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PCR assays targeting rRNA genes were developed to identify species (genomovars) within the Burkholderia
cepacia complex. Each assay was tested with 177 bacterial isolates that also underwent taxonomic analysis by
whole-cell protein profile. These isolates were from clinical and environmental sources and included 107
B. cepacia complex strains, 23 Burkholderia gladioli strains, 20 Ralstonia pickettii strains, 10 Pseudomonas
aeruginosa strains, 8 Stenotrophomonas maltophilia strains, and 9 isolates belonging to nine other species. The
sensitivity and specificity of the 16S rRNA-based assay for Burkholderia multivorans (genomovar II) were 100
and 99%, respectively; for Burkholderia vietnamiensis (genomovar V), sensitivity and specificity were 87 and
92%, respectively. An assay based on 16S and 23S rRNA gene analysis of B. cepacia ATCC 25416 (genomovar
I) was useful in identifying genomovars I, III, and IV as a group (sensitivity, 100%, and specificity, 99%).
Another assay, designed to be specific at the genus level, identified all but one of the Burkholderia and Ralstonia
isolates tested (sensitivity, 99%, and specificity, 96%). The combined use of these assays offers a significant
improvement over previously published PCR assays for B. cepacia.

Burkholderia cepacia is a plant pathogen that is generally
nonpathogenic for healthy humans. However, chronic coloni-
zation of the respiratory tract of persons with cystic fibrosis
(CF) occurs and is associated with increased rates of morbidity
and mortality (17). Because most strains exhibit broad-range
antimicrobial resistance, therapeutic options are limited; there-
fore, prevention of acquisition is a major goal of patient man-
agement (10). The resultant stringent infection control mea-
sures place an enormous psychosocial and economic burden on
the CF community. Accurate laboratory identification of B. ce-
pacia underlies such infection control programs; however, mis-
identification of this and related nonfermenting gram-negative
species is relatively common (1, 5).

Recent taxonomic analyses have demonstrated that bacteria
identified as B. cepacia actually comprise at least five distinct
genomic species, or genomovars, referred to collectively as the
B. cepacia complex (19). The name Burkholderia multivorans
has been proposed for genomovar II, while genomovar V has
been identified as the previously named species Burkholderia
vietnamiensis (4). The remaining three species are referred to
as genomovars I, III, and IV pending further taxonomic study.
Although all five species have been recovered from CF sputum
culture, B. multivorans and genomovar III account for the
majority of CF isolates (9, 19). Preliminary studies also in-
dicate that most epidemic B. cepacia isolates are genomovar
III and that this species is associated with greater morbidity
and mortality than other members of the B. cepacia complex
(14). To expand these observations and to improve the ability
to accurately identify B. cepacia, simple and reliable assays
for all B. cepacia complex species are needed. We report the

development of rRNA gene-targeted PCR assays to identify
bacteria within the B. cepacia complex.

MATERIALS AND METHODS

Bacteria. For 16S rRNA gene sequence determination, B. cepacia complex
type strains were obtained from the American Type Culture Collection or the
Belgian Coordinated Collections of Microorganisms-Laboratorium voor Micro-
biologie at the University of Ghent Culture Collection (Ghent, Belgium). Strains
ATCC 25416, LMG 14293, LMG 12614, LMG 14294, and LMG 10929T repre-
sented B. cepacia genomovars I through V, respectively.

For examination of PCR assays, a total of 177 isolates were tested. These
included 107 B. cepacia complex, 23 Burkholderia gladioli, 20 Ralstonia pickettii,
10 Pseudomonas aeruginosa, and 8 Stenotrophomonas maltophilia strains. Among
these, 132 were recovered from CF sputum culture and referred from clinical
laboratories in the United States, 24 were recovered from patients without CF,
and 12 were obtained from environmental cultures. In addition, nine strains
representing species that may be encountered in CF sputum (3) were obtained
from the American Type Culture Collection, including Pseudomonas fluorescens,
Pseudomonas stutzeri, Brevundimonas vesicularis, Comamonas testosteroni, Strep-
tococcus pneumoniae, Haemophilus influenzae, Staphylococcus aureus, Proteus
mirabilis, and Klebsiella pneumoniae.

