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A B S T R A C T 

 Cystic fibrosis (CF) is an autosomal recessive genetic disease that affects mainly caucasian 
individuals. This disorder affects especially the lung function of patients, leading to lung 
infections caused by bacterial agents, that are frequently lethal for patient. There are several 
pathogenic agents responsible for this pathology, although, bacteria belonging to Burkholderia 
cenocepacia complex (Bcc) have a prominent role. The respiratory tract of CF patients 
constitutes a complex environment for bacteria. In order to adapt, bacteria acquire mutations that 
lead to phenotypic adaptations. The phenotypic modifications promote bacterial persistence 
within the host lung, increased resistance to antibiotics but decrease acute virulence. In this work 
was studied the phenotypic evolution of 40 Burkholderia multivorans retrieved from four CF 
patients during the period 1995 to 2012. The strategy adopted included phenotypic analysis of 
the mechanisms inherent of bacterial adaptation to the respiratory tract of CF patients, such as 
antibiotic susceptibility, motility, biofilm formation, growth rates, Galleria mellonella virulence and 
adhesion to epithelial cells. Overall, the latter isolates retrieved from the CF patients investigated 
showed increased antibiotic resistance, decreased motility, decreased growth rates, increased 
biofilm formation and decreased virulence in Galleria mellonella. Moreover, the presence of the 
LPS O-antigen apparently, affect virulence in Galleria mellonella and adhesion to epithelial cells.  

 
 

1. INTRODUCTION 

Cystic fibrosis (CF) is an autosomal recessive hereditary disease 1, 

affecting around  32 000 individuals in Europe and about 85 000 

worldwide 2. CF is caused by mutations in the CF transmembrane 

conductance regulator (CFTR) gene, which encodes a membrane 

chloride channel that mediates anion transport across epithelia 3. 

Although being multi-organ disease, CF affects mainly the lungs. This 

condition predisposes to respiratory infections due the production of 

thick mucus which results in defective clearance of bacterial pathogens 
4. Common pathogens causing infection in the respiratory tract of CF 

patients are Pseudomonas aeruginosa, Haemophilus influenzae and 

Burkholderia cepacia complex, among others 5. These bacterial 

infections can lead to chronic infection in the lungs and consequently 

cause bronchiectasis, respiratory failure and ultimately death 6. Lung 

infections in CF reflect the failure of the innate defense mechanisms of 

the lung against inhaled bacterial organisms 7. There are some 

mechanisms that the lung develops against bacterial colonization such 

as mucociliary clearance, polymorphonuclear neutrophil phagocytosis, 

and local production of antibacterial cationic peptides. However, these 

systems are not enough under conditions of increased viscosity and 

osmolarity, resulting in chronic lung infection 8.  

P. aeruginosa colonization of the airways and infection is the major 
cause to CF morbidity and mortality. More than 80% of the patients with 

CF die due to respiratory failure caused by chronic bacterial infection 
and associated airway inflammation. During the colonization process, P. 

aeruginosa has the capacity to adapt the CF lung environment, therefore 
chronic lung infection is associated to phenotypic and genomic changes 
in the bacterium 9. Preventing the chronic colonization of P. aeruginosa it 
is essential because once establish, the infection becomes very difficult 
to eliminate and it is common that after an aggressive therapy, the 
patient is re-infected with P. aeruginosa. In many circumstances the 
colonization occurs by the same strain, or otherwise by the similar 
genotype 10, 11. Even though it is not clear the way that patients acquire 
this bacterium, studies pointed to clinical exposures and social 
interactions zones. However, other risk factor in the acquisition of P. 

aeruginosa is the gender, since studies have shown that females are 
more susceptible than males 9.  Previously to the chronic airway 
infection is established, there is a period of intermittent colonization of 
the airway, in this phase CF patients are exposed to antibiotic therapy, 
therefore delaying the succeeding chronic infection. Chronic lung 
infection is characterized by the constant growth of P. aeruginosa in 
airway secretions and are connected with a higher degree of 
inflammation than found in intermittent colonization, and these 
conditions together lead to an increased lung function deterioration12. 
Many variants of the same infecting strain may exist, and it is very 
common to find within the CF lung heterogeneity within one population. 
Due to the different areas and conditions present in the respiratory tract, 
this heterogeneous P. aeruginosa resistant niches and the mutations 
that were acquired contribute to complicate therapeutic treatments and 
posteriorly cause pulmonary exacerbation in CF patients 9. 
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Burkholderia cepacia complex (Bcc) is a group of at least 20 closely 
related species and emerged in the 1980s as important human 
pathogens, namely in patients suffering from CF. Bcc bacteria can be 
found in the environment, such as water, soil and rhizosphere of crop 
plants 13. In the last years, Bcc bacteria have arisen as opportunistic 
pathogen, capable of causing severe infections in immunocompromised 
patients and CF patients 14. Bcc infections are especially threating  for 
CF patients because they give rise to a variable clinical outcome, 
generating stages ranging from asymptomatic carriage until septicemia 
with acute respiratory failure known as “cepacia syndrome” 14’ 15. Once 
Bcc colonize the airways of CF patients, they were excluded from lung 
transplantation, since this prognosis increased dramatically the risk of 
death 4.  Although strains from every Bcc species are capable to cause 
infection in CF patients, the two most frequently isolated species are B. 

