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ABSTRACT 
Objective: We aimed to define the clinical features and antimicrobial susceptibility profiles 
of Burkholderia cepacia complex infections and to determine the predictors for mortality.

Methods: Our single-center retrospective study included patients with nosocomial B. cepa-
cia complex infection between 2018 and 2022. We evaluated the predictors of 14-day and 
28-day mortality by analyzing clinical and microbiological data. 

Results: A total of 87 patients were included. Most infections (79.3%) occurred in the in-
tensive care units (ICUs). Among B. cepacia complex isolates, 74.7% were susceptible to tri-
methoprim-sulfamethoxazole, 70.3% to levofloxacin, 50% to meropenem, and 23.4% to cef-
tazidime. The rates of 14-day mortality, 28-day mortality, and in-hospital mortality were 
41.3% (n=36), 52.8% (n=46), and 64.3% (n=56), respectively. Multivariate analysis revealed 
neutrophil/lymphocyte ratio (NLR) (odds ratio [OR]=1.05, p=0.024), platelet count (OR=1.00, 
p=0.011), creatinine (OR=2.14, p=0.006), and aspartate aminotransferase (AST) (OR=1.02, 
p=0.028) as predictors for 14-day mortality. In addition to NLR (OR=1.07, p=0.014), platelet 
count (OR=1.00, p=0.039), creatinine (OR=2.05, p=0.008), and AST (OR=1.02, p=0.035), pro-
calcitonin (OR=1.05, p=0.049) was also found as an independent predictor for 28-day mor-
tality. In receiver operating characteristic (ROC) curve analysis for predicting 14-day mor-
tality, area under the ROC curve (AUC) values were 0.684 (p=0.003) in NLR, 0.719 (p<0.001) 
in platelet count, 0.673 (p=0.003) in procalcitonin, 0.743 (p<0.001) in creatinine, and 0.700 
(p<0.001) in AST. In ROC curve analysis for predicting 28-day mortality, AUC values were 
0.674 (p=0.002) in NLR, 0.651 (p=0.010) in platelet count, 0.638 (p=0.020) in procalcitonin, 
0.730 (p<0.001) in creatinine, and 0.692 (p=0.001) in AST.

Conclusion: Increasing antibiotic resistance and higher mortality rates justify that B. cepacia 
complex is a significant threat to hospitalized patients, especially in ICUs. Elevated levels 
of NLR, AST, creatinine, procalcitonin, and decreased platelet may predict poor clinical out-
comes and could help clinicians in the management of this notorious bacterial pathogen. 
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INTRODUCTION

Burkholderia cepacia complex is aerobic, non-fer-
mentative, multi-drug resistant Gram-nega-
tive bacilli containing 24 opportunistic patho-

genic species (1). B. cepacia complex members are 
commonly found in natural environments because 
they easily adapt to harsh environments due to 
their genotypic and phenotypic plasticity and abil-
ity to mutate rapidly. B. cepacia complex can also 
grow substantially and survive in water-based en-
vironments (2). Unlike most opportunistic patho-
gens, B. cepacia complex members are not prone to 
commensal carriage, and these bacteria are usually 
acquired from hospital settings or the environment 
(3). Thanks to all these features, they have been 
easily colonized in medicines and health equip-
ment and reported in several hospital-acquired 
outbreaks in the last 20 years (4-5). For this reason, 
the US Food and Drug Administration (FDA) has 
suggested including B. cepacia complex bacteria in 
the category of “objectionable microorganisms” (4).

Since B. cepacia complex is cleared by airway muco-
ciliary activity, they rarely cause respiratory tract 
infections in immunocompetent individuals (6). 
However, in conditions such as cystic fibrosis and 
chronic granulomatous disease in which mucocili-
ary activity is impaired, these bacteria colonize the 
respiratory tract and cause variable clinical pic-
tures ranging from asymptomatic carriage to uri-
nary tract infections, bloodstream infections, and 
meningitis as well as pneumonia (1, 7, 8). 

B. cepacia complex infections have been reported in 
immunosuppressive and hospitalized patients, es-
pecially in the intensive care units (ICUs) (9). The 
main risk factors in these patients are receiving 
hemodialysis, having a urinary catheter, central ve-
nous catheter, and endotracheal tube (10).

Most B. cepacia complex strains are intrinsically resis-
tant to many antibiotics, such as beta-lactam antibi-
otics, aminoglycosides, and polymyxins, due to their 
efflux pump systems and beta-lactamase enzymes. 
Because of this antimicrobial resistance profile, pa-
tients cannot usually be commenced on appropriate 
empirical antibiotic therapy (11, 12). Therefore, ear-
ly diagnosis and treatment of the disease gain more 

importance. However, there are a limited number of 
studies other than case series describing the clinical 
course of this infection, which has a high mortali-
ty but appears to be rare (13, 14). In this study, we 
aimed to define the clinical features and antimicro-
bial susceptibility profiles of B. cepacia complex and 
determine the predictors for mortality.