Taxonomic analyses. After routine isolation and identification by referring
laboratories, species (genomovar) identification of all clinical and environmental
isolates was confirmed by sodium dodecyl sulfate (SDS)-polyacrylamide gel elec-
trophoresis of whole-cell proteins as described elsewhere (19). In brief, after an
incubation period of 48 h, whole-cell protein extracts were prepared and SDS-
polyacrylamide gel electrophoresis was performed. The densitometric analysis,
normalization and interpolation of the protein profiles, and numerical analysis
were performed by using the GelCompar software package version 4.2 (Applied
Maths, Kortrijk, Belgium). In previous studies, whole-cell protein analysis has
provided excellent taxonomic resolution comparable to that obtained by using
DNA-DNA hybridization (19, 20).

Cloning and sequence determination of 16S rRNA genes. The 16S rRNA gene
of each B. cepacia complex type strain was amplified by using PCR with a primer
pair (UFPL and URPL) based on published B. cepacia rRNA gene sequences
(Table 1). The resultant 1.5-kbp fragment was cloned into pGEM-T (Promega,
Madison, Wis.), and the nucleotide sequence was determined with multiple
internal primers by dideoxy chain termination in an ABI PRISM 373A auto-
mated sequencer (PE Applied Biosystems, Foster City, Calif.). The 16S rRNA
gene of each type strain was cloned, and the sequence was determined in
duplicate; the sequences of both ribosomal DNA (rDNA) strands were deter-
mined for one clone of each type strain. DNA sequences were assembled man-
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ually and analyzed by using the Genetics Computer Group Wisconsin package
(Madison, Wis.).

PCR primer design. An alignment of the five type strain 16S rRNA gene
sequences was used to design primers (BC-GII, BC-GV, and BC-R) specific for
species within the B. cepacia complex (Table 1). A primer pair (PC-SSF and
PC-SSR) that had been previously designed (12) based on 16S and 23S rRNA
gene sequences of ATCC 25416 (genomovar I) and that was putatively specific
for B. cepacia was also examined. Analysis of Burkholderia 16S rRNA gene
sequences available in National Center for Biotechnology Information databases
was used to develop genus-specific primers (RHG-F and RHG-R).

Genomic DNA purification. Genomic DNA was prepared from test bacteria by
using the Easy-DNA Kit (Invitrogen, Carlsbad, Calif.) with the following mod-
ifications. The initial cell pellet was suspended in 200 ml of 50 mM Tris HCl–20
mM EDTA (pH 8.0), centrifuged, and resuspended in 200 ml of 50 mM Tris
HCl–2 mM EDTA (pH 8.0). Lysozyme was added to 10 mg/ml, and the suspen-
sion was placed on ice for 15 min before addition of solution A. After incubation
at 65°C for 15 min, 5 ml of a 10-mg/ml proteinase K solution and 25 ml of 10%
SDS were added, and the suspension was mixed and incubated in a 37°C water
bath for 1 h. After completion of DNA isolation and precipitation according to
the manufacturer’s instructions, the DNA was suspended in 50 ml of UV-irradi-
ated sterile water containing 50 mg of RNase per ml.

PCR. PCR assays were performed in 50-ml reaction mixtures containing 50 ng
of DNA template, 1 U of Taq DNA polymerase (Promega), 20 pmol of each
primer, 200 mM (each) deoxyribonucleoside triphosphate (Promega), and 2 mM
MgCl2 in a buffer with 10 mM Tris-HCl (pH 9.0) and 50 mM KCl (Promega).
After the initial denaturation at 95°C for 3 min, 30 amplification cycles were
completed in a PTC-100 programmable thermal cycler (MJ Research, Water-
town, Mass.). Each cycle consisted of 1 min of denaturation at 94°C, 1 min of
annealing at 55°C, and 1 min of extension at 72°C. For the last cycle, the
extension step was 4 min.

Analysis of test bacteria. All 177 test bacteria were examined by PCR em-
ploying primer pairs BC-GII and BC-R, BC-GV and BC-R, PC-SSF and PC-
SSR, and RHG-F and RHG-R. In addition, all test bacteria were examined with
two previously published primer pairs in PCR assays as described elsewhere (2).
The first pair, PSR and PSL, amplifies a conserved 313-bp 16S rRNA gene
segment from all bacteria and was used as a positive control. The second primer
pair, PSR1 and PSL1, was designed to be specific for B. cepacia and was tested
for comparison with the new primers. Negative control PCRs with all reaction
mixture components except template DNA were employed for every experiment.

Nucleotide sequence accession numbers. The 16S rRNA gene sequences for
ATCC 25416, LMG 14293, LMG 12614, LMG 14294, and LMG 10929 are
deposited in the GenBank database at the National Center for Biotechnology
Information under accession no. AF097530, AF097531, AF097532, AF097533,
and AF097534, respectively.