multivorans and B. cenocepacia 5.  The reasons for the rise of Bcc as an 
opportunistic pathogen in humans are unclear 16. Bcc bacteria are 
difficult to exterminate, since they are recurrently resistant to the most 
used antibiotics17. Furthermore, during colonization of CF airways Bcc 
bacteria are exposed to selective pressures, as a result of the host 
immune defences, antibiotic therapy and oxygen limitation 18. These 
adaptations leading to their longevity, contribute to the emergence of 
new lineages, while maintaining their capacity of survival within the host. 
For these reasons, Bcc respiratory infections are very difficult to treat, 
and it is very common that treatment include triple antibiotic 
combinations to reach bactericidal activity 16. In order to adapt to a new 
and challenging environment of the CF airways, Bcc bacteria experience 
alterations in their genotypic and phenotypic profiles, contributing to their 
fitness, capacity of survival within the host and frequently, appearance of 
new lineages. Among the most common adaptive phenotypic traits of 
Bcc bacteria are increased antibiotic resistance and biofilm formation 
and decreased motility and growth rate. In future, it is important to use 
this knowledge to develop new diagnostics and effective treatments 
against Bcc bacteria.  

 
The purpose of this work is to study phenotypic evolution of 40 B. 

multivorans isolates collected from four distinct CF patients (P339, P342, 
P431 and P686) during the period 1995 to 2012. The strategy includes 
in vitro and in vivo phenotypic assays associated to bacteria adaptation 
to the CF lung environment, such as antibiotic resistance, swimming and 
swarming motility, biofilm formation, adhesion to epithelial cells, growth 
rate in SCFM medium and acute virulence in Galleria mellonella. 

Understating the adaptation mechanisms of this bacterium to the lung 
environment of CF patients is essential to fight and avoid the infection, 
and also to improve medical treatments and develop new therapies. 

2. MATERIALS AND METHODS 

2.1. Bacterial Strains and Growth Conditions 

The bacterial isolates were sampled from four cystic fibrosis 

patients (patients P339, P342, P431 and P686) attending a clinic in 

Vancouver, Canada, and were provided by Prof. David P. Speert from 

the University of British Columbia. The bacterial isolates from all patients 

consist of a single clone of Burkholderia multivorans, except patient 

P686 which isolates P686-2 and P686-3 seem to be Burkholderia 

cenocepacia. Patient P339 isolates are 6 and were collected between 

1995 and 2003; Patient P342 has 10 isolates sampled in the period of 

2004 and 2011; Patient 431 isolates consist of 13 bacterial isolates 

collected between 1998 and 2006 (Genome sequencing results indicate 

that isolates P431-2 and P431-3 are from a different strain (RAPD025) 

while the remaining isolates are from RAPD029) and the last 11 isolates 

belong to patient P686 and were collected in the period of 2004 to 201. 

The isolates were grown in lysogenity broth (LB medium) or in 

extracellular polymeric substance (EPS)-producing salt-mannitol (SM) 

medium at 37ºC with agitation at 250 rpm.  SM medium is a medium with 

high carbon to nitrogen ratio to stimulate the production of EPS: 12.5 g/L 

Na2HPO4, 3 g/L KH2PO4, 1 g/L K2SO4, 1 g/L NaCl, 0.2 g/L MgSO4.7H2O, 

0.001 g/L CaCl2.2H2O, 0.001 g/L FeSO4.7H2O, 1 g/L casaminoacids, 1 

g/L yeast extract, 20 g/L D-mannitol. 

2.2. Antimicrobial susceptibility  

In order to evaluate the susceptibility of the bacterial isolates 

against paper discs with antibiotics, the agar disc diffusion method was 

used 19. The antibiotics discs used contained: piperacillin (100 µg) plus 

tazobactam (10 µg), kanamycin (30 µg) and ciprofloxacin (5 µg). First of 

all, the Mueller-Hinton agar (Sigma – Aldrich) plates were inoculated 

with 100 µL of bacterial cultures at an OD640 of 0.1 prepared from 

exponential-phase cells growing on LB liquid medium at 37ºC.  

Antibiotics discs were applied onto the surface of Mueller-Hinton agar 

plates and the growth inhibition zone diameter was measured after 24 

hours of incubation at 37ºC. Results are the mean values from at least 

six replicates of two independent experiments, each with three discs per 

isolate.  

2.3. Motility  

The swimming motility was assessed on swimming agar plates: 1% 

(wt/vol) tryptone, 0.5% (wt/vol) NaCl and 0.3% (wt/vol) noble agar (Difco) 
20. Plates were inoculated with 5 µL of bacterial culture at an OD640 of 1.0 

and were incubated for 24 hours at 37ºC. The diameter of the swimming 

zone was then measured. Results are the mean values from at least 

eight replicates of two independent experiments. The swarming motility 

was assessed on swimming agar plates: 0.04% (wt/vol) tryptone, 0.01% 

(wt/vol) yeast extract, 0.0067% (wt/vol) CaCl2 and 0.6% (wt/vol) bacto 

agar (Difco) 20. Plates were inoculated with 5 µL of bacterial culture at an 

OD640 of 1.0 and were incubated for 48 hours at 37ºC. The diameter of 

the swarming zone was then measured. Results are the mean values 

from at least eight replicates of two independent experiments.   

