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Abstract Background: Burkholderia cepacia complex (BCC ) represents a group of multidrug-
resistant gram-negative bacteria that cause infections among immunocompromised hosts.
Bacteremia occurs in patients who are chronically ill and is associated with substantial
morbidity and mortality. The aim of this study was to investigate the clinical characteristics
and outcomes of BCC bacteremic patients without cystic fibrosis.
Methods: We conducted a retrospective study at the National Taiwan University Hospital.
Adults with BCC bacteremia from January 2015 to May 2019 were enrolled. The primary
outcome was 14-day mortality. Multivariable logistic regression was performed for outcome
analysis.
Results: One-hundred and ninety-five patients were analyzed and their mean age was 67 years.
Over 95% of the BCC isolates were susceptible to trimethoprim/sulfomethoxazole (TMP/SXT).
Levofloxacin resistance rates were high, with only 25.1% of isolates being susceptible. Pairwise
comparisons were made between different definitive regimens including meropenem-
monotherapy, ceftazidime-monotherapy, levofloxacin-monotherapy, TMP/SXT-monotherapy,
tigecycline-monotherapy as well as combination versus monotherapy. No regimen was signifi-
cantly associated with survival in our study. Multivariable logistic regression showed that the
Pitt bacteremia score (adjust odds ratio [aOR],1.46; 95% confidence interval [CI],1.19e1.79;
p < 0.001), underlying metastatic cancer (aOR, 2.73; 95% CI, 1.01e7.39; p Z 0.047), inappro-
priate definitive treatment independently predicted greater 14-day mortality (aOR, 8.21; 95%
CI, 2.49e27.08; p < 0.001).
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Conclusions: No single regimen is associated with improved mortality. After adjusting for other
potential confounders, our data suggest selection of an appropriate antibiotic provide better
clinical outcomes among patients with BCC bacteremia.
Copyright ª 2021, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction

Burkholderia cepacia complex (BCC ) is a group of catalase
producing, non-lactose fermenting gram-negative bacteria
consisting of many species.1,2 They are routinely isolated
from the natural environment and usually have low viru-
lence.3 They are among the most important pathogens in
patients afflicted with cystic fibrosis (CF). Among CF-
patients, those with BCC pulmonary infection appear to
have more rapidly deteriorating lung function and
decreasing body weight.4 In addition, BCC can also cause
fatal infections in other vulnerable populations who do not
have CF and lead to substantial mortality.1,5,6 Invasive
pneumonia and septic shock caused by BCC have been re-
ported in seemingly immunocompetent hosts.7 Notably,
Cepacia syndrome is a fatal and rare combination of rapid
respiratory decline with significant radiological changes,
multi- organ failure and bacteremia with B. cepacia.3,8,9

According to a large cohort study with a 17-year follow-up
period conducted in the United States, most BCC bacter-
emia cases were hospital-acquired.10 According to prior
studies,11,12 indwelling central lines, presence of renal
failure on hemodialysis, multiple bronchoscopic proced-
ures, and recent abdominal surgery are independently
associated with the development of BCC bacteremia. BCC
can also spread person-to-person via contact transmission
and cause nosocomial outbreaks.1,11,13e17,19,21e24

The in-hospital mortality of BCC bacteremia is high,6,10

and presence of underlying malignancies, elderly, high
Pitt score,10 species other than Burkholderia cenocepacia
and B. cepacia,6 high SOFA (The Sequential Organ Failure
Assessment) score, and inappropriate initial empirical
antibiotic therapy were identified to be independent risk
factors for mortality.6,18,19

According to prior studies, significant resistance has
been observed.2,6,10,19 Although the antimicrobial suscep-
tibilities appear to be geographically variable over time,
the clinical BCC isolates were usually resistant to most
antibiotics except ceftazidime, meropenem, and levo-
floxacin. This antimicrobial resistance profile results in
substantial difficulty for treatment, which in turns con-
tributes to mortality.20 The research on the optimal
regimen for BCC is still lacking.21,22

Therefore, the aim of this study is to explore the
epidemiology of the clinical characteristics, susceptibility
pattern of the isolates of BCC, and outcomes. We hope to
provide additional experience of BCC bacteremia from a
medical center in Taiwan. To our knowledge, this is the
largest case number study of BCC bacteremia in
Taiwan.6,19,23 Secondly, we aimed to explore that whether
a selected antimicrobial regimen or combination regimen
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can improve survival. Lastly, we would like to look at the
risk factors for mortality in BCC bacteremic patients and
explore the potential intervention to improve the outcome
of BCC bacteremia patients.

Method

This is a retrospective study conducted at the National
Taiwan University Hospital (NTUH), a 2500-bed tertiary-
care center in northern Taiwan. The list of patients with
blood cultures (Bactec 9240 system, Becton, Dickinson
Diagnostic Instrument Systems, Sparks, MD, USA) positive
for BCC from January 2015 to May 2019 were retrieved from
the computerized database of the bacteriology laboratory
at NTUH. If a patient had multiple positive blood cultures of
BCC, we only count the first episode into analysis in this
study.

