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Background. Burkholderia cepacia complex (Bcc) are a group of multidrug-resistant gram-negative bacteria rarely reported in
patients without cystic fibrosis (CF) or immunocompromising conditions. We investigated Bcc bloodstream infections (BSIs) in a
cohort of non-CF patients from the US Veterans Health Administration (VHA).

Methods. Using VHA databases, we identified patients with Bcc BSI at facilities nationwide from 1999 through 2015. We ascer-
tained clinical characteristics, treatments, and outcomes and identified factors associated with 30-day mortality in logistic regression
analysis.

Results.
ease. The most common sources were central venous catheters (41%) and pneumonia (20%). Most cases were hospital-acquired (155
[62%]) or healthcare-associated (70 [28%]). Mortality at 14, 30, and 90 days was 16%, 25%, and 36%, respectively. Trimethoprim-
sulfamethoxazole (TMP-SMX) and fluoroquinolones were active against 94% and 88% of isolates, respectively. Susceptibility to

We identified 248 patients with Bcc BSI, who were of advanced age (mean, 68 years), chronically ill, and had severe dis-

ceftazidime and meropenem occurred in approximately 70% of the isolates. The most prescribed antibiotics were fluoroquinolones
(35%), followed by carbapenems (20%), TMP-SMX (18.5%), and ceftazidime (11%). In regression analysis, age (OR, 1.06 [95% confi-
dence interval {CI}, 1.02-1.10], per added year) and the Pitt bacteremia score (OR, 1.65 [95% CI, 1.44-1.94], per unit increase) were
associated with higher 30-day mortality.

Conclusions. In this large cohort of BSIs caused by Bcc, cases were mostly hospital-acquired and we observed high mortality,

significant resistance to ceftazidime, and limited use of TMP-SMX. These observations add to our understanding of Bcc infection in

non-CF patients and highlight the need for interventions to improve their outcome.

Keywords.

Burkholderia cepacia complex; bacteremia; drug resistance; multidrug resistance; electronic health records.

Burkholderia cepacia complex (Bcc) consist of gram-nega-
tive non-lactose-fermenting bacteria that are ubiquitous in
water, soil, and plants. Organisms from this group, particularly
Burkholderia multivorans and Burkholderia cenocepacia, are
important opportunistic pathogens in patients with cystic fibro-
sis (CF) and chronic granulomatous disease. However, little is
known about the epidemiology, clinical impact, and therapeutic
approaches to Bcc infections in other populations [1].

Bec pose formidable therapeutic and infection control chal-
lenges. They are intrinsically resistant to multiple classes of antibi-
otics, including aminoglycosides and polymyxins. They can harbor
B-lactamase genes, such as the gene coding for PenA, an inhib-
itor-resistant class A carbapenemase that structurally resembles
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Klebsiella pneumoniae carbapenemase [2, 3]. Efflux pump systems
contribute to multidrug resistance in Bec, including resistance
to chlorhexidine, a common disinfectant [4]. The importance of
these mechanisms differs among Bcc species and their effect on
clinical outcomes is not well understood [5]. Antibiotic treatment
of Bcc in patients with CF and exacerbations of respiratory tract
infection is difficult. Although trimethoprim-sulfamethoxazole
(TMP-SMX) is often recommended, high-quality evidence to
guide treatment in this and other settings is lacking [6].

In non-CF patients, Bcc are known to cause pneumonia,
meningitis, urinary tract infections, and bloodstream infections
(BSIs). Information about clinical characteristics and outcome
of patients with Bcc BSI is mostly derived from small cohorts in
the context of outbreaks. These indicate that patients with Bcc
BSI have serious underlying diseases, receive intensive care, and
have undergone invasive procedures [7, 8]. Outbreaks are often
related to contaminated environmental sources, as well as oral,
ophthalmic, and infusion solutions [9-11]. For instance, a mul-
tistate outbreak related to oral liquid docusate sodium, a stool
softener, was recently reported [12, 13].
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In this retrospective observational study, we aim to advance
our understanding of Bcc BSI in non-CF patients by analyzing
a large cohort from the US Veterans Health Administration
(VHA). We describe the clinical epidemiology, summarize anti-
biotic susceptibility and treatment regimens, and identify pre-
dictors of mortality.

