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ABSTRACT Delayed antibiotics increase mortality in bloodstream infection (BSI).
Direct-from-blood-culture disk diffusion antibiotic susceptibility testing (dAST) forecasts
susceptibility earlier than conventional susceptibility testing (cAST). The study aimed
to evaluate dAST performance and its impact on antibiotic adjustment in BSI. In
this Malaysian single-center prospective study, dAST was performed and interpreted
according to breakpoints by Clinical and Laboratory Standards Institute (CLSI) guide-
lines. The turnaround time (TAT), categorical agreements (CA), and predictive values of
dAST for susceptibility by cAST were determined among positive blood cultures (PBC)
between November 2022 and November 2023. The active and WHO AWaRe antibiot-
ics administered before and after dAST results were compared. Of the 318 PBCs, the
median of TAT was earlier than cAST by 35 hours. The CA for 3,561 organism-antibiotics
combinations was 91.5%, with 3.6% very major errors (VME), 3.3% major errors (ME),
and 5.2% minor errors (mE). The dAST achieved CA above 90% for Staphylococcus
aureus with cefoxitin (98.5%), Pseudomonas aeruginosa with ceftazidime (100%), and
Acinetobacter baumannii with ampicillin/sulbactam (100%). For Enterobacterales, most
combinations were above 90%, including ampicillin (95.1%), ceftriaxone (95.7%), and
meropenem (95.7%), though those of the aminopenicillin/inhibitor combinations were
above 80%. Most errors were attributed to mEs. Among 159 BSI, the prescribing of active
antibiotics improved significantly following dAST (73.0% versus 89.3%, P < 0.001) but
not WHO Access antibiotics (35.8% versus 35.2%, P = 0.188). dAST had good CAs for
most antibiotics, allowing earlier improvement in active antibiotics. The modest change
in WHO Access antibiotics prescribing reveals practice gaps in need of antimicrobial
stewardship.
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loodstream infection (BSI) is one of the leading health burdens associated with

mortality and morbidity, and delays in active antibiotics further increase lethality
(1). Recognizing the crucial demand for speed in organism identification and suscept-
ibility to inform treatment, advancements in rapid diagnostics have since bloomed,
shortening the time to results in hours and showing promising outcomes when coupled
with antimicrobial stewardship (AMS) (2). However, such tools are often costly and
inaccessible in resource-limited settings and those of low-middle-income countries
(LMIC) where antibiotic resistance is high. Hence, the disk diffusion (DD) method for
antibiotic susceptibility testing directly from positive blood culture (dAST), which can be
set up easily with immediate implementation at low cost, offers an attractive alternative
to costly molecular diagnostics to inform antibiotic susceptibility earlier (3). Several
studies from Western countries demonstrated the reliability and clinical benefit of dAST
in improving antibiotic timeliness and mortality (4-7), though some had conflicting
findings (8). The unstandardized bacteria inoculum and manual operation rendered the
variation in dAST performance (9). In addition, most reported categorical agreements
(CA) and two (6, 10) evaluated the predictability values of dAST. However, LMIC and
Southeast Asia regions are under-represented in the arena of rapid susceptibility testing,
including the application of dAST. The current study aimed to evaluate the in-house
dAST performance of antibiotic susceptibility results for blood pathogens from adult
patients and to assess the antibiotic changes after dAST results in a Malaysian healthcare
setting.

MATERIALS AND METHODS
Study design

This single-center prospective study was conducted at the Hospital Canselor Tuanku
Muhriz, University Kebangsaan Malaysia (HCTM, UKM), a 1,054-bed tertiary care teaching
hospital. Positive blood cultures (PBC) were screened between November 2022 and
November 2023 for the following inclusion criteria: PBC from patients aged 18 years
old and above who were admitted into wards under the care of medical, surgical, and
intensive care specialties, availability of dAST readings and conventional susceptibility
test (cAST) reports. Cultures from the same patient that were more than 7 days apart
and morphologically different from the index organism were included. The first of the
blood culture bottle pairs that turned positive was referred to in the dAST performance
analysis. The cultures were excluded according to the criteria depicted in Fig. 1. The
growth of common skin commensals such as coagulase-negative Staphylococci (CoNS),
Corynebacterium spp., Bacillus spp. (other than Bacillus anthracis), Micrococcus spp., and
Cutibacterium acnes/spp. was considered to be likely contaminants (11, 12). The AST was
usually not performed by default unless requested by clinicians and agreed upon by
the microbiologist. As repeated cultures were often required and the significance could
not be determined when dAST results were read, the probable contaminants, including
CoNS, were excluded from the dAST performance analysis.

Susceptibility testing and reporting

Blood cultures from hospitalized patients were collected usually in a pair of BD BACTEC
Plus Aerobic/F and BD BACTEC Lytic/10 Anaerobic/F culture vials and sent to the in-
house HCTM's diagnostic laboratory service as part of routine clinical care. The blood
cultures received from 08:00 to 16:00 were loaded into a BD BACTEC FX system (Becton
Dickinson, Franklin Lakes, NJ). The cultures sent after 16:00 were loaded the next
morning. Gram staining and dAST were performed by the laboratory technicians for all
positive blood cultures within 1 hour after a red flag signaling growth between 08:00 and
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Positive Blood Cultures & patients
assessed for eligibility
2072 cultures from 1137 patients
November 2022 — November 2023

v

Excluded 1754 cultures from 824 patients
< 18 years old (n=66)
Sample from mortuary (n=41)
Central line only sampling (n=100)
Blood cultures took > 72 hours to grow (n= 13)
Gram positive rod/bacilli (n=80)
Yeast (n=54)
CoNS (n=247)
Morphology undetermined (n=9)
dAST uninterpretable (n=91)
No growth post Gram stain (n=22)
Likely contaminant (n=1)
Paired culture with same organism(s) (n=686)
Repeated or same morphology within previous 7
days (n=104)
Not admitted to targeted ward (n=137)
Transferred out before dAST reading (n=21)
Transfer in with known bacteraemia within 7
days (n=4)
Hospitalised < 1 day (n=10)
Deceased within 48 hours post positive blood

culture (n=50)

¥ ¢  Pregnant (n=1)
318 cultures from 313 patients »  Concurrent blood culture with bacteria of
for dAST performance analysis different morphology (n=1)

*«  Missed chance to review (n=16 )

b during post AMS period

*| Excluded 159 cultures/BSI episodes

159 cultures/BSI episodes during
pre-AMS period for antibiotic
adjustments analysis

FIG 1 Enrolment of positive blood cultures.

