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Clonality and antimicrobial susceptibility
of Burkholderia cepacia complex isolates collected
from cystic fibrosis patients during 1998-2013
in Bern, Switzerland

Agnese Lupo, Enver Isis, Regula Tinguely, Andrea Endimiani

Institute for Infectious Diseases, Faculty of Medicine, University of Bern, Bern, Switzerland

SUMMARY

For the first time, we analyzed the clonality and susceptibility of Burkholderia cepacia complex isolates (n=55)
collected during 1998-2013 from 44 Swiss cystic fibrosis (CF)-patients. B. cenocepacia (n=28) and B. multivorans
(n=14) were mainly of sequence type (ST) 833 and ST874, respectively; B. contaminans isolates were of ST102.
Overall, the following MICsys (mg/l) were obtained: piperacillin/tazobactam (<4/>128), ticarcillin/clavulanate
(2256/2256), ceftazidime (2/232), aztreonam (16/>32), meropenem (2/8), tobramycin (8/>16), minocycline (<1/16),
levofloxacin (<0.5/>16), and trimethoprim/sulfamethoxazole (<0.5/4). This is the first survey providing information
on the clonality of Bee detected in Switzerland. Species identification and antimicrobial susceptibility tests should
always be routinely performed to adapt more targeted therapies.
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The pathological airways condition of cystic
fibrosis (CF)-patients favors chronic coloniza-
tion/infection by bacterial species such as Pseu-
domonas aeruginosa, Staphylococcus aureus,
Haemophilus influenzae, Stenotrophomonas
maltophilia, Achromobacter xylosoxidans and
Burkholderia cepacia complex (Bcc) (Doring et
al., 2012).

B. multivorans and B. cenocepacia are the most
frequently detected Bcc species in CF-patients
(Doring et al., 2012). Their eradication is often
unsuccessful and exacerbation results in high
morbidity and mortality, mostly because of the
Bcce natural multidrug resistance (MDR) pat-
tern, the ability to form biofilm, and to invade
epithelial cells or macrophages. Furthermore,
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these pathogens are highly transmissible in
both clinical and community settings (Lipuma,
2010). For instance, B. cenocepacia sequence
type (ST) 28, belonging to clonal complex (CC)
31, and B. multivorans ST16 are important
clones spreading in different countries (Bald-
win et al., 2005).

Despite the natural MDR phenotype and the
fast development of further antibiotic resis-
tance, the paucity of data describing the an-
timicrobial susceptibility of Bec is surprising.
In particular, studies determining the mini-
mum inhibitory concentration (MIC) of several
classes of antibiotics with a reproducible and
standardized methodology are scarce and most
analyses were published prior to the differentia-
tion of the species within Bee (King et al., 2010,
Nzula et al., 2002, Leitao et al., 2008, Peeters
et al., 2009). As a consequence, the MIC distri-
butions of clinically relevant antibiotics for the
main Bcc species found in CF-patients are not
available (http://mic.eucast.org/Eucast2/). This
lack of data hinders a prediction of treatment
outcome based on the MIC values.
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To fill in this gap of knowledge, we retrospec-
tively analyzed the in vitro activity of 19 anti-
microbials against a collection of Bec isolates
detected in CF-patients during January 1998 to
March 2013. Isolates were collected at the Lab-
oratory of Clinical Microbiology of the Insti-
tute for Infectious Diseases, University of Bern
(Switzerland) that processes samples from a
network of hospitals located in the city of Bern.
From the same patient the first isolate per year
was included in the study.

Briefly, all Bee strains were cultivated on blood
agar plates (Oxoid) at 35°C overnight. Identifi-
cation of grown colonies was confirmed by ma-
trix-assisted laser desorption ionization time of
flight mass spectrometry (microflex LT, Bruker
Daltonics) and sequencing of the recA gene
(Lupo et al., 2015, Baldwin et al, 2005). MICs
were obtained with microdilution GNX2F pan-
els (Trek Diagnostics) using cation-adjusted
Mueller-Hinton broth (Difco). P. aeruginosa
ATCC 27853 and Escherichia coli ATCC 25922
were used as control strains. The panels include
the antibiotics recommended for treatment of
infections due to Bec in CF-patients by the Eu-
ropean Consensus Study Group, ECSG (pipera-
cillin/tazobactam, ticarcillin/clavulanate, cef-
tazidime, meropenem, aztreonam, doxycycline,
trimethoprim/sulfamethoxazole, and tobramy-
cin) (Doring et al., 2012).