MATERIAL AND METHODS
Study Design
This is a cross-sectional, epidemiological study. Pa-
tients with isolated B. cepacia complex in their clin-
ical samples between January 2018 and December 
2022 were included. Patients under the age of 18 
or not hospitalized were excluded. In patients with 
multiple culture positivity, only the first episode 
was included in the analysis. Demographic charac-
teristics of patients (age, gender, chronic diseases, 
and immunosuppressive conditions), laboratory 
parameters at onset (when culture samples were 
taken), and clinical results were collected retro-
spectively through the electronic medical record 
system. 

This study complied with the Declaration of Helsin-
ki, and the Bakırköy Dr. Sadi Konuk Training and Re-
search Hospital Clinical Research Ethics Committee 
approved the study with decision number 2023-08-
25 on April 17, 2023. Written informed consent was 
waived due to the retrospective nature of this study.

Clinical Data
Infections that developed within the first 48 hours 

HIGHLIGHTS

•	 Burkholderia cepacia complex is a significant threat 
to hospitalized patients with invasive devices, in-
cluding mechanical ventilators, central venous 
catheters, and urinary catheters in intensive care 
units. 

•	 Elevated levels of neutrophil/lymphocyte ratio, 
aspartate aminotransferase, creatinine, procal-
citonin and decreased platelet may predict poor 
clinical outcomes.

•	 The rates of 14-day mortality, 28-day mortality, 
and in-hospital mortality were 41.3%, 52.8%, and 
64.3%, respectively.
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after hospitalization were defined as “communi-
ty-acquired”, and infections that started after 48 
hours were defined as “hospital-acquired” (15). Em-
pirical treatment was defined as treatment admin-
istered before culture results were obtained. We 
classified empirical antibiotic therapy as “appropri-
ate” if the isolated microorganism is susceptive and 
“inappropriate” if resistant. Patients with human 
immunodeficiency virus (HIV) co-infection, active 
malignancies, solid organ transplant recipients, 
and patients receiving immunosuppressive ther-
apy for any reason were defined as immunosup-
pressive. Chemotherapy, B-cell–depleting agents, 
tyrosine kinase inhibitors, chronic steroids (≥10 
mg/day prednisone or equivalent), tumor necrosis 
factor α inhibitors, and other cytokine inhibitors 
were considered immunosuppressive therapies (9). 
COVID-19 co-infection was defined as co-existence 
with laboratory-confirmed COVID-19 and B. cepa-
cia complex infection during the hospitalization. 
Death was evaluated at 14 days and 28 days after 
culture collection.  

Microbiological Data
All the clinical samples were inoculated on 5% 
sheep blood agar, eosin methylene blue (EMB) agar, 
chocolate agar and incubated at 37°C for 24-48 
hours. Species-level typing and antibiotic suscep-
tibility testing of motile, nonlactose fermenting 
Gram-negative bacilli with positive oxidase and 
catalase test were performed using VITEK 2 Com-
pact (bioMérieux, Marcy l’Etoile, France) automated 
system. In our hospital, the evaluation of antibiot-
ic susceptibility tests has been performed accord-
ing to the European Committee on Antimicrobial 
Susceptibility Testing (EUCAST) recommendations 
since 2017 (16). However, the Turkish Working Group 
on Standardization of Antimicrobial Susceptibility 
Tests (ADTS) recommends (17) the use of Clinical 
and Laboratory Standards Institute (CLSI) criteria 
for the evaluation of B. cepecia antibiotic susceptibil-
ity tests until the evaluation criteria are defined in 
the EUCAST. Therefore, the CLSI criteria were used 
for B. cepecia complex according to recommenda-
tions of the ADTS (18). Antimicrobial susceptibility 
testing was performed using the Kirby Bauer disc 
diffusion method for trimethoprim-sulfamethox-
azole, ceftazidime, meropenem, and the gradient 
diffusion method for levofloxacin according to the 

recommendations of the CLSI. The zone diameter 
breakpoints in the CLSI are as follows: 

•	 Trimethoprim-sulfamethoxazole (1.25 /23.75 
µg); ≥ 16 mm susceptible, ≤ 10 mm resistant, 

•	 Meropenem (10 µg); ≥ 20 mm susceptible, ≤ 15 
resistant, 

•	 Ceftazidime (30 µg); ≥ 21 mm susceptible, ≤ 17 
resistant. 

The minimum  inhibitory concentration (MIC) 
breakpoints are as follows in the CLSI: levofloxacin: 
≤ 2 mg/L susceptible, ≥ 8 mg/L resistant.

Statistical Analysis
Categorical parameters were expressed as numbers 
(n) and percentages (%). Continuous variables were 
expressed as mean ± standard deviation. Categor-
ical variables were compared by Chi-square and 
Fisher’s exact tests. The Mann-Whitney U test was 
used to compare continuous variables. Univariate 
and multivariate logistic regression analyses were 
performed to identify independent predictors for 
14-day and 28-day mortality. Receiver operating 
characteristic (ROC) curve analysis was applied to 
determine the accuracies of laboratory parameters 
that were significant in the multivariate analysis. A 
p-value less than 0.05 was considered statistically 
significant. The statistical analyses were performed 
using the Statistical Package for Social Sciences 
(SPSS) 21.0 (IBM Corp., Armonk, NY, USA).