20:00 or the following morning for positive signals after 20:00. Gram stain results were
verbally reported via phone to nurses or doctors.

dAST was performed for Gram-positive bacteria except for Gram-positive bacilli and
all Gram-negative bacteria according to an in-house procedure using the unstandardized
Kirby-Bauer disk diffusion method. Immediately after Gram staining, four drops of
aliquots were taken from the PBC bottle to inoculate the Mueller Hinton blood agar
and Mueller Hinton agar (MHA) (Isolab, Shah Alam, Malaysia). Selected antibiotic disks
(Oxoid, Thermo Fisher Scientific, UK; or BD BBL Sensi-Disc, USA) were applied onto the
MHA based on the Gram stain results with reference to the panels adapted from the
Clinical and Laboratory Standards Institute documents (CLSI) M100 documents, 32nd
and 33rd edition (13, 14): Gram-positive panel: penicillin (10 U), cefoxitin (30 pg), oxacillin
(1 pg), clindamycin (2 pg), erythromycin (15 pg), gentamicin (10 pg), and ciprofloxacin
(5 pg); trimethoprim-sulfamethoxazole (1.25/23.75 pg), doxycycline (30 pg), fusidic acid
(10 pg), rifampicin (5 pg), mupirocin (200 pg), and linezolid (30 pg); Gram-negative panel:
ampicillin (10 pg), gentamicin (10 pg), cefuroxime (30 pg), cefepime (30 pg), ciprofloxacin
(5 ng), and ampicillin/sulbactam (10/10 pg); ceftazidime (30 ug), amoxicillin-clavulanate
(20/10 pg), cefotaxime (30 pg), imipenem (10 pg), meropenem (10 ug), and ertapenem
(10 pg), amikacin (30 pg), piperacillin/tazobactam (100/10 pg), and ceftriaxone (30 ug).
The applied plates were incubated at 35°C + 2°C ambient air for 16 to 18 hours. The
zone diameter measurements and readings for dAST results were done once daily in
the morning and were interpreted as susceptible (S), intermediate (I), and resistant (R)
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Categorical agreement or Formula Term Definition of term
errors

Target”

Categorical agreement (CA)  (nca/Niota) X 100 nca Total number of isolates with the matched results of “S” or “I” or “R” by dAST and cAST  =90%

Niotal  Total number of isolates tested with dAST and cAST results

Minor error (mE) (NmE /Neotal) X 100 nppg Total number of isolates with unmatched results for “I” by either dAST or cAST <10%

Niotal  Total number of isolates tested with dAST and cAST results

Major error (ME) (NME /NeasTs) X 100 nye  Total number of isolates with the results of “R” by dAST and “S” by cAST <3%

Ncasts Number of isolates tested “S” by cAST

Very major error (VME) (nyme /NcasTR) X 100 nyme  Total number of isolates with the results of “S” by dAST and “R” by cAST <3%

Ncastr Number of isolates tested “R” by cAST

“Target is according to the CLSI document M52 (17) .

according to CLSI guidelines (13, 15). The dAST results and organisms’ identities were
notified verbally by microbiologists via phone to nurses or doctors, and a note entry with
the title “preliminary result” in the online Integrated Laboratory Management System
(ILMS).

cAST results were used as a reference and were performed using two methods across
the study period. The cAST, using the Kirby—Bauer DD method, was performed with the
MHA inoculated after subculturing with a standard inoculum of 0.5 or 1.0 McFarland
and incubated for 18 to 24 hours. The cAST was also done with the VITEK 2 Compact
(bioMérieux, Marcy-I'Etoile, France) or VITEK 2 60 (bioMérieux, Marcy-I'Etoile, France)
using AST-GP 67 or AST-N374 cards after subculturing with a standardized inoculum of
0.5 to 0.63 McFarland, according to the manufacturer’s instructions. The cAST results
were interpreted by the microbiologists according to the latest CLSI M100 documents,
32nd and 33rd editions, as well as M45 documents 3rd edition (13-15). The finalized cAST
reports with organism identification and susceptibilities were posted to the ILMS without
verbal notification.

The organisms were identified by matrix-assisted laser desorption ionization-time
of flight mass spectrometry (MALDI-TOF MS) (Bruker Daltonics, Bremen, Germany) or
VITEK 2 system (bioMérieux, Marcy-I'Etoile, France), according to the manufacturer’s
instructions. Mass spectrum analyses were referred to the database provided in MALDI
BIOTYPER (Bruker Daltonics, Bremen, Germany), software version Compass 4.1.100,
containing library version 12 and library number 11897. The definitive species identifica-
tion of bacteria was based on the score value of >1.7.

Turnaround time of dAST and cAST report

The turnaround time (TAT) was estimated from the time of the blood culture draw,
flagged positive, to the time of reporting. The blood culture draw time was retrieved
from the manual blood culture request forms. The recorded time of bottle removal from
the incubator was referred to as the time of Gram staining. The dAST reporting time
was retrieved from the manual entry in the bacteriology routine test worksheets or ILMS,
whichever was earlier. If the time was missing, it was assumed to be at 10:00 on the date
when the dAST was read, as the process of the dAST readings to reporting for the batch
of the day is usually completed by 10:00 daily. The cAST reporting time followed the
stated time in ILMS.