The European Committee on Antimicrobi-
al Susceptibility Testing (EUCAST) does not
provide interpretative criteria for the suscep-
tibility results of Becc species (EUCAST, 2014).
Therefore, MICs of ticarcillin/clavulanate, cef-
tazidime, meropenem, minocycline, levofloxa-
cin and trimethoprim/sulfamethoxazole were
interpreted according to the 2014 Clinical and
Laboratory Standards Institute (CLSI) criteria
established for B. cepacia, whereas the other
antibiotics (including the remaining suggested
by the ECSG) were tentatively interpreted with
the CLSI criteria set for P. aeruginosa when
available (CLSI, 2014). Results were stratified
taking into account three groups of organisms
(B. cenocepacia, B. multivorans and “other spe-
cies”). The clonality of randomly selected iso-
lates (20 B. cenocepacia, 14 B. multivorans and
6 B. contaminans) was determined by multilo-
cus sequence typing (MLST) (http:/pubmlst.
org/bec/).

In total, we analyzed 55 isolates collected from
44 CF-patients: B. cenocepacia (n=28), B. mul-
tivorans (n=14), B. contaminans (n=8), B. ce-
pacia (n=2), B. ambifaria (n=1), B. seminalis
(n=1) and B. stabilis (n=1). The MLST analysis
showed that 13 out of 20 B. cenocepacia isolates
belonged to the novel ST833 (Table 1). Of these,
one was isolated in 2007 and the remaining in
2008 from non-redundant patients suggesting
the occurrence of a small outbreak that ended
without any intervention. Five isolates found
in three patients belonged to CC31 (ST250 and
ST208). Several B. multivorans isolates collect-
ed from six patients in 1998 belonged to the
novel ST874 indicating another small self-lim-
iting epidemic event; the remaining B. multi-
vorans isolates were associated to STs (ST22,
ST180, ST188, and ST620) already reported
in other countries. Six B. contaminans isolates
found in two patients belonged to ST102, which
is a worldwide ST found not only in CF-patients
but also in environmental sources according to
the Bcc PubMLST database.

As shown in Table 2, all Bee isolates were re-
sistant to ticarcillin/clavulanate, whereas most
were susceptible to trimethoprim/sulfamethox-
azole (89%), ceftazidime (86%), levofloxacin
(84%), meropenem (82%), and minocycline
(78%). However, significant differences were
noted among the three species groups. B. ceno-
cepacia isolates were at first susceptible to
ceftazidime (93%) followed by trimethoprim/
sulfamethoxazole (89%), levofloxacin (79%),
meropenem and minocycline (both 75%). With
the exception of ticarcillin/clavulanate, all B.
multivorans were found fully susceptible to the
antibiotics suggested by CLSI (CLSI, 2014).
Isolates belonging to the “other species” group
were mostly susceptible to meropenem, tri-
methoprim/sulfamethoxazole and levofloxacin
(all 77%), followed by minocycline (62%) and
ceftazidime (54%).

Therefore, in contrast with other investigations
(Aaron et al., 2000, Bonacorsi et al., 1999, Nzula
et al., 2002), meropenem was not the most effec-
tive in vitro drug against the overall Bec isolates
detected in Bern. The other four antibiotics still
represent a possible therapeutic alternative. In
particular, ceftazidime resulted very active for
most Bee and its clinical implementation cou-
pled with tobramycin could assure a positive
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TABLE 1 - Multilocus sequence typing of 40 randomly selected Bcc isolates collected from 33 cystic fibrosis
patients during 1998-2013 in Bern, Switzerland