RESULTS

A total of 118 B. cepacia complex strains were detected 
during the study. Ten isolates with repeated samples 
from the same patient and 21 isolates considered 
colonization were excluded. Finally, 87 patients with 
B. cepacia complex infections were included in the 
study. Of these patients, 59.8% (n=52) were male; the 
mean age was 59.0±18.3 years. The most common 
comorbidities were coronary artery disease (CAD) 
(28.7%), hypertension (27.6%), and diabetes melli-
tus (23.0%). All infections were hospital-acquired; 
the mean hospital stay before culture positivity was 
19.1±10.4 days. Infections with B. cepacia complex 
were most frequently occurred in the ICUs (79.3%).

In total, we obtained 57 isolates from endotracheal 
aspirate cultures, 21 isolates from blood cultures, 



242

Burkholderia cepacia Complex Infections

 Özdemir YE et al.

four isolates from sputum cultures, three isolates 
from abscess cultures, and two isolates from urine 
cultures. Of these isolates, 74.7% (n=62/83) were 
susceptible to trimethoprim-sulfamethoxazole, 
70.3% (n=52/74) to levofloxacin, 50% (n=36/72) to 
meropenem, and 23.4% (n=18/72) to ceftazidime. 
The resistance rates in B. cepacia complex iso-
lates according to the years are shown in Figure 1. 

Pre-pandemic (2018-2019 years) and post-pandemic 
(2020-2022 years) periods were compared in terms 
of resistance rates. Although meropenem (32.2% vs. 
47.7%, p=0.191), trimethoprim-sulfamethoxazole 
(15.2% vs. 30.0%, p=0.110), levofloxacin (21.5% vs. 
26.1%, p=0.651) and ceftazidime (71.0% vs. 80.4%, 
p=0.336) resistance rates all increased, no statisti-
cally significant difference was found (Table 1).

Figure 1. Distribution of antimicrobial resistance in Burkholderia cepacia complex isolates between 2018-2022.

Antimicrobial susceptibility
2018-2019 years 2020-2022 years

p OR
n (%) n (%)

Meropenem (n=72)

0.191 1.98Susceptible 19 (67.8) 23 (52.3)

Intermediate / Resistant 9 (32.2) 21 (47.7)

TMP-SXT (n=83)

0.110 2.47Susceptible 28 (84.8) 35 (70.0)

Intermediate / Resistant 5 (15.2) 15 (30.0)

Levofloxacin (n=74)

0.651 1.29Susceptible 22 (78.5) 34 (73.9)

Intermediate / Resistant         6 (21.5) 12 (26.1)

Ceftazidime (n=77)

0.336 1.68Susceptible 9 (29.0) 9 (19.6)

Intermediate / Resistant         22 (71.0) 37 (80.4)

Table 1. Antimicrobial susceptibility profiles of Burkholderia cepacia complex isolates.

TMP-SXT: Trimethoprim-sulfamethoxazole, OR: Odds ratio.
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51 (58.6%) patients had ventilator-associated pneu-
monia, 21 (24.1%) patients had bacteremia, 10 
(11.5%) patients had nosocomial pneumonia, and 5 
(5.7%) patients had other systemic infections. Ap-
propriate empirical antibiotic therapy was initiated 
in 50.6% (n=44/87) of the patients. 44 (50.6%) pa-
tients had concomitant bacterial co-infection. The 
most common co-pathogens were Acinetobacter sp. 
(18.4%, n=16/87), Klebsiella sp. (11.5%, n=10/87), En-
terococci (9.2%, n=8/87), coagulase-negative Staphy-
lococci (8.0%, n=7/87) and Candida sp. (6.9%, n=6/87), 
respectively. The rates of 14-day mortality, 28-day 
mortality, and in-hospital mortality were 41.3% 
(n=36), 52.8% (n=46), and 64.3% (n=56), respectively.

The 14-day mortality (52.1% vs. 0.0%, p<0.001) and 
28-day mortality (65.2% vs. 5.5%, p<0.001) were sig-
nificantly higher in patients in the ICU than those 
in the general wards. The frequency of urinary 
catheterization (UC) and central venous catheter-
ization (CVC) in survivors was lower than in pa-
tients who died at 14 days ([UC; 82.4% vs. 100%, 
p=0.008], [CVC; 68.6% vs. 100%, p<0.001]) and 28 
days ([UC; 80.5% vs. 97.8%, p=0.010], [CVC; 61.0% 
vs. 100%, p<0.001]) (Table 2). Patients who died in 
14 days had lower lymphocyte count (1.0±0.7 vs. 
1.4±0.7, p=0.006) and platelet count (212±147 vs. 
321±120, p<0.001), and higher neutrophil/lympho-
cyte ratio (NLR) (17.3±13.3 vs. 10.2±11.7, p=0.004), 
urea (140±140 vs. 59±41, p<0.001), creatinine 
(2.11±1.86 vs. 0.95±0.90, p<0.001), aspartate amino-
transferase (AST) (112±134 vs. 44±27, p=0.002) and 
procalcitonin (12.4±22.4 vs. 5.1±13.2, p=0.003) than 
survivors. Similarly, patients who died in 28 days 
had lower lymphocyte count (1.1±0.7 vs. 1.5±0.7, 
p=0.003) and platelet count (239±144 vs. 318±128, 
p=0.015) and higher NLR (16.7±14.5 vs. 9.2±9.2, 
p=0.005), urea (122±128 vs. 58±45, p<0.001), creati-
nine (1.87±1.72 vs. 0.93±0.97, p<0.001), AST (99±122 
vs. 43±28, p=0.020) and procalcitonin (10.2±20.2 vs. 
5.8±14.81, p=0.010) than survivors.