Antibiotic modification after dAST results notifications

The impact of dAST results was determined by analyzing eligible PBCs from November
2022 to April 2023, when the AMS team was not involved. The patients’ medication
charts were reviewed to observe the antibiotic changes for the antibiotics administered
before and within 24 hours after dAST results notification, or before cAST results
reporting time, and within 24 hours after cAST results. The antibiotics were categorized
as active against the isolated pathogen based on the final susceptibility report by cAST
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TABLE 2 Overall categorical agreements and error rates for dAST®
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Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S 1 R n % n % n % n %
Staphylococcus aureus (65)
Penicillin 65 12 0 53 65 100 0 0.0 0 0.0 0 0.0
Cefoxitin 65 51 0 14 64 98.5 1 7.1 0 0.0 0 0.0
Clindamycin 64 57 0 7 62 96.9 1 14.3 0 0.0 1 1.6
Sulfamethoxazole/trimethoprim 61 59 0 2 57 934 2 100 2 34 0 0.0
Doxycycline 64 57 0 7 59 92.2 1 14.3 3 53 1 1.6
Rifampicin 64 64 0 0 64 100 0 NA 0 0.0 0 0.0
Linezolid 62 62 0 0 62 100 0 NA 0 0.0 0 0.0
Streptococcus spp.° (20)
Penicillin 20 18 2 0 18 90.0 0 NA 0 0.0 2 10.0
Ampicillin 16 15 1 0 15 93.8 0 NA 0 0.0 1 6.3
Ceftriaxone 17 17 0 0 16 94.1 0 NA 1 5.9 0 0.0
Erythromycin 16 13 1 2 11 68.8 0 0.0 2 154 3 18.8
Gentamicin 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Vancomycin 2 2 0 0 2 100 0 NA 0 0.0 0 0.0
Enterococcus spp. (6)
Penicillin 6 3 0 3 5 83.3 1 333 0 0.0 0 0.0
Ampicillin 5 4 0 1 4 80.0 0 0.0 0 0.0 1 20.0
Gentamicin 4 3 0 1 4 100 0 0.0 0 0.0 0 0.0
Linezolid 5 5 0 0 4 80.0 0 NA 1 200 O 0.0
Vancomycin 6 6 0 0 5 83.3 0 NA 0 0.0 1 16.7
Subtotal 543 449 4 90 518 954 6 6.7 9 2.0 10 1.8
Enterobacterales® (187)
Ampicillin 184 33 1 150 175 951 1 0.7 6 18.2 2 1.1
Amoxicillin/clavulanate 182 133 1 38 148 813 2 53 9 6.8 23 12.6
Ampicillin/sulbactam 182 117 1 54 151 83.0 3 5.6 8 6.8 20 11.0
Piperacillin/tazobactam 183 148 12 23 139  76.0 2 8.7 13 88 29 15.9
Cefepime 182 147 5 30 173 951 1 33 2 1.4 6 33
Ceftazidime 183 141 7 35 173 945 0 0.0 3 2.1 7 3.8
Cefotaxime 183 133 2 48 176 96.2 2 4.2 2 1.5 3 1.6
Ceftriaxone 184 140 0 44 176 957 2 4.5 4 29 2 1.1
Cefuroxime 184 116 4 64 167 90.8 1 1.6 6 5.2 10 54
Meropenem 184 175 0 9 176 957 0 0.0 2 1.1 6 33
Imipenem 184 169 2 13 168 913 2 154 2 1.2 12 6.5
Ertapenem 179 169 0 10 174  97.2 0 0.0 1 0.6 4 2.2
Ciprofloxacin 185 107 20 58 153 827 3 5.2 6 5.6 23 124
Amikacin 182 179 1 2 168 923 1 500 8 4.5 5 2.7
Gentamicin 183 162 3 18 168 91.8 0 0.0 5 3.1 10 5.5
Subtotal 2,744 2,069 79 596 2,485 90.6 20 34 77 3.7 162 59
Klebsiella pneumoniae (69)
Amoxicillin/clavulanate 68 49 3 16 58 85.3 1 6.3 3 6.1 6 8.8
Ampicillin/sulbactam 68 45 3 20 59 86.8 0 0.0 4 8.9 5 7.4
Piperacillin/tazobactam 67 45 4 18 46 68.7 1 5.6 7 156 13 19.4
Cefepime 67 47 2 18 65 97.0 0 0.0 0 0.0 2 3.0
Ceftazidime 68 47 1 20 62 91.2 0 0.0 2 4.3 4 59
Cefotaxime 69 44 1 24 67 97.1 0 0.0 0 0.0 2 29
Ceftriaxone 67 47 0 20 63 94.0 0 0.0 3 6.4 1 1.5
Cefuroxime 69 41 1 27 63 91.3 0 0.0 2 4.9 4 5.8
Meropenem 69 61 0 8 63 91.3 0 0.0 1 1.6 5 7.2
Imipenem 69 61 0 8 65 94.2 0 0.0 2 33 2 29
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TABLE 2 Overall categorical agreements and error rates for dAST? (Continued)

Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S 1 R n % n % n % n %
Ertapenem 67 58 0 9 63 94.0 0 0.0 0 0.0 4 6.0
Ciprofloxacin 67 46 5 16 56 83.6 0 0.0 4 8.7 7 10.4
Amikacin 66 65 0 61 92.4 0 0.0 3 4.6 2 3.0
Gentamicin 68 62 0 6 64 94.1 0 0.0 1 1.6 3 4.4
Subtotal 949 718 20 211 855  90.1 2 0.9 32 4.5 60 6.3
Escherichia coli (92)
Ampicillin 92 27 1 64 84 91.3 1 1.6 5 18.5 2 2.2
Amoxicillin/clavulanate 92 74 8 10 72 783 0 0.0 5 6.8 15 16.3
Ampicillin/sulbactam 92 64 6 22 72 78.3 3 13.6 3 4.7 14 15.2
Piperacillin/tazobactam 92 84 7 1 73 79.3 0 0.0 5 6.0 14 15.2
Cefepime 91 79 3 9 85 93.4 1 1.1 2 25 3 33
Ceftazidime 92 74 6 12 89 96.7 0 0.0 0 0.0 3 33
Cefotaxime 92 72 1 19 89 96.7 1 53 1 1.4 1 1.1
Ceftriaxone 92 73 0 19 91 98.9 0 0.0 0 0.0 1 1.1
Cefuroxime 92 67 3 22 82 89.1 0 0.0 4 6.0 6 6.5
Meropenem 92 92 0 0 91 98.9 0 NA 0 0.0 1 1.1
Imipenem 92 92 0 89 96.7 0 NA 0 0.0 3 33
Ertapenem 91 91 0 91 100 0 NA 0 0.0 0 0.0
Ciprofloxacin 92 48 12 32 74 80.4 3 9.4 2 4.2 13 14.1
Amikacin 92 91 1 0 86 93.5 0 NA 4 4.4 2 2.2
Gentamicin 91 82 0 9 85 93.4 0 0.0 3 3.7 3 33
Subtotal 1,377 1,110 48 219 1,253 91.0 9 4.1 34 3.1 81 59
Pseudomonas aeruginosa (21)
Piperacillin/tazobactam 20 15 0 5 18 90.0 0 0.0 1 6.7 1 5.0
Cefepime 20 17 0 3 19 95.0 0 0.0 0 0.0 1 5.0
Ceftazidime 21 16 0 5 21 100 0 0.0 0 0.0 0 0.0
Meropenem 20 16 0 4 19 95.0 0 0.0 0 0.0 1 5.0
Imipenem 21 16 0 5 21 100 0 0.0 0 0.0 0 0.0
Ciprofloxacin 19 15 1 3 18 94.7 0 0.0 0 0.0 1 53
Amikacin 21 19 0 2 20 95.2 0 0.0 1 53 0 0.0
Gentamicin 19 17 0 2 19 100 0 0.0 0 0.0 0 0.0
Subtotal 161 131 1 29 155 96.3 0 0.0 2 1.5 4 2.5
Acinetobacter baumannii/ spp. (9)
Piperacillin/tazobactam 9 4 0 5 8 88.9 0 0.0 0 0.0 1 1.1
Sulfamethoxazole/trimethoprim 7 3 0 4 7 100 0 0.0 0 0.0 0 0.0
Ampicillin/sulbactam 9 4 0 5 9 100 0 0.0 0 0.0 0 0.0
Meropenem 9 4 0 5 9 100 0 0.0 0 0.0 0 0.0
Imipenem 9 4 0 5 9 100 0 0.0 0 0.0 0 0.0
Amikacin 9 5 0 4 9 100 0 0.0 0 0.0 0 0.0
Gentamicin 9 5 0 4 8 88.9 0 0.0 1 200 O 0.0
Subtotal 61 29 0 32 59 96.7 0 0.0 1 34 1 1.6
Burkholderia cepacia (4)
Gentamicin 1 0 0 1 1 100 0 0.0 0 NA 0 0.0
Ceftazidime 4 4 0 0 4 100 0 NA 0 0.0 0 0.0
Meropenem 4 4 0 0 2 50.0 0 NA 0 0.0 2 50.0
Amikacin 1 0 0 1 1 100 0 0 0 NA 0 0.0
Sulfamethoxazole/trimethoprim 4 4 0 0 4 100 0 NA 0 0 0 0.0
Subtotal 14 12 0 2 12 85.7 0 0.0 0 0.0 2 14.3
Stenotrophomonas maltophilia (2)
Sulfamethoxazole/trimethoprim 2 2 0 0 2 100 0 NA 0 0.0 0 0.0
(Continued on next page)
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TABLE 2 Overall categorical agreements and error rates for dAST? (Continued)

Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S | R n % n % n % n %

Aeromonas hydrophila (4)

Gentamicin 4 2 1 1 2 50.0 0 0.0 0 0.0 2 50.0
Cefuroxime 2 2 0 0 2 100 0 NA 0 0.0 0 0.0
Cefepime 4 4 0 0 4 100 0 NA 0 0.0 0 0.0
Ciprofloxacin 4 4 0 0 2 50.0 0 NA 0 0.0 2 50.0
Ceftazidime 3 3 0 0 3 100 0 NA 0 0.0 0 0.0
Cefotaxime 3 3 0 0 3 100 0 NA 0 0.0 0 0.0
Imipenem 2 1 0 1 2 100 0 0.0 0 0.0 0 0.0
Meropenem 2 1 0 1 1 50.0 0 0.0 0 0.0 1 50.0
Ertapenem 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Amikacin 2 2 0 0 2 100 0 NA 0 0.0 0 0.0
Piperacillin/tazobactam 3 2 0 1 1 333 1 100 0 0.0 1 333
Ceftriaxone 3 3 0 0 3 100 0 NA 0 0.0 0 0.0
Sulfamethoxazole/trimethoprim 3 2 0 1 2 66.7 0 0.0 0 0.0 1 333
Subtotal 36 30 1 5 28 77.8 1 200 O 0.0 7 19.4
Grand total 3,561 2,722 85 754 3,259 915 27 3.6 89 33 186 5.2

7S, susceptible; I, intermediate susceptible; R, resistant; VME, very major errors, susceptible by dAST and resistant by cAST; ME, major errors, resistant by dAST and susceptible
by cAST; mE, minor errors, unmatched results of intermediate susceptibility by dAST or cAST. NA, not applicable.

bInclude Streptococcus agalactiae (n = 7), Streptococcus anginosus (n = 2), Streptococcus dysgalactiae (n = 4), Streptococcus gallolyticus (n = 3), Streptococcus mitis (n = 1),
Streptococcus parasanguinis (n = 1), Streptococcus sanguinis (n = 1), and Streptococcus pyogenes (n = 1).