Patients younger than 18 years were excluded

Blood culture results were obtained from the clinical
microbiology laboratory. BCC were identified using the
Vitek 2 system (bioMerieux, Vitek, Hazelwood,MO, USA) on
year 2015e2016, and using MALDI-TOF MS analysis after
year 2017.The antimicrobial susceptibility testing was
performed using Vitek 2. The MIC breakpoints were based
on Clinical and Laboratory Standards Institute’s (CLSI)
criteria of interpretation.24

We obtained the baseline characteristics of patients
from the electric medical records. The demographic data,
comorbidities, clinical presentations and antimicrobial
treatment were recorded. All of our data were ascertained
via electronic medical record by manual chart review for
each patient. Importantly, ascertainment of dichotomous
outcome variables such as 14-day mortality, 30-day mor-
tality, and in-hospital mortality were obtained. Most of the
exposure variables are time-fixed variables. And those
covariates that are time-varying variables are counted as
time-fixed (collected at baseline).

Definitions

The definitions of the underlying diseases were applied
according to the comorbid conditions of the Charlson co-
morbidity index.25 In brief, the cardiovascular diseases
included myocardial infarction, congestive heart failure
and peripheral vascular disease. The neurological diseases
included cerebrovascular disease, dementia, and hemiple-
gia. The respiratory diseases included chronic pulmonary
diseases (such as chronic obstructive pulmonary disease,
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chronic asthma, and pneumoconiosis). The hepatobiliary
disease was defined as chronic hepatitis (such as chronic
viral hepatitis with persistent or intermittent elevation in
serum aminotransferase for >6 months) with or without
portal hypertension. The renal diseases included end-stage
renal disease and moderate-to-severe renal disease with
reduced glomerular filtration rate or kidney damage
(<60 ml/min/1.73 m2 of BSA) for >3 months. Metastatic
cancer is cancer that spreads from its site of origin to
another part of the body. In our BCC cohort, there is a total
of 31 metastatic cancers, the primary sites include: lung
cancer (8), colon cancer (2), prostate cancer (2), hepato-
cellular carcinoma (1), esophageal cancer (2), bladder
cancer (1), pancreas cancer (1), head and neck cancers (2),
breast cancer (2), urothelial carcinoma (1), thymoma/
thymic carcinoma (2), thyroid cancer (1), plasmablastic
leukemia (1), diffuse large B cell lymphoma (1), adreno-
cortical carcinoma (1), uterine sarcoma (1), leiomyo-
sarcoma (1), pancreatic neuroendocrine tumor (1).

The definition of immunosuppression is the presence of
active malignancy, organ transplant, or receipt of immu-
nosuppressive therapy.10 And a patient is considered to have
received ‘immunosuppressive agent’ if he received pred-
nisolone 10 mg/day or its equivalent or greater dose, B-
celledepleting agents, tumor necrosis factor a inhibitors,
tyrosine kinase inhibitors, or other cytokine inhibitors
within 90 days prior to the onset of bacteremia10 (based on
the admission note of electronic medical record). Of note,
we consider a patient to have received steroid if he has
received prednisolone 10 mg/d or its equivalent or greater
dose (methylprednisolone, hydrocortisone, dexamethasone,
betamethasone, cortisone) for a duration of at least 72 h.

Pitt bacteremia score and qSOFA (quick Sequential
Organ Failure Assessment) score were used to access the
bacteremia severity.

The term CABSI, as is used in our study, is interchange-
able with CLABSI (central line associated blood stream
infection).26 CLABSI was defined as one of the following in a
patient with central line catheter: (1) at least one set of
positive blood culture of BCC. Together with clinical
symptoms/signs (i.e., fever >38 �C, chills, or hypotension).
(2) at least two sets of positive blood cultures of BCC
detected. Repeated positive blood cultures with BCC were
considered a single episode of CLABSI if the two sets of
blood cultures were obtained within 1 week (for bacterial
pathogens).27

CRBSI is defined as those with clinical signs of infection
and the same microorganism grown from at least one
percutaneous blood culture and from a culture of the
catheter tip (>15 colony-forming units), or a growth of
microbes from blood sample drawn from a catheter hub at
least 2 h before microbial growth was detected in a blood
sample obtained from a peripheral vein.27

Persistent bacteremia is defined as at least two positive
blood cultures of BCC obtained on different calendar days
during the same infectious episode.28 Polymicrobial
bacteremia is defined as identification of any bacteria
(other than BCC ) from blood stream within the period
starting from 72 h before the onset of BCC bacteremia
until 72 h after the onset of BCC bacteremia. The other
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bacteria that were isolated and identified from the same
specimen include Stenotrophonas maltophilia, Acineto-
bacter baumanii, Elizabethkingia meningosepticum, Ral-
stonia mannitolilytica, MRSA, Enterococcus faecium,
Klebsiella pneumoniae (MDR), Staphylococcus lugdu-
nensis, Bacteroides fragilis, Chryseobacterium indolo-
genes, Pseudomonas aeruginosa, Enterococcus
gallinarum, and Enterobacter cloacae complex.

