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Methods: This retrospective observational study, conducted from July 2021 to August 2023,
involved adult ICU patients with positive blood cultures who underwent BCID2 testing. The
concordance between BCID2 and conventional culture results was examined, and its impact
on antimicrobial stewardship was assessed through a comprehensive retrospective review of
patient records by intensivists.

Results: A total of 129 blood specimens from 113 patients were analysed. Among these patients,
a high proportion of drug-resistant strains were noted, including carbapenem-resistant Klebsiella
pneumoniae (CRKP) (57.1%), carbapenem-resistant Acinetobacter calcoaceticus-baumannii com-
plex (100%), methicillin-resistant Staphylococcus aureus (MRSA) (70%), and vancomycin-resistant
Enterococcus faecium (VRE) (100%). The time from blood culture collection to obtaining BCID2
results was significantly shorter than conventional culture (46.2 h vs. 86.9 h, p < 0.001). BCID2
demonstrated 100% concordance in genotype—phenotype correlation in antimicrobial resistance
(AMR) for CRKP, carbapenem-resistant Escherichia coli, MRSA, and VRE. A total of 40.5% of pa-
tients received inadequate empirical antimicrobial treatment. The antimicrobial regimen was
adjusted or confirmed in 55.4% of patients following the BCID2 results.

Conclusions: In the context of a high burden of drug-resistant pathogens, BCID2 demonstrated
rapid pathogen and AMR detection, with a noticeable impact on antimicrobial stewardship in
BSI in the ICU.

Copyright © 2024, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Bloodstream infection (BSI) in critically ill patients require
timely diagnosis and antibiotic treatment to effectively
improve survival.””> However, an escalating antimicrobial
resistance in the intensive care unit (ICU) has been noted
in recent years.>* The "ESKAPE” pathogens (Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa,
and Enterobacter species) continue to be leading causes
of multidrug-resistant organisms (MDROs) infections
worldwide.>¢

Antimicrobial resistance is related to delays in achieving
appropriate antimicrobial therapy and heightened mortal-
ity.>” In conjunction with the high disease severity and
mortality in ICU patients with BSI, antimicrobial resistance
leads to a substantial rise in the use of broad-spectrum
antibiotics, exacerbating the issue by promoting the se-
lection of antimicrobial-resistant pathogens.? Thus, early
identification of bacterial strains and the use of appropriate
antibiotics are essential.

Conventionally, bacterial pathogens are identified
through blood cultures, a time-consuming process involving
multiple incubation steps for pathogen identification and
antimicrobial susceptibility testing (AST). Multiplex PCR
(mPCR) assays have been developed to rapidly identify
pathogens in flagged blood cultures, eliminating the need for
bacterial subculture and facilitating the prompt and precise
identification of pathogens.®’ The BioFire FilmArray Blood
Culture Identification 2 (BCID2) panel (BioFire Diagnostics,
bioMérieux, Salt Lake City, Utah) is a second-generation
mPCR system capable of detecting 43 targets, including 26
bacteria, 7 yeast, and 10 antibiotic resistance genes. The
system provides results within 1 h for positively flagged
blood cultures.’ Supplementary Table 1 illustrates the dif-
ferences between its first version, the BCID, and the new
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version, BCID2 panels. Previous literature had reported the
performance and benefit of BCID2 in clinical care,'®~'? with
the ability to detect the most common ‘ESKAPE’ pathogens
in the ICU and more antibiotic resistance genes than BCID.
However, limited studies have focused on the application of
BCID2 in critically ill patients with BSI in the ICU and its role
in antimicrobial stewardship. This study aims to evaluate the
real-world impact of BCID2 on patients with BSI in the ICU.

Materials and methods
Patients and study design

This retrospective observational study was conducted at a
tertiary medical center in central Taiwan, China Medical
University Hospital (CMUH). Critically ill adult patients
(aged >18) diagnosed with BSI who underwent BCID2 Panel
from July 2021 to August 2023 were enrolled. During the
study period, all ICU patients with positive blood cultures
underwent BCID2 testing. The flagged blood culture was
tested with BCID2 after obtaining informed consent from
the patients or their family. Flagged blood culture samples
with suspect contamination were excluded.

This study received approval from the Institutional Re-
view Board (IRB) of the CMUH (CMUH108-REC2-111,
CMUH111-REC1-074). It was conducted in accordance with
the Declaration of Helsinki and followed the Strengthening
the Reporting of Observational studies in Epidemiology
(STROBE) guidelines.

Definitions and data collection

Blood culture collection was initiated promptly when pa-
tients exhibiting systemic signs of infection, and BSI was
defined as positive blood culture.”® In this study,
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Table 1 Demographic data of patients with bacteraemia undergoing the BioFire
FilmArray® Blood Culture Identification Panel 2 (BCID2) for pathogen identification

in the ICU.

