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infections, QIAstat-Dx BCID GN plus

AMR panel, multiplex real-time PCR Objective: This cooperative study aims to evaluate a commercial multiplex real-time
panel. PCR panel, QlAstat-Dx BCID GN Plus AMR Panel, to detect antimicrobial-resistant

genes in the bloodstream.

Materials and methods: Thirty bacterial samples were used to simulate bloodstream
infections. The comparison between the QlAstat-Dx BCID GN Plus AMR Panel and
the conventional PCR method was revealed.

Results: Both methods gave concordant results for 12 samples, while results for 15
were discordant. Three samples could not be detected using the QlAstat-Dx BCID
GN Plus AMR Panel because ebc gene is not included. The QlAstat-Dx BCID GN Plus
AMR Panel revealed a sensitivity, specificity, positive predictive value, and negative
predictive value of 91.50%, 93.30%, 74.10%, and 98.50%, respectively.

Conclusion: The study indicated that the QIAstat-Dx BCID GN Plus AMR Panel
Cartridge can detect common antimicrobial-resistant genes from the bloodstream.
However, additional resistant genes should be included in the panel to cover various
highly prevalent antimicrobial-resistant genes based on geographical location.

Introduction

Antimicrobial-resistant bacteria have emerged
as a significant global public health concern, with a
continuously increasing trend observed in developed and
developing countries, including Thailand. The majority
of pathogens responsible for infectious diseases in Thai
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hospitals or factories into the environment contributing to
the escalation.!

In 2019, the global Antimicrobial Resistance (AMR)
Situation Report revealed that 4.95 million people died
from AMR infection, with one in every five children
under 5 years old. In 2019, Thailand reported 10,800
deaths attributed to AMR and an additional 43,900
deaths related to AMR.? Sepsis is a critical emergency
leading to a high mortality rate, affecting 1 in 5 individuals
globally. In Thailand, sepsis stands as the primary cause
of death among hospitalized patients, with a tendency
to increase.®> Gram-negative bacteria pose a significant
medical challenge due to their resistance to antimicrobial
agents, especially Escherichia coli, Klebsiella pneumoniae,
other Enterobacteriaceae, Pseudomonas aeruginosa, and
Acinetobacter baumannii.* Over the past decade, these
organisms have developed increased drug resistance,
leading to prolonged treatment durations to eliminate
them.®

Among these Gram-negative bacteria, AmpC beta-
lactamase (ampC) expression in bacteria is a resistance
mechanism producing beta-lactamase, an enzyme with
similar activity as extended-spectrum beta-lactamases
(ESBLs).® Beta-lactamases can hydrolyze the beta-lactam
ring, thereby inactivating the antibiotic and conferring
resistance to most beta-lactam antibiotics, including
penicillin, narrow-spectrum and extended-spectrum
cephalosporin and monobactams.” However, AmpC
confers resistance to cephamycin and is not inhibited by
beta-lactamase inhibitors. Therefore, beta-lactamase can
cause bacteria to become resistant to many drugs.

The main causes of hospital-acquired infections are
K. pneumoniae and E. coli, with limited drugs available
for treatment. In beta-lactamase-producing E. coli
strains, AMR can be verified by phenotypic expression
characteristics and by detecting the beta-lactamase
genes. Furthermore, Amp C origin - Enterobacter cloacae
(EBC) is included in the beta-lactamase class C group.®
Primary genes responsible for beta-lactam resistance
include ambler classification class A enzymes, such
as cefotaximase. (CTX-M), sulfhydryl variable (SHV),
temoniera beta-lactamase (TEM), Pseudomonas extended
resistance beta-lactamase (PER), Vietnamese extended-
spectrum beta-lactamase (VEB) and Guiana extended-
spectrum beta-lactamase (GES). Recently, beta-lactamases
have emerged that are active against carbapenems
(carbapenemases), which are found primarily in
enterobacterales. The three types of carbapenemases
comprise K. pneumoniae carbapenemases (KPCs),
metallo-beta-lactamases (MBLs), and oxacillinases (OXAs).
The KPCs belong to the serine class A (functional group 2f)
beta-lactamases and are resistant to all beta-lactam drugs
but may still be affected by beta-lactamase inhibitors.
MBLs are class B beta-lactamases, functional group 3a,
capable of hydrolyzing all beta-lactam drugs but are not
inactivated by beta-lactamase inhibitors. The most widely
distributed MBLs are the IMP-1 (for imipenem resistance)
and VIM-1 (Verona integron encoded MBL) types. MBL has
recently been identified, mainly in E. coli strains, and has