Multivariate analysis revealed NLR (odds ra-
tio [OR]=1.05, confidence interval [CI]=1.00-1.09, 
p=0.024), platelet count (OR=1.00, CI=1.00-1.00, 
p=0.011), creatinine (OR=2.14, CI=1.24-3.67, 
p=0.006), and AST (OR=1.02, CI=1.00-1.04, p=0.028) 
as predictors for 14-day mortality. In addition 
to NLR (OR=1.07, CI=1.01-1.13, p=0.014), platelet 

count (OR=1.00, CI=1.00-1.00, p=0.039), creatinine 
(OR=2.05, CI=1.20-3.51, p=0.008), and AST (OR=1.02, 
CI=1.00-1.04, p=0.035), procalcitonin (OR=1.05, 
CI=1.00-1.10, p=0.049) was also found as an inde-
pendent predictor for 28-day mortality (Table 4).

In ROC curve analysis for predicting 14-day mor-
tality, area under the ROC curve (AUC) values were 
0.684 (p=0.003) in NLR, 0.719 (p<0.001) in plate-
let count, 0.673 (p=0.003) in procalcitonin, 0.743 
(p<0.001) in creatinine, and 0.700 (p<0.001) in AST. 
The highest sensitivity and specificity at 14-day 
mortality were obtained from creatinine, with a 
sensitivity of 75%, and NLR, with a specificity of 
86.3% (Table 5, Figure 2).

In ROC curve analysis for predicting 28-day mortal-
ity, AUC values were 0.674 (p=0.002) in NLR, 0.651 
(p=0.010) in platelet count, 0.638 (p=0.020) in pro-
calcitonin, 0.730 (p<0.001) in creatinine, and 0.692 
(p=0.001) in AST. The highest sensitivity and spec-
ificity at 28-day mortality were obtained from cre-
atinine, with a sensitivity of 67.4%, and NLR, with a 
specificity of 92.7% (Table 5, Figure 3).

DISCUSSION

In this study, we evaluated the demographic char-
acteristics, laboratory parameters, antimicrobi-
al susceptibility profiles, and clinical outcomes of 
87 patients with B. cepacia complex infections in a 
tertiary care hospital during a five-year period. We 
demonstrated that antibiotic resistance reached a 
peak level in 2021, and it decreased in 2022. In addi-
tion, NLR, platelet count, AST, and creatinine were 
independent predictors for 14-day mortality. In ad-
dition to these four biomarkers, procalcitonin was a 
predictor of 28-day mortality.

In our study, the highest antimicrobial resistance 
rate was against ceftazidime (76.6%), and the low-
est resistance rate was against trimethoprim-sulfa-
methoxazole (25.3%) in B. cepacia complex isolates. 
In the study of Lee et al., including 216 non-cystic 
fibrosis patients with B. cepacia complex bactere-
mia, the rates of resistance to trimethoprim-sul-
famethoxazole (7%) and piperacillin-tazobactam 
(10%) were lower compared to levofloxacin (36%), 
meropenem (28%), and ceftazidime (25%) (13). In 
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Table 2. Univariate associations of categorical variables for 14-day and 28-day mortality in patients 
with Burkholderia cepacia complex.

Parameters Total n=87
n (%)

14-day outcome 28-day outcome

Mortality
n=36 n (%)

Survival  
n=51 n (%) p Mortality

n=46 n (%)
Survival  

n=41 n (%) p

Gender

Male 52 (59.8) 18 (50) 34 (66.7) 0.071 24 (52.2) 28 (68.3)
0.128

Female 35 (40.2) 18 (50) 17 (33.3) 22 (47.8) 13 (31.7)

Age (mean ± SD) 59.0±18.3 61.9±18.7 57.0±12.9 0.231 61.4±16.9 56.3±19.5 0.208

Diabetes mellitus 20 (23) 6 (16.7) 14 (27.5) 0.242 9 (19.6) 11 (26.8) 0.424

Hypertension 24 (27.6) 11 (30.6) 13 (25.5) 0.605 13 (28.3) 11 (26.8) 0.882

Coronary artery disease 25 (28.7) 8 (22.2) 17 (33.3) 0.262 12 (26.1) 13 (31.7) 0.565

Chronic kidney disease 6 (6.9) 4 (11.1) 2 (3.9) 0.195 5 (10.9) 1 (2.4) 0.124

Asthma/COPD 10 (11.5) 5 (13.9) 5 (9.8) 0.559 6 (13) 4 (9.8) 0.633

Malignancy 11 (12.6) 5 (13.9) 6 (11.8) 0.77 6 (13) 5 (12.2) 0.906

COVID-19 co-infection 31 (35.6) 14 (38.9) 17 (33.3) 0.596 18 (39.1) 13 (31.7) 0.473