Appropriate treatment was defined as use of any anti-
microbial agent that demonstrated in vitro susceptibility
against the isolated BCC. Empiric treatment was defined
as the antimicrobial treatment before the results of the
blood culture were available. Definitive treatment was
defined as the antimicrobial treatment after the results of
the blood culture were available. The definitive treatment
was classified into fluoroquinolone (levofloxacin)-mono-
therapy, ceftazidime-based monotherapy, meropenem-
monotherapy, trimethoprim/sulfomethoxazole (TMP/
SXT)-monotherapy, tigecycline-monotherapy, other mon-
otherapy and combination therapy. TMP/SMX mono-
therapy is TMP/SMX alone. The combination treatment
was defined as receiving greater than or equal to 2 classes
of antimicrobials within 7 days of the onset of BCC
bacteremia and has a duration of combined use for at least
48 h. If the monotherapy or combination agents are not
active agents, they will be classified into final inappro-
priate regimens. The primary outcome is 14-days mortality
since onset of BCC bacteremia. The secondary outcomes
were 30-day mortality and overall in-hospital mortality.
Ethics declaration

This study has been approved by the Institutional Review
Board (Ethics Committee) of NTUH (IRB No. 202012286
RIND).
Statistical analysis

Categorical variables were expressed as numbers and per-
centages, were compared using the chi-square test or
Fisher exact test. Continuous variables were expressed as
means (standard deviations), and were compared between
groups using the Student’s t-test. All analyses were set at a
2-tailed significance level of 0.05. Logistic regression was
used for outcome analysis. Variables included patient’s
baseline demographic, clinical characteristics, underlying
diseases, infection focus, immunosuppression status,
severity of bacteremia, and antimicrobial regimens. Those
variables with p � 0.1 were included into multivariable
analysis. For multivariable regression, we used stepwise,
backward, minimizing Akaike’s information criteria (AIC)
method.29 Following the stepwise AIC selection, only vari-
ables with a p value of �0.05 were considered significant
and were retained in the final model. Cox proportional
hazards models and KaplaneMeier survival curve analysis
were further utilized for survival analysis. All statistics
were conducted by Stata software (version 14; StataCorp,
College Station, Texas, U.S.A).



Table 1 Baseline demographic and clinical characteristics of patients with Burkholderia cepacian complex bacteremia,
divided by 14-day mortality.

Total
(N Z 195)

14-day Survivor (N Z 154) 14-day
Non-Survivor
(N Z 41)

p

Age, mean (sd) 67.27 (16.14) 67.55 (15.76) 66.24 (17.64) 0.65
Men, n (%) 112 (57.4%) 89 (57.8%) 23 (56.1%) 0.85
BMI, mean (sd) 23.00 (5.06) 23.09 (5.34) 22.71 (4.05) 0.70
Underlying disease
Cardiovascular disease 92(47.2%) 74(48.1%) 18 (43.9%) 0.64
Pulmonary disease 92 (47.2%) 72 (46.8%) 20 (48.8%) 0.82
Stroke 20 (10.3%) 18 (11.7%) 2 (4.9%) 0.20
Cirrhosis 10 (5.1%) 9 (5.8%) 1 (2.4%) 0.38
DM 59 (30.3%) 46 (29.9%) 13 (31.7%) 0.82
Autoimmune disease 28 (14.4%) 20 (13.0%) 8 (19.5%) 0.29
RRT 31 (15.9%) 26 (16.9%) 5 (12.2%) 0.47
SOT 10 (5.1%) 8 (5.2%) 2 (4.9%) 0.94
Solid tumor 56 (28.7%) 41 (26.6%) 15 (36.6%) 0.21
Metastatic cancer 31 (15.9%) 21 (13.6%) 10 (24.4%) 0.09
HIV infection 1 (0.5%) 1 (0.7%) 0 (0%) 0.61

Immunosuppression 151 (77.4%) 115 (74.7%) 36 (87.8%) 0.074
Type of Infection
CLABSI 161 (82.6%) 127 (82.5%) 34 (82.9%) 0.95
Pneumonia 134 (68.7%) 106 (68.8%) 28 (68.3%) 0.95

Clinical Parameters
ICU-onset 150 (76.9%) 116 (75.3%) 34 (82.9%) 0.31
Pitt score 5.28 (2.11) 4.98 (1.94) 6.50 (2.34) <0.001
qSOFA 1.55 (0.83) 1.47 (0.81) 1.89 (0.85) 0.006
persistent bacteremia 65 (33.3%) 53 (34.4%) 12 (29.3%) 0.53
polymicrobial bacteremia 30 (15.5%) 24 (15.7%) 6 (14.6%) 0.87
C-Reactive Protein (mg/dL) 9.19 (7.24) 8.46 (6.81) 12.02 (8.23) 0.01

Treatment
Inappropriate definitive Abx 18 (9.2%) 8 (5.2%) 10 (24.4%) <0.001

Monotherapy 12 (66.7%) 4 (50%) 8 (80%) 0.32
No therapy 6 (33.3%) 4 (50%) 2 (20%) 0.32