Characteristic n =113

Age (years), median (Q1, Q3) 68.5 (60.0, 78.1)
Sex, male, n (%) 82 (72.6)

BMI (kg/m?), median (Q1, Q3)
Modified Charlson score, median (Q1, Q3)
Comorbidities, n (%)

23.6 (20.0, 26.9)
6 (4, 8)

Hypertension 53 (46.9)
Diabetes mellitus 53 (46.9)
Immunocompromised 42 (37.2)
Solid cancer 29 (25.7)
Hematologic malignancy 13 (11.5)
Chronic kidney disease 28 (24.8)
Coronary artery disease/Congestive heart failure 17 (15.0)
Liver cirrhosis 14 (12.4)
Chronic obstructive pulmonary disease 11 (9.7)
Cerebral vascular accident 8 (7.1)
Risk factors, n (%)
History of hospital admission within 90 days 42 (37.2)
Chronic dialysis 35 (31.0)
Intravenous antibiotic(s) exposure within 90 days 31 (27.4)
History of operation within 90 days 21 (18.6)
History of ICU admission within 90 days 8 (7.1)
Nursing home/RCW resident 6 (5.3)
Any one of above risk factors 69 (61.1)
Parenteral nutrition, n (%) 21 (18.6)
Chemotherapy, n (%) 10 (8.8)
Infection focus, n (%)
Intraabdominal infection 38 (33.6)
Pneumonia 34 (30.1)
Urinary tract infection 13 (11.5)
Catheter related 9 (8.0)
Soft tissue infection 2 (1.8)
Multiple focus 6 (5.3)
Unknown 11 (9.7)
Disease severity on bacteraemia index date
APACHE Il score, median (Q1, Q3) 29 (23, 32)
SOFA score, median (Q1, Q3) 13 (9, 15)
Septic shock, n (%) 82 (72.6)

Inflammatory markers

CRP (mg/L), median (Q1, Q3)

Procalcitonin (ng/mL), median (Q1, Q3) (n = 96)
Organ support, n (%)

Invasive mechanical ventilation

16.0 (5.5, 23.9)
24.9 (5.7, 75.6)

107 (94.7%)

Continuous renal replacement therapy 20 (17.7)
Outcome

ICULOS (n = 61)° 13 (8—22.5)

ICU mortality, n (%) 52 (46.0)

Hospital LOS (n = 57) © 36 (18—76)

Hospital mortality, n (%) 56 (49.6)

@ Hematologic malignancies, Chronic steroid use (prednisolone 5 mg/day or equivalent
>1 month or >30 mg/day) or other immunosuppressive therapy for diseases such as
connective tissue disease, rheumatic disease, or solid organ transplantation.

b The assessment of ICU and hospital stays did not include patients who died during
hospitalization.

APACHE Il, Acute Physiology and Chronic Health Evaluation II; BMI, body mass index; CRP,
C-reactive protein; ICU, intensive care unit; LOS, length of stay; RCW, respiratory care
ward; SOFA, Sequential Organ Failure Assessment.
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contamination was defined as follows: if only one set of at
least two sets of blood cultures was positive for coagulase-
negative staphylococci (CoNS), or if CoNS was detected in a
single set of blood culture.™

Patient characteristics, the primary infection focus of
BSI, risk factors for acquiring drug-resistant pathogens
including antibiotic exposure history and recent hospital
admission, results of BCID2 and the standard of care blood
culture, antibiotic regimen, disease severity, presence of
organ failure and level of organ support were retrospec-
tively collected from electronic medical records. Disease
severity was assessed with Acute Physiologic Assessment
and Chronic Health Evaluation Il (APACHE II) score and
Sequential Organ Failure Assessment (SOFA) Score on the
BSI index date.

Microbiological testing

The blood culture bottles were placed in a BD BACTEC™ FX
Blood Culture System (Becton Dickinson, Sparks, MD, USA).
When the BACTEC FX system flags a blood culture as posi-
tive, indicating microbial growth, a Gram stain is conducted
to verify the presence of microorganisms including Gram-
positive (GP) or Gram-negative (GN) bacteria. In addition to
the conventional culture methods, positive blood culture
bottles were analysed using the BCID2 panel in the enrolled
patients.

The BCID2 procedure adhered to the manufacturer’s
guidelines and was executed at the clinical microbiology
laboratory of CMUH. Positive bacterial and genetic markers
detection results were reported in a qualitative manner.