Patient  Isolate  Year of Specimen ST (B. cenocepacia  CC Previous report
isolation subgroup) Country Source
B. cenocepacia
#44 602058 1998 Sputum 250 (II1A) 31 USA CF-patients
#44 919456 2001 Sputum 250 (I11A) 31 USA CF-patients
#26 1257579 2005 Sputum 250 (I11A) 31 USA CF-patients
#20 1352420 2006 LRTS 208 (II1A) 31 ESP,RUS,USA, CF-patients
#26 1512265 2007 LRTS 250 (II1A) 31 USA CF-patients
#19 1555733 2007 LRTS 833° (IIIB) 469 None None
#17 1610124 2008 LRTS 834 (II1A) None None None
#32 1564292 2008 Sputum 833° (IIIB) 469 None None
#43 1559631 2008 LRTS 833b (I1IB) 469 None None
#12 1565171 2008 LRTS 833" (I11B) 469 None None
#40 1574181 2008 LRTS 833" (I11B) 469 None None
#7 1563289 2008 LRTS 833°(I11B) 469 None None
#47 1562860 2008 LRTS 833" (I1IB) 469 None None
#23 1587357 2008 Pharyngeal swab 833 *(I1IB) 469 None None
#22 1584063 2008 Urine 833" (I1IB) 469 None None
#15 1588860 2008 Urine 833" (IIIB) 469 None None
#11 1588861 2008 Urine 833 (I1IB) 469 None None
#29 1648163 2008 Urine 833" (I1IB) 469 None None
#9 1604077 2008 Urine 833" (I1IB) 469 None None
#28 1734146 2009 LRTS 834+ (IIIA) None None None
B. multivorans
#6 642289 1998 Sputum 22¢ 22 CAN Environment,
CF-patients
#35 609975 1998 Pharyngeal swab 620 None USA, AUS CF-patients
#39 620768 1998 LRTS 874 None None None
#31 647228 1998 LRTS 874 None None None
#4 655039 1998 LRTS 874 None None None
#13 610183 1998 LRTS 874 None None None
#44 614620 1998 Sputum 874 None None None
#41 637589 1998 LRTS 874 None None None
#36 811244 2000 L.RTS 1804 180 CZE, UK, FRA Environ_ment,
#3 1689963 2009 Biopsy 180¢ 180 CF-patients
#2 1064722 2003 Pharyngeal swab 873 None None None
#25 1996055 2011 Pharyngeal swab 188 None CAN CF-patients
#42 1971592 2011 Sputum 750-variant® None None None
#33 800856 NA Pharyngeal swab 875 None None None
B. contaminans
#37 1229687 2005 LRTS 102
#37 1385245 2006 Pharyngeal swab 102 Sargasso Sea,
#37 1609253 2008 Pharyngeal swab 102 None CZE, ESP, BEL, Environment,
#5 1830253 2010 Sputum 102 AUT, BRA, ITA,  CF-patients
#37 1899744 2010 Pharyngeal swab 102 USA, RUS
#37 2191457 2013 Pharyngeal swab 102

Note. NA: not available; LRTS, lower respiratory tract secretions (including tracheobronchial secretions and bronchoalveolar lavages); ST,
sequence type; CC, clonal complex; CAN, Canada; AUS, Australia; CZE, Czech Republic; UK, United Kingdom; FRA, France; ESP, Spain; BEL,
Belgium; AUT, Austria; BRA, Brazil; ITA, Italy; RUS, Russia; CF, cystic fibrosis. Double locus variant (DLV) of ST633, ST844 and ST382 pre-
viously isolated from CF-patients in France and Brazil. *Single locus variant (SLV) of ST469. °SLV of ST652 previously isolates from CF-patients
in Czech Republic. 4SLV of ST419. ¢The alleles gltB and phaC could not have been amplified, all the remaining alleles were identical to ST750.
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TABLE 2 - Minimum inhibitory concentration (MIC) of 19 antibiotics against 55 Burkholderia cepacia complex
isolates collected from specimens of 44 cystic fibrosis patients during 1998-2013 in Switzerland