been designated NDM-1 (New Delhi MBL). The infections
caused by carbapenem-resistant enterobacterales (CRE)
strains have been associated with up to 71% in-hospital
mortality.°

The widespread dissemination of colistin resistance
has recently garnered significant attention from the
scientific community due to its critical role as the last line
of defense against carbapenem-resistant enterobacterales
infections and its potential for horizontal gene transfer.
The mobilized colistin resistance (mcr) gene has been
identified as the key gene responsible for this unique form
of resistance. Colistin, also known as polymyxin E, is an
antimicrobial agent effective against various gram-negative
bacilli, particularly those in the enterobacteriaceae famil.!

Aminoglycoside-modifying enzymes (AMEs) are
another kind that confer antibiotic resistance through
enzymatic modifications, changing the structure of
aminoglycoside antibiotics and reducing their binding
affinity to the 30S ribosomal subunit. Aminoglycosides
bind to the aminoacyl-tRNA recognition site (A-site) of the
30S ribosomal subunit, inhibiting polypeptide synthesis
and subsequent bacterial cell death. AMEs are commonly
expressed by the aminoglycoside resistance methylase
(armA) and aminoglycoside 3-N-acetyltransferase (aac)
genes.??

Antimicrobial drug use to treat infectious diseases
usually increases the chance of drug resistance as a
survival mechanism for the pathogen.’* Therefore,
Accurate diagnosis and early testing for AMR are crucial
for selecting the proper treatment quickly, helping to
reduce the severity of the disease and lower the risk of
death. Therefore, this research focused on evaluating
the effectiveness of the multiplex real-time PCR panel in
detecting drug-resistant genes in bloodstream infections.

Materials and methods
Bacterial identification, antimicrobial susceptibility
testing, and preparation

A total of 30 bacterial strains were used in this
research, including 28 strains from Walter Reed Army
Institute of Research—Armed Forces Research Institute of
Medical Sciences (WRAIR-AFRIMS) and 2 standard strains
(E. coli ATCC 8739 and E. coli ATCC 25922), which were
used as negative controls. All 28 bacterial strains were
isolated from environmental water.

Each bacterial isolate was initially identified for its
species and antimicrobial susceptibility testing (AST) using
the BD Phoenix™M50 automated microbiology system
(BD Diagnostic Systems, Sparks, MD). Antimicrobial
susceptibility results were interpreted according to the
CLSI, EUCAST, and La Société frangaise de microbiologie
(SFM) guidelines.'*! Conventional molecular detection of
AMR genes was performed as described previously.'’

Isolate preparation for the QlAstat-Dx BCID GN plus AMR
panel

Each strain was cultured in tryptic soy broth (TSB)
(Becton Dickinson, Sparks, MD, USA) at 37 °C for 24
hrs, then adjusted to a bacterial concentration of 1.0



P. Thongdee et al. Journal of Associated Medical Sciences 2025; 58(1): 265-275 267

McFarland (equivalent to ~3.0 x 10® CFU/mL), and 1 mL
was inoculated in a blood culture bottle (Becton Dickinson,
Sparks, MD, USA with 9 ml of human whole blood donor.
The blood culture bottle was incubated in an automated
blood culture system following the instruction of BD
BACTEC™ (Becton Dickinson, Sparks, MD, USA) until the
blood culture bottle showed positive.