Steroid use 29 (33.3) 11 (30.6) 18 (35.3) 0.646 14 (30.4) 15 (36.6) 0.546

Use of immunosuppressive 
agents (non-steroid) 15 (17.2) 6 (16.7) 9 (17.6) 0.906 7 (15.2) 8 (19.5) 0.599

Urinary catheterization 78 (89.7) 36 (100) 42 (82.4) 0.008 45 (97.8) 33 (80.5) 0.01

Central venous catheter 71 (81.6) 36 (100) 35 (68.6) <0.001 46 (100) 26 (61) <0.001

Type of inpatient unit

General/Surgery ward 18 (20.7) 0 (0) 18 (35.3)
<0.001

1 (2.2) 17 (51.5)
<0.001

Intensive care unit 69 (79.3) 36 (100) 33 (64.7) 45 (97.8) 24 (58.5)

Time from hospitalization to 
the onset of infection (mean 
± SD)

19.1±10.4 16.4±6.7 20.9±12.1 0.071 17.1±7.2 21.3±12.9 0.141

Bacteremia 21 (24.1) 8 (22.22) 13 (25.5) 0.727 13 (28.3) 8 (19.5) 0.344

Overall pneumonia 61 (70.1) 27 (75) 34 (66.7) 0.406 32 (69.6) 29 (70.7) 0.906

Ventilator-associated 
pneumonia 51 (58.6) 25 (69.4) 26 (51) 0.087 30 (65.2) 21 (51.2) 0.188

Pneumonia 10 (11.5) 2 (5.6) 8 (15.7) 0.147 2 (4.3) 8 (19.5) 0.027

Other infections 5 (5.7) 1 (2.85) 4 (7.8) 0.32 1 (2.2) 4 (9.8) 0.132

Appropriate empirical 
treatment 44 (50.6) 16 (44.4) 28 (54.9) 0.339 23 (50) 21 (51.2) 0.91

Co-infection 44 (50.6) 18 (50) 26 (51) 0.929 24 (52.2) 20 (48.8) 0.753

Acinetobacter spp. 16 (18.4) 7 (19.4) 9 (17.6) 0.832 8 (17.4) 8 (19.5) 0.8

Klebsiella spp. 10 (11.5) 5 (13.9) 5 (9.8) 0.559 5 (10.9) 5 (12.2) 0.847

Enterococcus spp. 8 (9.2) 2 (5.6) 6 (11.8) 0.326 3 (6.5) 5 (12.2) 0.363
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the study of Başbulut et al., including 131 patients 
with B. cepacia complex, about 5% of B. cepacia com-
plex were pan-resistant; they reported increased 
pan-resistant isolates by years. When compar-
ing the resistance rates in five-year periods, they 
demonstrated that meropenem resistance de-
creased from 64.3% to 22.5% (p<0.001); levofloxacin 
resistance decreased from 50% to 4.9% in the last 
period (p<0.001). However, trimethoprim-sulfame-
thoxazole resistance rate increased from 9.5% to 
14.6% in the last period (p>0.05) (19). In the study 
of El Chakhtoura et al., trimethoprim-sulfamethox-
azole, fluoroquinolone, ceftazidime, and meropen-
em resistance rates were about 6%, 12%, 30%, and 
30%, respectively (9). In a Turkish study conducted 
by Dizbay et al., including 39 patients with B. cepacia 
infection, they found that piperacillin-tazobactam, 
cefoperazone-sulbactam, and carbapenems were 
the most active antibiotics against B. cepacia (20). 
In another study, they reported that no resistance 
to ceftazidime, meropenem, and piperacillin–tazo-
bactam was observed (n=27); however, resistance 

to cefepime (9%), trimethoprim/sulfamethoxazole 
(15%), and levofloxacin (22%) were observed (21). 

Considering the different rates of resistance be-
tween centers, the importance of local surveillance 
in determining empirical antibiotic therapy stands 
out. We observed high resistance rates in B. cepacia 
isolates in 2021, out of the usual course. In 2022, 
these resistance rates decreased again. As a result 
of a detailed retrospective analysis, we determined 
that resistant cases clustered in the ICUs in a cer-
tain period of time. This suggested that an unrec-
ognized silent B. cepacia outbreak had occurred in 
the ICUs.

An increasing number of studies were published 
analyzing patients with B. cepacia complex infec-
tions and related factors (9, 13, 14, 21). Some stud-
ies suggested that underlying diseases may predict 
worse outcomes (13, 14, 22). However, no robust 
evidence exists for predicting mortality in patients 
with B. cepacia complex infections. In addition, lim-

Antimicrobial susceptibility

Meropenem (n=72)

Susceptible         36 (50) 12 (44.4) 24 (53.3)

0.694

15 (44.1) 21 (55.3)

0.635Intermediate 6 (8.3) 3 (11.1) 3 (6.7) 3 (8.8) 3 (7.9)

Resistant 30 (41.7) 12 (44.4) 18 (40) 16 (47.1) 14 (36.8)

TMP-SXT (n=83)

Susceptible         62 (74.7) 25 (75.8) 37 (74)

0.59

33 (76.7) 29 (72.5)