In conventional methods, microbial identification to the
species level was carried out using matrix-assisted laser
desorption ionization-time of flight mass spectrometry
(MALDI-TOF MS) Biotyper system (Bruker Microflex LT/SH,
Bruker Daltonics GmbH) with colonies, and antimicrobial
susceptibility testing was conducted using a commercial
susceptibility system (BD Phoenix M50 Automated Microbi-
ology System, Becton Dickinson, Sparks, MD, USA).

1 40 co-pathogenm single pathogen

21

Number

Fig. 1.

Performance measures of BCID2

The bacterial analyte culture findings, serving as the stan-
dard of care, were employed as the gold standard and
reference method for bacterial detection in the analysis of
the performance of BCID2. A BCID2 result was categorized
as a true positive or true negative when it aligned with the
standard-of-care investigation results. A BCID2 result is
deemed false positive if it is positive while the culture
result is negative. Conversely, a BCID2 result is deemed
false negative if it is negative while the culture result is
positive. Concordance was established when the BCID2 re-
sults for bacterial detection aligned with the results of the
conventional culture.

Clinical impact of BCID2 on antimicrobial therapy

During the study period, the attending intensivist adminis-
tered empiric antibiotic therapy for individuals presenting
with BSI in ICU. Antibiotics were adjusted based on the
results obtained from BCID2 and final conventional culture
results.

Three distinct intensivists conducted a retrospective
evaluation of the BCID2 results’ influence on antimicrobial
treatment by reviewing patient medical records. When
discrepancies arose between two reviewers, a third inten-
sivist was consulted to reach a consensus. “Adequate
antimicrobial therapy” was characterized by the adminis-
tration of at least one antibiotic deemed appropriate ac-
cording to the final AST. The term "adequate but could be
de-escalated” refers to scenarios where treatment could
potentially shift to antibiotics with a narrower spectrum.

Statistical analysis

All statistical analyses were conducted using SPSS ver. 25
(SPSS Inc., Chicago, IL, USA). Categorical variables were
presented as numbers and percentages. Continuous data
were presented as the median and interquartile range, and

Fungus-bacteria co-detection
2 (1.6%)

Fungus
3(2.3%)

No pathogen
10 (7.8%)

Single
bacteria
91 (70.5%)

Bacteria co-detection
23 (17.8%)

Pathogens detected by BioFire FilmArray® Blood Culture Identification Panel 2 (BCID2) panel among 129 blood specimens

obtained from 113 patients with bloodstream infection. A single pathogen is indicated in deep blue; co-pathogens are indicated in a

lighter colour.
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mcer-1
1(1.4%)

CTX-M
7 (10.2%)

Carbapenemase genes
and
CTX-M co-detection
7 (10.2%)

Carbapenemase genes
15 (21.7%)

Carbapenemase genes in all specimens (n = 24)

KPC 17 70.8%
OXA-48-like 3 12.5%
ViM 2 8.3%

MBL IMP 1 4.2%
NDM 1 4.2%

No resistance
gene
£l )

mecA/C and {
MREJ
5 (62.5%)

vanA/B

9 (100%)

(A) Distribution and analysis of total detected antimicrobial resistance genes by BioFire FilmArray® Blood Culture

Identification Panel 2 (BCID2) panel among 99 specimens from patients with Gram-negative bacteraemia, with a focus on Enter-
obacterales. And distribution analysis of total carbapenemase genes in all specimens (B) Distribution and analysis of total detected
antimicrobial resistance genes by BCID2 panel among 23 specimens from patients with Gram-positive bacteraemia, with a focus on
Staphylococcus aureus and Enterococcus faecium. MBL, metallo-B-lactamase.

group differences were assessed using the Mann—Whitney U
test. All tests were two-tailed, and statistical significance
was indicated by a P value < 0.05.

Results
Demographic characteristics

This study analysed a total of 129 blood specimens obtained
from 113 patients with BSl. Among these patients, 82 were
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male (72.6%), with a median age of 68.5 years (Q1, Q3 60.0,
78.1). The most prevalent comorbidities included hyper-
tension (46.9%), diabetes mellitus (46.9%), immunocom-
promised status (37.2%), and solid cancer (25.7%). Notably,
37.2% of patients had a history of recent hospital admission,
and 27.4% had been exposed to intravenous antibiotics
within the past 90 days. Of the total, 69 (61.1%) patients
displayed at least one risk factor for acquiring drug-
resistant pathogens (Table 1).