At bottle positivity, 100 uL of blood was withdrawn,
placed in a microcentrifuge tube, and then transferred to
the QlAstat-Dx BCID GN Plus AMR Panel cartridge (Qiagen,
Thailand) included primers for detecting 18 resistance
gene; AmpC, CTX-M, IMP, KPC, NDM, OXA-23, OXA-48
like, OXA-24/40, OXA-58, SHV, TEM, VIM, PER, armA, acc
(6’)-1b, VEB, GES and SPM. Next, the QlAstat-Dx BCID GN
Plus AMR Panel cartridge was inserted in the QIAstat-
Dx Analyzer 1.0 (Qiagen, Thailand) based on real-time
automated PCR assay.

Data analysis

The results of the QlAstat-Dx BCID GN Plus AMR
Panel were compared to reference results generated by
conventional PCR and antimicrobial drug susceptibility
testing performed by WRAIR-AFIRMS. Statistical analyses
were performed using STATA/BE, 18.0 Software, including
sensitivity, specificity, and positive and negative predictive
values. The limit of detection was defined as the lowest

concentration at which each target was detected >95%
of the time. At least 20 replicates were performed at the
determined limit of detection concentration.

Results
Diagnostic performance of QlAstat-Dx BCID GN Plus AMR
Panel in comparison with PCR

Eleven genes were detected using the QIAstat-Dx
BCID GN Plus AMR Panel: CTX-M, GES, SHV, VEB, TEM,
AmpC, NDM, OXA-23, OXA-48 like armA and acc (6°)-Ib.
This panel could not detect EBC, mcr-3, and OXA-resistant
genes, as they are not part of the panel. When comparing
the results of this panel to results from conventional
PCR, 10 bacterial strains showed concordant results,
15 strains gave discordant results, and 3 strains carried
resistant genes that the panel excluded (Table 1). The
calculated values for sensitivity (91.50%), specificity
(93.30%), positive predictive value (74.10%), negative
predictive value (98.50%), and detection limit (3.0 x 108
CFU/mL)of the panel are shown in Table 2. The strength of
agreement between QlAstat-Dx BCID GN Plus AMR Panel
and PCR method for detecting drug-resistant genes was
categorized as a substantial correlation with a kappa value
of 0.71 (Table 2). The calculated values for each AMR gene
are shown in Table 3.
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Table 2. QlAstat-Dx BCID GN Plus AMR Panel performance to detect AMR genes in

comparison with conventional PCR

Performance QlAstat-Dx BCID GN Plus AMR Panel
Sensitivity 91.50 % (79.60 % — 97.60 %)*
Specificity 93.30% (89.10 % — 96.20 %)*

Positive predictive value (PPV)
Negative predictive value (NPV)
Detection limit

Agreement between tests kappa

74.10 % (61.00 % — 84.70 %)*
98.50 % (96.20 % — 99.60 %)*
3.0 x 108 CFU/ml
0.71(0.66 - 0.76)*

*Data are presented as percentage (95% confidence interval; Cl) for all parameters except

the detection limit (CFU/ml).

Table 3. QlAstat-Dx BCID GN Plus AMR Panel performance to detect each AMR genes in comparison with conventional PCR.