2.4. Biofilm formation  

For biofilm formation assays, bacteria were grown in LB medium at 

37ºC to mid-exponential phase and diluted to an OD640 of 0.05, and 200 

µL samples of the cell suspensions were used to inoculate 96-well 

polystyrene microtiter plates. Plates were incubated at 37ºC statically for 

48h. After this period, the wells were washed three times with 0.9% 

(wt/vol) NaCl. Adherent bacteria were stained with 200 µL of a 1% 

(wt/vol) crystal violet solution for 20 minutes at room temperature 21. The 

following step was washing three times with 200 µL of 0.9% NaCl. The 

dye was solubilized with 200 µL of 96% ethanol and the biofilm formation 

is quantified by measuring the absorbance of the solution at 590 nm in a 
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microplate reader (Spectrostar nano, BMG Lab Tech). Results are the 

means of data from at least eight replicates of three independent 

experiments.  

2.5. Growth rate and doubling time determination  

Isolates were grown overnight in LB medium at 37ºC. A volume was 

then centrifuged (2 minutes, 8 rpm), and the pellet was washed with 

saline solution (0.9% NaCl) and used to inoculate a flask with 50 mL of 

synthetic cystic fibrosis medium (SCFM) 22, generating an initial optical 

density at 640 nm (OD640) of 0.1. Flasks were incubated at 37ºC with 

agitation at 250 rpm, and growth rates were quantified by monitoring the 

OD640 for 24h. Growth rates were calculated from the exponential phase 

of growth from two independent experiments.  

2.6. Virulence determination in Galleria mellonella  

Killing assays were performed as described previously for Seed and 

Dennis.23 Galleria mellonella were injected with cell suspensions 

containing a total colony forming units (CFU) of 1´106 in 10 mM MgSO4 

with 1.2 mg/mL ampicillin and incubated at 37ºC. Survival rates were 

evaluated during the following 72 hours post-infection. As a negative 

control, 10 mM MgSO4 with 1.2 mg/mL ampicillin was used. Triplicates 

of 10 larvae were used in each experiment.   

2.7. Adhesion to epithelial cells  

The B. multivorans isolates studied were analyzed for adhesion to 

the bronchial epithelial cell line CFBE41o-, derived from a patient 

homozygous for the cystic fibrosis transmembrane conductance 

regulator F508del mutation 24. In this procedure host cell attachment was 

performed as described by Ferreira and colleagues 25. Bacterial cells 

grown in SM medium during the period of 4-5 hours and were used to 

infect epithelial cells at a multiplicity of infection (MOI) of 10 (10 bacterial 

cells for 1 epithelial cell). Bacteria were applied to a 24-well plate 

previously seeded with CFBE41o- cells in minimum essential medium 

(MEM) supplemented with 10% (vol/vol) FBS and 1% (vol/vol) L-

glutamine, and the plates were centrifuged at 700 x g for 5 minutes. 

Next, the plates were incubated for 30 minutes at 37 ºC in an 

atmosphere of 5% CO2. Each well was washed three times with 

phosphate-buffered saline (PBS) to remove unbound bacteria and cells 

were lysed with lysis buffer (0.01 M PBS, 10 mM EDTA, 0.25% [vol/vol] 

Triton X-100; pH 7.4) for 20 minutes at 4 ºC. Serial dilutions were plated 

onto LB agar and adhesion was quantified by CFU counts after 48h of 

incubation at 37 ºC. Duplicates of each strain were performed per assay 

and the results presented were obtained from three independent 

experiments. Results are shown as the percentage of adhesion, which 

was calculated as the number of CFU recovered divided by the number 

of CFU applied to the epithelial cells multiplied by 100.   

3. RESULTS  

3.1. Antimicrobial susceptibility  

Antimicrobial susceptibility was tested against the antibiotics 

piperacillin/tazobactam, ciprofloxacin, aztreonam and kanamycin.  

The agar disc diffusion method was used to test the antibiotic 

resistance of the isolates, and the shown result is the mean of the 

growth inhibition zone diameter.  Concerning patient P339 results show 

that the first three B. multivorans isolates were more susceptible to all 

the antibiotics assessed, while isolates 5 and 6 were completely 

resistant to all antibiotics (Figure 1). Moreover, isolate 4 was resistant to 

ciprofloxacin and aztreonam but reveals susceptibility to kanamycin and 

tazobactam/piperacillin. 

Figure 1 - Susceptibility to antibiotics (kanamycin, tazobactam/piperacillin, 

ciprofloxacin and aztreonam) for B. multivorans isolates recovered from patient P339 

at 37 ºC after 24 hours incubation determined by measuring the diameter of cell 

growth inhibition (error bars represent the standard deviations of the mean values for 

three independent experiments).   
 

For patient P342, Results show that isolates 2, 5, 6, 7 and 9 were 

resistant to aztreonam and were less susceptible to the remaining 

antibiotics than other isolates. Furthermore, isolate 10 was resistant to 

three of the four antibiotics, only showing susceptibility to 

tazobactam/piperacillin. Isolates 1, 3, 4 and 8 were susceptible to the 

four tested antimicrobials, although isolate 4 seems to be more 

susceptible than others.  