Intra-abdominal infection (33.6%) and pneumonia
(30.1%) were the most common infection focuses. The
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Pathogens detected by conventional culture and antimicrobial susceptibility testing. Labelled different colors whether

the pathogens detectable by the BioFire FilmArray® Blood Culture Identification Panel 2 (BCID2) panel and antimicrobial resistance
(Carbapenem/Methicillin/Vancomycin -resistance) and extended-spectrum B-lactamase are present or not. The blue color in-
dicates detectability by the BCID2 panel, while the brown color indicates non-detectability by the BCID2 panel. Additionally, darker
colors represent drug resistance, while lighter colors indicate the absence of drug resistance. ESBL, extended spectrum beta

lactamase, MDR, multiple drug resistance.

median C-reactive protein level was 16.0 (Q1, Q3 5.5,
23.9), and the median procalcitonin level was 24.9 (Q1, Q3
5.7, 75.6). The median APACHE Il score on the BSI index
date was 29 (Q1, Q3 23, 32), and the SOFA score was 13 (Q1,
Q3 9, 15). Septic shock developed in 82 (72.6%) patients.
Invasive mechanical ventilation was required for 107
(94.7%) patients, and 20 (17.7%) underwent continuous
renal replacement therapy (Table 1).

The median ICU length of stay (LOS) after BSI index date
was 13 days (Q1, Q3 8, 22.5), and the hospital LOS was 36
days (Q1, Q3 18, 76). The ICU and hospital mortality rates
were 46.0% and 49.6%, respectively.

180
160
p <0.001
140

120

100

80 86.9

Time (hours)

60

40 46.2

20

0

Conventional BCID2

culture

Fig. 4. Time from sampling to diagnostic results by BioFire
FilmArray® Blood Culture Identification Panel 2 panel (BCID2)
and conventional culture.
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Microbiological outcomes

BCID2 findings

Among all blood culture specimens, BCID2 yielded positive
results in 119 (92.2%) specimens, with majority caused by
single bacteria (70.5%). The most frequently identified GN
bacteria included the K. pneumoniae group (n 40),
Escherichia coli (n = 21), Acinetobacter calcoaceticus-
baumannii complex (n = 13), and P. aeruginosa (n = 13)
(Fig. 1). Antimicrobial resistance genes were identified in
47 (36.4%) specimens. Among these, 21.3% (10/47) exhibi-
ted more than two resistance genes (Fig. S1). The most
detected gene was blakpc (n = 17, 28.8%), followed by
blactx-m (n = 15, 25.4%) and vanA/B (n = 9, 15.3%). met-
allo-B-lactamases (MBLs, blanpm, blawe, blayiy) accounted
for 6.8% (n = 4) of the detected resistance genes (Fig. 51).
We further analysed the resistance genes in different bac-
terial strains. The most common GN bacterial pathogens
were Enterobacterales (n 69, 69.7%). Among these,
carbapenemase genes were detected in 21.7%, blactx-m
were found in 10.2%, and co-detection of carbapenemase
genes and blactx.m was observed in 10.2% (Fig. 2A). E.
faecium (n = 9) and S. aureus (n 8) were the most
common GP bacteria. All E. faecium carried vanA/B gene
(n = 9, 100%) and 62.5% of S. aureus carried mecA/C and
MREJ genes (n = 5, 62.5%) (Fig. 2B).

Conventional culture findings

Among the 143 pathogens detected by conventional cul-
ture, drug-resistant pathogens account for 46.2% (n = 66).
The most frequently detected GN bacteria were K. pneu-
moniae (n = 35), E. coli (n = 24), A. calcoaceticus-bau-
mannii complex (n = 11), and P. aeruginosa (n = 8). The
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Table 2

Performance of the BCID2 Panel for the identification of microorganisms versus the conventional culture as gold standard. Sensitivity was calculated as [true

positive/ (true positive + false negative)] X 100%, while specificity was calculated as [true negative/(true negative + false positive)] X 100%. The positive predictive value (PPV)
was calculated as [true positive/(true positive + false positive)] X 100%, and the negative predictive value (NPV) was calculated as [true negative/(true negative + false
negative)] X 100%. The concordance rate (%) was calculated as the number of concordant results divided by the number of concordant and discordant results [total number of
tests, n = 129]. BCID2, the BioFire FilmArray® Blood Culture Identification Panel 2.

