 28 of these were previously determined to
be of the ET12 lineage. In the present study, any isolate testing
positive for the presence of IS7363 and not previously geno-
typed was typed by using BOX-PCR. The cumulative genotyp-
ing analyses demonstrated that among the 269 IS7363-positive
B. cepacia genomovar 111 isolates were 26 ET12 strains and 243
isolates belonging to the PHDC lineage. Among the 243
PHDC isolates, 31 were recovered from soil (20) and 212 were
cultured from 212 cystic fibrosis patients (below). One hundred
forty-four (65%) of the 220 IS1363-negative genomovar III
isolates were genotyped. Among these were two ET12 isolates
and 88 isolates belonging to the Midwest clone; 40 different
genotypes were detected among the remaining 54 isolates. The
specificity of IS1363 for PHDC is summarized in Table 4. This
also shows that 26 of 28 ET12 isolates tested were also IS1363
positive.

Distribution of strain PHDC. The PHDC soil isolates were
obtained from agricultural fields in New York State as previ-
ously described (20). The sputum-derived PHDC isolates were
recovered from cystic fibrosis patients between 1977 and 2001,
with the majority (58%) being recovered between 1997 and
2001. The majority (83%) of PHDC-infected cystic fibrosis
patients received care in treatment centers in the mid-Atlantic
region of the United States. Most (65%) of these individuals
attended a single treatment center where this strain has been
endemic for at least the past 20 years (5). In total, cystic fibrosis

TABLE 4. 1S1363 PCR assay for 413 genomovar III strains for
which genotype was determined

No. of strains for

Strains tested which PCR was:

Positive Negative
PHDC (n = 243) 2434 0
All others (n = 170) 26° 144¢

“ Includes 212 isolates recovered from 212 CF patients and 31 isolates from
soil.

> All 26 are of the ET12 lineage.

¢ Includes 2 ET12 isolates, 88 isolates belonging to the Midwest clone, and 54
isolates representing an additional 40 genotypes.

J. CLIN. MICROBIOL.

FIG. 2. Distribution of strain PHDC. Shaded U.S. states are those
in which at least one cystic fibrosis patient infected with strain PHDC
receives care. PHDC-infected patients also received care in Alaska and
the District of Columbia (not depicted).

patients infected with PHDC were found in 24 U.S. states and
the District of Columbia (Fig. 2).

DISCUSSION

The observation that many persons with cystic fibrosis are
infected with the same B. cepacia genomovar III strain implies
that certain strains have an enhanced capacity for pulmonary
infection and/or interpatient spread in cystic fibrosis. The bac-
terial factors that may account for this, however, remain to be
defined. The ET12 strain, which infects a large number of
cystic fibrosis patients in Canada and the United Kingdom,
elaborates distinctive “cable” pili and an associated adhesin
that mediates adherence to respiratory epithelial cells (28).
Although likely important in the pathogenesis of ET12, this
phenotype has not been found in other epidemic B. cepacia
complex lineages. Most of the B. cepacia genomovar III strains
found by Mahenthiralingam and colleagues (23) to infect mul-
tiple cystic fibrosis patients contained a common 1.4-kb DNA
segment termed the B. cepacia epidemic strain marker. Within
this segment resides esmR, an ORF with homology to negative
transcriptional regulators; the role that this might play in con-
tributing to human infection is not clear. In previous work we
demonstrated that strain PHDC, common among patients in
cystic fibrosis treatment centers in the mid-Atlantic region of
the United States, neither expresses cable pili nor contains the
B. cepacia epidemic strain marker (5).

In the present study we sought to identify other genomic
elements that may be specific for epidemic B. cepacia complex
strains. To do this we employed subtractive hybridization, a
method that has been used successfully in a number of recent
studies to discern genetic differences between bacterial strains
exhibiting a differential capacity for human infection (15, 29,
31). This strategy has also been used to identify differences
between closely related bacterial species (2, 11). Particularly
relevant to our study is the recent use of subtractive hybrid-
ization between the nonpathogenic species B. thailandensis and
the pathogens B. mallei and B. pseudomallei. This allowed the
identification of novel insertion sequences in B. pseudomallei
(4), as well as the characterization of loci encoding capsular
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polysaccharides, believed to contribute to the virulence of B.
pseudomallei and B. mallei (10, 27).