MATERIALS AND METHODS

Study Design and Setting

We collected data from VHA medical centers from 1 January
1999 to 31 December 2015. The VHA, one of the largest inte-
grated healthcare systems nationwide, operates 152 hospitals,
800 community-based outpatient clinics, and 126 nursing
homes caring for 6 million Veterans annually [14]. We obtained
data from patients with positive blood cultures in the VHA’s
Corporate Data Warehouse using the Veterans Informatics and
Computing Infrastructure (VINCI) [15]. To complement, con-
firm, and correct data extracted within VINCI, we reviewed
individual patients’ electronic health records (EHRs) using
the Compensation and Pension Record Interchange (CAPRI)
and the Veterans Health Information Systems and Technology
Architecture (VistaWeb) [16]. We retained cases considered
true BSI by the treating physicians and/or one of the investiga-
tors who reviewed clinical events (N. G. E.).

Microbiological Data

We collected results of antibiotic susceptibility testing as
reported by microbiology laboratories at each facility, selecting
antibiotics recommended for testing against Bcc by the Clinical
Laboratory and Standards Institute (CLSI): TMP-SMX, cef-
tazidime, meropenem, ticarcillin-clavulanate, and levofloxacin
[17]. We defined polymicrobial BSI as >2 pathogens isolated
from the same blood culture.

Clinical Data

We determined antibiotic use through review of patients’ records
and data from the Bar-Code Medication Administration sys-
tem, a VHA automated system that records inpatient medica-
tions [18]. We defined prior antibiotic use as antibiotics received
within the 90-day period preceding the positive blood culture;
empiric antibiotic therapy as antibiotic received within 24 hours
prior to the time of blood culture collection and 72 hours after;
and definitive antibiotic therapy as antibiotic received on the
date the final blood culture result was released or in the follow-
ing 7-day period. We confirmed this as the final, adapted choice
of therapy by medical records review. We considered therapy,
both empiric and definitive, appropriate if the microbiology
laboratory reported the organism susceptible to the antibiotic
used, and inappropriate if it reported the organism nonsuscep-
tible. We also considered inappropriate the failure to initiate
antibiotics or the use of antibiotics against which Bcc are intrin-
sically resistant (eg, aminoglycosides, polymyxins). We coded

as “missing” the use of antibiotics to which Bcc are not intrinsi-
cally resistant but for which susceptibility data was unavailable.
We defined combination antibiotic therapy as the concomi-
tant receipt of >2 antibiotics with activity against gram-negative
bacteria within the timeframe of definitive therapy. Mode of
acquisition included community-acquired infection, occurring
as outpatient or <48 hours after admission without a known
healthcare encounter in the preceding 90 days; hospital-acquired,
occurring >48 hours after admission; and healthcare-associated,
occurring <48 hours after admission with healthcare encoun-
ter within the preceding 90 days [19]. Healthcare encounters
included VHA and non-VHA encounters as reported by provid-
ers in clinical notes and discharge summaries. We determined
immunosuppression by records review and defined it as the pres-
ence of active malignancy, organ transplant, or receipt of immu-
nosuppressive therapy. Immunosuppressive therapy included
chemotherapy, chronic steroids (=10 mg prednisone daily or
equivalent for >4 weeks within 90 days preceding the infection),
B-cell-depleting agents, tumor necrosis factor a inhibitors, tyros-
ine kinase inhibitors, and other cytokine inhibitors [20]. We cal-
culated the Charlson index [21] and Pitt bacteremia score [22] on
the day of blood culture collection, to assess chronic and acute
severity of illness, respectively. We identified the source of infec-
tion by records review based on physician assessment and/or
according to review of clinical events by one of the investigators
(N. G. E.). We recorded infectious disease consultations and the
date the consultation pertaining to the episode of BSI occurred.