‘Include Escherichia coli (n = 92), Klebsiella pneumoniae (n = 69), Proteus mirabilis (n = 9), Enterobacter cloacae (n = 3), Enterobacter hormaechei (n = 1), Klebsiella aerogene (n =
2), Klebsiella ozaenae (n = 1), Morganella morgannii (n = 2), Providencia stuartii (n = 1), Serratia marcescens (n =3), Salmonella spp. (n = 3), and Plesiomonas shigelloides (n = 1).

(5, 8) and according to WHO AWaRe classification (16) as Access, Watch, and Reserve
antibiotics.

Statistical analysis

The CA and error rates between dAST and cAST results of susceptible (S), intermedi-
ate (I), or resistant (R), with reference to the standard breakpoints by CLSI guidelines,
were calculated for each organism-antibiotic combination (Table 1) (17) . Organism-anti-
biotic combination(s) without dAST and/or cAST results were excluded. The categorical
discrepancy rates of very major error (VME, susceptible by dAST and resistant result by
cAST, < 3%), major error (ME, resistant by dAST and susceptible result by cAST, < 3%),
and minor error (mE, disagreement between dAST and cAST for intermediate susceptible
results from either test, <10%), were considered acceptable (18).

Descriptive data were described in frequency and percentage. Categorical data were
analyzed using the Chi-squared or Fisher’s exact tests, where appropriate. The normality
of continuous data was tested using the Shapiro-Wilk test. The analyses were done using
Statistical Package for the Social Sciences, version 29.0 (IBM Corp, Armonk, NY, USA).

RESULTS

A total of 318 PBCs from 313 patients were eligible for the dAST performance evaluation
(Fig. 1). Of 1,754 cultures that were excluded, most were due to paired cultures and CoNS
growth, followed by admissions from non-targeted wards and repeated cultures within 7
days.

Categorical agreements and error rates of dAST

The overall CA of dAST with cAST for the total of 3,561 organism-antibiotic combinations
was over 91.5% (3,259/3,561) with mE of 5.2% (186/3,561), ME of 3.4% (89/2,722) and
VME of 3.6% (27/754) (Table 2) (cAST as DD for 2,096 combinations, CA 92.7%, mE 4.5%,
ME 3.0%, and VME 2.2%, Table 3; VITEK-2 for 1,465 combinations, CA 89.8%, mE 6.3%, ME
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TABLE 3 Categorical agreements and error rates for dAST (reference method: disk diffusion)”

Microbiology Spectrum

Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S 1 R n % n % n % n %
Staphylococcus aureus (40)
Penicillin 40 10 0 30 40 100 0 0.0 0 0.0 0 0.0
Cefoxitin 40 32 0 8 40 100 0 0.0 0 0.0 0 0.0
Clindamycin 39 34 0 5 38 97.4 1 20.0 0 0.0 0 0.0
Sulfamethoxazole/trimethoprim 37 37 0 0 35 94.6 0 NA 2 5.4 0 0.0
Doxycycline 40 35 0 5 38 95.0 1 20.0 1 29 0 0.0
Rifampicin 39 39 0 0 39 100 0 NA 0 0.0 0 0.0
Linezolid 38 38 0 0 38 100 0 NA 0 0.0 0 0.0
Streptococcus spp.b (7)
Penicillin 7 7 0 0 7 100 0 NA 0 0.0 0 0.0
Ampicillin 5 5 0 0 5 100 0 NA 0 0.0 0 0.0
Ceftriaxone 6 6 0 0 5 83.3 0 NA 1 16.7 0 0.0
Erythromycin 5 5 0 0 3 60.0 0 NA 1 20.0 1 20.0
Gentamicin 0 0 0 0 NA NA NA NA NA NA NA NA
Vancomycin 1 1 0 0 1 100 0 NA 0 0.0 0.0 NA
Enterococcus spp. (4)
Penicillin 4 1 0 3 3 75.0 1 333 0 0.0 0 0.0
Ampicillin 3 2 0 1 2 66.7 0 0.0 0 0.0 1 333
Gentamicin 4 3 0 1 4 100 0 0.0 0 0.0 0 0.0
Linezolid 4 4 0 0 3 75.0 0 NA 1 25.0 0 0.0
Vancomycin 4 4 0 0 3 75.0 0 NA 0 0.0 1 25.0
Subtotal 316 263 0 53 304 96.2 3 57 6 23 3 0.9
Enterobacterales” (110)
Ampicillin 109 16 0 93 104 95.4 0 0.0 4 25.0 1 0.9
Amoxicillin/clavulanate 107 78 7 22 86 80.4 1 4.5 6 7.7 14 13.1
Ampicillin/sulbactam 106 67 8 31 91 85.8 1 3.2 3 4.5 1 104
Piperacillin/tazobactam 107 84 1 12 81 757 1 8.3 7 83 18 16.8
Cefepime 105 83 3 19 101 96.2 1 53 1 1.2 2 1.9
Ceftazidime 106 81 3 22 103 97.2 0 0.0 1 1.2 2 1.9
Cefotaxime 106 76 1 29 102 96.2 2 6.9 1 13 1 0.9
Ceftriaxone 108 81 0 27 105 97.2 1 37 2 25 0 0.0
Cefuroxime 108 66 3 39 96 88.9 0 0.0 3 4.5 9 8.3
Meropenem 107 104 0 3 104 97.2 0 0.0 1 1.0 2 1.9
Imipenem 107 104 0 3 100 93.5 0 0.0 1 1.0 6 5.6
Ertapenem 103 100 0 3 102 99.0 0 0.0 0 0.0 1 1.0
Ciprofloxacin 108 68 7 33 93 86.1 0 0.0 4 59 1 10.2
Amikacin 107 105 1 1 100 93.5 0 0.0 4 3.8 3 28
Gentamicin 106 96 0 10 102 96.2 0 0.0 3 3.1 1 0.9
Subtotal 1,600 1,209 44 347 1,470 919 7 20 41 34 82 5.1
Klebsiella pneumoniae (42)
Ampicillin 42 0 0 42 42 100 0 0.0 0 NA 0 0.0
Amoxicillin/clavulanate 41 33 2 6 35 85.4 0 0.0 2 6.1 4 9.8
Ampicillin/sulbactam 41 29 3 9 37 90.2 0 0.0 1 34 3 7.3
Piperacillin/tazobactam 41 29 3 9 29 70.7 1 1.1 4 13.8 7 17.1
Cefepime 40 30 1 9 40 100 0 0.0 0 0.0 0 0.0
Ceftazidime 41 31 1 9 38 92.7 0 0.0 1 3.2 2 4.9
Cefotaxime 42 29 0 13 42 100 0 0.0 0 0.0 0 0.0
Ceftriaxone 41 30 0 1 40 97.6 0 0.0 1 33 0 0.0
Cefuroxime 42 27 1 14 37 88.1 0 0.0 1 37 4 9.5
Meropenem 42 40 0 2 40 95.2 0 0.0 1 25 1 24
(Continued on next page)
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TABLE 3 Categorical agreements and error rates for dAST (reference method: disk diffusion)” (Continued)