Drug-resistant

Performance of QlAstat-Dx BCID GN Plus AMR Panel

genes Sensitivity Specificity Positive predictive value (PPV)  Negative predictive value (NPV)
CTX-M 100.00% (73.50% - 100.00%)* 94.40% (72.70% - 99.90%) * 92.30% (64.00% - 99.80%)* 100.00% (80.50% - 100.00%)*
GES 83.30% (35.90% - 99.60%)* 100.00% (85.80% - 100.00%)*  100.00% (47.80% - 100.00%)* 96.00% (79.60% - 99.90%)*
SHV 100.00% (47.80% - 100.00%)* 88.00% (68.80% - 97.50%)* 62.50% (24.50% - 91.50%)* 100.00% (84.60% - 100.00%)*
VEB 66.70% (9.40% - 99.20%)* 85.20% (66.30% - 95.80%)* 33.30% (4.30% - 77.70%)* 95.80% (78.90% - 99.90%)*
TEM 92.30% (64.00% - 99.80%)* 100.00% (80.50% - 100.00%)*  100.00% (73.50% - 100.00%)* 94.40% (72.70% - 99.90%)*
AmpC 50.00% (1.30% - 98.70%)* 100.00% (87.70% - 100.00%)* 100.00% (2.50% - 100.00%)* 96.60% (82.20% - 99.90%)*
NDM 100.00% (47.80% - 100.00%)* 84.00% (63.90% - 95.50%)* 55.60% (21.20% - 86.30%)* 100.00% (83.90% - 100.00%)*
OXA-48 like 100.00% (2.50% - 100.00%)* 96.60% (82.20% - 99.90%)* 50.00% (1.30% - 98.70%)* 100.00% (87.70% - 100.00%)*

*Data are presented as percentage (95% confidence interval; Cl)

Sensitivity, specificity, PPV, and NPV were not calculated for OXA, OXA-23, EBC, armA, aac(6’)-1, and MCR-3 due to insufficient data.

Discrepancies between QIAstat-Dx BCID GN Plus AMR
Panel and antimicrobial susceptibility testing

Thirteen antibiotic drugs were designated for
antimicrobial susceptibility testing, and the results
are presented in Table 4. The correlation between the
antimicrobial susceptibility testing and the panel is
presented in Table 5, 6 and 7. All drug-resistant genes of
the beta-lactamase group showed positive results with
100.00% concordance with phenotypic resistance to
ampicillin. Some of these genes also showed concordance
with cefazolin, ampicillin-sulbactam, cefepime, ceftazidime,

ceftazidime-avibactam, and piperacillin-tazobactam resistance.
For the carbapenem/oxacillinase group, the NDM and
OXA-23 genes showed positive results with 100.00%
concordance with resistance to ertapenem, imipenem,
and meropenem. In contrast, the OXA-48-like gene
showed a positive result with 100.00% concordance with
resistance to ertapenem and imipenem. The armA gene
of the aminoglycoside group showed positive results with
100.00% concordance with resistance to amikacin and
gentamicin.
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Table 4. Antimicrobial drug susceptibility testing results
Beta-lactamases drugs Carbapenem drugs Aminoglycoside drugs | Colistin drug

£| 8| | | 28| 2|8 | § £ = .

No. Pathogens & 3 S .E_ g <£ 'r_':é < g {,;,. § '5 £
g | £ 4 < B £ £ g | 2 o = < G

