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Definitive identification of the species in the Burkholderia cepacia complex by routine clinical microbiology
methods is difficult. Phenotypic tests to identify B. multivorans and B. vietnamiensis have been established; more
recent work indicates B. stabilis may also be identified by growth characteristics and biochemical tests.
However, attempts to identify genomovars I and III have, thus far, proved unsuccessful. Previously, we
demonstrated the utility of two primer pairs, directed to the rRNA operon, to specifically identify the B. cepacia
complex in a PCR. One of these primer pairs, G1-G2, only amplified a DNA fragment from genomovars I and
III and B. stabilis in a PCR with genomic DNA isolated from prototypical strains representing the five
genomovars. Sequence analysis of the rRNA operon for all the genomovars indicated that this primer pair
targeted a region shared by these isolates. Further analysis revealed a region of heterogeneity between
genomovar III and B. stabilis internal to the amplified product of G1-G2. Primers designed to target this region
were tested with prototypical strains following an initial amplification with the G1-G2 primer pair. New
primers specific for the prototypical genomovar III and B. stabilis were designated SPR3 and SPR4, respec-
tively. Analysis of 93 isolates representing 18 genomovar I, 13 B. multivorans, 36 genomovar 111, 11 B. stabilis,
and 15 B. vietnamiensis isolates was performed. DNA from all isolates of genomovars I and III and B. stabilis
was amplified by G1-G2. Genomovar III isolates yielded a product with SPR3/G1 while B. stabilis amplified with
SPR4-G1. Genomovar I isolates were amplified by either SPR3-G1 or SPR4-G1, but not both. B. multivorans
yielded a product with SPR3-G1 but not G1-G2, and B. vietnamiensis isolates were negative in all PCRs. Thus
using an algorithm with G1-G2, SPR3-G1, and SPR4-G1 primers in a PCR analysis, genomovar III isolates can

be separated from B. stabilis and the identity of B. multivorans and B. vietnamiensis can be confirmed.

The gram-negative bacillus Burkholderia cepacia (basonyms
Pseudomonas cepacia, P. multivorans, and P. kingii) was origi-
nally described in 1950 as the etiological agent responsible for
the maceration of onion bulbs (3). In the early 1980s B. cepacia
infections were recognized in patients with cystic fibrosis (CF)
and chronic granulomatous disease (8, 10). B. cepacia is trans-
mitted from patient to patient (13), and infection with B. ce-
pacia is associated with an increased morbidity and mortality in
CF patients (17). Following acquisition, many patients suc-
cumb to cepacia syndrome, a necrotizing pneumonia with fe-
ver, bacteremia, elevation of erythrocyte sedimentation rate,
and leukocytosis, culminating in rapid and fatal clinical dete-
rioration. Other patients begin an incremental decline in pul-
monary function that is more rapid than in patients not in-
fected with B. cepacia (8, 18). Clinical intervention is difficult
because of the inherent resistance of this organism to a wide
range of antimicrobial drugs; thus, the only effective method of
infection control is to physically separate infected from nonin-
fected patients. Such an austere approach creates a severe
psychosocial stigma for colonized individuals. Recent data in-
dicate that B. cepacia consists of at least five distinct subgroups,
originally referred to as genomovars pending definitive bio-
chemical and/or molecular methods to allow discrimination
(21). Three of the genomovars can now be identified by a
complex phenotypic analysis and have been assigned a bino-
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mial designation. Genomovar II is B. multivorans (21), geno-
movar IV is B. stabilis (20), and genomovar V is the previously
described B. vietnamiensis (7). However, isolates of the remain-
ing two genomovars cannot, at present, be distinguished with-
out complex polyphasic analysis of phenotypes, whole-cell pro-
tein profiles, and DNA-DNA hybridization (21). Although
organisms belonging to each genomovar have been recovered
from CF sputum, the majority of clinical isolates are B. mul-
tivorans and genomovar III (12). Preliminary studies indicate
that isolates associated with increased morbidity and mortality
cluster in genomovar III (14). Thus, accurate identification of
the genomovars is essential for effective patient management.
The utility of PCR for the identification of members of the
genus Burkholderia and the B. cepacia complex has been dem-
onstrated (14, 22). In addition, LiPuma et al. also demon-
strated identification of B. multivorans, B. vietnamiensis, and a
group comprising genomovars I and III and B. stabilis (14). We
have developed a PCR-based technique that expands upon this
analysis by separating genomovar III and B. stabilis and, in
addition, provides a separate species-specific PCR (SS-PCR)
for the confirmation of identity of B. multivorans and B. viet-
namiensis.