Organisms True False False True Se (%) Sp(%) PPV (%) NPV (%) Concordance rate,
positive positive negative negative % (no. of
(Culture (Culture (Culture (Culture concordant
+/BCID2 +) —/BCID2 +) +/BCID2 -) -/BCID2 -) results)
Gram-positive Staphylococcus 8 0 2 119 80 100 100 98 98.4 (127)
bacteria aureus
Staphylococcus 1 3 0 125 100 98 25 100 97.7 (126)
epidermidis
Staphylococcus 0 0 0 129 = 100 = 100 100 (129)
lugdunensis
Streptococcus 1 1 0 127 100 99 50 100 99.2 (128)
agalactiae
Streptococcus 0 0 0 129 = 100 = 100 100 (129)
pneumoniae
Streptococcus 0 0 0 129 = 100 = 100 100 (129)
pyogenes
Enterococcus 1 0 0 128 100 100 100 100 100 (129)
faecalis
Enterococcus 6 3 1 119 86 98 67 99 96.9 (125)
faecium
Listeria 0 0 0 129 = 100 = 100 100 (129)
monocytogenes
Enterobacterales Enterobacter 2 0 0 127 100 100 100 100 100 (129)
cloacae complex
Escherichia coli 21 2 2 104 91 98 91 98 96.9 (125)
Klebsiella 1 0 1 127 50 100 100 99 99.2 (128)
aerogenes
Klebsiella oxytoca 1 0 0 128 100 100 100 100 100 (129)
Klebsiella 34 6 0 89 100 94 85 100 95.3 (123)
pneumoniae group
Proteus spp. 4 0 0 125 100 100 100 100 100 (129)
Salmonella spp. 2 0 0 127 100 100 100 100 100 (129)
Serratia 3 1 0 125 100 99 75 100 99.2 (128)
marcescens
Glucose Acinetobacter 11 2 1 115 92 98 85 99 97.7 (126)
nonfermenting calcoaceticus-
gram-negative baumannii

bacteria

complex

‘e 39 uay) *7-*) ‘BUSSL "A-"H ‘UdYD "A-"H
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Table 3  Correlation of antimicrobial resistance genotype (detected by BioFire FilmArray® Blood Culture Identification Panel
2) and phenotype (detected by conventional culture with antimicrobial susceptibility testing) in pathogens detected by both
methods.
Pathogens Concordance rate (%)
ESBL CRE MRSA VRE
Enterobacterales Enterobacter cloacae complex 100 66.7 = =
Escherichia coli 85 100° — —
Klebsiella aerogenes 100 100 = =
Klebsiella oxytoca — 100° = -
Klebsiella pneumoniae group 71.4 100¢ = =
Proteus spp. 100 100 = =
Serratia marcescens 100 100¢ = =
Gram-positive bacteria Staphylococcus aureus = = 100¢ =
Enterococcus faecium = = = 100"

3 KPC (n
> VIM (n
€ KPC (n
9 VIM (1).

€ mecA/C and MREJ (n = 4), mecA/C (n =
f vanA/B (n = 6).

)-

1
1).
= 16), OXA-48-like (n = 3), IMP (n = 1), NDM (n =

2).

1).

BCID2, BioFire FilmArray® Blood Culture Identification Panel 2; CRE, Carbapenem-resistant Enterobacterales; ESBL, Extended Spectrum
Beta Lactamase; MRSA, Methicillin-resistant Staphylococcus aureus; VRE, Vancomycin-resistant Enterococcus.

Resistance genes detected by BCID2 Panel.

most common GP pathogens were S. aureus (n = 10) and E.
faecium (n 7) (Fig. 3). Among the common pathogens
detected in the ICU, 20 out of 35 (57.1%) K. pneumoniae
were carbapenem resistant, and 2 (5.7%) were classified as
extended spectrum beta lactamase (ESBL) strains. For E.
coli, 9 out of 24 (37.5%) were ESBL, and 1 (4.2%) exhibited
carbapenem resistance. All detected A. calcoaceticus-
baumannii complex were carbapenem resistant strains.
Regarding P. aeruginosa, 2 out of 8 (25%) were carbapenem
resistant. Seven out of 10 (70%) S. aureus exhibited
oxacillin resistance, and all E. faecium were vancomycin
resistant. Moreover, 14.7% (21/143) of off-panel organisms,
which the BCID2 Panel is not designed to detect, were
identified by conventional culture, with the most
frequently detected ones being Elizabethkingia anophelis
(n = 2), Morganella morgani (n 2), and Citrobacter
freundii (n = 2) (Fig. 3).

Performance of BCID2

The time from sample collection to a complete result
report was 46.2 h (Q1, Q3 30.4, 56.7) and 86.9 h (Q1, Q3
70.6, 110.2) for BCID2 and conventional culture with com-
plete AST (Fig. 4).

Using the results of conventional blood culture as the
gold standard for comparison, the specificity and NPV of
BCID2 were both higher than 90% for all species (Table 2).
Among common pathogens in the ICU, the sensitivity is
greater than 90% in the K. pneumoniae group, E. coli, and
A. calcoaceticus-baumannii complex. As for P. aeruginosa,
E.faecium, and S. aureus, their sensitivities are 78%, 86%,
and 80%, respectively.

The correlation between the antimicrobial resistance
genotype, as detected by BCID2, and the phenotype, as
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detected by conventional culture with AST, is shown in
Table 3. Among the common pathogens in the ICU with
detectable resistance genes, the concordance rates are
71.4% and 85% for ESBL K. pneumoniae and ESBL E. Coli. For
CRKP, carbapenem-resistant E. Coli, MRSA, and VRE, the
concordance rates are 100%. Detailed information on
genotype—phenotype correlation is provided in Table 4.