Statistical Analysis

We summarized patient demographics and comorbidities,
infection characteristics, and treatment regimens overall and by
30-day mortality. For unadjusted bivariable analyses, we per-
formed comparisons using  tests or non parametric equivalents
for continuous variables and the x* or Fisher exact test for cat-
egorical variables. We evaluated factors associated with 30-day
mortality using multivariable logistic regression analysis. Given
the number of deaths (n = 61), we sought to fit a parsimonious
model. We initially included 9 candidate variables present at the
time of culture that were of clinical interest or associated with
30-day mortality in bivariable analysis. We then used stepwise
model selection based on the model’s Akaike information cri-
terion to arrive at our final model. We checked all covariates
for collinearity using the variance inflation factor and recorded
final associations as odds ratio (OR) with 95% confidence inter-
val (CI). Variables in the final model were age, Charlson index,
Pitt bacteremia score, hemodialysis, and immunosuppression.
We performed statistical analyses using R software version 3.2.4.

RESULTS

Demographics and Geographic and Time Distribution of Cases
We identified 257 unique cases of bacteremia with Bcc at VHA
facilities nationwide during the 17-year study period. After

1328 « CID 2017:65 (15 October) o El Chakhtoura et al



review, 248 cases of true BSI remained, from 62 facilities.
Consistent with VHA demographics [23], patients were mostly
older men (mean age, 68 years; 98% men), of whom 38 (15%)
were nursing home residents. Cases were concentrated in the
South (114/248 [46%]) and the Northeast (76/248 [31%]) US
Census regions (Figure 1). We did not identify temporal varia-
tions or clustering throughout the study period (Figure 2).

Clinical and Microbiological Characteristics

Patients with Bcc BSI at the VHA were mostly chronically and
acutely ill older adults, with elevated mean Charlson indices and
Pittbacteremia scores of 4.5 and 2.3, respectively. Diabetes mellitus
was present in 108 patients (44%), and 58 (23%) were on hemodi-
alysis. Three patients had human immunodeficiency virus infec-
tion and none had AIDS. As many as 102 (41%) patients received
mechanical ventilation during the index hospitalization and 39
(16%) were in septic shock the day the cultures were drawn,
defined as hypotension necessitating pressor support. The most
frequent identified source was a central venous catheter (101
cases [41%]), followed by pneumonia (49 [20%]). Most infections
were hospital acquired (155 [62%]) or healthcare associated (70
[28%]). Notably, 23 cases (9%) were community acquired and in
patients without known immunosuppression. Among these, the
most common source was pneumonia (12/23), and 2 instances
were related to intravenous drug use. Polymicrobial BSI occurred
in 78 cases (31%), most commonly with Staphylococcus species (n
= 29; 10 methicillin-resistant S. aureus) and Enterococcus species
(n = 21; 12 vancomycin-resistant Enterococcus).

Reporting of susceptibility to antibiotics was not uniform
among facilities. TMP-SMX and ceftazidime susceptibilities
were available in 83% and 85% of cases, respectively. TMP-
SMX was the most active with 94% susceptibility (193 of 205
isolates tested), followed by levofloxacin with 88% susceptibility
(108/123). Susceptibility to ceftazidime was 72% (152/212) and

69% to meropenem, although the latter is based on a limited
number of isolates (22/32). Ticarcillin-clavulanate displayed
poor activity (6% susceptibility [4/69]) (Figure 3).