RESULTS

Taxonomic analyses. Among the 107 isolates confirmed as
B. cepacia complex, 10 were genomovar I, 39 were B. multi-
vorans, 31 were genomovar III, 4 were genomovar IV, and 23
were B. vietnamiensis (data not shown).

Sequence analyses and primer selection. Multiple sequence
alignment of the 16S rRNA genes cloned from the five B.
cepacia complex type strains revealed a high degree of identity;
overall, the five sequences had 98.2% identity. Despite this

high degree of identity, species-level sequence signatures were
detected at positions 595 for B. multivorans and 184 for B.
vietnamiensis, and these were incorporated into the 39 end of
forward primers BC-GII and BC-GV, respectively. These two
species also shared sequences that differed from genomovars I,
III, and IV between positions 1005 and 1013. A reverse primer,
BC-R, was designed based on these differences to be specific
for both B. multivorans and B. vietnamiensis.

Sequence differences among genomovars I, III, and IV were
insufficient to allow design of primers specific for these species.
However, in preliminary experiments a primer pair, PC-SSF
and PC-SSR, previously designed based on ATCC 25416
(genomovar I) sequence data, amplified genomovar I, III, and
IV strains. These primers target 16S and 23S sequences, re-
spectively, and their use in PCR results in amplification of
polymorphic fragments of 16S-23S intergenic spacer region
DNA. The putative genus-specific primer pair, RHG-F and
RHG-R, amplified both Burkholderia and Ralstonia species in
preliminary tests. Figure 1 illustrates the results of PCR with
these various primer pairs; products are of the predicted sizes.

Sensitivity and specificity of PCR assays. Each of the 177
test bacteria was examined by PCR with the following primer
pairs: (a) BC-GII and BC-R, (b) BC-GV and BC-R, (c) PC-
SSF and PC-SSR, (d) RHG-F and RHG-R, and (e) PSR1 and
PSL1. The results are detailed in Fig. 2.

When test isolates were stratified by species, then sensitivity
and specificity (respectively) of the primer pair PSR1 and PSL1
for each group were as follows: for B. multivorans, 56 and 56%;
for B. vietnamiensis, 26 and 50%; and for genomovars I, III,
and IV (as a group), 100 and 71%.

DISCUSSION

Several important questions regarding the epidemiology,
natural history, and virulence of B. cepacia infection in CF
remain unanswered. Accurate identification of B. cepacia and
related species underlies studies to address these issues and is
critical to clinical management and implementation of rational
infection control measures. Because B. cepacia can be trans-
mitted person to person among CF patients (11) and because
there are currently no effective therapies to eradicate pulmo-
nary colonization, the medical and psychosocial consequences
of identifying B. cepacia in sputum culture are enormous.

However, accurate identification of B. cepacia has been
problematic. Previous studies have demonstrated misidenti-
fication rates as high as 20% (1, 5, 13). In an analysis of nearly

TABLE 1. PCR primers

Primer Sequence (59-39) Target Nucleotide positiona

UFPL AGTTTGATCCTGGCTCAG 16S rDNA—kingdom Bacteria 9–26
URPL GGTTACCTTGTTACGACTT 16S rDNA—kingdom Bacteria 1482–1500

BC-GII AGGCGGTCTGTTAAGACA 16S rDNA—B. multivorans 578–595

BC-GV TAATACCGCATACGATCTAT 16S rDNA—B. vietnamiensis 165–184

BC-R AGCACTCCCGAATCTCTT 16S rDNA—B. multivorans and B. vietnamiensis 1005–1022

PC-SSF TCGGAATCCTGCTGAGAGGC 16S rDNA—B. cepacia genomovar I 994–1013
PC-SSR GCCATGGATACTCCAAAAGGA 23S rDNA—B. cepacia genomovar I NA

RHG-F GGGATTCATTTCCTTAGTAAC 16S rDNA—genus Burkholderia 835–851
RHG-R GCGATTACTAGCGATTCCAGC 16S rDNA—genus Burkholderia 1324–1345

a Numbering corresponds to 16S rDNA sequences in GenBank whose accession numbers are provided in the text. NA, not applicable.
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1,100 recent CF sputum isolates received from over 100 labo-
ratories, we have found that approximately 10% of bacteria
identified as B. cepacia are, in fact, not members of the B. ce-
pacia complex based on combined phenotypic and genotypic

analyses (9). There are likely several reasons for misidentifica-
tion. Specific protocols, including use of selective media, for
processing of CF respiratory secretions do not always yield
unequivocal results (7), and the degree to which they are used
varies among clinical microbiology laboratories (16). Our in-
complete understanding of the taxonomy of the B. cepacia
complex also contributes to the difficulty of accurate species
identification.