0.417Intermediate 1 (1.2) 0 (0) 1 (2) 1 (2.3) 0 (0)

Resistant 20 (24.1) 8 (24.2) 12 (24) 9 (20.9) 11 (27.5)

Levofloxacin (n=74)

Susceptible         52 (70.3) 21 (70) 31 (70.5)

0.921

27 (71.1) 25 (69.4)

0.99Intermediate 4 (5.4) 2 (6.7) 2 (4.5) 2 (5.3) 2 (5.6)

Resistant 18 (24.3) 7 (23.3) 11 (25) 9 (23.7) 9 (25)

Ceftazidime (n=77)

Susceptible         18 (23.4) 5 (16.7) 13 (27.7)

0.277

8 (21.1) 10 (25.6)

0.634Intermediate 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Resistant 59 (76.6) 25 (83.3) 34 (72.3) 30 (78.9) 29 (74.4)

COPD: Chronic obstructive pulmonary disease, TMP-SXT: Trimethoprim-sulfamethoxazole, SD: Standard deviation.

Continue to Table 2
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Table 3. Univariate associations of laboratory variables for 14-day and 28-day mortality in patients 
with Burkholderia cepacia complex.

AST: Aspartate aminotransferase, ALT: Alanine aminotransferase.

Parameters Total

14-day outcome 28-day outcome

Mortality
(mean±SD)

Survival
(mean ±SD) p Mortality

(mean±SD)
Survival

(mean ±SD) p

Leukocyte count
(103/mm3) 15.1 ± 10.5 17.6 ± 14.6 13.4 ± 5.8 0.228 16.9 ± 13.4 13.1 ± 5.2 0.258

Neutrophil count
(103/mm3) 12.7 ± 9.9 15.5 ± 13.5 10.8 ± 5.6 0.11 14.8 ± 12.4 10.5 ± 5.1 0.098

Lymphocyte count
(103/mm3) 1.3 ± 0.7 1.0 ± 0.7 1.4 ± 0.7 0.006 1.1 ± 0.7 1.5 ± 0.7 0.003

Platelet count (103 μl) 276 ± 142 212 ± 147 321 ± 120 <0.001 239 ± 144 318 ± 128 0.015

Neutrophil/  
Lymphocyte ratio 13.1 ± 12.8 17.3 ± 13.3 10.2 ± 11.7 0.004 16.7 ± 14.5 9.2 ± 9.2 0.005

Platelet/  
Lymphocyte ratio 266 ± 194 255 ± 199 274 ± 192 0.464 279 ± 226 251 ± 152 0.832

Urea (mg/dL) 92 ± 103 140 ± 140 59 ± 41 <0.001 122 ± 128 58 ± 45 <0.001

Creatinin (mg/dL) 1.43 ± 1.48 2.11 ± 1.86 0.95 ± 0.9 <0.001 1.87 ± 1.72 0.93 ± 0.97 <0.001

ALT (IU/L) 76 ± 221 130 ± 337 37 ± 26 0.133 111 ± 300 36 ± 25 0.202

AST (IU/L) 72 ± 94 112 ± 134 44 ± 27 0.002 99 ± 122 43 ± 28 0.02

Albumin (g/L) 26.4 ± 6 25.4 ± 4.3 27.1 ± 7 0.229 25.3 ± 4.6 27.7 ± 7.2 0.054

C- reactive protein
(mg/dL) 151 ± 97 175 ± 109 134 ± 85 0.091 170 ± 103 130 ± 86 0.088

Procalcitonin, (ng/mL) 8.2 ± 18 12.4 ± 22.4 5.1 ± 13.2 0.003 10.2 ± 20.2 5.8 ± 14.81 0.01

Table 4. Multivariate analyses of risk factors for mortality due to Burkholderia cepacia complex 
infections at 14 and 28 days.

OR: Odds ratio, CI: Confidence interval.

Parameters P OR 95% CI

14-day mortality

Neutrophil/Lymphocyte ratio 0.024 1.05 1-1.09

Platelet count (103 μl) 0.011 1 1-1

Creatinine (mg/dL) 0.006 2.14 1.24-3.67

Aspartate aminotransferase (IU/L) 0.028 1.021 1-1.04

28-day mortality

Neutrophil/Lymphocyte ratio 0.014 1.07 1.01-1.13

Platelet count (103 μl) 0.039 1 1-1

Procalcitonin (ng/mL) 0.049 1.05 1-1.1

Creatinine (mg/dL) 0.008 2.05 1.20-3.51

Aspartate aminotransferase (IU/L) 0.035 1.02 0-1.04
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ited data exists on the laboratory parameters asso-
ciated with worse outcomes.

Liao et al. reported that a 4-year long-term out-
break occurred in Taiwan. In their study, among 73 
bacteremic patients, 14-day mortality and in-hospi-
tal mortality rates were 16.8% and 53.8, respective-
ly (14). Similarly, in our study, 14-day mortality, 28-
day mortality, and in-hospital mortality were 41.3%, 
52.8%, and 64.3%, respectively. We found that NLR, 
platelet count, creatinine, and AST were indepen-
dent predictors for 14-day mortality. Moreover, pro-
calcitonin was also an independent predictor for 
28-day mortality in addition to NLR, platelet count, 
creatinine, and AST. Liao et al. found the presence 
of malignity and higher sequential organ failure as-
sessment (SOFA) scores as independent risk factors 
for 14-day mortality. Interestingly, treatment with 
ceftazidime and the presence of diabetes mellitus 
were associated with lower mortality rates (14). 