Antibiotic Treatment and Outcomes

Overall, 232 (94%) patients received empiric antibiotic therapy, 48
(21%) with 2 agents. The most frequently used antibiotics were
piperacillin-tazobactam (75 patients), cefepime (28 patients),
and imipenem (28 patients). Two hundred thirty-six patients
(95%) received definitive antibiotic therapy. This included fluoro-
quinolones in 35% (ciprofloxacin [22%] and levofloxacin [13%]),
carbapenems in 20% (meropenem [11%] and imipenem [9%]),
TMP-SMX in 18.5%, piperacillin-tazobactam in 15%, and ceftazi-
dime in 11% of cases. Definitive antibiotic therapy was inappropri-
ate in only 27 patients (11%). Using the same definition, empiric
therapy was inappropriate in 86 patients (35%). Combination
therapy was used in 29% (73/248), with 39 different combina-
tions. Of the 73 patients who received combination therapy, 43
(59%) were given fluoroquinolone-containing regimens, 25 (34%)
carbapenem-containing regimens, 16 (22%) TMP-SMX-contain-
ing regimens, and 13 (18%) ceftazidime-containing regimens.
Fluoroquinolones were most commonly combined with carbap-
enems (12/43), piperacillin-tazobactam (8/43), cefepime (8/43),
and TMP-SMX (7/43). Ceftazidime and TMP-SMX were coad-
ministered in 5 cases. Infectious disease consultation was obtained
in 56% (138/248) of cases. Notably, patients evaluated by an infec-
tious disease consultant were significantly more likely to receive
appropriate definitive antibiotic therapy (75 vs 57%, P = .003).
Mortality at 14, 30, and 90 days was 16%, 25%, and 36%, respec-
tively. Table 1 shows clinical characteristics by outcome.

Risk Factors for Mortality
Bivariable analysis revealed that patients who did not survive
at 30 days were older and sicker (reflected by older age, higher

Number of cases
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Geographical distribution of cases of Burkholderia cepacia complex bloodstream infection in facilities from the US Veterans Health Administration, 1999-2015.
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Figure 2. Time distribution of cases of Burkholderia cepacia complex bloodstream infection and trends in 30-day mortality.

Charlson index, Pitt bacteremia score, mechanical ventilation,
and shock). Previous antibiotic use was significantly higher in
those who died. In the multivariable logistic regression analy-
sis of factors affecting 30-day mortality, age (OR, 1.06 [95% CI,
1.02-1.10], per added year) and Pitt bacteremia score (OR, 1.65
[95% CI, 1.44-1.94], per unit increase) were associated with
higher mortality (Table 2).

DISCUSSION

In this study, we assembled a cohort of patients with Bcc BSI to
investigate the epidemiology, treatment, and outcomes of such
infections. The use of nationwide data curated from the VHA
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Figure3. Results of antimicrobial susceptibility testing of isolates of Burkholderia

cepacia complex causing bloodstream infection. Abbreviation: NS, nonsusceptible.

from 1999 through 2015 afforded us unique insights. The VHA
is one of the largest integrated healthcare systems in the nation
and uses EHRs at all its sites. Additionally, VHA databases
include well-structured microbiology data [24]. In this study,
we were able to confirm and complement this information
through careful examination of individual patients’ EHRs. As
a result, we gathered one of the largest cohorts of patients with
Bce BSI in non-CF patients. Although several studies describe
the treatment and impact of Bcc infections in CF patients [5],
most reports from non-CF patients are in the context of out-
breaks (Table 3) [7, 8, 25-27].

We found that Bcc BSIs in the VHA were mostly hospital
acquired or healthcare associated, and occurred in severely ill older
adults with high mortality (25% at 30 days). We identified central
venous catheters and pneumonia as the 2 most common sources,
consistent with other reports [8, 27]. Bcc BSI occurred in 23 patients
without immunocompromising conditions or documented health-
care exposures, which is uncommon [8, 28, 29]. Multivariable
regression analysis showed that age and the Pitt bacteremia score
were associated with increased 30-day mortality. Although poten-
tial unmeasured predictors limit the interpretation of this result,
our data align with evidence demonstrating that severity of illness
captured by the Pitt bacteremia score is a determinant of mortality
in patients with gram-negative BSI [22, 30-32].