Previous work by others to develop genotypic methods of
identifying B. cepacia has yielded a number of candidate PCR
assays (2, 6, 15, 18). However, these studies were conducted
before the recognition that several species comprise the B. ce-
pacia complex, and most relied on published DNA sequence
data derived from analyses of culture collection strains that, in
retrospect, are poorly representative of CF sputum isolates.
Most culture collection B. cepacia strains of environmental
origin (e.g., the ATCC species type strain 25416) are genomo-
var I. Preliminary data from our laboratory indicate that the
great majority of CF isolates are either B. multivorans or geno-
movar III (9).

To design PCR assays to identify all members of the B. ce-
pacia complex, we sought species-level signature sequences in
the 16S rRNA genes of the five complex type strains. Anticipat-
ing a high degree of identity among these genes, we employed
a redundant sequencing strategy; 16S rRNA genes from each
type strain were cloned in duplicate in independent experi-
ments, multiple internal primers that provided overlapping se-
quence data were used, and both DNA strands from one of the
two clones from each type strain were completely sequenced.

As expected, our analyses revealed a high degree of identity
that offered few opportunities to design species-specific prim-
ers. However, by capitalizing on sequences shared by both
B. multivorans and B. vietnamiensis, a reverse anchor primer,

FIG. 1. PCR analysis of B. cepacia complex type strains and related species.
Lanes m, DNA markers; lanes a, primer pair RHG-F and RHG-R; lanes b,
primer pair PC-SSF and PC-SSR; lanes c, primer pair BC-GII and BC-R; lanes
d, primer pair BC-GV and BC-R. GIII, LMG 12614 (B. cepacia genomovar III);
GII, LMG 14293 (B. multivorans); GV, LMG 10929T (B. vietnamiensis); Bg,
B. gladioli; Rp, R. pickettii; Pa, P. aeruginosa.

FIG. 2. Sensitivity and specificity of PCR assays. *, all 13 are B. multivorans.
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BC-R, that allowed identification of these species when paired
with species-specific forward primers was designed. Although
the assay for B. vietnamiensis amplified a subset of B. multi-
vorans isolates, the assay for the latter species demonstrates
excellent sensitivity and specificity. Thus, the combined use of
these assays provides accurate identification of both species.

The sequence identity among the remaining three species
(genomovars I, III, and IV) was too great to allow design of
species-specific primers. However, this sequence conservation
allowed another primer pair, PC-SSF and PC-SSR, to demon-
strate excellent sensitivity and specificity in identifying these
three species as a group. This primer pair had been previously
developed to amplify B. cepacia 16S-23S rRNA intergenic re-
gions (12). Because there are multiple rRNA operons, this
primer pair has the potential to yield multiple polymorphic
fragments, allowing for single-step identification and PCR
ribotyping (8). This primer pair (also referred to as G1-G2)
recently proved useful in detecting B. cepacia DNA directly in
sputum specimens from CF patients (21).

In the current study, the previously described primer pair
PSR1 and PSL1 demonstrated relatively poor sensitivity and
specificity for B. cepacia complex isolates. These primers were
designed based on the published 16S rRNA gene sequence
from strain ATCC 25416, a genomovar I strain (2). When test
isolates were stratified by species, this primer pair showed
excellent sensitivity for genomovars I, III, and IV (as a group)
but still suffered from poor specificity.

Primer pair RHG-F and RHG-R was developed before sev-
eral members of the genus Burkholderia (including Burkhold-
eria pickettii) were reclassified as Ralstonia species. In the pres-
ent study, this primer pair was excellent in identifying the
Burkholderia and Ralstonia species investigated. In additional
preliminary studies, we have found this primer pair to be useful
in a screening PCR assay; nonfermenting, nonenteric CF spu-
tum isolates that are PCR negative do not require further
testing by the species-specific PCR assays described above.

In summary, the combined use of primer pairs BC-GII and
BC-R, BC-GV and BC-R, and PC-SSF and PC-SSR allows for
identification of all five species currently assigned to the B. ce-
pacia complex and offers a significant improvement over pre-
viously published assays. Ongoing studies will identify targets
for the design of PCR assays to distinguish B. cepacia geno-
movars I, III, and IV. The development of PCR assays for the
identification of the bacterial species most commonly confused
with B. cepacia complex is also under way and will significantly
enhance our ability to contribute to the care of persons with CF.
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