S| g% |8 8|5 |5|5|F| 2 = 8 ©

£ &3
< g &

1 Enterobacter cloacae WOH-005-5 R R R S S S S S | S S S R
2 Enterobacter cloacae WOH-006-3 R R R S S S S S | S S S X
3 | Escherichia coli WOH-008-2 R | X s S S s s s s S s X
4 Escherichia coli WOH-009-6 R S R R | S S S S S S S X
5 Escherichia coli WOH-010-1 R | X S S S S S S S S R X
6 Klebsiella pneumoniae WOH-010-3 R R R R R S R R R | S R X
7 Acinetobacter baumannii WOH-010-4 R R R R R R R R R R R R X
8 Klebsiella pneumoniae WOH-010-5 R R R S R S S R | R S R X
9 Enterobacter cloacae WOH-010-6 R R R R R R R R R R R R X
10 Escherichia coli WOH-010-9 R | R S S S S S S S S R X
11 Klebsiella pneumoniae WOH-010-10 R R R R R R R R R R R R X
12 Enterobacter cloacae WOH-010-11 R R R S S S S R S S S | R
13 Escherichia coli WOH-010-12 R R R R R R R R R R R R X
14 Escherichia coli WOH-010-13 R S R R R S S N S S S R R
15 Klebsiella pneumoniae WOH-010-14 R R R R R S R S S S S R R
16 Escherichia coli WOH-010-15 R | R R R S S S S S S R X
17 Escherichia coli WOH-010-16 R R R R R S R R R R R R X
18 Acinetobacter baumannii WOH-010-17 R | R R R R R R R R S S X
19 Enterobacter cloacae WOH-010-19 R R R R R R R R R R R R X
20 Enterobacter cloacae WOH-010-20 R S R | R S S S S S S R R
21 Enterobacter cloacae WOH-010-21 R R R R R R R R R R S S X
22 Escherichia coli WOH-010-23 R | R | S S S S S S S R X
23 Enterobacter cloacae WOH-010-24 R R R R R R R R R R R R X
24 Escherichia coli WOH-010-26 R | R R R S S S S S S R X
25 Klebsiella pneumoniae WOH-010-27 R | R R R S S S S S S S X
26 Enterobacter cloacae WOH-010-31 R R R R R S S S S S S S X
27 Enterobacter cloacae WOH-010-32 R R R R R R R R R R S R X
28 Escherichia coli WOH-010-33 R S R R | S S S S S S S X
29 Escherichia coli ATCC 8739 S S S S S S S S S S S S X
30 Escherichia coli ATCC 25922 S S S S S S S S S S S S X

| = Indeterminate, R = Resistant, S = Susceptible, X = Not detected.
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Table 5. Discrepancies between QlAstat-Dx BCID GN Plus AMR Panel and antimicrobial drug susceptibility testing for Beta-
lactam antibiotic class.

Antimicrobial drug
susceptibility testing

QlAstat-Dx BCID GN Plus AMR Panel

Beta-lactamases class A group (ESBL)