Antibiotic therapies consisted mainly of fluoroquinolones
(36%), followed by carbapenems (21%), TMP-SMX (18.5%),
and ceftazidime (11%). While TMP-SMX and ceftazidime are
often considered treatments of choice for Bcc infections due to
their reliable activity (Table 3), the evidence to support that rec-
ommendation is limited [6]. In our cohort of Bcc BSIs in non-CF
patients from VHA facilities, most patients were treated with an
active agent and we did not observe a difference in outcome
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Table 1. Characteristics of Patients With Burkholderia cepacia Complex
Bloodstream Infection at US Veterans Health Administration Facilities,
1999-2015

Survived at 30 d  30-d Mortality

Characteristic (n=187) (n=61) PValue

Demographic characteristics and comorbidities

Age, y, mean (SD) 66.1(12.3) 72.41 (11.2) <.001
Male sex 182 (97.3) 60 (98.4) 1
Region
Northeast 48 (25.7) 28 (45.9) .02
Midwest 24 (12.8) 5 (8.2)
South 94 (50.3) 20 (32.8)
West 18 (9.6) 5(8.2)
Puerto Rico 3(1.6) 3(4.9)
Nursing home resident 28 (15.0) 10 (16.4) .95
Comorbidities
Dialysis 48 (25.7) 10 (16.4) 19
Immunosuppression? 28 (15.0) 14 (23.0) 21
HIV infection 1(0.5) 2(3.3) .30
Diabetes mellitus 83 (44.4) 25 (41.0) .75
Chronic kidney disease 74 (39.6) 19 (31.1) .30
Coronary artery disease 66 (35.3) 27 (44.3) 27
Chronic pulmonary disease 66 (35.3) 24 (39.3) .68
Congestive heart failure 54 (28.9) 24 (39.3) 7
Cerebrovascular accident 37 (19.8) 17 (27.9) .25
Spinal cord injury 21 (1.2) 3(4.9) .23
Charlson index score”, 4.3(2.3) 5.0 (2.6) .08
mean (SD)
Clinical characteristics
Maximal temperature, °C, 38.2 (1.2) 38.0 (1.3) .39
mean (SD)
Systolic blood pressure, mm  128.3 (25.1) 1175 (27.8) .005
Hg, mean (SD)
Heart rate, beats/min, mean 872 (18.9) 9700 (23.9) .001
(SD)
Respiratory rate, breaths/min,  19.9 (4.4) 21.8 (6.2) .001
mean (SD)
Mechanical ventilation 58 (31.0) 44.(72.1)  <.001
Septic shock 14 (7.5) 25(41.00 <.001
Intensive care unit admission 37 (19.8) 19 (31.1) .09
Pitt bacteremia score, mean 1.4 (1.8) 5.0 (3.7) <.001
(SD)
Microbiological and infection characteristics
Polymicrobial bacteremia 53 (28.3) 25 (41.0) .09
Source of infection
Central venous catheter 82 (43.9) 19 (31.1) .049
Pneumonia 37 (19.8) 12 (19.7)
Other 27 (14.4) 6(9.8)
Unknown 41 (21.9) 24 (39.3)
Mode of acquisition®
Community acquired 21 (11.2) 2 (3.3) <.001
Hospital acquired 103 (55.1) 52 (85.2)
Healthcare associated 63 (33.7) 7 (11.5)
Antibiotic use within prior 90 d 144 (77.0) 56 (91.8) .019
Hospitalization within 98 (52.4) 36 (59.0) .45
prior 90 d
Treatment and outcome
Appropriate definitive therapy
Appropriate 132 (70.6) 35 (57.4) .071
Inappropriate 16 (8.6) 11 (18.0)
Missing 39 (20.9) 15 (24.6)

Table 1. Continued

Survived at 30 d  30-d Mortality

Characteristic (n=187) (n=61) PValue
Appropriate empiric therapy
Appropriate 58 (31.0) 18 (29.5) .069
Inappropriate 71 (38.0) 15 (24.6)
Missing 58 (31.0) 28 (45.9)
Definitive therapy
Trimethoprim- 36 (19.3) 10 (16.4) .76
sulfamethoxazole
Ceftazidime 22 (11.8) 6(9.8) .86
Meropenem 22 (11.8) 5(8.2) .59
Imipenem 15 (8.0) 7 (11.5) .57
Levofloxacin 28 (15.0) 5(8.2) .26
Ciprofloxacin 43 (23.0) 12 (19.7) 72
Combination definitive therapy 52 (27.8) 21 (34.4) 41
Infectious disease consultation 109 (58.3) 29 (475) 19

Data are presented as No. (%) unless otherwise indicated.
Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation.

fImmunosuppression includes patients with solid organ or hematologic malignancies not
in remission, organ transplant recipients, and those receiving immunosuppressive therapy.
°Charlson index does not include age as a factor.