Appropriate definitive therapy 177 (90.8%) 146 (94.8%) 31 (75.6%) <0.001
Monotherapy 111 92 (63.0%) 19 (61.3%) 0.86
FQ-monotherapy 11 (5.6%) 8 (5.2%) 3 (7.3%) 0.60
TMP/SXT-monotherapy 9 (4.6%) 8 (5.2%) 1 (2.4%) 0.46
CAZ-monotherapy 35 (18.0%) 29 (18.8%) 6 (14.6%) 0.53
MEM-monotherapy 57 (29.2%) 44 (28.6%) 13 (31.7%) 0.70
TGC-monotherapy 2 (1.0%) 1 (0.7%) 1 (2.4%) 0.31
Other monotherapy 9 (4.6%) 6 (3.9%) 3 (7.3%) 0.35
Combination 66 (34.6%) 54 (35.5%) 12 (30.8%) 0.58
Dual combination 39 (20%) 31 (20.1%) 8 (19.5%) 0.93
Triple combination 23 (11.8%) 19 (12.3%) 4 (9.8%) 0.65
Quadruple combination 4 (2.1%) 4 (2.6%) 0 (0%) 0.30

Abbreviations: Abx Z antibiotic, BMI Z body mass index, CABSI Z catheter-associated blood stream infection. CLABSI Z central-line
associated blood stream infection, CAZ Z ceftazidime, DM Z diabetes mellitus, FQ Z fluoroquinolone, ICU Z intensive care unit,
MEM Z meropenem, qSOFA Z Quick Sequential Organ Failure Assessment, RRT Z renal replacement therapy, SOT Z solid organ
transplant, TGC Z tigecycline, TMP/SXT Z trimethoprim/sulfamethoxazole.
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Results

Clinical characteristics of patients with bacteremia
due to BCC

During the study period, a total of 195 BCC bacteremic
patients were identified (Table 1). The mean (SD) age was
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67.27 (16.14), and 112 (57.4%) were male. The mean (SD)
Pitt bacteremia score was 5.28 (2.11). Of the included BCC
strains, 187 (95.9%) were susceptible to TMP/SXT, 49
(25.1%) to fluoroquinolones (FQs), 147 (75.4%) to mer-
openem, and 145 (74.4%) to ceftazidime. Overall, the
proportion of patients who received FQ-monotherapy, TMP-
SXT-monotherapy, ceftazidime-monotherapy, meropenem-
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monotherapy, and tigecycline-monotherapy are 18%, 6.7%,
25.1%, 36.9%, and 5.1%.

The outcome variable 14-day mortality was counted
from the date of first positive blood culture reported. There
were 41 deaths (21%) at Day 14 (primary outcome). The
overall in-hospital mortality in our cohort is 47.69% (93/
195) and the median length of stay is 66 days (interquartile
range; IQR, 38e117 days).

The majority of BCC bacteremic episodes of our study
were ICU-onset (74.79%). Most of our patients with BCC
bacteremia were hospital-acquired (94.12%), only 5.88%
were non-hospital-acquired, including community and
healthcare-associated infections. We did not collect the
source of our study populations, that is whether they are
nursing home residents or long-term care residents.
Furthermore, among the 161 episodes of CLABSI in our BCC
cohort, there is a total of 25 BCC bacteremic episodes
which met the IDSA definition for CRBSI. Of note, there
were substantial concurrent infections with pneumonia and
CLABSI caused by BCC (n Z 116) in our cohort (59.5%).
Among pneumonia cases, BCC species were isolated from
the respiratory specimens.

Ultimately, 177 (90.77%) versus 18 (9.23%) patients
received appropriate versus inappropriate definitive ther-
apy. The 14-day mortality for appropriate therapy versus
inappropriate therapy are 17.51% versus 55.56% respec-
tively (p < 0.001). There were only 18 patients who
received inappropriate therapy. Of these 18 patients who
had inappropriate antibiotics, 12 received monotherapy
while 6 patients did not receive any antimicrobial therapy
at that time.The antibiotics used in the inappropriate
therapy group includes ceftazidime (n Z 1), cefepime (2),
piperacillin-tazobactam (2), imipenem (2), meropenem (3),
colistin (2). Of the 177 patients who had final appropriate
antibiotics, 111 patients received monotherapy and 66 pa-
tients received combination regimens. The latter can be
further categorized into dual combination therapy
(n Z 39), triple combination therapy (23), and quadruple
combination therapy (4). The characteristics of 14-day
survivors and 14-day non-survivors were shown in Table 1.

In addition, there is no statistically significant 14-day
mortality (18.46% versus 22.31%, p Z 0.53), 30-day mor-
tality (36.92% versus 34.62%, p Z 0.75), and all-cause
mortality differences (52.31% versus 45.38%, p Z 0.36)
when comparing the persistent bacteremia group versus
the non-persistent bacteremic group. However, disease
severity on presentation (such as Pitt score and qSOFA), C-
reactive protein level, and final adequate antibiotic
Table 2 Susceptibilities Distribution stratified by survival statu

Total
(N Z 195)

14-da

S NS S

Ceftazidime 74.4% 25.6% 74%
Levofloxacin 25.1% 74.9% 25.3%
Meropenem 75.4% 24.6% 76.0%
Trimethoprim/sulfamethoxazole 95.9% 4.1% 96.8%

Abbreviations: NS Z non-susceptible; S Z susceptible.
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therapy were significantly different between the two
groups. Compared with those who survived at Day 14, those
who died at Day 14 had higher Pitt scores (6.50 [2.34] versus
4.98 [1.94], p < 0.001), higher qSOFA scores (1.89 [0.85]
versus 1.47 [0.81], p Z 0.006), higher C-reactive protein
levels (12.02 [8.23] versus 8.46 [6.81], p Z 0.01), and a
greater proportion of final inappropriate definitive antibi-
otics (24.4% versus 5.2%, p < 0.001) (Table 1).