Beta-lactamases class

C group
CTX-M GES SHV VEB TEM AmpC

Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos Neg Pos

N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
Ampicillin
| 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0 0 (0.0) |0 (0.0) 0 (0.0 0 (0.0)
R 15 (88.2) | 13 (100.0) | 23 (92.0) |5 (100.0) |20 (90.9) |8 (100.0) | 22 (91.7) | 6 (100.0) | 16 (88.9) |12 (100.0) | 27 (93.1) |1 (100.0)
S 2 (11.8) |0 (0.0) 2 (8.0) |0 (0.0 2 (9.1) |0 (0.0 2 (83) |0 (0.0 2 (11.1) |0 (0.0 2 (6.9) 0 (0.0)
X 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0 0 (0.0 0 (0.0)
Ampicillin_Sulbactam
| 3 (17.6) |5 (38.5) |8 (32.0) |0 (0.0) 7 (31.8) |1 (125) |8 (33.3) |0 (0.0) |2 (11.1) |6 (50.0) |8 (27.6) |0 (0.0)
R 11 (64.7) |5 (38.5) |11 (44.0) |5 (100.0) |9 (40.9) |7 (87.5) |11 (45.8) |5 (83.3) |10 (55.6) |6 (50.0) |15 (51.7) |1 (100.0)
S 3 (17.6) |3 (23.1) |6 (24.0) |0 (0.0) 6 (27.3) |0 (0.0) 5 (20.8) |1 (16.7) |6 (33.3) |0 (0.0) 6 (20.7) |0 (0.0
X 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) |0 (0.0) |0 (0.0) 0 (0.0 0 (0.0 0 (0.0
Cefazolin
| 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0 0 (0.0) |0 (0.0) 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0
R 13 (76.5) | 13 (100.0) | 21 (84.0) | 5 (100.0) | 18 (81.8) | 8 (100.0) | 20 (83.3) | 6 (100.0) | 16 (88.9) |10 (83.3) |25 (86.2) |1 (100.0)
S 2 (11.8) |0 (0.0) 2 (8.0) |0 (0.0 2 (9.1) |0 (0.0 2 (83) |0 (0.0 2 (11.1) |0 (0.0 2 (6.9) 0 (0.0
X 2 (11.8) |0 (0.0 2 (8.0) |0 (0.0) 2 (9.1) |0 (0.0 2 (83) |0 (0.0 0 (0.0) 2 (16.7) |2 (6.9) 0 (0.0
Cefepime
| 1 (5.9) 1 (7.7) |2 (8.0) |0 (0.0) 2 (9.1) |0 (0.0 1 (42) |1(16.7) |1 (5.6) 1 (83) 2 (6.9) 0 (0.0
R 8 (47.1) |11 (84.6) |16 (64.0) |3 (60.0) |11 (50.0) |8 (100.0) | 15 (62.5) |4 (66.7) |10 (55.6) |9 (75.0) |18 (62.1) |1 (100.0)
S 8 (47.1) |1 (7.7) |7 (28.0) |2 (40.0) |9 (40.9) |0 (0.0 8 (33.3)|1(16.7) |7 (389) |2 (16.7) |9 (31.0) |0 (0.0)
X 0 (0.0) 0 (0.00 |0 (0.0) |0 (0.0 0 (0.0) 0 (0.0) 0 (0.0) |0 (0.0) 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0
Ceftazidime
| 0 (0.0) |2 (15.4) |2 (8.0) |0 (0.0) 2 (9.1) |0 (0.0 2 (83) |0 (0.0) |2 (11.1) |0 (0.0) 2 (6.9) 0 (0.0)
R 10 (58.8) |9 (69.2) |15 (60.0) |4 (80.0) |11 (50.0) |8 (100.0) | 14 (58.3) |5 (83.3) |10 (55.6) |9 (75.0) |18 (62.1) |1 (100.0)
S 7 (41.2) |2 (15.4) |8 (32.0) |1 (20.0) |9 (40.9) |0 (0.0) 8 (333)|1 (16.7) |6 (33.3) |3 (25.0) |9 (31.0) |0 (0.0
X 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0 0 (0.0) |0 (0.0 0 (0.00 |0 (0.0) |0 (0.0) |0 (0.0) 0 (0.0) 0 (0.0)
Ceftazidime_Avibactam
| 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0 0 (0.0) |0 (0.0 0 (0.00 |0 (0.0) |0 (0.0) |0 (0.0) 0 (0.00 |0 (0.0)
R 6 (353) |3 (23.1) |7 (28.0) |2 (40.0) |5 (22.7) |4 (50.0) |6 (25.0) |3 (50.0) |5 (27.8) |4 (33.3) |8 (27.6) |1 (100.0)
S 11 (64.7) | 10 (76.9) |18 (72.0) |3 (60.0) |17 (77.3) |4 (50.0) |18 (75.0) |3 (50.0) |13 (72.2) |8 (66.7) |21 (72.4) |0 (0.0)
X 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0 0 (0.0) |0 (0.0 0 (0.00 |0 (0.0) |O (0.0) |0 (0.0) 0 (0.00 |0 (0.0)
Piperacillin_Tazobactam
| 0 (0.0) |0 (0.0) 0 (0.0) |0 (0.0 0 (0.0) |0 (0.0 0 (0.0) |0 (0.0)0 |0 (0.0) |0 (0.0) 0 (000 [0 (0.0)
R 7 (41.2) |5 (385) |9 (36.0) |3 (60.0) |6 (27.3) |6 (75.0) |8 (33.3) |4 (66.7) |6 (33.3) |6 (50.0) |11 (37.9) |1 (100.0)
S 10 (58.8) |8 (61.5) |16 (64.0) |2 (40.0) |16 (72.7) |2 (25.0) |16 (66.7) |2 (33.3) |12 (66.7) |6 (50.0) |18 (62.1) |0 (0.0)
X 0 (0.0) |0 (0.0) |0 (0.00 |0 (0.0) 0 (0.0) [0(0.0) |0 (0.0) |O (0.0) |O (0.0) |O (0.00 |O (0.00 |0 (0.0

Table 6. Discrepancies between QlAstat-Dx BCID GN Plus AMR Panel and antimicrobial drug susceptibility testing for
Carbapenem antibiotic class.

