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Seventy-six Pseudomonas aeruginosa isolates recovered from chronically (n � 18) and nonchronically (n � 18) colonized cystic
fibrosis (CF) patients (2002 to 2009) were grouped in separate polyclonal populations. International CF epidemic clones were
not identified, but the high-risk clone ST274, also found circulating in Spanish hospitals, was present. Persistent isolates were
more resistant to antibiotics than nonpersistent isolates.

Molecular typing tools applied to Pseudomonas aeruginosa iso-
lates recovered from cystic fibrosis (CF) patients have dem-

onstrated not only local epidemiological differences (1–4) but also
the spread of particular multiresistant clones through different CF
units (5–8) and the in vivo evolution of single clones involving
multilocus sequence type (MLST) shifts (9). Nevertheless, studies
addressing differences in terms of population structure between
nonpersistent and persistent isolates from CF patients have not yet
been reported. This work was performed to describe the genetic
diversity of P. aeruginosa colonizing CF patients from a CF unit in
a university hospital in Spain, differentiating between nonpersis-
tent isolates (isolates recovered once or during a �6-month pe-
riod in consecutive sputum cultures) and persistent isolates (ge-
netically related isolates recovered during a minimum of 6
months) (4, 10). All morphologically different colonies cultured
from each sputum sample during the follow-up period were ana-
lyzed. When only nonpersistent isolates were recovered, patients
were considered nonchronically colonized. On the other hand,
patients were considered chronically colonized when persistent
isolates were recovered.

Seventy-six P. aeruginosa isolates from 36 CF patients in our
CF unit between 2002 and 2009 were included. Patients and
isolates were distributed in two groups (Tables 1 and 2). The
first one included 18 patients from whom 26 P. aeruginosa
nonpersistent isolates were recovered. The second group in-
cluded 18 chronically colonized P. aeruginosa patients from
whom 48 persistent isolates were obtained. In two of these
chronically colonized patients, two isolates were recovered on
one occasion each, and these isolates were grouped within the
nonpersistent isolates (Table 1). The follow-up protocol for
CF patients in our institution includes 4 to 5 microbiological
sputum analyses per year, with additional sputum analysis dur-
ing exacerbations or admittance to the hospital. The first and
the subsequent isolates that were indistinguishable or highly
related according to standard pulsed-field electrophoresis
(PFGE) typing criteria were considered a single lineage (11),
and only one isolate was included for further studies.

Isolates were initially typed by PFGE using SpeI enzyme and
interpreted by standard criteria (9, 11). One isolate per pulso-

type was subsequently typed by the MLST scheme developed by
Keith Jolley (University of Oxford; http://pubmlst.org
/paeruginosa) and analyzed by using minimum spanning tree
(MST) analysis (http://goeburst.phyloviz.net/). Bayesian phy-
logenetic trees (BAPS) based on concatenated nucleotidic se-
quences from the same fragments used in the MLST approach
were also performed (12). MLST nucleotide sequences from
representative multidrug-resistant clones circulating in 16
Spanish hospitals (1), as well as the Dutch sequence type (ST)
ST406 and ST497, Liverpool ST146, and Manchester ST148
international CF epidemic clones (5–8), were included in the
analysis. Antibiotic susceptibility was determined by standard
broth microdilution and interpreted with CLSI criteria (13).
Statistical differences in antimicrobial resistance were explored
by chi-square test and Fisher’s exact test.

Within the 28 nonpersistent isolates (26 from nonchronically
colonized patients and 2 from chronically colonized patients) (Ta-
ble 1), 22 STs were identified; 20 of them were unrelated, and the
other two corresponded to single-locus variants (SLV) (ST253
and ST540) (Fig. 1). STs representing more than one isolate were
ST274 (n � 4), ST312 (n � 2), ST395 (n � 2), and ST809 (n � 2).
The scarce genetic relationship between these STs suggested that
clones involved in primocolonization without persistence corre-
sponded to nonrelated acquisition events (Fig. 1 and 2). The PFGE
patterns confirmed this hypothesis. Six of the 22 primocolonizer
STs were previously described in Spanish hospitals (ST27, ST253,
ST274, ST395, ST508, and ST606) (1), suggesting potential acqui-
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sition of these clones from those circulating within the Spanish
health care system.

On the other hand, the 48 persistent isolates recovered from
18 chronically colonized patients were grouped in 21 STs (Fig.
2). During the follow-up period of these chronically colonized
patients, 15 of them presented a single ST, an ST replacement
was detected during chronic colonization in two patients (C6
and C9), and finally an MLST shift was described in patient
C1 (9).