 

Figure 2 - Susceptibility to antibiotics (kanamycin, tazobactam/piperacillin, 

ciprofloxacin and aztreonam) for B. multivorans isolates recovered from patient P342 

at 37 ºC after 24 hours incubation determined by measuring the diameter of cell 

growth inhibition. Error bars represent the standard deviations of the mean values for 

at least three experiments. 
  
Results show that isolates 1, 2, 3 and 4 were susceptible to all 

antibiotics tested. Isolates 5 to 9 revealed to be resistant to ciprofloxacin, 

but demonstrated susceptibility to kanamycin, tazobactam/piperacillin 

and aztreonam. Moreover, isolates 10, 11, 12 and 13 were fully resistant 
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to the four antibiotics tested. At last, B. multivorans isolates retrieved 

from patient P686 show that Results show that bacterial isolates 1, 2, 3, 

4, 5 and 8 were susceptible to all four antimicrobials tested. 

Furthermore, isolates 6, 9 and 11 were resistant to three of the four 

antibiotics but revealed susceptibility to ciprofloxacin. Isolate 10 was 

susceptible to kanamycin, tazobactam/piperacillin and ciprofloxacin, 

although demonstrated resistance to aztreonam. Finally, isolate 7 

demonstrated susceptibility to kanamycin and ciprofloxacin. 

Overall, during the course of infection the isolates appear to acquire 

increased antibiotic resistance. 

3.2. Swimming and Swarming Motilities 

Swimming and swarming assays were carried out in all B. 

multivorans isolates of the four patients, swimming agar plates were 

incubated for 24 hours and the diameter of swimming zone was 

measured, and swarming agar plates were incubated for 48 hours and 

thereafter the diameter of swarming zone was measured. Concerning 

swimming motility of patient P339, Results indicate higher motility of the 

first isolate, which was null in isolate 2 or strongly reduced in the 

remaining isolates (Figure 3). Swarming motility, was assessed too, and 

results show reduced swarming motility except P339-3 which seem to 

have slightly higher motility. 

 

Figure 3 – Swimming and swarming motilities of the B. multivorans isolates retrieved 

from CF patient P339, after growth in swimming and swarming agar plates for 24 h 

and 48 h, respectively, at 37ºC. Error bars represent the standard deviations of the 

mean values for three independent experiments. 
 

For swimming motility of patient P342, results showed that isolate 

1 displayed swimming motility when compared to other isolates (Figure 

4). Furthermore, isolates 4 to 10 decreased swimming motility in 

comparison with isolates 1 and 3. Swarming motility was evaluated in 

the 10 B. multivorans isolates of patient P342 (Figure 4). Again, the first 

isolate displayed swarming motility in comparison with subsequent 

isolates tested, which were mostly non-motile.  

 

Figure 4 - Swimming and swarming motilities of the B. multivorans isolates retrieved 

from CF patient P342, after growth in swimming and swarming agar plates for 24 h 

and 48 h, respectively, at 37ºC. Error bars represent the standard deviations of the 

mean values for three independent experiments. 

 

Swimming assays were assessed to all 13 B. multivorans isolates 

of patient P431 and results showed higher swimming motility to all B. 

multivorans isolates up to P431-9, while the later four isolates have 

decreased motility.  Similarly, swarming motility shows the two already 

mentioned groups. The two B. multivorans RAPD025 isolates display 
reduced swimming and swarming motilities. For the 11 bacterial isolates 

of patient P686, swimming motility results showed that with exception of 

isolate 11 which has the highest motility, after P686-4 all B. multivorans 

isolates show decreased motility when compared to the first isolate. The 

majority of isolates from B. multivorans do not swarm, except for isolate 

10. The two B. cenocepacia isolates are motile, both swimming and 

swarming. 

3.3. Biofilm formation  

To evaluate biofilm formation of the bacterial isolates, sampled 

from four CF patients, cell suspensions grown in microtiter plates during 

48h. After this period, attached cells were stained with crystal violet and 

measured the absorbance at 590 nm (A590). For patient P339, results 

showed that B. multivorans isolates 1 and 6 produced more biofilm than 

subsequent isolates which are drastically reduced in their ability to form 

biofilm (Figure 5).  

 

Figure 5 - Biofilm formation of the B. multivorans isolates retrieved from CF patient 
P339, after growth in polystyrene microplates for 48h at 37ºC. Error bars represent 

the standard deviations of the mean values for at least three experiments (statistical 

significance of differences between the first isolate and the subsequent ones was 

determined: *, P-value < 0.05; **, P-value < 0.01; ***, P-value < 0.001; ****, P-value < 

0.0001 by ANOVA followed by Dunnett’s multiple comparisons test). 
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Biofilm formation of B. multivorans isolates from patient P342, 

showed that isolates 1,2 and 10 produce more biofilm biomass than 

other isolates (Figure 6).  

 

Figure 6 - Biofilm formation of the B. multivorans isolates retrieved from CF patient 

P342, after growth in polystyrene microplates for 48h at 37ºC. Error bars represent 

the standard deviations of the mean values for at least three experiments (statistical 

significance of differences between the first isolate and the subsequent ones was 

determined: *, P-value < 0.05; ****, P-value < 0.0001 by ANOVA followed by 

Dunnett’s multiple comparisons test). 