°Community acquired: infection occurring as outpatient or <48 hours after admission and
no healthcare encounter within the preceding 90 days; hospital acquired: infection occur
ring >48 hours after admission; healthcare associated: infection occurring <48 hours after
admission plus healthcare encounter within the preceding 90 days.

between patients who received TMP-SMX or ceftazidime and
those who received other agents (Table 1).

We observed reliable in vitro activity of TMP-SMX (94% sus-
ceptibility) in our cohort but a high rate of nonsusceptibility
to ceftazidime (28%). Similarly, resistance to meropenem and
ticarcillin-clavulanate was high, although only a limited num-
ber of isolates were tested. The use of ceftazidime-avibactam, a
novel B-lactam P-lactamase inhibitor combination with potent
activity against the PenA B-lactamase present in Bcc, may serve

Table 2. Multivariable Logistic Regression Model for 30-Day Mortality

Variables Bivariable Analysis® Multivariable Analysis®
Age® 1.01 (1.00-1.01) 1.06 (1.02-1.10)
Pitt bacteremia score® 1.09 (1.07-1.10) 1.65 (1.44-1.94)
Charlson index® 1.02 (.99-1.04) 1.14 (.98-1.33)
Dialysis 0.91 (.80-1.03) 0.51 (.18-1.28)
Immunosuppression 1.11 (.96-1.28) 2.03 (.80-5.01)

Mode of acquisition

HAI vs CAI 1.28 (1.07-1.54)
HCAI vs CAI 1.01 (.83-1.23)
Polymicrobial bacteremia 1.11 (.99-1.25)

Antibiotic use within prior 90 d 1.19 (1.04-1.36)
Inappropriate empiric therapy
0.94 (.82-1.07)

1.09 (.96-1.25)

Inappropriate vs appropriate
Inappropriate vs missing

Abbreviations: CAl, community-acquired infection; HAI, hospital-acquired infection; HCAI,
healthcare-associated infection.

#0dds ratio (95% confidence interval).
°Qdds ratio for every single unit increase.

°Charlson index does not include age as a factor.
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Table 3. Studies Describing Burkholderia cepacia Complex Bloodstream Infections in Patients Without Cystic Fibrosis

Characteristics This Study Liao et al [27] Bressler et al [25], Woods et al [26] Luetal [12] Huang et al [13]
Study population

Time frame 1999-2015 2004-2007 1996-2002 1982-1995 1997-1999

No. of cases 248 95 53, 9 with cystic fibrosis 70 42

Age, y, mean (range) 68 (22-94) 69 (65-87) 46 (24-82) 34 (median, <1-83) 70 (2-92)
Source

Catheter-related infection 165/248 (63) 21/95 (22) 11/70 (16) 8/42 (19)

Respiratory tract infection 49/248 (20) 47/95 (49) 17/70 (24) 20/42 (48)
Nosocomial 225/248 (91) All cases All cases 64/70 (91) 40/42 (95)
Susceptibility pattern

Trimethoprim-sulfamethoxazole 193/205 (89) 0/73 (0) 44/53 (83) 36/42 (86)

Ceftazidime 152/212 (72) 71/73 (97) 37/40 (92) 41/43 (95) 40/42 (95)

Meropenem 22/32 (69) 73/73 (100)

Imipenem 54/136 (40) 5/40 (13) 23/38 (61) 32/42 (76)
Recorded outcomes

14-d mortality 40/248 (16) 16/95 (17) 25/53 (47) 8/70 (11)

30-d mortality 61/248 (25)

In-hospital mortality 51/95 (54) 27/42 (64)

Data are presented as No. (%) unless otherwise indicated.

as an option in cases where “first-line” agents are not active. In
vitro assays demonstrate that the addition of avibactam to cef-
tazidime resulted in a 24-fold reduction in minimum inhibitory
concentration among 35 of 49 ceftazidime-resistant Bcc strains
[33]. In another study, addition of avibactam to ceftazidime also
restored susceptibility to ceftazidime in all ceftazidime-resistant
B. multivorans isolates from CF patients [34].