In contrast to our study, Lee et al. demonstrated 
lower mortality rates. They found that the rates 
of 14-day, 30-day, and in-hospital mortality were 
19.4%, 23.1%, and 31.0%, respectively. The indepen-
dent risk factors of 30-day mortality were found 
as female gender, liver cirrhosis, septic shock, and 

catheter-related infection (13). In the study of Ku 
et al., the overall 28-day mortality rate was 41% 
(n=11). In their study, univariate analysis revealed 
that underlying diabetes, inappropriate empirical 
antibiotherapy, and SOFA score were associated 
with mortality. In addition, inappropriate empirical 
antibiotherapy and SOFA scores were identified as 
independent predictors of mortality (21). In a study 
conducted by El Chakhtoura, 14-day, 30-day, and 
90-day mortality rates were 16%, 25%, and 36%, 
respectively, inconsistent with our study findings. 
The researchers revealed that 30-day mortality was 
associated with age and the Pitt bacteremia score 
(PBS) (9). In another study, independent risk factors 
for 14-day mortality were PBS, underlying metastat-
ic cancer, and inappropriate definitive treatment 
(22). As a result, various factors from different stud-
ies have been determined for mortality in patients 
with B. cepacia complex infections. Older adults with 
comorbid conditions and invasive devices are prone 
to have poor clinical outcomes; therefore, intensive 
care implementations will be more efficient for this 
mortal infection.

Our study had some limitations. First, this study was 
retrospectively conducted in a single center. Second, 
the sample size was small to investigate indepen-

Table 5. Diagnostic performance of laboratory parameters in predicting 14-day and 28-day mortality.

AUC: Area under ROC curve, CI: Confidence interval.

Parameters p AUC 95% CI Cut-off Sensitivity Specificity

14-Day Mortality

Neutrophil / Lymphocyte ratio 0.003 0.684 0.564-0.803 14.2 52.8 86.3

Platelet count <0.001 0.719 0.601-0.837 280.5 63.9 58.8

Procalcitonin 0.003 0.673 0.558-0.788 1.33 69.4 56.9

Creatinine <0.001 0.743 0.629-0.856 0.98 75 78.4

Aspartate aminotransferase 0.001 0.7 0.586-0.813 44.5 66.7 64.7

28-Day Mortality

Neutrophil / lymphocyte ratio 0.002 0.674 0.562-0.787 15.1 43.5 92.7

Platelet count 0.01 0.651 0.536-0.766 245.5 47.8 61

Procalcitonin 0.02 0.638 0.522-0.755 1.33 65.2 58.5

Creatinine <0.001 0.73 0.622-0.838 0.95 67.4 80.5

Aspartate aminotransferase 0.001 0.692 0.581-0.803 45.5 60.9 70.7
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dent factors for mortality. Third, we evaluated all-
cause crude mortality. However, to reduce the effect 
of confounding factors, we studied 14-day mortali-
ty. In addition, we included co-infections with vari-
ous microorganisms in the statistical analysis, but 
co-infections did not affect mortality. Nevertheless, 
all deaths in our study cannot be attributed solely to 
infections with B. cepacia complex. Last, although we 
used VITEK 2 Compact (bioMérieux, Marcy l’Etoile, 
France) automated system in addition to the con-
ventional identification methods, molecular analy-
sis could not be performed for further identification 
and detection of clonality among isolates. Besides 
limitations, our study had some strengths. First, we 
harmonized clinical characteristics and microbio-

logical features in this study. Second, various can-
didate laboratory parameters were included in the 
multivariate regression model.

In conclusion, increasing antibiotic resistance and 
higher mortality rates in our study justify that B. 
cepacia complex is a significant threat to hospitalized 
patients, especially in ICUs, and patients with B. 
cepacia complex infections should be evaluated dil-
igently. Elevated levels of NLR, AST, creatinine, pro-
calcitonin, and decreased platelet may predict poor 
clinical outcomes and could help clinicians in the 
management of this notorious bacterial pathogen.

Figure 2. Receiver operating characteristic curves of laboratory 
parameters for 14-day mortality.

Figure 3. Receiver operating characteristic curves of laboratory 
parameters for 28-day mortality.



249

Infect Dis Clin Microbiol 2023; 5(3): 239-50

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.

REFERENCES

1	 Tavares M, Kozak M, Balola A, Sá-Correia I.  Burkholderia ce-

pacia  complex bacteria: a feared contamination risk in 
water-based pharmaceutical products. Clin Microbiol Rev. 
2020;33(3):e00139-19. [CrossRef] 

2	 Ahn Y, Kim JM, Ahn H, Lee YJ, LiPuma JJ, Hussong D, et al. Eval-
uation of liquid and solid culture media for the recovery and 
enrichment of Burkholderia cenocepacia from distilled water. J 
Ind Microbiol Biotechnol. 2014;41(7):1109-18. [CrossRef]

3	 Mahenthiralingam E, Urban TA, Goldberg JB. The multifarious, 
multireplicon Burkholderia cepacia complex. Nat Rev Microbiol. 
2005;3(2):144-56. [CrossRef]

4	 Sutton S, Jimenez L. A review of reported recalls involving 
microbiological control 2004-2011 with emphasis on FDA 
considerations of “objectionable organisms.” Am Pharm Rev. 
2012;15:42-57.