Microbiology Spectrum

Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S 1 R n % n % n % n %
Imipenem 42 40 0 2 40 95.2 0 0.0 1 25 1 24
Ertapenem 40 38 0 2 39 97.5 0 0.0 0 0.0 1 25
Ciprofloxacin 40 32 1 7 35 87.5 0 0.0 2 6.3 3 7.5
Amikacin 41 40 0 1 39 95.1 0 0.0 1 25 1 24
Gentamicin 41 38 0 3 41 100 0 0.0 0 0.0 0 0.0
Subtotal 617 466 12 139 574 93.0 1 0.7 15 3.2 27 4.4
Escherichia coli (53)
Ampicillin 53 14 0 39 48 90.6 0 0.0 4 28.6 1 1.9
Amoxicillin/clavulanate 53 40 5 8 41 77.4 0.0 3 7.5 9 17.0
Ampicillin/sulbactam 53 35 4 14 43 81.1 1 7.1 1 29 8 15.1
Piperacillin/tazobactam 53 46 7 0 40 75.5 0 NA 3 6.5 10 18.9
Cefepime 52 43 2 7 48 92.3 1 143 1 23 2 3.8
Ceftazidime 53 41 2 10 53 100 0 0.0 0 0.0 0 0.0
Cefotaxime 53 39 1 13 51 96.2 1 7.7 0 0.0 1 1.9
Ceftriaxone 53 40 0 13 53 100 0 0.0 0 0.0 0 0.0
Cefuroxime 53 35 2 16 46 86.8 0 0.0 2 5.7 5 9.4
Meropenem 53 53 0 0 52 98.1 0 NA 0 0.0 1 1.9
Imipenem 53 53 0 0 51 96.2 0 NA 0 0.0 2 3.8
Ertapenem 52 52 0 0 52 100 0 NA 0 0.0 0 0.0
Ciprofloxacin 53 28 4 21 45 84.9 0 0.0 2 7.1 6 1.3
Amikacin 53 52 1 0 49 92.5 0 NA 2 3.8 2 3.8
Gentamicin 52 47 0 5 49 94.2 0 0.0 2 4.3 1 1.9
Subtotal 792 618 28 146 721 91.0 3 2.1 20 3.2 48 6.1
Pseudomonas aeruginosa (13)
Piperacillin/tazobactam 12 8 0 4 1 91.7 0 0.0 0 0.0 1 8.3
Cefepime 13 11 0 2 12 92.3 0 0.0 0 0.0 1 7.7
Ceftazidime 13 9 0 4 13 100 0 0.0 0 0.0 0 0.0
Meropenem 13 10 0 3 13 100 0 0.0 0 0.0 0 0.0
Imipenem 13 9 0 4 13 100 0 0.0 0 0.0 0 0.0
Ciprofloxacin 12 10 1 1 11 91.7 0 0.0 0 0.0 1 8.3
Amikacin 13 12 0 1 13 100 0 0.0 0 0.0 0 0.0
Gentamicin 12 11 0 1 12 100 0 0.0 0 0.0 0 0.0
Subtotal 101 80 1 20 98 97.0 0 0.0 0 0.0 3 3.0
Acinetobacter baumannii/spp. (7)
Piperacillin/tazobactam 7 3 0 4 6 85.7 0 0.0 0 0.0 1 14.3
Sulfamethoxazole/trimethoprim 5 2 0 3 5 100 0 0.0 0 0.0 0 0.0
Ampicillin/sulbactam 7 3 0 4 7 100 0 0.0 0 0.0 0 0.0
Meropenem 7 3 0 4 7 100 0 0.0 0 0.0 0 0.0
Imipenem 7 3 0 4 7 100 0 0.0 0 0.0 0 0.0
Amikacin 7 4 0 3 7 100 0 0.0 0 0.0 0 0.0
Gentamicin 7 4 0 3 6 85.7 0 0.0 1 25.0 0 0.0
Subtotal 47 22 0 25 45 95.7 0 0.0 1 4.5 1 2.1
Burkholderia cepacia (4)
Gentamicin 1 0 0 1 1 100 0 0 0 NA 0 0
Ceftazidime 4 4 0 0 4 100 0 NA 0 0 0
Meropenem 4 4 0 0 2 50.0 0 NA 0 0 2 50.0
Amikacin 1 0 0 1 1 100 0 0 0 NA 0 0
Sulfamethoxazole/trimethoprim 4 4 0 0 4 100 0 NA 0 0 0 0
Subtotal 14 12 0 2 12 85.7 0 0.0 0 0.0 2 143

Stenotrophomonas maltophilia (1)
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TABLE 3 Categorical agreements and error rates for dAST (reference method: disk diffusion)” (Continued)

Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S 1 R n % n % n % n %
Sulfamethoxazole/trimethoprim 1 1 0 0 1 100 0 NA 0 0.0 0 0.0

Aeromonas hydrophila (2)