Antimicrobial susceptibilities of the isolates

The distribution of the four BCC-active antimicrobials
among the 195 isolates of BCC and susceptibility categories
(susceptible versus non-susceptible) of the BCC isolates as
stratified by the survivor status at Day 14 are shown in Table
2. Overall, TMP/SXT appears to be the most active anti-
biotic with 95.9% of the 195 BCC isolates being susceptible
in vitro, followed by meropenem and ceftazidime (75.4%
and 74.4% susceptibility respectively). Levofloxacin was
found to be less active against the isolates in our study,
with only 25.1% of isolates being susceptible.

Independent risk factor for 14-day mortality

Univariable analysis showed that final inappropriate
treatment (odds ratio [OR], 5.89; 95% confidence interval
[CI], 2.15e16.12, p < 0.001), C-reactive protein (OR, 1.06;
95% CI, 1.01e1.12, p Z 0.01), and Pitt bacteremia score
(OR, 1.46; 95% CI, 1.19e1.79, p < 0.001) were associated
with greater rate of 14-day mortality (Table 3). We
compared pairs of different definitive regimens:
meropenem-monotherapy, ceftazidime-monotherapy, tige
cycline-monotherapy, levofloxacin-monotherapy, TMP/
SXT-monotherapy, as well as combination versus mono-
therapy. No single regimen was significantly associated
with improved survival in our study.

Multivariable logistic regression confirmed that the Pitt
bacteremia score (adjusted OR [aOR], 1.46; 95% CI,
1.18e1.80, p Z 0.001), underlying metastatic cancer (aOR,
2.73; 95% CI, 1.01e7.39, p Z 0.047), inappropriate defini-
tive treatment predicted greater 14-day mortality (aOR,
8.21; 95% CI, 2.49e27.08, p Z 0.001). There were only 24
patients (12.3%) who had delayed removal of catheter (i.e.
�3 days after onset of bacteremia). Among those who had
delayed removal catheters (i.e. >3 days after onset of BCC
bacteremia), inappropriate antibiotic therapy perfectly
predicts 14-day mortality. After accounting for all the other
confounding factors (including delayed catheter removal),
s at 14 days.

y Survivor (N Z 154) 14-day Non-Survivor
(N Z 41)

P

NS S NS

26% 75.6% 24.4% 0.84
74.7% 24.4% 75.6% 0.90
24% 73.2% 26.8% 0.71
3.2% 92.7% 7.3% 0.24
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inappropriate antibiotic is still a significant risk factor for
14-day mortality (aOR, 276.8; 95% CI, 4.54e16867.9,
p Z 0.007). Cox regression and survival curve analysis
similarly confirmed that disease severity (indicated by Pitt
bacteremia score), inappropriate definite treatment pre-
dicted rapid mortality (adjust hazard ratio [aHR], 4.32; 95%
CI, 1.92e9.69, p < 0.001) (Fig. 1).

In the secondary outcomes, overall mortality rate was
47.7%, and 30-day mortality rate was 35.4% (Supplementary
Table 1). Similar risk factors are also associated with 30-day
Table 3 Multivariable logistic regression analysis of prognosti
Burkholderia cepacia complex (BCC) bacteremia.

Univariable analy

OR 95% CI

Age, per 1-year increase 1.00 0.97e1.02
Men 0.93 0.47e1.87
BMI 0.98 0.91e1.06
Underlying diseases
Cardiovascular disease 0.85 0.42e1.69
Pulmonary disease 1.08 0.54e2.16
Stroke 0.39 0.09e1.74
Cirrhosis 0.40 0.05e3.27
DM 1.09 0.52e2.29
Autoimmune disease 1.62 0.66e4.01
Renal replacement therapy 0.68 0.25e1.91
Solid organ transplant 0.94 0.19e4.59
Solid tumor 1.59 0.77e3.30
Metastatic cancer 2.04 0.87e4.77
Immunosuppression 2.44 0.90e6.66

Type of Infection
CLABSI 1.03 0.41e2.57
Pneumonia 0.98 0.46e2.05

Clinical Parameters
ICU-onset 1.59 0.65e3.88
Pitt score 1.46 1.19e1.79

qSOFA 1.89 1.19e3.02
Persistent bacteremia 0.79 0.37e1.67

Polymicrobial bacteremia 0.92 0.35e2.43
C-Reactive Protein (mg/dL) 1.06 1.01e1.12
Treatment
Inappropriate definitive Abx 5.89 2.15e16.12
Monotherapy 1.27 0.59e2.70
FQ-monotherapy 1.44 0.36e5.69
TMP/SXT-monotherapy 0.46 0.06e3.76
CAZ-monotherapy 0.74 0.28e1.92
MEM-monotherapy 1.16 0.55e2.44
TGC-monotherapy 3.83 0.23e62.50
Other monotherapy 1.95 0.47e8.15
Combination 0.81 0.38e1.72
Dual combination 0.96 0.40e2.29
Triple combination 0.77 0.25e2.40
Quadruple combination NAa NAa