Antibiotic Organism* Number of isolates with corresponding MIC (mg/l)’ MICs, MICyy ST
006 012 025 05 [ 2 4 8 16 32 64 128 25
Ticarcillin/ Overall Bec isolates 12 52 225 225 0.0
clavulanate B. cenocepacia 28 2256 225 00
(TIM) B. multivorans 1 2 11 256 2256 0.0
Other species 13 2256 2256 0.0
Piperacillin/ Overall Bec isolates 35 35 12 <4 2128 (63.6)
tazobactam B. cenocepacia 17 2 5 4 <4 2128 (60.7)
(TZP) B. multivorans 13 1 <4 << (929)
Other species 5 8 2128 2128 (38.5)
Cefotaxime Overall Bec isolates 4 15 13 4 3 16 8 264 NA
B. cenocepacia 15 9 3 2 8 8 264 NA
B. multivorans 39 2 4 8 NA
Other species 1 2 1 1 8 264 264 NA
Ceftazidime Overall Bec isolates 8 2 12 512 6 2 232 855
(CAZ) B. cenocepacia 4 2 7 311 1 2 16 929
B. multivorans 4 9 1 2 2 100
Other species 1 201 5 8 232 539
Cefepime Overall Bec isolates 10 915 17 4 >32 (60.0)
(FEP) B. cenocepacia 613 9 8 232 (51.0)
B. multivorans 10 1 112 <1 16 (85.7)
Other species 302 8 >32 32 (385)
Meropenem Overall Bec isolates 11 17 1717 3 2 8 81.8
(MER) B. cenocepacia 6 9 64 3 2 8 75.0
B. multivorans 3 4 7 2 4 100
Other species 2 4 413 4 8 76.9
Imipenem Overall Bec isolates 1 § 117 11 18 4 216 (16.4)
(IMP) B. cenocepacia 2 5 8 4 216 (1.1)
B. multivorans 6 8 16 216 (0.0)
Other species 1 6 | 4 2 2 216 (53.9)
Ertapenem Overall Bec isolates 12 16 27 4 >3 NA
B. cenocepacia 6 9 13 4 8 NA
B. multivorans 5 5 4 4 >8 NA
Other species 12 10 >3 28 NA
Doripenem Overall Bee isolates 37145 >4 >4 (182)
(DOR) B. cenocepacia 2 4122 >4 >4 (214)
B. multivorans 1 1|12 >4 24 (143)
Other species 2 111 >4 >4 (154)
Aztreonam Overall Bee isolates 2 6115 16 232 (327)
(ATM) B. cenocepacia 2 4111 16 232 (214
B. multivorans 0 111 4 4 (78.6)
Other species 113 9 232 232 (17)
Gentamicin Overall Bee isolates 16 212 35 216 216 (32.7)
(GEN) B. cenocepacia 15 13 05 216 (53.6)
B. multivorans 14 16 216 (0.0)
Other species 1 212 8 216 216 (23.1)
Tobramycin Overall Bec isolates 16 I 115 3 8 216 (32.7)
(TOB)! B. cenocepacia 15 13 05 216 (53.6)
B. multivorans 14 216 216 (0.0)
Other species 1 1 115 5 8 216 (23.0)
Amikacin Overall Bec isolates 12 4 3|4 32 64 264 (34.5)
(AK) B. cenocepacia 11 4 13 8 264 (53.6)
B. multivorans 2 12 64 264 (0.0)
Other species 1 312 1 32 64 (308)
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Antibiotic Organism* Number of isolates with corresponding MIC (mg/l)® MICy, MICy, ST
006 012 025 05 1 2 4 8 16 32 64 128 25
Trimethoprim/ ~ Overall Bec isolates 39 7 313 3 €05 5 891
sulfa (SXT) B. cenocepacia 21 2 212 1 <0.5 2 89.3
B. multivorans 12 2 <05 1 100
Other species 6 3 111 2 1 >3 769
Doxycycline  Overall Bec isolates 30 6 4 1 10 Q22 N
(DOX)e B. cenocepacia m 6 212 1 2 232 619
B. multivorans 14 <2 <2 100
Other species 5 212 3 4 232 538
Minocycline  Overall Bee isolates 34 916 6 <1 16 782
(MIN) B. cenocepacia 14 715 2 <1 8 75.0
B. multivorans 13 1 <1 <1 100
Other species 7 111 4 <1 16 615
Tigecycline Overall Bec isolates 15 18 12 3 6 1 0.5 4 NA
(TIG) B. cenocepacia 5 im 5 3 3 1 0.5 4 NA
B. multivorans 4 5 5 0.5 | NA
Other species 6 22 3 0.5 4 NA
Ciprofloxacin  Overall Bec isolates 4 916 15 0.5 > (61.8)
(CIP) B. cenocepacia 1 6 |1 8 | > (679)
B. multivorans 5 214 3 | >4 (50.0)
Other species 3 4 111 4 0.5 > (61.5)
Levofloxacin ~ Overall Bec isolates 24 6 613 6 0.5 216 836
(LVX) B. cenocepacia 8 10 412 4 2 216 186
B. multivorans 11 21 <0.5 2 100
Other species 5 4 1|1 2 2 216 769