The therapeutic challenge posed by infections caused by
multidrug-resistant gram-negative bacteria has led to renewed
interest in combination antibiotic therapy. In infections caused
by carbapenem-resistant Enterobacteriaceae, there is evidence
from observational studies in favor of combination [35], and
randomized controlled trials are being conducted to test the
hypothesis that combination is superior to monotherapy
(ClinicalTrials.gov identifiers NCT01597973, NCT01732250).
In this cohort of patients with Bcc BSI, combination regimens
were very heterogeneous and the observational nature of our
study precludes any conclusions regarding the causality of
observed associations between treatment and outcomes.

This is a retrospective cohort consisting mostly of male
Veterans. Nevertheless, given that our observations come from
a large nationwide cohort comprising a prolonged period,
they likely can be extended to a general population of adult
non-CF patients. Several investigations have documented the
comprehensiveness and reliability of VHA databases to study
other bacterial infections [24, 36]. Although the reliability of
the data extracted from VHA databases in the early period of
this study are not guaranteed, our approach of confirming and
complementing administrative data through review of individ-
ual EHRs aimed to ensure accuracy. That same approach using
EHR review to complement and verify administrative data has
been used in other studies [37-39].

Due to the prolonged duration and the large geographical
reach of this study, there are likely variations in the identifi-
cation and antimicrobial susceptibility testing of Bcc isolates.
We derive our observations from clinical microbiology reports
from facilities where testing is performed according to stand-
ard practices at each site, which may vary. Notably, although
CLSI offers interpretive breakpoints for Bcc, the European
Committee on Antimicrobial Susceptibility Testing (EUCAST)
does not provide guidelines for antimicrobial susceptibility test-
ing in Bec [40]. Since we did not have access to the isolates, we
could not confirm the identification of Bec nor perform antimi-
crobial susceptibility testing with a uniform methodology. We
also could not undertake molecular typing of Bec, and therefore
cannot rule out intra- and interfacility clonal dissemination.
We did not detect any significant clustering in time or space to
suggest outbreaks, but this remains a possibility. Additionally,
molecular characterization of isolates would have allowed
identification at the species level, permitting insights into the
clinical impact of different species. For instance, Woods et al
demonstrated different virulence potentials in 2 strains of B.
cenocepacia (genomovar III) responsible for a prolonged out-
break of Bec BSI associated with high mortality [26].

In summary, this large cohort of non-CF patients with Bcc
BSI at VHA facilities nationwide reveals that these occurred
in severely ill older adults, often with central venous catheters,
with high rates of mortality. Treatment frequently consisted
of fluoroquinolones, which demonstrated activity against Bcc
in this cohort. Despite the extensive activity of TMP-SMX,
most patients were treated with other active agents without
differences in mortality. We also observed unexpectedly high
resistance to ceftazidime, likely mediated by p-lactamases.
Experimental models and clinical studies comparing novel
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B-lactamase inhibitor combinations with established therapies
are needed to advance management strategies. We consider
that the approach to improve survival in non-CF patients with
Bce BSI should include controlling the source of infection and
prompt initiation of effective antibiotic therapy, with TMP-
SMX and fluoroquinolones offering the best probability of
activity. The participation of infectious disease consultants may
facilitate those goals. Interventions to improve the diagnosis
and treatment of Bcc BSI using determined channels (eg, EHR
clinical decision tools) and planned strategies (eg, education to
modify prescribing practices) may also help improve outcomes.
Lastly, we advance that Bcc serve as a paradigm of the challenge
posed by multidrug-resistant gram-negative bacteria, where
prospective observations are urgently needed to discern corre-
lations between strain types, mechanisms of resistance, treat-
ment choices, and clinical outcomes.
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