No therapy 1.92 0.34e10.89

Abbreviations: Abx Z antibiotic, BMI Z body mass index, CABSI Z c
associated blood stream infection, CAZ Z ceftazidime, DM Z diabe
MEM Z meropenem, NA Z not applicable, qSOFA Z Quick Sequenti
SOT Z solid organ transplant, TGC Z tigecycline, TMP/SXT Z trime
NAa Z tigecycline-based combination predict 14-day mortality perfe
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mortality. Pitt bacteremia score (aOR, 1.41; 95% CI,
1.18e1.69; p < 0.001) and inappropriate definite treatment
independently predicted 30-days mortality (aOR, 3.22; 95%
CI, 1.19e8.75, p Z 0.02) Remarkably, immunosuppression
predicts 30-day mortality (Supplementary Table 2). How-
ever, inappropriate definite treatment didn’t predict in-
hospital mortality (aOR, 1.59; 95% CI, 0.49e5.23;
p Z 0.44) independent to Pitt bacteremia score (aOR, 1.32;
95% CI, 1.09e1.60; p Z 0.005), and metastatic cancer
(aOR, 2.84; 95% CI, 1.10e7.35; p Z 0.03).
c factors associated with 14-day mortality in patients with

sis Multivariable analysis

p aOR 95% CI p

0.65
0.85
0.70
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Figure 1. Survival curve by Cox regression analysis between patients finally received appropriate definite therapy and inap-
propriate definite therapy.
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Discussion

In this study, we reviewed 195 non-cystic fibrosis patients
with BCC bacteremia at a single institution over the last 4.4
years. Most of the BCC bacteremic patients in our cohort
were immunocompromised and had underlying cancers.
After accounting for disease severity and underlying met-
astatic cancer, inappropriate definitive treatment was still
significantly associated with 14-day mortality. No universal
regimen was associated with better outcomes following
BCC bacteremia.

Interestingly, we found that besides Pitt bacteremia
score and inappropriate definitive antibiotic, immunosup-
pression also independently predicts 30-day mortality.
Immunosuppression, as defined in our study, is a partially
modifiable risk factor as it includes the use of steroid or
immunosuppressive. With a rapidly ageing population,
growing number of cancer patients, and an ever increasing
and liberal use of steroids and immunosuppressants, this
finding not only reminds us of the increasing number of
immunocompromised hosts, but also informs us on the po-
tential role physicians have in prescribing steroids or im-
munosuppressants judiciously.

Prior studies have suggested that BCC bacteremia
occurring in the non-CF patients is mostly hospital-ac-
quired.10,30 It usually affects patients who are chronically
or severely ill or have malignancy.6,19,23 The mortality in
this group is high and significant drug resistance has been
observed.10,30 In the current study, we attempt to address
some of the unresolved issues regarding BCC bacteremia
further, such as the optimal antibiotic regimen or the po-
tential benefits of combination regimen.

Previous studies have shown age,10 BCC species other
than B.cenocepacia and B.cepacia,6 high SOFA score,6 Pitt
1307
score10 to be predictive of 30-day mortality. Although Chien
et al. did not identify inappropriate antimicrobial to be an
independent risk factor for 14-day mortality,6 inappro-
priate definitive antimicrobials were associated with
increased risk for 14-day mortality in their univariable
regression analysis. Some possible explanation for the
different results might include the differences in the study
populations (their study population was more critically ill,
with more resistant BCC isolates), the difference in meth-
odology (Chien’s group used agar dilution method while we
used the Vitek 2 system to define susceptibilities), and
sample size (the sample size of Chien’s study was 54, which
is significantly smaller than ours). Importantly, our study
has identified a potentially modifiable factor, the final
appropriate antimicrobial, that may influence short-term
mortality of patients with BCC bacteremia.

Similar to the large cohort study with 17-year follow-
up,10 we also found that no single antimicrobial regimen
was significantly associated with better outcomes. There
were no significant differences in 14-day and 30-day
mortality when comparing the monotherapy versus the
combination therapy group. In fact, there appears to
higher all-cause mortality when comparing the combina-
tion therapy group versus the monotherapy group (65.52%
versus 40.34%, p Z 0.002), which might be due to selec-
tion bias, as patients in the combination group were
generally sicker. And combination therapy was not asso-
ciated with improved outcomes. Our study results are in
line with one of the largest multi-center retrospective
studies conducted in South Korea which also showed that
the outcome did not differ according to the type of anti-
biotics used.30 The reason why no single regimen impacted
the outcome might be due to the multiple comorbidities
and high disease severity of the BCC bacteremia patients,
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or the heterogeneity of the patient population and the
microbial species and susceptibility patterns.

Our study has several important limitations. First, as
with most observational studies, selection bias and con-
founding by indications are inevitable. Although we
attempt to adjust for potential confounders via multivar-
iate logistic regression models, we cannot adjust for un-
measured confounders and thus residual confounding is
possible. Secondly, as with most retrospective studies, the
data is less granular compared to prospective studies and
randomized control trials. As mentioned before, the het-
erogeneity in the combination subgroup is substantial, and
due to the retrospective nature of the study, it is difficult to
establish causality. Thirdly, we did not perform genospecies
identification, thus we cannot explore the potential causal
association between genospecies and mortality. Fourth, we
did not report the susceptibility results of piperacillin/
tazobactam by MIC interpretative breakpoint for P. aeru-
ginosa. The latest CLSI Guideline on Performance Standards
for Antimicrobial Susceptibility Testing, 31st edition does
not specifically include piperacillin-tazobactam for routine,
selective, or supplemental reporting regarding BCC. Our
microbiology lab did not routinely report MIC of piper-
acillin/tazobactam of BCC. Lastly, although some studies
have reported the possible benefits for ceftazidime-
avibactam in patients with BCC bacteremia,31,32 we were
not able to assess its potential effects on mortality out-
comes as no patient received ceftazidime-avibactam.

