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Forty-four of 48 Burkholderia cepacia complex strains cultured from Danish cystic fibrosis patients were
Burkholderia multivorans, a distribution of species that has not been reported before. Although cases of cross
infections were demonstrated, no major epidemic clone was found. The species distribution may represent the
sporadic acquisition of bacteria from the environment.

Burkholderia cepacia and related bacteria have emerged as
significant pathogens in cystic fibrosis (CF) patients due to the
risk of cepacia syndrome (a fatal necrotizing pneumonia with
bacteremia), the organism’s innate multiresistance to antibiot-
ics, and the transmissibility of bacterial strains between pa-
tients by social contact (10, 15). The genus Burkholderia en-
compasses more than 50 validly published species that can be
divided into four groups (21). Strains colonizing the respiratory
tract of CF patients are predominantly members of the B.
cepacia complex (BCC), with 17 formally named species (23).
Chronic infections typically involve a single strain, although
strain displacements have been demonstrated (24).

Most or all species of the BCC can colonize the lower air-
ways of CF patients, although some of them are infrequently
demonstrated. Studies from North America, Europe, and Aus-
tralasia have shown that Burkholderia cenocepacia is the dom-
inant species being recovered from 46 to 90% of colonized
patients (4, 6, 13, 17, 19, 20). Different situations have been
described in Lisbon, where contamination of saline solutions
used in inhalant therapy by CF patients has resulted in a
predominance of B. cepacia (5), and in France, where a small
excess of B. multivorans (52%) over B. cenocepacia (45%) has
been reported (3).

Danish CF patients are treated in two centers, and respira-
tory cultures are routinely performed at the monthly visit to
the outpatient clinic. Four hundred thirty-one patients were
alive by 1 January 2007, and 24 (5.6%) were chronically in-
fected with BCC species. A chronic infection was defined as
the isolation of BCC bacteria from more than half of sputum
cultures for more than 6 months (modified “Leeds criteria” for
chronic Pseudomonas aeruginosa infection [14]), and/or the
development of �2 precipitins measured by crossed immuno-
electrophoresis (18). A total of 52 Danish CF patients are

known to have been intermittently (n � 11) or chronically (n �
41) infected with BCC bacteria (Fig. 1). Intermittently colo-
nized patients may be underrepresented in data from before
the routine use of colistin-containing selective agar plates (9),
and some of the recent BCC acquisitions may be reclassified as
chronic infections with time. In retrospect, the first Danish
patient was chronically infected with BCC in the late 1970s
(18), but few cases were identified until 1990. The increased
rate of BCC colonization after 1990 may be secondary to the
widespread use of inhaled colistin for P. aeruginosa infection,
which was introduced in the 1980s (11). Since 1993, the rate
has stabilized at around three new cases per year (43 BCC
acquisitions during 14 years) (Fig. 1). In the same time period,
174 Danish patients have been diagnosed with CF (on average,
12.4 � 4.4 [mean � standard deviation] new patients per year;
range, 6 to 22).

BCC isolates from 9 intermittently colonized and 39 chron-
ically infected patients were available for characterization. One
isolate per patient, cultured between 1994 and 2006, was in-
cluded in the study. Allocation to species within the BCC was
performed by partial atpD and recA sequencing (1); occasional
isolates with no PCR product from either amplification were
subjected to partial sequencing of fur (16). Two independent
sequence-based identifications were thus obtained for all BCC
isolates. Only three species were identified in Danish patients,
and B. multivorans accounted for more than 90% of the iso-
lates (Table 1). Pulsed-field gel electrophoresis (PFGE) geno-
types were assessed after digestion with Xba and SpeI and
interpreted as described previously (22). Thirty-eight BCC ge-
notypes were disclosed by both enzymes, and five of the geno-
types were identified in more than one patient (two to four
patients). Some of these small clusters were epidemiologically
related and probably reflect cases of cross infections. Two pairs
of siblings each carried the same strain, and one additional
patient harbored the same genotype as the two siblings treated
in that CF center. Between 1994 and 2003, chronic infections
with BCC of a single genotype were established in 4 patients
treated in one center. A fourth cluster was composed of pa-
tients treated at both of the two Danish CF centers; a possible
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epidemiological relationship between these three patients was
unknown. No patient-to-patient transmission could have oc-
curred in the fifth cluster, where the same genotype was inter-
mittently detected in two patients in 1994 and 1999, respec-
tively, and established a chronic infection in a third patient in
2005. All BCC genotypes identified in more than one patient
were B. multivorans.

The marked preponderance of B. multivorans in Danish CF
patients was unexpected. Although frequently identified in
samples from this group of patients, the species is considered
second to B. cenocepacia as the major Burkholderia pathogen
in CF patients. The unusual species distribution could not be
attributed to cross infections. Genotyping of strains clearly
indicated that most isolates were unique and that suspected
cases of person-to-person transmission beyond siblings were
restricted to a few cases. A pathogenic role of P. aeruginosa was
suspected at the Copenhagen CF center by 1974, and segrega-
tion policies with respect to this bacterium were effective by
1981 (12). It is possible that the early attention to Gram-
negative nonfermenters, with a focus on hygienic precautions
and segregation, may be responsible for the limited spread of
BCC bacteria among Danish CF patients.

The transmission of microorganisms between patients can
be documented and to some degree controlled, while sporadic
acquisition of BCC from the environment is less amenable to
control. The demonstration of identical genotypes in intermit-
tently colonized patients separated by a time span of 5 years is
conspicuous; the acquisition of the same genotype by these
patients may have involved a common but unidentified source.
Instances of isolation and typing of BCC from the proximate
environment of CF patients are sparse, but indistinguish-
able environmental and clinical strains have been reported (2).
The prevalence of chronic BCC infections in Denmark (5.6%)
is higher than in neighboring countries (7). Exposure to BCC

may vary with climate, place of residence, and occupation.
Little scientific evidence is available to suggest restrictions in
the patient’s contacts with soil, crops, or nature, and consensus
guidelines have not been issued.

Given the limited number of cross infections among Danish
CF patients, the species distribution must reflect the sporadic
acquisition of BCC bacteria from the environment. The
marked contrast to reports from other CF centers could result
from exposure to different pools of environmental bacteria
determined by local physical conditions. However, the pre-
dominance of B. cenocepacia in many clinics may also be ex-
plained by the introduction of epidemic clones of this species,
which has spread widely within and between clinics. Since the
introduction of segregation policies in the United Kingdom, a
shift toward B. multivorans has been observed (8). A similar
change in the relative frequencies of infecting species has been
reported for strains being referred to the North American B.
cepacia Repository at the University of Michigan, Ann Arbor
(19).
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FIG. 1. Cumulative numbers of Danish CF patients experiencing a
first-time isolation of BCC bacteria, separated by status (open bars,
chronic infections; gray bars, intermittent colonizations).

TABLE 1. Specific identification of 48 BCC strains isolated from
Danish CF patients

Species
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Intermittent Chronic
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