Antimicrobial drug susceptibility

QlAstat-Dx BCID GN Plus AMR Panel

Carbapenem (class B group)

Carbapenem/Oxacillinase (class D group)

testing NDM OXA-23 OXA-48 like
Neg Pos Neg Pos Neg Pos
N (%) N (%) N (%) N (%) N (%) N (%)
Ertapenem
| 0 (0.0 0 (0.0 0 (0.0 0 (0.0 0 (0.0 0 (0.0
R (19.0) 9 (100.0) 11 (39.3) 2 (100.0) 11 (39.3) 2 (100.0)
S 17 (81.0) 0 (0.0) 17 (60.7) 0 (0.0 17 (60.7) 0 (0.0
X (0.0) 0 (0.0 0 (0.0 0 (0.0 0 (0.0) 0 (0.0
Imipenem
| 3 (143) 0 (0.0 3 (10.7) 0 (0.0 3 (10.7) 0 (0.0)
R (9.5) 9 (100.0) 9 (321) 2 (100.0) 9 (32.1) 2 (100.0)
S 16 (76.2) 0 (0.0 16 (57.1) 0 (0.0 16 (57.1) 0 (0.0
X (0.0) 0 (0.0 0 (0.0 0 (0.0 0 (0.0) 0 (0.0
Meropenem
| 1 (4.8) 0 (0.0 1 (3.6) 0 (0.0 0 (0.0) 1 (50.0)
R 2 (9.5) 9 (100.0) 9 (32.1) 2 (100.0) 10 (35.7) 1 (50.0)
S 18 (85.7) 0 (0.0 18 (64.3) 0 (0.0 18 (64.3) 0 (0.0
X 0 (0.0 0 (0.0 0 (0.0 0 (0.0 0 (0.0 0 (0.0
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Table 7. Discrepancies between QlAstat-Dx BCID GN Plus AMR Panel and antimicrobial drug
susceptibility testing for Aminoglycoside antibiotic class.

QlAstat-Dx BCID GN Plus AMR Panel
Aminoglycoside-modifying resistance gene

Antimicrobial drug susceptibility
testing armA aac (6°)-1b

Neg Pos Neg Pos

N (%) N (%) N (%) N (%)
Amikacin
| 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0
R 5 (17.9) 2 (100.0) 6 (25.0) 1 (16.7)
S 23 (82.1) 0 (0.0 18 (75.0) 5 (83.3)
X 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Gentamicin
| 1 (3.6) 0 (0.0 0 (0.0) 1 (16.7)
R 16 (57.1) 2 (100.0) 13 (54.2) 5 (83.3)
S 11 (39.3) 0 (0.0 11 (45.8) 0 (0.0
X 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0

A bloodstream infection occurs when the body
responds to bacteria or other diseases, causing widespread
inflammation. If severe, it can lead to shock, organ failure,
and a life-threatening situation. Early treatment is crucial.*®
Doctors start by evaluating the patient’s symptoms and
performing blood cultures, which take 3 to 5 days for
results. Due to the urgency, they must quickly diagnose
and prescribe broad-spectrum antibiotics. Delayed or
incorrect treatment increases the risk of death.'® In recent
years, molecular biology methods have been employed to
detect pathogens in sepsis. This has significantly reduced
the detection time while showcasing excellent diagnostic
performance.?®