Gentamicin 2 1 0 1 1 50 0 0.0 0 0.0 1 50.0
Cefuroxime 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Cefepime 2 2 0 0 2 100 0 NA 0 0.0 0 0.0
Ciprofloxacin 2 2 0 0 1 50.0 0 NA 0 0.0 1 50.0
Ceftazidime 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Cefotaxime 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Imipenem 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Meropenem 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Ertapenem 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Amikacin 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Piperacillin/tazobactam 1 1 0 0 0 0 0 NA 0 0.0 1 100
Ceftriaxone 2 2 0 0 2 100 0 NA 0 0.0 0 0.0
Sulfamethoxazole/trimethoprim 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Subtotal 17 16 0 1 14 82.4 0 0.0 0 0.0 3 17.6
Grand total 2,096 1,603 45 448 1,944 927 10 22 48 3.0 94 4.5

7S, susceptible; I, intermediate susceptible; R, resistant; VME, very major errors, susceptible by dAST and resistant by cAST; ME, major errors, resistant by dAST and susceptible
by cAST; mE, minor errors, unmatched results of intermediate susceptibility by dAST or cAST. NA, not applicable.

bInclude Streptococcus agalactiae (n = 3), Streptococcus anginosus (n = 1), Streptococcus dysgalactiae (n = 2), and Streptococcus gallolyticus (n =1).

‘Include Escherichia coli (n = 53), Klebsiella pneumoniae (n = 42), Proteus mirabilis (n = 3), Enterobacter cloacae (n = 3), Klebsiella aerogene (n = 1), Klebsiella ozaenae (n = 1),
Morganella morgannii (n = 1), Providencia stuartii (n = 1), Serratia marcescens (n = 3), and Salmonella spp. (n = 2).

3.7%, and VME 5.6%, Table 4). Most minor errors (71.5%, 133/186) arose from the dAST
results showing intermediate against susceptible and resistant against intermediate by
CAST.

Among Gram-positive organisms, the dAST results for Staphylococcus aureus (S.
aureus) and Streptococcus spp. agreed with cAST well above 90% for all the combina-
tions except for erythromycin (Table 2). One discrepant result for cefoxitin was due to
borderline-oxacillin-resistant S. aureus (BORSA) when dAST and cAST by DD showed a
zone diameter in the susceptible category, but the minimum inhibitory concentration
was four by VITEK-2. The CA for ampicillin among Enterococcus spp. was lower, mainly
due to one minor error for a susceptible Enterococcus faecalis.

Within the Enterobacterales, the CA ranged from 76.0% to 97.2%, mainly impeded
by mE ranging from 1.1% to 15.9% (Table 2). Most antibiotics had CA above 90%,
including ampicillin, third-generation cephalosporins (3GC), cefepime, and carbapenems.
The CAs of aminopenicillin/B-lactam inhibitor antibiotics were above 80%, while those of
piperacillin/tazobactam and ciprofloxacin were above 70%. The attributes of the errors
were mostly mEs. The combinations with piperacillin/tazobactam had the lowest CA and
mE rates. The combinations in Klebsiella pneumoniae (K. pneumoniae) and Escherichia
coli (E. coli) shared a similar pattern of agreements (Table 2). Several antibiotic-Entero-
bacterales combinations had VMEs and MEs beyond the standard limits. Among the
non-fermentative Gram-negative bacteria, the dAST achieved perfect agreements for
ceftazidime and gentamicin in Pseudomonas aeruginosa (P. aeruginosa), ampicillin/sul-
bactam in Acinetobacter spp., as well as sulfamethoxazole/trimethoprim for Burkholderia
cepacia and Stenotrophomonas maltophilia (Table 2).

Turnaround time of dAST and cAST

The median time from the blood culture draw to the dAST results was nearly 2 days
and more than 24 hours earlier than the cAST report. When estimating from the time of
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TABLE 4 Categorical agreements and error rates for dAST (reference method: VITEK-2, bioMérieux, Marcy-I'Etoile, France)”

Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S | R n % n % n % n %

Staphylococcus aureus (25)