Real-world clinical behaviour following receipt of
BCID2 results

After excluding three patients who died before any anti-
biotic adjustment could be made and five patients without
AST in conventional bacterial cultures, a total of 121 BSI
episodes were included in the retrospective analysis on the
impact of antimicrobial treatment based on BCID2 results
(Fig. 5).

The adequacy of antimicrobial treatment was assessed
using conventional culture results with AST. Among the 121
patients, 49 (40.5%) received ‘inadequate’ empirical anti-
microbial treatment. Of the 72 (59.5%) who received an
adequate empirical regimen, 41 (33.9%) had a narrower
spectrum antibiotic choice.

Following the results of BCID2, 38 patients initially
receiving inadequate antimicrobial regimen had their
antibiotic adjusted to an adequate one. A total of 25 pa-
tients were on adequate empirical antimicrobial regimens,
and the BCID2 results confirmed the adequacy of the
antibiotic use. Among the 41 patients treated adequately
with available narrower-spectrum antibiotics, 4 had their
treatment regimen adjusted to another adequate,
narrower-spectrum option. In summary, antimicrobial
regimen was adjusted or confirmed in 67 (n = 38 + 25 + 4,
55.4%) patients following the results of BCID2.
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Table 4

Elaboration on the analysis of the correlation between antimicrobial resistance genotype and phenotype.

Enterobacterales True positive False positive False negative True negative Se (%) Sp (%) PPV (%) NPV (%) Concordance
[ESBL/CTX-M (+)] [non-ESBL/ [ESBL/CTX-M (—)] [non-ESBL/ rate (%)
CTX-M (+)] CTX-M (-)]
Enterobacter 0 0 0 2 = 100 = 100 100
cloacae
complex
Escherichia coli 5 0 3 12 63 100 100 80 85
Klebsiella 0 0 0 1 = 100 = 100 100
aerogenes
Klebsiella 0 1 3 10 0 91 0 77 71.4
pneumoniae
group
Proteus spp. 0 0 0 4 = 100 = 100 100
Serratia 0 0 0 2 = 100 = 100 100
marcescens
Enterobacterales True positive False positive False negative True negative Se (%) Sp (%) PPV (%) NPV (%) Concordance
[CRE/ [non-CRE/ [CRE/ [non-CRE/ rate (%)
Carbapenamase Carbapenamase Carbapenamase Carbapenamase
genes (+)] genes (+)] genes (—)] genes (—)]
Enterobacter 0 0 1 2 0 100 = 67 66.7
cloacae
complex
Escherichia coli 14 0 0 21 100 100 100 100 100
Klebsiella 0 0 1 = 100 = 100 100
aerogenes
Klebsiella oxytoca 1b 0 0 0 100 = 100 = 100
Klebsiella 19 ¢ 0 0 14 100 100 100 100 100
pneumoniae
group
Proteus spp. 0 0 3 — 100 - 100 100
Serratia 14 0 0 2 100 100 100 100 100
marcescens
Gram positive True positive False positive False negative True negative Se (%) Sp (%) PPV (%) NPV (%) Concordance
bactereia [MRSA/mecA/C (+)] [non-MRSA/ [MRSA = mecA/C ()] [non-MRSA = rate (%)
[VRE/vanA/B (+)] mecA/C (+)] [VRE = vanA/B (-)] mecA/C (—)]
[non-VRE/ [non-VRE =
vanA/B (+)] vanA/B (—)]

(continued on next page)
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Concordance
rate (%)

100
100

NPV (%)
100

PPV (%)
100
100

Sp (%)
100

Se (%)

100
100

True negative
[non-ESBL/
CTX-M ()]

False negative
[ESBL/CTX-M (—)]

1).

False positive
[non-ESBL/
CTX-M (+)]
1), NDM (n

3), IMP (n

True positive
[ESBL/CTX-M (+)]

59
6

1).
1).

< KPC (n = 16), OXA-48-like (n

aureus
faecium
2 KPC (n =
9VIM (n = 1).

Enterococcus
€ mecA/C and MREJ (n = 4), mecA/C (n = 2).

f
vanA/B (n = 6).
CRE, Carbapenem-resistant Enterobacterales; ESBL, Extended Spectrum Beta Lactamase; MRSA, Methicillin-resistant Staphylococcus aureus; NPV, Negative predictive value; PPV, Positive

predictive value; VRE, Vancomycin-resistant Enterococcus.