Conclusion

Our study suggests that after controlling for other potential
confounders, no single regimen appears to be significantly
associated with improved survival and use of combination
regimens is not associated with decreased mortality.
Notably, after adjusting for all the potential confounders,
including Pitt bacteremia score and metastatic cancer,
appropriate definitive antimicrobial was still associated
with improved short-term mortality.

Acknowledgement

The authors would like to thank Dr. Aristine Cheng M.D.
(National Taiwan University Hospital, Taipei, Taiwan) for
her kind and indispensable assistance in the English editing
of this manuscript. We thank Integrated Medical Database,
National Taiwan University Hospital (NTUH-iMD) for kindly
help in information collection.

References

1. Baldwin A, Mahenthiralingam E, Drevinek P, Vandamme P,
Govan JR, Waine DJ, et al. Environmental Burkholderia cepacia
complex isolates in human infections. Emerg Infect Dis 2007;
13:458e61.

2. Gopalratnam K, Alkinj B, Saul Z, Ayala J. A rare case of com-
munity acquired multi-drug resistant Burkholderia cepacia
infection in an immune competent patient. Am J Respir Crit
Care Med 2018;197:A3603.

3. Khadka S, Dhakal P. A rare case of cepacia syndrome. Chest
2020;158:A2525.
1308
4. Courtney JM, Dunbar KE, McDowell A, Moore JE, Warke TJ,
Stevenson M, et al. Clinical outcome of Burkholderia cepacia
complex infection in cystic fibrosis adults. J Cyst Fibros 2004;3:
93e8.

5. Mallory GB, Ebenbichler MS, Melicoff E, Das S, Munoz-Rivas FM.
The incidence and significance of post-operative bacteremia in
pediatric cystic fibrosis lung transplant patients. Am J Respir
Crit Care Med 2015;191:A3344.

6. Chien YC, Liao CH, Sheng WH, Chien JY, Huang YT, Yu CJ, et al.
Clinical characteristics of bacteraemia caused by Burkholderia
cepacia complex species and antimicrobial susceptibility of the
isolates in a medical centre in Taiwan. Int J Antimicrob Agents
2018;51:357e64.

7. Kliegman RM, St Geme JW, Blum NJ, Shah SS, Tasker RC,
Wilson KM. Pseudomonas, burkholderia, and steno-
trophomonas. In: Kliegman RM, St Geme J, editors. Nelson
textbook of pediatrics. 21st ed. Philadelphia: Elsevier; 2019.
p. 1529e33.

8. Branstetter JW, Yarbrough A, Poole C. Management of cepacia
syndrome with a combination of intravenous and inhaled an-
timicrobials in a non-cystic fibrosis pediatric patient. J Pediatr
Pharmacol Therapeut 2020;25:730e4.

9. Arora A, Shetty S, Kwon J. Cepacia syndrome in rheumatoid
arthritis-related interstitial lung disease. Crit Care Med 2019;
47:294.

10. El Chakhtoura NG, Saade E, Wilson BM, Perez F, Papp-
Wallace KM, Bonomo RA. A 17-year nationwide study of bur-
kholderia cepacia complex bloodstream infections among pa-
tients in the United States veterans health administration. Clin
Infect Dis 2017;65:1253e9.

11. Abdallah M, Abdallah HA, Memish ZA. Burkholderia cepacia
complex outbreaks among non-cystic fibrosis patients in the
intensive care units: a review of adult and pediatric literature.
Inf Med 2018;26:299e307.

12. Bressler AM, Kaye KS, LiPuma JJ, Alexander BD, Moore CM,
Reller LB, et al. Risk factors for Burkholderia cepacia complex
bacteremia among intensive care unit patients without cystic
fibrosis: a case-control study. Infect Control Hosp Epidemiol
2007;28:951e8.

13. Heo ST, Kim SJ, Jeong YG, Bae IG, Jin JS, Lee JC. Hospital
outbreak of Burkholderia stabilis bacteraemia related to
contaminated chlorhexidine in haematological malignancy
patients with indwelling catheters. J Hosp Infect 2008;70:
241e5.

14. Katsiari M, Roussou Z, Xydaki A, Tryfinopoulou K, Vatopoulos A,
Platsouka E, et al. Outbreak of Burkholderia cenocepacia
bacteraemia in an intensive care unit: an epidemiologic and
molecular study. Clin Microbiol Infect 2011;17:S369.

15. Nannini EC, Ponessa A, Muratori R, Marchiaro P, Ballerini V,
Flynn L, et al. Polyclonal outbreak of bacteremia caused by
Burkholderia cepacia complex and the presumptive role of
ultrasound gel. Braz J Infect Dis 2015;19:543e5.