Note. NA: CLSI interpretative criteria for B. cepacia or P. aeruginosa not available. *Overall Bcc isolates (n=55); B. cenocepacia (n=28);
B. multivorans (n=14); other species (n=13). Other species includes: B. ambifaria, (n=1); B. cepacia, (n=2); B. contaminans (n=8); B. seminalis
(n=1); and B. stabilis, (n=1). "The grey areas delimit the concentration range tested with the microdilution GNX2F Trek panels. ‘MICs were
interpreted as susceptible (S) according to the available 2014 CLSI criteria established for B. cepacia (CLSI, 2014) : TIM (S < 16 mg/l), CAZ (S <
8 mg/l), MER (S < 4 mg/l), SXT (S <2 mg/l), LEV (S < 2 mg/l), and MIN (S < 4 mg/l). MIC values for the other antibiotics were tentatively cate-
gorized using the CLSI criteria for P. aeruginosa: TZP and AK (S < 16 mg/l), FEP and ATM (S < 8 mg/ml), IMP and DOR (S < 2 mg/l), GEN and
TOB (S <4 mg/l), CIP (S < 1 mg/l) (CLSI, 2014). These results are presented in parentheses. “Colistin and polymyxin B were tested as well, but
they results were omitted from the table as all the isolates showed the same expected susceptibility value (i.e., MIC = 8 mg/l). 'All B. cenocepacia
isolates of ST833 were susceptible to aminoglycosides. tMIC values for DOX were categorized with the same cutoff of MIN.

outcome (Latzin et al., 2008). We also empha-
size that the antimicrobials with an oral route
of administration (trimethoprim/sulfamethox-
azole, levofloxacin, and minocycline) may be
used for the treatment of CF-patients (Doring et
al., 2012). However, we should note that other
authors have observed higher resistance rates
for such antibiotics. These overall differences
could be due to the diverse Bce species includ-
ed in the studies (King et al., 2010, Leitao et al.,
2008, Moore et al., 2001, Zhou et al., 2007, Bo-
nacorsi et al., 1999, Peeters et al., 2009).

With regard to the antibiotics for which CLSI
breakpoints for B. cepacia are not available
(CLSI, 2014), we found that most B-lactams
have scarce in vitro activity against Bcc. This is
mainly due to the expression of chromosomal
B-lactamases that are able to hydrolyze carbap-
enems (i.e., PenA, an inhibitor-resistant carbap-

enemase similar to KPC-2) (Papp-Wallace et al.,
2013). However, our B. multivorans isolates
were less resistant to f-lactams than the other
species (e.g., 93% susceptible to piperacillin/ta-
zobactam: MICy, <4 mg/l).

Two-thirds of the Bcc isolates were suscepti-
ble to doxycycline, whereas tigecycline showed
lower MICs when compared to both doxycy-
cline and minocycline (MICy, of 4 mg/l versus
>32 and 16 mg/l, respectively). However, one
should be aware that Bcce possess efflux pumps
that influence their susceptibility to tigecycline
(Rajendran et al., 2010). Such mechanism can
also contribute to Bcc resistance to aminogly-
cosides. Therefore, we were not surprised to
see that only one-third of our isolates (most of
which were B. cenocepacia of ST833) had an
MIC in the susceptible ranges established for P.
aeruginosa (CLSI, 2014). In particular, as previ-
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ously observed (Leitao et al., 2008, Nzula et al.,
2002), tobramycin was scarcely active (MICy,
>16 mg/l). However, the association of this and
other aminoglycosides with ceftazidime or oth-
er B-lactams seems beneficial for the treatment
of infections due to Bee (Avgeri et al., 2009).

For three patients, we analyzed the Bec isolates
collected at each hospital admission. We ob-
served that the first and last isolates from each

patient belonged to the same sequence type
(i.e., ST250 from two patients and ST102 from
one patient) demonstrating the strong ability of
these Bcce strains to permanently colonize/in-
fect the lower respiratory tract of CF-patients.
In one patient (#44), co-infection with B. ceno-
cepacia ST250 and B. multivorans ST874 was
observed. The isolates relative to each patient
showed a fluctuation in the MIC values (Table

TABLE 3 - Minimum inhibitory concentration (MIC) and multilocus sequence typing of Bec isolates
consecutively collected from three patients.