 
Concerning patient P431 results showed that isolate 2 produced 

more biofilm than other isolates. Moreover, isolates 6, 8, 11 and 13 

showed the lower biofilm formation. Isolates from RAPD029 seem to 

form two distinct cluster with P431-1, P431-4, P431-5, P431-7, P431-9, 

P431-10 and P431-12 producing higher biofilm than P431-6, P431-8, 

P431-11 and P431-13. Finally, results of bacterial isolates from patient 

P686 showed that isolates 1, 5, 10 and 11 displayed highest the 

production of biofilm while isolates 6 to 9 produced the lowest amount of 

biofilm than other isolates. 

3.4. Growth rate and doubling time determination 

Growth rates of B. multivorans isolates collected from patients P339 

and P342 were measured by monitoring the OD640 of cell cultures in 

synthetic cystic fibrosis medium  (SCFM) 22. Table 1 presents the results 

of doubling time for B. multivorans isolates of patient P339 and show 

that the first three have shorter doubling time than other three isolates.   

Table 1 - Doubling times (in hours) calculated for the B. multivorans isolates 
sampled from CF patient P339, based on growth rates measured from cultures 
grown in synthetic cystic fibrosis medium (SCFM). Results are the means of data 
from two independent experiments. 

Isolate 1 2 3 4 5 6 

Doubling time (h) 1.4 1.3 1.4 2.5 3.2 3.5 

 
For patient P342, results showed the first three have shorter 

doubling time than the remaining isolates (Table 2).  

Table 2 - Doubling times (in hours) calculated for the B. multivorans isolates 
sampled from CF patient P342, based on growth rates estimated from cultures 
grown in synthetic cystic fibrosis medium (SCFM). Results are the means of data 
from two independent experiments. 

Isolate 1 2 3 4 5 6 7 8 9 10 

Doubling 

time (h) 
1.5 1.5 1.7 3.3 3.1 2.5 3.3 3.5 2.7 3.0 

 

3.5. Virulence determination in Galleria mellonella 

Galleria mellonella was used as an infection model to assess 

virulence of the B. multivorans isolates retrieved from patients P339 and 

P342. Ten larvae, for one experiment, were injected for each isolate and 

survival was tracked for 72 hours post-infection. Concerning patient 

P339, results showed that the first two isolates were clearly more the 

virulent, followed by P339-3 and P339-5 isolates, and almost avirulent 

are P339-4 and P339-6 (Figure 7).  

 

 
Figure 7 - Survival of Galleria mellonella larvae inoculated with B. multivorans 

isolates retrieved from patient P339. Triplicate groups of the 10 larvae were injected 

for each isolate and survival was tracked for 72 hours post-infection. Error bars 

represent the standard deviations of the mean values for at least two experiments. 

 

 

For patient P342, Results show that isolate 3, which exhibit the LPS 

O-antigen was more virulent in comparison with the remaining isolates, 

being responsible for 0% survival 48 hours post-infection (Figure 8). 

Despite of that, it was visible among isolates without O-antigen, the later 

ones are much more attenuated than, for example, P342-4 and P342-5. 

Isolates P342-1, P342-2 and P342-8 were not tested due to lack of 

larvae. 

 



  

  6 

 

Figure 8 - Survival of Galleria mellonella larvae inoculated with B. multivorans 

isolates retrieved from patient P342. Triplicate groups of the 10 larvae were injected 

for each isolate and survival was tracked for 72 hours post-infection. Error bars 

represent the standard deviations of the mean values for at least two experiments. 

3.6. Adhesion to epithelial cells  

B. multivorans isolates recovered from patients P339 and P342 were 

analyzed for adhesion to the bronchial epithelial cell line CFBE41o-, 

epithelial cells were infected at a multiplicity of infection (MOI) of 10 (10 

bacterial cells to 1 epithelial cell) and results are shown as percentage of 

adhesion. For patient P339, Results show that the latter three isolates 

have increased adhesion to bronchial epithelial in comparison to the first 

ones (Figure 9).  

 

Figure 9 - Adhesion of 6 B. multivorans isolates recovered from patient P339 to the 

bronchial epithelial cell line CFBE41o-. Results are shown as percentage of 

adhesion. Error bars represent the standard deviations of the mean values for at 

least two experiments (statistical significance of differences between the first isolate 

and the subsequent ones was determined: *, P-value < 0.05; **, P-value < 0.01 by 

ANOVA followed by Dunnett’s multiple comparisons test). 

Concerning B. multivorans isolates of patient P342, results show that 

isolate 10 exhibit increased adhesion to bronchial epithelial cells in 

comparison with the previous isolates. Isolate P342-1, P342-2 and 

P342-8 were not tested (Figure 10).  

Figure 10 - Adhesion of B. multivorans isolates recovered from patient P342 to the 

bronchial epithelial cell line CFBE41o-. Results are shown as percentage of 

adhesion. Error bars represent the standard deviations of the mean values for at 

least two experiments.                                  

 

4. DISCUSSION 

The purpose of this work was to assess phenotypic evolution of 40 
Burkholderia multivorans isolates collected from four distinct CF patients 
(P339, P342, P431 and P686) during the period 1995 to 2012 of chronic 
infection. The strategy includes phenotypic assays associated with B. 

cepacia complex bacteria adaptation to CF lung environment.  