B VIM (n =

Table 4 (continued)
Enterobacterales
Staphylococcus

Discussion

This study explored the clinical application of the BCID2
panel in ICUs experiencing a high burden of drug-resistant
pathogens. The BCID2 demonstrates high concordance with
conventional cultures results in both bacterial pathogen
detection and genotype—phenotype correlation for anti-
microbial resistance among common ICU pathogens. Anti-
microbial therapy was optimized and confirmed in over 50%
of patients after obtaining the BCID2 result. These findings
highlight the potential to facilitate rapid treatment and
improve outcomes in the ICU with a high burden of drug-
resistant pathogens.

In this study, drug-resistant pathogens account for nearly
half of the specimens based on conventional culture results,
particularly in CRKP (57.1%), A. calcoaceticus-baumannii
complex (100%), MRSA (70%), and VRE (100%). These findings
reveal significantly higher rates compared to those reported
in the international EUROBACT-2 study, as well as a national
surveillance in this country, the Taiwan Healthcare-
associated Infections and Antimicrobial Resistance Surveil-
lance, which reported rates of up to 47.7% carbapenem
resistance in Klebsiella spp., over 80% carbapenem resis-
tance in Acinetobacter spp., as high as 44% for MRSA, and
68% for VRE.* "> As drug-resistant pathogens are rapidly rising
in the ICU,” the recommended practice for antimicrobial
therapy before finalizing AST in the ICU is to prescribe
empirical antibiotics based on local microbiologic data and
risk factors associated with multidrug-resistant (MDR) bac-
teria.® However, no single algorithm can be used to perfectly
predict MDR infection.’® Consequently, the EUROBACT-2
study reported that antimicrobial therapy was considered
adequate in only 51.5% within 24 h of blood culture sam-
pling, and antimicrobial resistance lead to a longer delay.*
Early microbiological diagnosis through molecular rapid
diagnostic testing may play a crucial role in initiating timely
and appropriate antimicrobial treatment.®'”

In this real-world study, the BCID2 Panel achieves rapid
diagnosis 40 h faster than conventional culture with com-
plete AST, from the time of blood culture collection to re-
sults. Despite variations between studies, when compared
to conventional culture methods, BCID2 enables faster
identification of BSI pathogens and their resistance genes,
facilitating the prompt guidance of semi-targeted antimi-
crobial therapy.'"'®'® The BCID2 panel identifies a high
proportion of drug resistance genes among common ICU
pathogens in this study, especially in 31.9% of Enter-
obacterales carrying carbapenemase genes. Notably,
among all the detected carbapenemase genes, 16.7% were
MBLs, indicating potential pan-drug resistance to all avail-
able antibiotics in the study hospital. The resistance gene
results detected by BCID2, combined with the prevalence
of overall resistance, mechanisms of resistance, and the
genotype—phenotype correlation of AST, can aid in
promptly guiding antimicrobial therapy in the ICU.

The concordance of genotype—phenotype correlation in
CRKP, MRSA, and VRE was high, but there was poor corre-
lation between blactx.m and phenotypic ESBL in the K.
pneumoniae group and E. coli. This finding contrasts with a
previous study, which found that the BCID2 panel demon-
strated high concordance in detecting blactx.m Wwith
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Empirical antimicrobial
treatment

n=40
Inadequate

n=9

n=15

Adequate
but could bej

de-escalated
n=26

Adequate

n=3

Fig. 5.

Antimicrobial treatment
based on BCID2 results

Targeted antimicrobial

treatment

n=38

n=4 Adequate
n=25

n=3

n=3

n=1

n=11

Adequate

but could be

de-escalated
n=26

n=1

n=6 Inadequate

Sankey diagram of the real-world antimicrobial behavior transitioning from empirical to targeted therapy, guided by the

FilmArray® Blood Culture Identification Panel 2 (BCID2) panel. The first column compares the adequacy of empirical antimicrobial
treatment to conventional blood culture results with antimicrobial susceptibility testing (AST). The second column represents real-
world antimicrobial behavior based on BCID2 results. The third column assesses the adequacy of targeted antimicrobial treatment
compared to conventional blood culture results with AST. AST, antimicrobial susceptibility testing.

phenotypic ESBL and considered it the most clinically
valuable addition.’® In this study, the most frequently
detected antimicrobial resistant gene in the K. pneumoniae
group is blakpc, which is the predominant carbapenemase
among carbapenem-non-susceptible K. pneumoniae iso-
lates in Taiwan.?’ As discrepancies in prevalence and
mechanisms of resistance can result in variations of
genotype—phenotype correlation, understanding local
epidemiology is important to maintaining the value of
mPCR tests.?! Although mPCR doesn’t predict susceptibility
or resistance to all antibiotics, the increasing burden of
MDRO in the ICU emphasizes the importance of rapidly
identifying the pathogen and its resistance genes. In the
future, enhancing the accuracy of predicting phenotypic
susceptibility and resistance could involve utilizing next-
generation sequencing and analyzing full genomic data
rather than relying on single gene markers.?*%