Patient  Sample ~ Month,  Isolate Species MIC (mg/l) ST
Year TIM CAZ MER SXT MIN LVX TZP ATM TOB
Sputum 04/2005 1257579  B. cenocepacia 2256 8 8 <05 4 206 32 232 216 250
Sputum 08/2005 1295854  B.cenocepacia 2256 232 8 <05 4 206 32 232 216 ND
Sputum 092005 1299720  B. cenocepacia 2256 4 § <05 4 216 2128 232 216 ND
26 Sputum 02/2006 1346522 B. cenocepacia 2256 2 4 <05 4 216 2128 232 216 ND
Sputum 05/2006 1372142 B. cenocepacia 2256 4 § <05 8 216 64 16 216 ND
Sputum 10/2006 1420025  B. cenocepacia 2256 232 216 4 8 216 2128 232 216 ND
LRTS 06/2007 1494646  B. cenocepacia 2256 8 § <05 <2 206 2128 232 216 ND
LRTS 08/2007 1512265  B. cenocepacia 2256 8 8 4 4 216 2128 232 216 250
LRTS 01/2005 1229687  B. contaminans 2256 232 8 <05 <2 20 2128 232 <1 102
Pharyngeal  09/2005 1299422  B. contaminans >256 16 4 2 8 2 2128 32 216 ND
swab
Pharyngeal 02/2006 1349631  B. contaminans 2256 4 2 28 16 4 2128 232 8 ND
swab
Pharyngeal 06/2006 1385245  B. contaminans >256 8 4 1 <2 <1 2128 232 216 102
swab
Pharyngeal 09/2006 1412712  B. contaminans >256 232 2 <05 4 4 2128 232 8 ND
swab
Pharyngeal 11/2006 1430625  B. contaminans >256 232 8 4 Q 2 2128 232 216 ND
swab
#37 Pharyngeal 12/2006 1441653  B. contaminans 2256 232 216 2 8 4 2128 232 216 ND
swab
Pharyngeal 12/2007 1552885  B. contaminans 2256 16 4 4 € <l 2128 232 8 ND
swab
Pharyngeal 06/2008 1609253  B. contaminans >256 8 4 1 2 <l 2128 232 216 ND
swab
Pharyngeal 06/2009 1742005  B. contaminans >256 232 4 <05 16 8§ 2128 232 216 ND
swab
Pharyngeal 10/2010 1899744  B. contaminans 256 232 8 1 16 =216 2128 232 216 102
swab
Pharyngeal 06/2013 2191457  B. contaminans 2256 232 8 >8 16 =216 2128 =232 =216 102
swab
Sputum 04/1998 602058  B.cenocepacia 2256 4 8 1 8 8§ 2128 232 216 250
444 Sputum 06/1998 614620  B. multivorans 2256 4 2 <05 < <1 32 4 216 874
Sputum 07/1999 709191  B. cenocepacia 2256 4 216 28 8 § 2128 232 216 ND
Sputum 11/2001 919456  B.cenocepacia 2256 4 216 <05 8 4 64 232 216 250

Note. LRTS, lower respiratory tract secretions (including tracheobronchial secretions and bronchoalveolar lavages);

ST: sequence type; ND: not determined.
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3). Unfortunately, the current data do not link
the antibiotic susceptibility pattern to the ther-
apeutic regimen(s) followed by the patients.
This is the first survey providing information
on species and clonality of Bcc isolates detect-
ed in Swiss CF-patients. B. cenocepacia was
the most frequently isolated species during the
study period but B. multivorans and B. con-
taminans seem to have emerged in the last few
years. Sporadic international pandemic clones
and the occurrence of two small epidemic
events (B. cenocepacia of ST833 and B. multiv-
orans of ST874) were recorded. Our study also
shows that the antibiotic susceptibility profile
significantly varies among the Bcc species: B.
multivorans exhibited susceptibility to almost
all tested antibiotics, whereas B. cenocepacia
and other species showed more drug resis-
tance. Therefore, we highlight the importance
of routine and constant performance of both
species identification and antimicrobial sus-
ceptibility tests to adapt more targeted thera-
pies and to impede any increased resistance in
CF-patients.

This work constitutes a solid dataset for fur-
ther epidemiological surveillance allowing a
prompt response to epidemic events among
CF-patients. Further surveys including larger
collections of isolates from more centers caring
for CF-patients should be planned in the near
future to better comprehend the extent of the
spread of Bcc at national level. Moreover, the
lack of specific international and standardized
methods to perform and interpret susceptibility
results for Bce species needs to be addressed.
By evaluating optimal dosing and efficacy, ran-
domized controlled clinical trials will provide
important insights into the in vivo performance
of antimicrobials recently suggested for the
treatment of respiratory infections in CF-pa-
tients (Doring et al., 2012).
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