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Burkholderia cenocepacia virulence microevolution in the CF lung:
Variations on a theme
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Bacteria of the Burkholderia cepacia complex (Bcc) are
commonly isolated from soil and aquatic environments,
but have also found notoriety as opportunistic intrinsi-
cally-multidrug resistant pathogens of patients with cys-
tic fibrosis (CF). Twenty Bcc species have been identified
to date, although just 2 species, Burkholderia cenocepacia
and Burkholderia multivorans, are the most clinically sig-
nificant members of the Bcc.1 Specifically, B. cenocepacia
causes lung infections that result in significantly
decreased survival rates in CF patients. Whereas both
B. cenocepacia and the more prevalent CF bacterial path-
ogen Pseudomonas aeruginosa can chronically persist in
the lungs of CF patients for years, in some patients,
B. cenocepacia infection can progress to a rapid deterio-
ration in lung function associated with necrotizing pneu-
monia, bacteremia and sepsis that results in death.2 To
illustrate the complexity of CF infections, for P. aerugi-
nosa, it was determined that gene products associated
with virulence in one strain were different from those
creating virulence in closely-related strains,3 suggesting
that bacterial virulence elaboration during infection is
dependent upon specific bacterial genetic backgrounds,
as well as the polymicrobial nature of CF infections, the
underlying patient-to-patient immune dissimilarities,
and the state of disease progression. Previous work by
several investigators4,5 has shown that upon acquisition,
initially highly-virulent strains of P. aeruginosa adapt to
the CF lung environment by becoming less motile and
less virulent, thus establishing chronic infections that
can persist in opposition to the host immune system for
many years, if not decades. This adaptation by P. aerugi-
nosa to the CF lung environment has been termed
“microevolution,” and is characterized by the phenotypic
acquisition of mucoidy, and the genotypic acquisition of

numerous point mutations, indels, and epigenetic altera-
tions in gene expression.6

To determine whether similar microevolutionary pro-
cesses are involved in the chronic carriage of B. cenocepa-
cia in the lungs of CF patients, in this article,7 Moreira
et al. sought to compare the virulence potential of
sequential isolates from 3 different patients infected with
B. cenocepacia utilizing the alternative infection models
Caenorhabditis elegans and Galleria mellonella. Like
P. aeruginosa, pathogenicity caused by B. cenocepacia is
multifactorial; many different gene products contribut-
ing to the overall virulence capacity of the bacterium,
and a principal subset of different virulence factors is
expressed in different mammalian and non-mammalian
hosts.3,8 For B. cenocepacia, these virulence factors
include extracellular enzymes, toxins, adhesins, secretion
systems, mechanisms of nutrient acquisition, and regula-
tory and cell–cell communication systems, which work
together to produce motility, biofilm formation, adhe-
sion, intracellular invasion, and immune evasion.9 As
tested in animal infection models, the combined expres-
sion of these virulence factors results in pathogenicity as
measured by organismal morbidity or mortality.10,11

It is acknowledged (though controversial, 12) that
the virulence potential of P. aeruginosa declines over
time throughout chronic infection, based on the compar-
ative assessment of late isolate virulence versus early
isolate virulence in animal infection models.4,5 Given
that B. cenocepacia in CF patient lungs is not consistently
a chronic pathogen, it is understandable that the results
presented by Moreira et al.7 support that the idea that
B. cenocepacia virulence potential of isolates over time is
highly variable. This is likely due to a number of factors.
First, because of the presence of a large population of
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mobile genetic elements, B. cenocepacia’s genome is
likely more plastic than that of P. aeruginosa. Second,
strain-to-strain differences in the genome content of the
Bcc can vary by up to 10%, even for closely related
strains. This is at least partially the result of the Bcc hav-
ing a very large »8 Mb genome, but also because the Bcc
do not have the protection provided by a CRISPR-Cas
system. Third, as in P. aeruginosa, even for isolates with
exactly identical genomes, differences in virulence factor
production can result because of epigenetic influences
greatly altering the virulence capacity of clones.13 Finally,
whereas P. aeruginosa adaptation toward avirulence over
time in the CF lung is a survival advantage, no such
advantage is apparent for B. cenocepacia. This is evident
from the phenotypic tests of the 39 isolates, as presented
in Figure 5 7; there is no clear virulence trend over time
within a single strain or between the 3 strains, with
respect to important virulence-related traits. Two of the
3 strains examined did have significantly less swarming
motility over time, and one of the 3 strains did have sig-
nificantly less swimming motility over time, but for iron
uptake, protease production, and quorum sensing, no
trend was clearly evident. Moreover, for the animal
infection models, pathogenicity varied randomly over
time.7 Although the results from the 2 infection models
do not correlate well with each other, a point that has
been observed previously,10 even within each infection
model, related B. cenocepacia cells isolated from one
timepoint to the next can exhibit maximal or minimal
virulence. This divergent microevolution scenario thus
allows the observation of 2 isolates from the same time-
point in the infection that vary oppositely, one isolate
being extremely virulent, the other exhibiting aviru-
lence.7 This suggests, that for B. cenocepacia in the CF
patient’s lungs, there is a mixed microevolved population
of clonal cells expressing different levels of different
virulence factor genes, with all cells similarly capable of
surviving the CF lung environment.