Concerning antibiotic resistance, the first three isolates of patient 
P339 were susceptible to all antibiotics tested and the last two isolates 
were resistant to all these antimicrobials. To contribute for this 
phenotype must be a frameshift mutation in a transcriptional regulator of 
the TetR family that controls an efflux pump 34.  Several studies 20’ 26 
demonstrated that during the course of chronic CF infections, bacteria 
tend to improve their resistance to antibiotics, derived from frequent and 
prolongated exposure to high doses of antibiotics, which promotes the 
emergence of strains more adapted to survive within the CF airways, 
promoting long-term infections.  For the B. multivorans isolates retrieved 
from patient P342, isolates 1, 3, 4 and 8 were susceptible to all 
antibiotics assessed, though isolate 10 only showed susceptibility to 
tazobactam/piperacillin. Moreover, five isolates were completely 
resistant to aztreonam. B. multivorans isolates sampled from patient 431 
revealed that the first four isolates were susceptible to all antibiotics, 
while the last four isolates were susceptible to the four antibiotics tested. 
Additionally, isolates 5 to 9 were entirely resistant to ciprofloxacin but 
showed susceptibility to kanamycin, tazobactam/piperacillin and 
aztreonam. Finally, the 11bacterial isolates sampled from patient P686 
demonstrated susceptibility to, at least, one of the antimicrobials tested. 
All of the 11 bacterial isolates showed susceptibility to ciprofloxacin and 
the first five isolates and isolate 8 were susceptible to all antibiotics of 
this study.  Isolates 6, 9, 11 only showed resistance to ciprofloxacin. 
Overall, it is possible to observe a general increase in antibiotic 
resistance over time in the four patients. For additional conclusions 
about antibiotic susceptibility, it would be necessary more clinic data, 
such as antibiotic administration regimes. 

Motility of the bacterial isolates was assessed by measuring 
swimming and swarming in agar plates. Regarding motility of the B. 

multivorans isolates retrieved from patient P339, swimming motility is 
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higher in the first isolate in comparison with subsequent isolates, 
although swarming motility increased in isolate 3. Despite of that, the 
swimming and swarming motility were substantially low in isolates of 
patient P339. Mutation analysis shows in the last five isolates a 
nonsynonymous mutation in gene fliI encoding a flagellum-specific ATP-
synthase 34. This mutation could be the cause for the lower motility of 
P339-2 to P339-6.  Concerning bacterial isolates of patient P342, it was 
visible that the first isolate displayed swimming and swarming by 
comparison with the remaining isolates. During the course of infection, 
bacteria decrease their motility as mechanism to adapt to the 
environment of lung 20. This adaptation mechanism is recurrent in Bcc 
bacteria members. The last four B. multivorans isolates retrieved from 
patient P431 showed reduced motility when compared to the first isolate, 
as well as isolates 2 and 3. Surprisingly, the pairs 4/5 and 8/9 displayed 
swimming and swarming motility. Results of patient P686 are in 
agreement with the other patients, with the latter isolates showing 
decreased motility than the first ones (except isolate 11 in swimming 
motility and isolate 10 in swarming motility). In order to evaluate more 
precisely motility of the bacterial isolates, it would be important 
understand the mutations that underlie the different bacterial isolates.   

Another phenotypic trait assessed in this work was biofilm formation 
once Bcc bacteria that infect CF patients tend to change this trait during 
the course of infection. For patient P339, isolates 1 and 6 displayed 
higher biofilm formation in comparison with other isolates. Bacteria that 
live within biofilm are protected from several stresses, consequently 
studies demonstrated that one of the consequences of biofilm formation 
include resistance to antibiotics 27, 28. Results showed that isolate 6 of 
patient P339 produced more biofilm and was, also, resistant to all 
antibiotics tested. Concerning biofilm formation of the isolates retrieved 
from patient P342, isolates 1, 2 and 10 produced higher amount of 
biofilm, than the subsequent isolates. According to this, isolates 2 and 
10 produced more biofilm and showed increased resistance to one and 
three antibiotics tested, respectively. B. multivorans isolates 6, 8 e 11 
from patient P431 showed low biofilm formation than the subsequent 
collected isolates. Moreover, isolate 10 agrees with the observation that 
biofilm lifestyle increase resistance to antimicrobials. For conclusion, 
bacterial isolates 6 to 9 retrieved from P686, demonstrated low biofilm 
formation by comparison with the remaining ones. Despite of that, 
isolates 10 and 11 revealed increased production of biofilm and were 
resistant to one and three classes of antibiotics assessed, respectively. 
Therefore, these results are in agreement with the findings previously 
reported that biofilm production increases antibiotic resistance.  

In order to assess differences in growth among each bacterial 
strain, growth rates were measured in synthetic cystic fibrosis medium 
(SCFM) 22. For B. multivorans isolates collected from patient P339, 
results show that the first three isolates decreased doubling times when 
compared with the subsequent isolates. Several studies have shown 
that during the course of chronic CF patients lung infections, P. 

aeruginosa and Bcc bacteria tend to decline their growth rates 29, 20, 30. 
Therefore, it might be a response to new nutritional environment of CF 
airways or a consequence of vaster commitment in adhesion and biofilm 
production. A mutation that can be related with the decreased growth 
rate in P339-4 to P339-6 is a frameshift mutation in gene fixJ . This gene 
encodes the response regulator of the two-component regulatory system 
FixL/FixJ which controls several phenotypes including regulation of 

metabolism. For patient P342, results showed that the first three isolates 
showed decreased doubling time by comparison with the remaining 
ones. These results support the findings that growth rate decreases 
during long-term lung infection of CF patients.  