16. Vardi A, Sirigou A, Lalayanni C, Kachrimanidou M,
Kaloyannidis P, Saloum R, et al. An outbreak of Burkholderia
cepacia bacteremia in hospitalized hematology patients
selectively affecting those with acute myeloid leukemia. Am
Infect Control 2013;41:312e6.

17. Bharara T, Chakravarti A, Sharma M, Agarwal P. Investigation of
Burkholderia cepacia complex bacteremia outbreak in a
neonatal intensive care unit: a case series. J Med Case Rep
2020;14:76.

18. Ku NS, Han SH, Kim CO, Baek JH, Jeong SJ, Jin SJ, et al. Risk
factors for mortality in patients with Burkholderia cepacia
complex bacteraemia. Scand J Infect Dis 2011;43:792e7.

19. Liao CH, Chang HT, Lai CC, Huang YT, Hsu MS, Liu CY, et al.
Clinical characteristics and outcomes of patients with Bur-
kholderia cepacia bacteremia in an intensive care unit. Diagn
Microbiol Infect Dis 2011;70:260e6.

http://refhub.elsevier.com/S1684-1182(21)00198-5/sref1
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref1
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref1
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref1
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref1
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref2
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref2
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref2
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref2
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref3
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref3
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref4
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref4
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref4
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref4
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref4
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref5
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref5
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref5
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref5
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref6
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref6
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref6
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref6
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref6
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref6
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref7
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref7
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref7
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref7
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref7
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref7
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref8
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref8
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref8
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref8
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref8
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref9
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref9
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref9
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref10
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref10
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref10
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref10
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref10
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref10
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref11
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref11
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref11
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref11
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref11
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref12
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref12
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref12
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref12
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref12
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref12
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref13
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref13
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref13
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref13
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref13
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref13
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref14
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref14
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref14
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref14
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref15
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref15
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref15
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref15
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref15
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref16
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref16
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref16
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref16
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref16
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref16
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref17
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref17
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref17
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref17
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref18
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref18
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref18
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref18
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref19
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref19
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref19
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref19
http://refhub.elsevier.com/S1684-1182(21)00198-5/sref19


Journal of Microbiology, Immunology and Infection 55 (2022) 1301e1309
20. Gautam V, Singhal L, Ray P. Burkholderia cepacia complex:
beyond pseudomonas and acinetobacter. Indian J Med Micro-
biol 2011;29:4e12.

21. George GTA, Stevenson K, Balada-Llasat JM, Coe KE. Clinical
outcomes with single vs. combination antibiotic therapy in the
treatment of burkholderia cepacia complex bacteremia and
pneumonia. Open Forum Infect Dis 2019;6:S775.

22. Avgeri SG, Matthaiou DK, Dimopoulos G, Grammatikos AP,
Falagas ME. Therapeutic options for Burkholderia cepacia in-
fections beyond co-trimoxazole: a systematic review of the
clinical evidence. Int J Antimicrob Agents 2009;33:394e404.

23. Yu WL, Wang DY, Lin CW, Tsou MF. Endemic burkholderia
cepacia bacteraemia: clinical features and antimicrobial sus-
ceptibilities of isolates. Scand J Infect Dis 1999;31:293e8.

24. Clinical and Laboratory Standards Institute. Performance
standards for antimicrobial susceptibility testing: 30th infor-
mational supplement, M100S. Wayne, PA: CLSI; 2020.

25. Tsai HC, Huang LM, Chang LY, Lee PI, Chen JM, Shao PL, et al.
Central venous catheter-associated bloodstream infections in
pediatric hematology-oncology patients and effectiveness of
antimicrobial lock therapy. J Microbiol Immunol Infect 2015;
48(6):639e46.

26. Agrawal V, Valson AT, Mohapatra A, Vinoi GD,
Succeena Alexander, Shibu Jacob, et al. Fast and furious: a
retrospective study of catheter-associated bloodstream in-
fections with internal jugular nontunneled hemodialysis cath-
eters at a tropical center. Clin Kidney J 2019;12(5):737e44.

27. Lin KY, Cheng A, Chang YC, Hung MC, Wang JT, Sheng WH,
et al. Central line-associated bloodstream infections among
1309
critically-ill patients in the era of bundle care. J Microbiol
Immunol Infect 2017;50(3):339e48.

28. Chowers MY, Gottesman B, Paul M, Weinberger M, Pitlik S,
Leibovici L. Persistent bacteremia in the absence of defined
intravascular foci: clinical significance and risk factors. Eur J
Clin Microbiol Infect Dis 2003;22(10):592e6.

29. Bozdogan H. Akaike’s information criterion and recent de-
velopments in information complexity. J Math Psychol Mar
2000;44(1):62e91. https://doi.org/10.1006/jmps.1999.1277.

30. Lee YM, Park KH, Moon C, Kim DY, Lee MS, Kim T, et al. Man-
agement and outcomes of Burkholderia cepacia complex
bacteremia in patients without cystic fibrosis: a retrospective
observational study. Eur J Clin Microbiol Infect Dis 2020;
39(11):2057e64.
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