The evaluation of QlAstat-DX in this study revealed
that it exhibited high sensitivity (91.5%), specificity
(93.3%), and negative predictive value (98.5%). In
contrast, the panel indicated a moderate positive
predictive value (74.10%). Moreover, false negative results
(8.5%) were found because EBC was not included in the
panel. Based on our results, the panel performs better to
detect resistant genes NDM and SHV in 4 and 3 bacterial
strains, respectively (Table 1). Conventional PCR has a
higher chance of giving false negatives if there are issues
during the DNA extraction step.?? Moreover, a similar
study shows that this panel can provide faster results than
conventional PCR.% However, a limitation of the panel was
demonstrated in our study because 2 genes of the beta-
lactam groups (EBC and OXA) and 1 gene (mcr-3) of colistin
resistance were excluded by the panel. EBC is an enzyme
belonging to Class C beta-lactamases, also called AmpC
beta-lactamases or cephalosporinases, which degrade
drugs in the cephalosporin group. The gene responsible for
producing EBC is located on the chromosome. However,
it has been recently discovered that the gene can also be
plasmid-located, the same as for FOX and DHA enzymes.?*
OXA is an enzyme belonging to Class D carbapenemases.
Currently, morethan 45 types of OXA-type carbapenemases
have been identified.”> However, the QlAstat-Dx BCID GN
Plus AMR Panel can only detect specific variants, including
OXA-23, OXA-48 like, OXA-24/40, and OXA-58. mcr-3
gene, associated with colistin resistance, and is plasmid-
located. Colistin is the last option for treating infections

caused by gram-negative bacteria resistant to almost all
other drugs.? Our study suggested that the panel should
include EBC, OXA, and mcr-3 genes because these genes
can be found in some strains of E. cloacae, E. coli, and
K. pneumoniae.”” Moreover, the genotypic detection of
beta-lactamase and carbapenem genes revealed 100%
determinant for a phenotypically resistant to ampicillin,
ertapenem, and imipenem. In contrast, the aac6_Ib gene
showed the lowest determinant for a phenotypically
resistant to amikacin, with 16.7% (Table 7). Based on our
research findings, the presence of antimicrobial resistance
genes may not directly cause antibiotic resistance in the
bacterial isolates we studied.?

This suggests that other genes might be involved
in the mechanism of antimicrobial resistance.? Although
the QlAstat-Dx BCID GN Plus AMR Panel helps detect
resistance genes more efficiently, we recommend
additional antibiotic susceptibility tests, especially when
the panel shows a negative result.*® The test kit has some
limitations, such as its inability to detect gram-positive
bacteria causing bloodstream infections.?*32 Moreover,
bloodstream infections can resist multiple drug groups,
not just beta-lactams and aminoglycosides, but also other
antibiotics like polymyxins (colistin).3® This interpretation
maintains the scientific context while making the
language more accessible and straightforward for general
understanding.

This study evaluated the QIAstat-Dx BCID GN
Plus AMR Panel for its ability to detect Gram-negative
bacteria and associated antimicrobial resistance genes,
focusing on bloodstream infections potentially caused by
environmental antibiotic-resistant bacteria. In contrast,
the panel demonstrated high sensitivity and specificity,
but its limitations were detecting specific key resistance
genes, such as EBC, OXA, and mcr-3. Additionally, the
bacterial isolates used in this study were not directly
derived from bloodstream infections, which may impact
their applicability in clinical settings. The study highlights
the panel’s potential to aid in rapidly diagnosing
bloodstream infections caused by environmental antibiotic-
resistant bacteria, though further validation with clinical
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bloodstream isolates is necessary. To improve its diagnostic
utility, future iterations of the panel should include
a broader range of resistance genes relevant to both
clinical and environmental pathogens. Complementary
phenotypic antibiotic susceptibility testing remains
essential, particularly in cases where the panel does not
detect resistance genes.
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