In our study, analysis of the library generated by subtractive
hybridization between epidemic strain PHDC and two B. ce-
pacia genomovar III isolates recovered from soil revealed sev-
eral clones with insert DNA comprising a lower G+C content
than would be expected from the B. cepacia genomovar III
genome, suggesting possible acquisition of these determinants
by horizontal transfer. We used one of these inserts, showing
high homology to IS1328 of Y. enterocolitica, as a probe to
recover from a genomic library of PHDC strain PC8 a DNA
segment containing the novel insertion sequence 1S7363.

A number of other insertion sequences have been described
previously in B. cepacia complex and are believed to contribute
to the genomic plasticity of these species (16, 33). This is
attributed to the ability of these elements to integrate at var-
ious sites within a recipient genome as discrete DNA segments
through nonhomologous recombination. The consequences of
this include not only inactivation of disrupted genes at the
integration site, but also activation/inactivation of downstream
genes (30, 37). For example, the insertion of any one of several
elements, including 1S402, 1S403, 1S404, and 1S405, was suffi-
cient for activation of an otherwise poorly expressed B-lacta-
mase gene in B. cepacia (30). IS406 appears to activate lac gene
expression by generating a hybrid promoter with a new —35
region provided by the element (16, 36), while IS407 contains
an outward-directed o’%-like promoter that may serve to acti-
vate foreign genes in B. cepacia (16, 36).

We are currently working to characterize the genes flanking
the multiple copies of IS71363 in PHDC in order to assess the
potential role that this element may have in activating gene
expression in this strain. In these efforts, we have identified a
large (27-kb) genomic cluster containing 19 ORFs, many of
which have high homology to the recently described capsular
polysaccharide biosynthesis genes of B. pseudomallei (27) and
B. mallei (10; L. Liu and J. J. LiPuma, unpublished data).

Although the role that IS/363 might have in contributing to
virulence requires additional study, it is clear that this element
is quite specific for strains ET12 and PHDC, both of which
infect a great many cystic fibrosis patients in North America
and Europe (1, 5, 26). Interestingly, this element is absent from
the Midwest clone, another B. cepacia genomovar III strain
responsible for infecting a significant number of cystic fibrosis
patients in the United States, Also of considerable interest is
our finding that two different strains of B. ambifaria also con-
tain IS7363, suggesting possible horizontal genetic transfer be-
tween these closely related yet taxonomically distinct members
of the B. cepacia complex. This observation has particular
relevance in light of the consideration given to the commercial
use of B. ambifaria strains (e.g., AMMD, RAL-3, and MC17)
in agricultural and bioremedial applications (6, 25). Other in-
sertion elements, such as IS406 and 1S407, have similarly been
found in multiple Burkholderia species, including B. cepacia
genomovar III, B. multivorans, and B. pseudomallei (21). In
contrast, IS1356 and an IS402-IS1356 hybrid element appear
to be specific for strain ET12 (33).

The finding in our initial analyses that IS7363 was restricted
almost exclusively to isolates previously identified as either
strain PHDC or ET12 prompted us to assess a much larger
collection of sputum isolates. This collection consisted primar-
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ily of isolates recovered between 1997 and 2001 from cystic
fibrosis patients residing throughout the United States. It also
included many previously uncharacterized isolates from cystic
fibrosis patients who had received care between 1977 and 1997
at the cystic fibrosis center where strain PHDC was initially
identified (5). From this collection we identified several dozen
patients infected with B. cepacia genomovar III containing
IS1363. Genotyping analyses identified each of these as strain
PHDC. In contrast, this strain type was not found by genotyp-
ing analyses of 147 IS1363-negative genomovar III isolates.
Although the isolates available to us for analysis do not nec-
essarily represent the first B. cepacia complex isolate cultured
from each patient, our data indicate that not only has PHDC
been a pathogen in cystic fibrosis patients for the past 20 years,
but that this strain continues to account for significant infec-
tion in this population. In total, by using IS7363 as a probe, we
were able to identify 212 cystic fibrosis patients in 31 cities in
24 U.S. states who were or are currently infected with this
strain.

In summary, we employed subtractive hybridization to iden-
tify a novel insertion sequence that is specific for at least two
major epidemic B. cepacia genomovar III strains. By using this
element to screen a large collection of B. cepacia complex
isolates, we demonstrated that the geographic range of cystic
fibrosis patients infected with strain PHDC is much broader
than previously appreciated. The role that this insertion ele-
ment might play in contributing to the apparent increased
capacity of B. cepacia genomovar III strains ET12 and PHDC
for infection in cystic fibrosis patients is the subject of ongoing
efforts.
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