5	 Tüfekci S, Şafak B, Nalbantoğlu B, Samancı N, Kiraz N. Burkholde-

ria cepacia complex bacteremia outbreaks among non-cystic 
fibrosis patients in the pediatric unit of a university hospital. 
Turk J Pediatr. 2021;63(2):218-22. [CrossRef]

6	 Parke JL, Gurian-Sherman D. Diversity of the Burkholderia cepa-

cia complex and implications for risk assessment of biological 
control strains. Annu Rev Phytopathol. 2001;39:225-58. [Cross-
Ref]

7	 Greenberg DE, Goldberg JB, Stock F, Murray PR, Holland SM, 
Lipuma JJ. Recurrent Burkholderia infection in patients with 
chronic granulomatous disease: 11-year experience at a large 
referral center. Clin Infect Dis. 2009;48(11):1577-9. [CrossRef]

8	 Coutinho CP, Dos Santos SC, Madeira A, Mira NP, Moreira AS, 
Sá-Correia I. Long-term colonization of the cystic fibrosis lung 
by Burkholderia cepacia complex bacteria: epidemiology, clonal 
variation, and genome-wide expression alterations. Front Cell 
Infect Microbiol. 2011;1:12. [CrossRef] 

9	 El Chakhtoura NG, Saade E, Wilson BM, Perez F, Papp-Wallace 
KM, Bonomo RA. A 17-year nationwide study of Burkholderia 

cepacia complex bloodstream infections among patients in the 
United States Veterans Health Administration. Clin Infect Dis. 
2017;65(8):1253-9. [CrossRef]

10	 Sousa SA, Ramos CG, Leitão JH. Burkholderia cepacia com-
plex: emerging multihost pathogens equipped with a wide 
range of virulence factors and determinants. Int J Microbiol. 
2011;2011:607575. [CrossRef]

11	 Papp-Wallace KM, Becka SA, Taracila MA, Zeiser ET, Gatta JA, 
LiPuma JJ, et. al. Exploring the role of the Ω-loop in the evolu-
tion of ceftazidime resistance in the penA β-lactamase from 
Burkholderia multivorans, an important cystic fibrosis pathogen. 
Antimicrob Agents Chemother. 2017;61(2):e01941-16. [Cross-
Ref] 

12	 Podnecky NL, Rhodes KA, Schweizer HP. Effux pump-mediat-
ed drug resistance in Burkholderia. Front Microbiol. 2015;6:305. 
[CrossRef]

13	 Lee YM, Park KH, Moon C, Kim DY, Lee MS, Kim T, et al. Manage-
ment and outcomes of Burkholderia cepacia complex bactere-
mia in patients without cystic fibrosis: a retrospective observa-
tional study. Eur J Clin Microbiol Infect Dis. 2020;39(11):2057-64. 
[CrossRef]

14	 Liao CH, Chang HT, Lai CC, Huang YT, Hsu MS, Liu CY, et al. 
Clinical characteristics and outcomes of patients with Burk-

holderia cepacia bacteremia in an intensive care unit. Diagn Mi-
crobiol Infect Dis. 2011;70(2):260-6. [CrossRef]

15	 Monegro AF, Muppidi V, Regunath H. Hospital-acquired infecti-
ons [Internet]. In: StatPearls. [updated February 12, 2023; cited 
August 29, 2023]. Available from: https://www.ncbi.nlm.nih.
gov/books/NBK441857/

16	 Breakpoint tables for interpretation of MICs and zone diam-
eters. [Internet]. European Committee on Antimicrobial Sus-
ceptibility Testing (EUCAST). [June 29, 2023; cited August 29, 
2023]. Available from: https://www.eucast.org/fileadmin/src/
media/PDFs/EUCAST_files/Breakpoint_tables/v_13.0_Break-
point_Tables.pdf

17	 TMC-ADTS Restricted Notification Table 2022. [Internet]. 
İstanbul: Turkish Microbiology Society. [cited August 29, 2023]. 
Turkish. Available from: https://www.tmc-online.org/user-
files/file/TMC-ADTS%20Kısıtlı%20Bildirim%20Tabloları%20
2022%20(pdf%20dosyası-).pdf

18	 Performance Standards for Antimicrobial Susceptibility Test-
ing. 27th ed. CLSI supplement M100 [Internet]. Wayne, AP: 
Clinical and Laboratory Standards Institute. [cited August 29, 
2023]. Available from: https://clsi.org/media/1469/m100s27_
sample.pdf

19	 Başbulut E, Bilgin M, İşler H.  [Evaluation of antibiotic resis-
tance of Burkholderia species in the last 10 years in a tertia-
ry care hospital in Turkey]. Flora. 2022;27(1):103-12. Turkish. 
[CrossRef]
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