The BCID2 demonstrated limited sensitivity in identi-
fying P. aeruginosa, E. faecium, and S. aureus in this study,
possibly due to constraints in analyzing polymicrobial in-
fections. In our cohort, 26 out of 143 pathogens identified
by conventional culture were associated with polymicrobial
infections, including seven instances of P. aeruginosa, E.
faecium, and S. aureus. Previous research has indicated
that the BCID2 panel’s efficacy in polymicrobial blood cul-
tures is less convincing.'”'® An overview of discordant
species in polymicrobial blood culture identification by
conventional culture and the BCID2 panel is presented in
Supplementary Table 2. These findings underscore the
importance of cautious interpretation of BCID2 results in
polymicrobial infections.
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Our data revealed a high proportion (40.5%) of inade-
quate empirical antimicrobial treatment (IEAT) and BCID2
demonstrated a high impact (55.4%) on antimicrobial
stewardship in the medical ICU with a high burden of MDRO.
Given that antimicrobial resistance contributes to pro-
longing the delays in initiating appropriate antimicrobial
therapy,” the mPCR method enables providers to make
more confident antibiotic selections before obtaining full
AST results.”>**%° In our study, the majority of adjustments
involved transitioning from inadequate to adequate anti-
microbial treatment based on BCID2 results. It worth
nothing that among the patients receiving adequate
treatment with available narrower spectrum antibiotics,
only four patients de-escalated antimicrobial treatment.
Most patients did not de-escalate antimicrobial treatment
even when BCID2 detected no pathogens or resistance
genes. This finding differs from a randomized trial that
showed the use of mPCR tests led to a reduction in un-
necessary antibiotic use and facilitated antibiotic de-
escalation.® The presence of MDRO risk factors and the
disease severity was high in this study, which may lead to
broad-spectrum antimicrobial treatment and make clini-
cians hesitant to de-escalate. Additionally, for the optimal
impact of mPCR tests, the rapid results should be provided
with real-time decision support to aid in the clinical inter-
pretation of mPCR reports and the adjustment of antimi-
crobial strategies.® Fig. S2 provides insights into a strategy
for antimicrobial stewardship for BSI based on BCID2, with
the aim of rapidly identifying BCID2-detectable pathogens
and resistant genes in the ICU and initiating mPCR-based
targeted therapy promptly.
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This study has several limitations. First, it is a single-
center retrospective study with a limited number of cases;
a larger sample size from diverse regions is necessary to
enhance clinical representativeness. Second, the accuracy
of BCID2 performance on rare species in the ICU may be
compromised due to a relatively small number of cases.
Third, off-panel organisms, which the BCID2 Panel is not
designed to detect, were identified by conventional culture
in 14.7% (21/143) of our cohort and around 10% in previous
studies.'® However, the numbers of each of these off-panel
organisms are too limited to draw any conclusions in this
study, and further research is needed to justify their clin-
ical implications. Fourth, the study design excluded blood
cultures flagged as potential contamination from BCID2
testing, potentially underestimating the prevalence of
common GP pathogens in the ICU, such as E. faecium and S.
aureus. Fifth, the time from sampling to results in our study
was longer compared to previous literature.'®"? In a real-
world setting, factors like courier delivery, laboratory
processing, and working hours can influence this duration.
Nevertheless, our study still highlights BCID2’s time-saving
benefits for microbiologic diagnosis. Based on the re-
sources of the clinical laboratory, the possibility of running
the test 24/7 rather than only during working hours is
believed to further impact the timely prescription of anti-
microbials. Sixth, due to the retrospective design, re-
searchers did not influence antimicrobial treatment by
clinical physicians in this study. Further prospective studies
are needed. Seventh, in this study, ESBL was defined
phenotypically as resistant to 3rd generation cephalospo-
rins and genotypically as blacrtx.m detection. However, the
presence of the blactx.m gene may not explain all cases of
3rd generation cephalosporin resistance.

Conclusion

In conclusion, this study reveals a high prevalence of drug-
resistant pathogens in the ICU, with IEAT administered to
40.5% of patients. The BCID2 panel detect most common
pathogens in the ICU more rapidly than conventional cul-
ture with complete AST, with high concordance in
genotype—phenotype correlation in antimicrobial resis-
tance. BCID2 demonstrated an impact on antimicrobial
stewardship in more than 50% of ICU patients. To optimize
its utilization and enhance its impact, integrating mPCR
results with antimicrobial stewardship programs and real-
time decision support is necessary.
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