Galleria mellonella was used as an infection model to study the 
virulence of B. multivorans isolates, as the innate immune system of 
mammalians showed similarities to the immune system of these larvae. 
31 For both patients (P339 and P342), the first isolates have increased 
virulence in comparison to the subsequent B. multivorans isolates. 
These results were in agreement with a study that reports decreased 
acute virulence caused by Bcc during the course of CF 30. One trait 
relevant for virulence is the presence of O-antigen of the LPS. Since 
none of the P339 isolates presents O-antigen, differences in virulence 
between the first two isolates and the remaining ones cannot be 
attributed to this. Nevertheless, analysis of mutations shows that isolates 
P339-3 to P339-6 display a nonsynonymous mutation in cepR gene 
encoding the major quorum sensing regulator CepR. This mutation 
might affect this protein function with influence in several phenotypes 
including virulence 34. Isolate 3 of patient P342 showed increase 
virulence, responsible for 0% of survival, 48 hours post-infection. 
Considering that isolate 3 display the LPS O-antigen, it might be the 
cause for acute virulence when compared to the subsequent isolates. In 
a study with B. cenocepacia LPS has been shown to inhibit 
phagocytosis due it interaction with macrophages, consequently 
reducing bacteria elimination 32. 

 

B. multivorans isolates were analyzed for adhesion to the bronchial 
epithelial cell line CFBE41o-, derived from a patient homozygous for the 
cystic fibrosis transmembrane conductance regulator F508del mutation. 
Concerning B. multivorans isolates recovered from patient P339, which 
do not produce the LPS O-antigen, the latter isolates have increased 
adhesion than the first ones. Similar result was obtained for another set 
of longitudinal isolates collected from a single CF patient where 
adhesion to CF bronchial epithelial cells increased during infection 20. 
Contrastingly, to this observation, in P. aeruginosa, adhesion to alveolar 
epithelial decreases during the establishment of long-term infection 33.  

For patient P342, results evidenced that isolate 3, which produce the 
LPS O-antigen, showed lowest level of adhesion to epithelial cells. 
Moreover, in B. cenocepacia and B. multivorans was reported that, the 
O-antigen inhibits adhesion to epithelial cells 20, 32. 

 

Overall, the later isolates retrieved from the CF patients investigated 
showed increased antibiotic resistance, decreased motility and growth 
rates and increased biofilm formation. The presence of the LPS O-
antigen might have affected virulence in Galleria mellonella and 
adhesion to epithelial cells, showing higher virulence and decreased 
adhesion in the isolates that exhibit this trait. These phenotypic 
alterations in bacteria led to the establishment of chronic infection, that 
Bcc bacteria are frequently responsible. Moreover, for future 
investigations it is imperative study the genomic evolution of these 
patients, especially the mutations that underlie the phenotypes 
presented.  

 



  

  8 

5. References 

1. Hwang,  T.C. et al., 2018. Structural mechanisms of CFTR function 

and dysfunction. Journal of General Phisiology, 150 (4), pp. 1-32. 

2. De Boeck, K., Amaral M.D., 2016 Progress in therapies for cystic 

fibrosis. The Lancet Respiratory Medicine, 4(8), pp. 662-674. 

3. Amaral, M.D., 2015 Novel personalized therapies for cystic fibrosis: 

Treating the basic defect in all patients. Journal Internal Medicine, 

277(2), pp.155-166. 

4. Lyczak, J.B., Cannon, C.L., Pier, G.B., 2002. Lung Infections 

Associated with Cystic Fibrosis Lung Infections Clinical Microbiology 

Reviews. 15(2), pp.194-222. 

5. LiPuma, J.J., 2010. The changing microbial epidemiology in cystic 

fibrosis. Clinical Microbiology Reviews, 23(2), pp. 299–323. 

6. Chmiel, J.F., Davis, P.B., 2003. State of the art: Why do the lungs of 

patients with cystic fibrosis become infected and why can’t they clear the 

infection? Respiratory Research, 4, pp. 1-12. 

7. Boucher, R.C., 2004. New concepts of the pathogenesis of cystic 

fibrosis lung disease. European Respiratory Journal, 23, pp.146–158. 

8. Oliver, A. et al., 2000. High frequency of hypermutable Pseudomonas 

aeruginosa in cystic fibrosis lung infection. Science, 288(May), pp.1251–

1254. 

9. Bhagirath, A.Y., Li, Y., Somayajula, D., Dadashi, M., Badr, S., Duan, 

K., 2016. Cystic fibrosis lung environment and Pseudomonas 

aeruginosa infection. BMC Pulmonary Medicine, 16(1), pp.1-22.  

10. Munck,  A., et al., 2001 Genotypic characterization of Pseudomonas 

aeruginosa strains recovered from patients with cystic fibrosis after initial 

and subsequent colonization. Pediatric Pulmonology, 32 (January), pp. 

288-292. 

11. Johansen, H.K., Hoiby, N., 1992 Seasonal onset of initial 

colonisation and chronic infection with Pseudomonas aeruginosa in 

patients with cystic fibrosis in Denmark. Thorax. 17(2), pp. 109-111. 