ST17, ST274, ST508, and ST620 were detected, causing both

nonchronic and chronic colonization. PFGE analysis showed an
identical pattern for isolates within ST17 and ST274 clones that
pointed out the possibility of patient-to-patient transmission or
exposition to a common source. The same statement could be
applied to ST242 isolates from two chronically colonized patients
sharing an undistinguishable PFGE pattern. However, isolates be-
longing to the other STs (ST312, ST395, and ST809 in nonchron-
ically colonized patients and ST508 and ST620 in both chronically
and nonchronically colonized patients) exhibited different PFGE
patterns. Three of the 21 persistent clones had previously been

TABLE 1 Distribution of the 26 nonpersistent clones in 20 CF patients with (C2 and C16) and without (P1 to P18) chronic P. aeruginosa
bronchopulmonary colonization

Patient

Clone found in patients by yr

2002 2003 2004 2005 2006 2007 2008 2009

P1 ST170
P2 ST606
P3 ST274 ST270
P4 ST460
P5 ST485
P6 ST395
P7 ST641
P8 ST274
P9 ST592
P10 ST253
P11 ST508 ST499 ST540
P12 ST312
P13 ST539
P14 ST274 ST312
P15 ST620 ST17 ST360
P16 ST274 ST980
P17 ST809
P18 ST809 ST395
C2 ST1045
C16 ST27

TABLE 2 Distribution of the persistent P. aeruginosa clones in CF patients (n � 18)b

Patients 2002 2003 2004 2005 2006 2007 2008 2009 
C1   ST242 ST242 / ST996a 
C2   242TS ST242 
C3   ST1046 
C4   ST17 
C5     ST620 
C6 ST244  ST635 ST700 
C7     ST236 
C8      ST486 
C9     971TS ST107 
C10     ST274 
C11     ST656 
C12      ST428 
C13 ST258 
C14  ST508 
C15      ST507 
C16 ST569 
C17     ST252 
C18 ST836 

a ST996 is a single-locus variant of ST242 (see the text and reference 9 for further explanation).
b ST persistence is represented by a shaded background. Vertical lines indicate initiation or termination of an ST chronic colonization.
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found circulating in hospitalized patients in Spain (ST244, ST274,
and ST508) (1).

It is of note that the international CF epidemic clones identified
in other countries were not represented within our chronically
colonized CF patients, even though the ST17 lineage corre-
sponded to a double-locus variant of the Dutch ST497 CF epi-
demic clone (Fig. 1). Nevertheless, ST274, found in CF patients
from other European countries and Australia (MLST database),
was detected among our isolates. ST274 was also identified within
multidrug-resistant isolates circulating in Spain (1, 14).

Analysis of the antimicrobial susceptibility results showed that
nonpersistent isolates exhibited lower resistance rates than persis-
tent isolates, especially for tobramycin (0% versus 30%; P �
0.015), piperacillin-tazobactam (7% versus 35%; P � 0.03), imi-
penem (14% versus 30%; P � 0.2), and ciprofloxacin (7% versus
14%; P � 0.5), whereas both groups of isolates presented the same
resistance rates for colistin (7%), ceftazidime (14%), and amika-
cin (35%).

During the first stages of bronchopulmonary P. aeruginosa
colonization in CF patients, different nonrelated clones can
access this niche, whereas in the advanced stages, the number
of clones decreases but the respiratory tract is chronically col-
onized (15). Subsequently to an initial adaptation period, crit-
ical mutations in chromosomal genes and loss of virulence
seem to be necessary for lung persistence (16). Independent
phylogenetic analysis of the seven MLST loci demonstrated a
high genetic diversity for the guaA allele, whereas the more

conserved loci were aroE and nuoD genes (see Fig. S1 to S7 in
the supplemental material). The mutL locus, which is impli-
cated in the mismatch repair system, is usually altered in the CF
isolates, with the direct consequence of hypermutability (17)
and the consequent limitation for the application of the MLST
technique in CF isolates (9).

In our collection, 4 different main groups (I to IV) were iden-
tified using the BAPS analysis without particular distribution (Fig.
2). International CF epidemic clones grouped with our nonper-
sistent and persistent colonizers in groups I and III. ST1045, a new
lineage described in this study, showed remarkable genetic differ-
ences, both in the concatenated and independent allele analyses.
This fact could be attributed to an independent evolution event or
to the acquisition of alien genetic material.

In summary, this is the first description of CF P. aeruginosa
isolates representing nonpersistent and persistent clones re-
covered from a Spanish CF unit. BAPS analysis depicts a deeper
picture of the P. aeruginosa population structure from our CF
patients. Unlike other CF units, we could not demonstrate the
spread of previously identified international CF epidemic
clones. Nevertheless, one of the most prevalent STs was ST274,
previously described in another Spanish CF unit, which is a
multidrug-resistant clone circulating in Spain (1, 18). Our CF
unit follows the segregation measures internationally recom-
mended (19), even though patient-to-patient transmission
events were suspected in three patients. In addition, persistent
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FIG 1 Minimum spanning tree (MST) of nonpersistent and persistent CF clones compared with international CF clones and multiresistant clones recovered
from Spanish hospitals.
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clones showed higher resistance rates than nonpersistent ones,
particularly for tobramycin.
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