MATERIALS AND METHODS

Bacterial strains. For 23S rRNA gene sequence determination, B. cepacia
complex type strains were obtained from the American Type Culture Collection
or the Laboratorium Microbiologie Gent (Ghent, Belgium) (Table 1). All other
isolates of B. cepacia complex were obtained from the Burkholderia cepacia
Research Laboratory and Repository (University of Michigan, Ann Arbor,
Mich.). The identity of each isolate was determined using sodium dodecyl sul-
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TABLE 1. B. cepacia strains used for rRNA
sequence determination

Strain Genomovar or species Source
ATCC 25416 I Onion
LMG 14293 B. multivorans CF patient
LMG 12614 11 CF patient
LMG 14294 B. stabilis CF patient
LMG 10929 B. vietnamiensis Rice rhizosphere

fate-polyacrylamide electrophoresis of whole-cell protein extracts, as described
by Vandamme et al. (21).

Isolation of genomic DNA. Genomic DNA was purified from cultures of each
individual strain using the QIAamp Tissue Kit (QIAGEN, Valencia, Calif.).
DNA was resuspended in sterile high-performance liquid chromatography-grade
water at a final concentration of 1 pg/ml.

Develop t of g ar-specific PCRs. Primer pair G1-G2 was used in
PCR as described by Whitby et al. (23) to amplify an approximately 1.3-kb
product from genomovars I and III and B. stabilis. The amplified DNA bands
were resolved by electrophoresis in a 0.8% (wt/vol) agarose gel and visualized by
UV transillumination after staining with ethidium bromide. The DNA was ex-
cised from the gel and purified using Geneclean II (BIO-101, Vista, Calif.),
cloned into TOPO-TA vector pCR 2.1 (Invitrogen, Carlsbad, Calif.) and trans-
formed into E. coli Top10 (Invitrogen). This was repeated to give three inde-
pendent clones of the 1.3-kb spacer region from each isolate. The nucleotide
sequence of three independent clones of the amplified 16S-23S spacer region of
genomovars I and III and B. stabilis was determined in both directions with
multiple internal primers by dideoxy chain termination using an automated
sequencer (Applied Biosystems model 373). The consensus sequence of each
spacer region was determined using the PILEUP and PRETTY algorithms of the
Genetics Computer Group DNA analysis computer package (6). The consensus
regions were further analyzed using the BLASTN nucleotide sequence alignment
algorithm to determine if putatively genomovar-specific sequences shared iden-
tity with other sequenced rRNA operons. For B. stabilis a putatively specific site
was determined; genomovars I and III shared homology at this site. Using this
putatively specific region, PCR primers SPR3 and SPR4 were designed to en-
compass the specific nucleotides at the 3" end (Table 2). Primer pairs SPR3-G1
and SPR4-G1 were optimized in separate PCRs with genomic DNA from pro-
totypic strains of genomovars I and III and B. stabilis. PCRs were performed
using the model PTC100 thermocycler (MJ Research Inc., Watertown, Mass.).
Each 50-pl reaction mixture contained an 800 pM concentration of each primer,
100 ng of genomic DNA, a 200 pM concentration of each deoxynucleoside
triphosphate (ANTP), and 1.25 u of Tag DNA polymerase (Roche Molecular
Biochemicals, Indianapolis, Ind.) in a 2 mM MgCl, PCR buffer. Both PCRs had
an initial denaturation at 95°C for 5 min with a subsequent 30-cycle amplification
comprising annealing at 66°C for 45 s, extension at 72°C for 2 min, denaturation
at 95°C for 45 s, and a final extension of 10 min. Following amplification, 20 .l
of each reaction mixture was subjected to electrophoresis in a 0.8% agarose gel
in 0.5X Tris-borate-EDTA buffer (pH 8.0). Positive results were assessed by the
amplification of a band of approximately 1.2 kb. Negative controls (lacking
template DNA) were performed with each PCR assay.

TABLE 2. Primers used in genomovar determination
of the B. cepacia complex

Primer
name

GI1° GCCATGGATACTCCAAAAGGA

G2¢ TCGGAATCCTGCTGAGAGGC

SPR3 TCGAAAGAGAACCGGCG

SPR4 TCGAAAGAGAACCGATA

PSL AGGATTAGATACCCTGGTAGTCCA
PSR ACTTAACCCAACATCTCACGACAC

Sequence® Target site?

153-133 (23S)
939-958 (16S)
969-985 (16S)
969-985 (16S)
780-803 (16S)
1092-1068 (16S)

¢ Oligonucleotide sequence, 5’ to 3’. Underlined regions denote variable nu-
cleotides.