12. Folkesson, A. et al., 2012. Adaptation of Pseudomonas aeruginosa 

to the cystic fibrosis airway: an evolutionary perspective. Nature 

Reviews Microbiology, 10(12), pp.841–51. 

13. Lessie, T.G. et al., 1996. Genomic complexity and plasticity of 

Burkholderia cepacia. FEMS Microbiology Letters, 144(2–3), pp.117–

128. 

14. Mahenthiralingam, E., Urban, T.A. & Goldberg, J.B., 2005. The 

multifarious, multireplicon Burkholderia cepacia complex. Nature 

Reviews. Microbiology, 3(2), pp.144–156. 

15. Jones, A.M. et al., 2004. Burkholderia cenocepacia and Burkholderia 

multivorans: influence on survival in cystic fibrosis. Thorax, 59, pp.948–

951. 

16. Mohr, C.D., et al., 2001. Cellular aspects of Burkholderia cepacia 

infection. Microbes and  Infection, 3 (5), pp. 425-435. 

17. Fux,  C.A., et al., 2005. Survival strategies of infectious biofilms. 

Trends in Microbiology, 13 (1)  pp.34-40. 

18. Harrison, F., 2007. Microbial ecology of the cystic fibrosis lung. 

Microbiology, 153(4), pp.917–923. 

19. Bauer, A.W. et al., 1966. Antibiotic susceptibility testing by a 

standardized single disk method. American Journal of Clinical 

Pathology, 45(4), pp.493–496. 

20.  Silva, I.N., et al., 2016. Long-Term Evolution of Burkholderia 

multivorans during a Chronic Cystic Fibrosis Infection Reveals Shifting 

 

Forces of Selection. mSystems, 1(3), pp. 1-21.  

21. Ferreira, A. S., et al., 2015. The Tyrosine Kinase BceF and the 

Phosphotyrosine Phosphatase BceD of Burkholderia Contaminans are 

Required for Efficient Invasion and Epithelial Disruption of a Cystic 

Fibrosis Lung Epithelial Cell Line. Infection and Immunity,  83(2), pp. 

812–21. 

22. Palmer, K.L., Aye, L.M. & Whiteley, M., 2007. Nutritional cues control 

Pseudomonas aeruginosa multicellular behavior in cystic fibrosis 

sputum. Journal of Bacteriology, 189(22), pp.8079–8087. 

23. Seed, K.D. & Dennis, J.J., 2008. Development of Galleria mellonella 

as an alternative infection model for the Burkholderia cepacia complex. 

Infection and Immunity, 76(3), pp.1267–1275. 

24. Goncz, K.K., Feeney, L. & Gruenert, D.C., 1999. Differential 

sensitivity of normal and cystic fibrosis airway epithelial cells to 

epinephrine. British Journal of Pharmacology, 128, pp.227–233. 

25. Ferreira, A. S., et al., 2015. The Tyrosine Kinase BceF and the 

Phosphotyrosine Phosphatase BceD of Burkholderia Contaminans are 

Required for Efficient Invasion and Epithelial Disruption of a Cystic 

Fibrosis Lung Epithelial Cell Line. Infection and Immunity,  83(2), pp. 

812–21. 

26. Coutinho, C.P. et al., 2011. Burkholderia cenocepacia phenotypic 

clonal variation during a 3.5-year colonization in the lungs of a cystic 

fibrosis patient. Infection and Immunity, 79(7), pp.2950–2960. 

27. Donlan R. M., Costerton, J.W., 2002. Biofilms: survival mechanisms 

of clinically relevant microorganisms. Clinical Microbiology Reviews, 

15(2), pp. 167–19. 

28. Caraher, E., et al., 2006. Comparison of antibiotic susceptibility of 

Burkholderia cepacia complex organisms when grown planktonically or 

as biofilm in vitro. European Journal of Clinical Microbiology and 

Infectious Diseases, 26(3), pp.213–216. 

29.  Rau, M.H. et al., 2012. Deletion and acquisition of genomic content 

during early stage adaptation of Pseudomonas aeruginosa to a human 

host environment. Environmental Microbiology, 14, pp.2200–2211. 

30. Lee, A.H. et al., 2017. Phenotypic diversity and genotypic flexibility of 

Burkholderia cenocepacia during long-term chronic infection of cystic 

fibrosis lungs. Genome Research, pp.1–13. 

31. Mikulak E., et al., 2018 Galleria Mellonella L. as model organism 

used in biomedical and other studies Galleria Mellonella L. Przegl 

Epidemiol, 72(1), pp. 57-73. 

32. Saldías, M.S., Ortega, X. & Valvano, M.A., 2009. Burkholderia 

cenocepacia O-antigen lipopolysaccharide prevents phagocytosis by 

macrophages and adhesion to epithelial cells. Journal of Medical 

Microbiology, 58(12), pp.1542–1548. 

33. Hawdon, N.A, et al., 2010. Cellular responses of A549 alveolar 

epithelial cells to serially collected Pseudomonas aeruginosa from cystic 

fibrosis patients at different stages of pulmonary infection. FEMS 

Immunology and Medical Microbiology, 59(2), pp. 207-220. 

34. Ramires, M., 2017. Within-host evolution of Burkholderia multivorans 

during chronic infection of three cystic fibrosis patients (Master’s thesis). 

Instituto Superior Técnico, Universidade de Lisboa.  
 
 