The presented results mirror analogous findings for
B. cenocepacia previously observed by other researchers.
O’Grady and Sokol11 showed that virulence factor genes
identified through in vitro analysis are not necessarily
the same genes expressed during in vivo infection.11

However, their analysis does similarly show that B. ceno-
cepacia flagella and pili are down-regulated during rat
lung infections. Conversely, Zlosnik et al.14 observed that
loss of motility was uncommon in 551 isolates obtained
during chronic B. cenocepacia infection, and also could
not link motility to clinical outcome. For B. cenocepacia,
motility was occasionally linked to conversion to a shiny
phenotype, sometimes referred to as mucoidy, although
mucoidy and shininess may be distinct cell surface modi-
fications. Accordingly, Moreira et al.’s results7 indicate

that B. cenocepacia exopolysaccharide (EPS) production
was found throughout the infection of patient J, whereas
no EPS production was identified in late B. cenocepacia
isolates from patients AB or patient AN. These results
are comparable to those observed by Zlosnik et al.,15

where 45% (23 of 51) B. cenocepacia CF lung infections
were initiated by mucoid isolates, and during the course
of infection, 3 converted from mucoid to nonmucoid,
and one converted from nonmucoid to mucoid. In light
of the results presented herein by Moreira et al.,7 it is
apparent that selection does not occur over time for
B. cenocepacia toward avirulence and chronic carriage
in the CF lung, that B. cenocepacia phenotypic and
virulence factor variation does not mimic that of
P. aeruginosa, and that clinical isolate virulence potential
variability is the norm for B. cenocepacia across the
duration of the infection in CF patients.

Disclosure of potential conflicts of interest

No potential conflicts of interest were disclosed.

References

[1] Mahenthiralingam E, Urban TA, Goldberg JB. The multi-
farious, multireplicon Burkholderia cepacia complex. Nat
Rev Microbiol 2005; 3(2):144-56; PMID:15643431;
https://doi.org/10.1038/nrmicro1085

[2] Lipuma JJ. The changing microbial epidemiology in
cystic fibrosis. Clin Microbiol Rev 2010; 23:299-323;
PMID:20375354; https://doi.org/10.1128/CMR.00068-09

[3] Lee DG, Urbach JM, Wu G, Liberati NT, Feinbaum RL,
Miyata S, Diggins LT, He J, Saucier M, Deziel E, et al.
Genomic analysis reveals that Pseudomonas aeruginosa
virulence is combinatorial. Genome Biol 2006; 7:R90;
PMID:17038190; https://doi.org/10.1186/gb-2006-7-10-
r90

[4] Lore NI, Cigana C, De Fino I, Riva C, Juhas M,
Schwager S, Eberl L, Bragonzi A. Cystic fibrosis-niche
adaptation of Pseudomonas aeruginosa reduces viru-
lence in multiple infection hosts. PLoS One 2012; 7:
e35648; PMID:22558188; https://doi.org/10.1371/
journal.pone.0035648

[5] Friman VP, Ghoul M, Molin S, Johansen HK, Buckling A.
Pseudomonas aeruginosa adaptation to lungs of cystic fibro-
sis patients leads to lowered resistance to phage and protist
enemies. PLoS One 2013; 8:e75380; PMID:24069407;
https://doi.org/10.1371/journal.pone.0075380

[6] Cramer N, Klockgether J, Wrasman K, Schmidt M,
Davenport CF, T€ummler B. Microevolution of the major
common Pseudomonas aeruginosa clones C and PA14 in
cystic fibrosis lungs. Environ Microbiol 2011; 13(7):1690-
704; PMID:21492363; https://doi.org/10.1111/j.1462-
2920.2011.02483.x

[7] Moreira AS, Mil-Homens D, Sousa SA, Coutinho CP,
Pinto-de-Oliveira A, Ramos CG, dos Santos SC,
Fialho AM, Leit~ao JH, S�a-Correia I. Variation of Bur-
kholderia cenocepacia virulence potential during cystic