® Numbers correspond to position in the sequence with GenBank accession
numbers X16368 for primer G1; all other numbers correspond to position in the
sequence with GenBank accession number X87275.

¢ Primer G1 is also called C-SSR, and primer G2 is also called C-SSF, as
described by LiPuma et al. (14).
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FIG. 1. PCR amplification of genomovar I (GvI) B. multivorans (B.m), geno-
movar III (GVIII), B. stabilis (B.s), and B. vietnamiensis (B.v) using primer pairs
G1-G2 (lanes 2), SPR3-G1 (lanes 3), and SPR4-G1 (lanes 4). The molecular

marker (lane M1) is a 1-kb ladder; sizes are (from bottom to top) 517, 1,018,
1,636, and 2,036 bp.

RESULTS

Sequence determination of the 16S-23S rRNA spacer region.
The nucleotide sequences of each clone were aligned using the
Genetics Computer Group PILEUP algorithm to give a con-
sensus sequence for each genomovar. In some cases, the inserts
of the three clones from a single genomovar showed differ-
ences in size and sequence that corresponded to alternate
tRNA operons; such regions were excluded from the consen-
sus sequences. The sequenced region spanned from nucleotide
940 of the 16S rRNA to nucleotide 150 of the 23S rRNA.
Examination of the sequences indicated a region of heteroge-
neity between the genomovar I1I and the B. stabilis nucleotide
sequence, located within the 5’ terminus of the 16S RNA. A
span of 3 nucleotides was distinct for each isolate. Genomovar
I displayed identity with genomovar III at this region. Using
this area of heterogeneity, oligonucleotides were designed to
encompass the three variable nucleotides at the 3’ end, for use
in PCR with primer G1. These were called SPR3 and SPR4
and were designed to amplify genomovars I and III and B.
stabilis, respectively. The primer sequences are given in Table
2.

Development of genomovar-specific PCR. Previously we
have shown that PCR with the primer pair G1-G2 specifically
amplified the prototypic isolates of genomovars I and III and
B. stabilis (23). To further divide this grouping, SPR3 and
SPR4 were designed to target a region of heterogeneity inside
the 16S rRNA. PCR with the primer pair SPR3-G1 yielded a
product for the genomovar III and the genomovar I isolate,
while the SPR4-G1 primer pair gave a product using the
genomic template of B. stabilis. In each case the amplified
DNA fragments were approximately 1.3 kb (Fig. 1).

To assess the ability of these two primer pairs to correctly
identify the genomovars, a panel was examined blindly. The
panel consisted of 18 genomovar I isolates, 13 B. multivorans
isolates, 36 genomovar III isolates, 11 B. stabilis isolates, and 15
B. vietnamiensis isolates. Genomic DNA template from each
was analyzed with G1-G2, SPR3-G1, and SPR4-G1. All iso-
lates of genomovar I and III and B. stabilis were amplified with
G1-G2. Additionally, all genomovar III isolates yielded a prod-
uct with SPR3-G1 while all B. stabilis isolates amplified with
SPR4-G1. Each genomovar I isolate was amplified by either
SPR3-G1 (11 of 18) or SPR4-G1 (7 of 18), but not both. B.
multivorans isolates did not yield a product with G1-G2; how-
ever, they all amplified with SPR3-G1. Isolates of B. vietnam-
iensis did not yield a product in any PCR tested. To determine
if this was due to inhibition of the PCR, each B. vietnamiensis
genomic template was assessed with the primer pair PSL-PSR,
which targets conserved bacterial rRNA regions (4). Products
of the correct size were amplified in each case. Due to the
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primers targeting the 16S-23S rRNA spacer region, the prod-
ucts amplified as a doublet at approximately 1.2 to 1.3 kbp.
Thus, using PCR analysis, genomovar III isolates can be sep-
arated from B. stabilis and the identity of B. multivorans and
B. vietnamiensis is confirmed. Figure 1 shows the results of the
individual PCRs for an isolate of each genomovar.