VIRULENCE 619

https://doi.org/15643431
https://doi.org/10.1038/nrmicro1085
https://doi.org/10.1128/CMR.00068-09
https://doi.org/10.1186/gb-2006-7-10-r90
https://doi.org/10.1186/gb-2006-7-10-r90
https://doi.org/10.1371/journal.pone.0035648
https://doi.org/10.1371/journal.pone.0035648
https://doi.org/24069407
https://doi.org/10.1371/journal.pone.0075380
https://doi.org/10.1111/j.1462-2920.2011.02483.x
https://doi.org/10.1111/j.1462-2920.2011.02483.x


fibrosis chronic lung infection. Virulence 2017; 8(6):
782-796; https://doi.org/10.1080/21505594.2016.
1237334

[8] Dubern JF, Cigana C, De Simone M, Lazenby J, Juhas M,
Schwager S, Bianconi I, D€oring G, Eberl L, Williams P,
et al. Integrated whole-genome screening for Pseudomo-
nas aeruginosa virulence genes using multiple disease
models reveals that pathogenicity is host specific. Environ
Microbiol 2015; 17(11):4379-93; PMID:25845292;
https://doi.org/10.1111/1462-2920.12863

[9] Drevinek P, Mahenthiralingam E. Burkholderia cenoce-
pacia in cystic fibrosis: epidemiology and molecular
mechanisms of virulence. Clin Microbiol Infect 2010;
16:821-30; PMID:20880411; https://doi.org/10.1111/
j.1469-0691.2010.03237.x

[10] Uehlinger S, Schwager S, Bernier SP, Riedel K, Nguyen
DT, Sokol PA, Eberl L. Identification of specific and uni-
versal virulence factors in Burkholderia cenocepacia
strains by using multiple infection hosts. Infect Immun
2009; 77(9):4102-10; PMID:19528212; https://doi.org/
10.1128/IAI.00398-09

[11] O’Grady EP, Sokol PA. Burkholderia cenocepacia differ-
ential gene expression during host-pathogen interactions
and adaptation to the host environment. Front Cell Infect
Microbiol 2011; 9;1:15

[12] Bragonzi A, Paroni M, Nonis A, Cramer N, Montanari
S, Rejman J, Di Serio C, D€oring G, T€ummler B.

Pseudomonas aeruginosa microevolution during cystic
fibrosis lung infection establishes clones with adapted
virulence. Am J Respir Crit Care Med 2009; 180:138-45;
PMID:19423715; https://doi.org/10.1164/rccm.2008
12-1943OC

[13] Klockgether J, Miethke N, Kubesch P, Bohn YS,
Brockhausen I, Cramer N, Eberl L, Greipel J,
Herrmann C, Herrmann S, et al. Intraclonal diversity
of the Pseudomonas aeruginosa cystic fibrosis airway
isolates TBCF10839 and TBCF121838: distinct signa-
tures of transcriptome, proteome, metabolome, adher-
ence and pathogenicity despite an almost identical
genome sequence. Environ Microbiol 2013; 15(1):191-
210; PMID:22882573; https://doi.org/10.1111/j.1462-
2920.2012.02842.x

[14] Zlosnik JE, Mori PY, To D, Leung J, Hird TJ, Speert DP.
Swimming motility in a longitudinal collection of clinical
isolates of Burkholderia cepacia complex bacteria from
people with cystic fibrosis. PLoS One 2014; 9 9(9):
e106428; PMID:25203161; https://doi.org/10.1371/
journal.pone.0106428

[15] Zlosnik JE, Hird TJ, Fraenkel MC, Moreira LM,
Henry DA, Speert DP. Differential mucoid exopoly-
saccharide production by members of the Burk-
holderia cepacia complex. J Clin Microbiol 2008; 46
(4):1470-3; PMID:18256220; https://doi.org/10.1128/
JCM.02273-07

620 J. J. DENNIS

https://doi.org/10.1080/21505594.2016.1237334
https://doi.org/10.1080/21505594.2016.1237334
https://doi.org/25845292
https://doi.org/10.1111/1462-2920.12863
https://doi.org/10.1111/j.1469-0691.2010.03237.x
https://doi.org/10.1111/j.1469-0691.2010.03237.x
https://doi.org/19528212
https://doi.org/10.1128/IAI.00398-09
https://doi.org/10.1164/rccm.200812-1943OC
https://doi.org/10.1164/rccm.200812-1943OC
https://doi.org/10.1111/j.1462-2920.2012.02842.x
https://doi.org/10.1111/j.1462-2920.2012.02842.x
https://doi.org/10.1371/journal.pone.0106428
https://doi.org/10.1371/journal.pone.0106428
https://doi.org/10.1128/JCM.02273-07
https://doi.org/10.1128/JCM.02273-07

	Disclosure of potential conflicts of interest
	References