DISCUSSION

CF patients infected with B. cepacia carry a severe psycho-
social burden arising from precautions to prevent person-to-
person transmission and the poor clinical prognosis associated
with this organism. Following DNA hybridization and other
taxonomic studies, the original species, B. cepacia, has been
divided into five distinct genomovars, of which three, genomo-
vars II, IV, and V, have been given binomial species names.
These have become B. multivorans, B. stabilis, and B. vietnam-
iensis, respectively (20, 21). With the advent of new classifica-
tions, numerous questions arise, including whether there is a
correlation between genomovar and virulence. Preliminary
studies have shown that all the genomovars can cause infection
in patients with CF; however, it is becoming increasingly ap-
parent that the majority of isolates from CF patients belong to
B. multivorans and genomovar III (14). Unfortunately the
genomovars are not easily identified by biochemical reactions,
and these studies have been hindered by the complex polypha-
sic analysis required to determine the genomovar of each iso-
late (21). Thus, before more complex epidemiologic analysis
can be performed a simple and reliable method of genomovar
identification is required. Several groups have investigated
PCR-based techniques such as SS-PCR and restriction frag-
ment length polymorphism analysis as a tool to identify Burk-
holderia species and to differentiate the B. cepacia complex
genomovars. (1, 2, 4, 5, 9, 11, 14-16, 19, 23, 24). Reliable
SS-PCR methods to identify B. multivorans and B. viethamien-
sis have been described (14), and recent work indicates that
recA-based PCR can identify B. stabilis (20); however, PCR
assays to identify genomovars I and III have not been reported.
Using terminal regions of the 16S and 23S rRNA genes and the
intervening spacer region, we have detected a region of heter-
ogeneity between the genomovar I and III and B. stabilis iso-
lates. This region, which is located near the 5’ end of the 16S
rRNA, has three variable consecutive nucleotides that were
used to design two oligonucleotide primers. These primers,
denoted SPR3 and SPR4, target the variable regions in the
prototypical genomovars I and III and B. stabilis, respectively.
Since it has been previously demonstrated that the primer pair
G1-G2 is specific for genomovars I and III and B. stabilis (14,
23), the G1 primer was used as an anchor in both PCRs.
Primer pair SPR3-G1 was specific for genomovars III and I,
while primer pair SPR4-G1 amplified a DNA fragment from B.
stabilis. The primer pairs were tested against a larger panel of
well-characterized B. cepacia complex isolates for which the
genomovar had been previously established. The primers ac-
curately identified all the genomovar III and B. stabilis isolates;
however, genomovar I isolates showed variable amplification.
Some genomovar I isolates amplified with SPR3-G1 while the
others amplified with SPR4-G1. In a recent study the majority
of genomovar I and B. stabilis strains were found to be closely
related, forming a single cluster by whole-cell protein pattern,
with a similarity level of 77% (20). All genomovar I isolates
gave a product, and no isolate amplified with both sets of
primers. The variability of the genomovar I isolates precludes
definitive identification of this genomovar by rRNA-directed
PCR. However the separation of B. stabilis and certain geno-
movar [ isolates is important since preliminary studies have

J. CLIN. MICROBIOL.

Unknown " Burkholderia cepacia’ complex isolate
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Genomovar t

B. multivorans B. vi

FIG. 2. PCR algorithm to identify the species and genomovars of the B.
cepacia complex.

indicated that the majority of isolates associated with cepacia
syndrome belong to genomovar III (14). Thus, amplification of
a band from an unknown isolate with SPR4-G1 would indicate
that this is not a genomovar III isolate.

To separate the five genomovars using SS-PCR, an initial
PCR with G1-G2 was performed to identify genomovars I and
IIT and B. stabilis. To determine if SPR3-G1 and SPR4-G1
were able to identify genomovar III and B. stabilis directly, we
examined a panel of B. multivorans and genomovar V isolates
with these primers. All 13 of the genomovar II isolates ampli-
fied with SPR3-G1; none amplified with SPR4-G1. None of the
15 genomovar V isolates amplified with either primer pair
SPR3-G1 or SPR4-G1. DNA from the latter set of isolates was
amplified with the universal primers PSL-PSR, which were
used as a control. Thus, the primer pair SPR3-G1 is also
capable of identifying B. multivorans and, by a negative result,
genomovar V. Figure 1 shows results of the three PCRs with
genomic DNA template from the individual prototypic geno-
movar strains. From this it can be seen that use of the primers
G1-G2, SPR3-G1, and SPR4-G1 will allow separation of all the
genomovars except genomovar I. Since the primer pairs target
the 16S-23S rRNA spacer region, the PCR results in a double
band, representing the heterogeneity of this region. Figure 2
details the algorithm of PCRs required to separate the mem-
bers of the B. cepacia complex. It is interesting that of all the
genomovars only isolates currently classified as belonging to
genomovar I show heterogeneity of the rRNA gene at this site.
Further taxonomic study is required to determine if this rep-
resents a distinct division within this genomovar. In summary,
we have developed species-specific primers capable of separat-
ing genomovar III and B. stabilis isolates, and in conjunction
with the PCR primers described by LiPuma et al. (14), these
primers can confirm the identify of B. multivorans and B. viet-
namiensis isolates. Use of these PCR primers will allow more
detailed study of the epidemiology of the B. cepacia complex.
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