Penicillin 25 2 0 23 25 100 0 0.0 0 0.0 0 0.0
Cefoxitin 25 19 0 6 24 96.0 1 16.7 0 0.0 0 0.0
Clindamycin 25 23 0 2 24 96.0 0 0.0 0 0.0 1 4.0
Sulfamethoxazole/trimethoprim 24 22 0 2 22 91.7 2 100 0 0.0 0 0.0
Doxycycline 24 22 0 2 21 87.5 0 0.0 2 9.1 1 4.2
Rifampicin 25 25 0 0 25 100 0 NA 0 0.0 0 0.0
Linezolid 24 24 0 0 24 100 0 NA 0 0.0 0 0.0
Streptococcus spp.° (13)
Penicillin 13 11 2 0 11 84.6 0 NA 0 0.0 2 15.4
Ampicillin 1 10 1 0 10 90.9 0 NA 0 0.0 1 9.1
Ceftriaxone 1 11 0 0 11 100 0 NA 0 0.0 0 0.0
Erythromycin 1 8 1 2 8 727 0 0.0 1 125 2 18.2
Gentamicin 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Vancomycin 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Enterococcus spp. (2)
Penicillin 2 2 0 0 2 100 0 NA 0 0.0 0 0.0
Ampicillin 2 2 0 0 2 100 0 NA 0 0.0 0 0.0
Gentamicin 0 0 0 0 0 NA 0 NA 0 NA 0 NA
Linezolid 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Vancomycin 2 2 0 0 2 100 0 NA 0 0.0 0
Subtotal 227 186 4 37 214 94.3 3 8.1 3 1.6 7 3.1
Enterobacterales (77)
Ampicillin 75 17 1 57 71 94.7 1 1.8 2 1.8 1 1.3
Amoxicillin/clavulanate 75 55 4 16 62 82.7 1 6.3 3 55 9 12.0
Ampicillin/sulbactam 76 50 3 23 60 789 2 8.7 5 100 9 1.8
Piperacillin/tazobactam 76 64 1 11 58 76.3 1 9.1 6 9.4 11 145
Cefepime 77 64 2 1 72 93.5 0 0.0 1 1.6 4 5.2
Ceftazidime 77 60 4 13 70 90.9 0 0.0 2 33 5 6.5
Cefotaxime 77 57 1 19 74 96.1 0 0.0 1 1.8 2 26
Ceftriaxone 76 59 0 17 71 93.4 1 59 2 34 2 26
Cefuroxime 76 50 1 25 71 93.4 1 4.0 3 6.0 1 1.3
Meropenem 77 71 0 6 72 93.5 0 0.0 1 1.4 4 5.2
Imipenem 77 65 2 10 68 88.3 2 20.0 1 1.5 6 7.8
Ertapenem 76 69 0 7 72 94.7 0 0.0 1 1.4 3 3.9
Ciprofloxacin 77 39 13 25 60 77.9 3 12.0 2 5.1 12 156
Amikacin 75 74 0 1 68 90.7 1 100 4 54 2 2.7
Gentamicin 77 66 3 8 66 85.7 0 0.0 2 3.0 9 1.7
Subtotal 1,144 860 35 249 1,015 887 13 5.2 36 4.2 80 7.0
Klebsiella pneumoniae (27)
Ampicillin 27 0 0 27 27 100 0 0.0 0 NA 0 0.0
Amoxicillin/clavulanate 27 16 1 10 23 85.2 1 10.0 1 6.3 2 74
Ampicillin/sulbactam 27 16 0 11 22 815 0 0.0 3 188 2 74
Piperacillin/tazobactam 26 16 1 9 17 65.4 0 0.0 3 188 6 23.1
Cefepime 27 17 1 9 25 92.6 0 0.0 0 0.0 2 74
Ceftazidime 27 16 0 1 24 88.9 0 0.0 1 6.3 2 74
Cefotaxime 27 15 1 1 25 92.6 0 0.0 0 0.0 2 74
Ceftriaxone 26 17 0 9 23 88.5 0 0.0 2 1.8 1 3.8
Cefuroxime 27 14 0 13 26 96.3 0 0.0 0 0.0 1 3.7
Meropenem 27 21 0 6 23 85.2 0 0.0 0 0.0 4 14.8
(Continued on next page)
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TABLE 4 Categorical agreements and error rates for dAST (reference method: VITEK-2, bioMérieux, Marcy-I'Etoile, France)? (Continued)

Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S | R n % n % n % n %
Imipenem 27 21 0 6 25 92.6 0 0.0 1 4.8 1 37
Ertapenem 27 20 0 7 24 88.9 0 0.0 0 0.0 3 1.1
Ciprofloxacin 27 14 4 9 21 77.8 0 0.0 2 143 4 14.8
Amikacin 25 25 0 0 22 88.0 0 NA 2 8.0 1 4.0
Gentamicin 27 24 0 3 23 85.2 0 0.0 1 4.2 3 1.1
Subtotal 401 252 8 141 350 87.3 1 0.7 16 6.3 34 85
Escherichia coli (39)
Ampicillin 39 13 1 25 36 923 1 4.0 1 7.7 1 26
Amoxicillin/clavulanate 39 34 3 2 31 79.5 0 0.0 2 5.9 6 15.4
Ampicillin/sulbactam 39 29 2 8 29 744 2 25.0 2 6.9 6 15.4
Piperacillin/tazobactam 39 38 0 1 33 84.6 0 0.0 2 53 4 103
Cefepime 39 36 1 2 37 94.9 0 0.0 1 2.8 1 26
Ceftazidime 39 33 4 2 36 923 0 0.0 0 0.0 3 7.7
Cefotaxime 39 33 0 6 38 97.4 0 0.0 1 3.0 0 0.0
Ceftriaxone 39 33 0 6 38 97.4 0 0.0 0 0.0 1 26
Cefuroxime 39 32 1 6 36 923 0 0.0 2 6.3 1 26
Meropenem 39 39 0 0 39 100 0 NA 0 0.0 0 0.0
Imipenem 39 39 0 0 38 97.4 0 NA 0 0.0 1 26
Ertapenem 39 39 0 0 39 100 0 NA 0 0.0 0 0.0
Ciprofloxacin 39 20 8 1 29 74.4 3 27.3 0 0.0 7 17.9
Amikacin 39 39 0 0 37 94.9 0 NA 2 5.1 0 0.0
Gentamicin 39 35 0 4 36 923 0 0.0 1 29 2 5.1
Subtotal 585 492 20 73 532 90.9 6 8.2 14 2.8 33 56
Pseudomonas aeruginosa (8)
Piperacillin/tazobactam 8 7 0 1 7 87.5 0 0.0 1 143 0 0.0
Cefepime 7 6 0 1 7 100 0 0.0 0 0.0 0 0.0
Ceftazidime 8 7 0 1 8 100 0 0.0 0 0.0 0 0.0
Meropenem 7 6 0 1 6 85.7 0 0.0 0 0.0 1 14.3
Imipenem 8 7 0 1 8 100 0 0.0 0 0.0 0 0.0
Ciprofloxacin 7 5 0 2 7 100 0 0.0 0 0.0 0 0.0
Amikacin 8 7 0 1 7 87.5 0 0.0 1 143 0 0.0
Gentamicin 7 6 0 1 7 100 0 0.0 0 0.0 0 0.0
Subtotal 60 51 0 9 57 95.0 0 0.0 2 39 1 1.7
Acinetobacter baumannii/spp. (2)
Piperacillin/tazobactam 2 1 0 1 2 100 0 0.0 0 0.0 0 0.0
Sulfamethoxazole/trimethoprim 2 1 0 1 2 100 0 0.0 0 0.0 0 0.0
Ampicillin/sulbactam 2 1 0 1 2 100 0 0.0 0 0.0 0 0.0
Meropenem 2 1 0 1 2 100 0 0.0 0 0.0 0 0.0
Imipenem 2 1 0 1 2 100 0 0.0 0 0.0 0 0.0
Amikacin 2 1 0 1 2 100 0 0.0 0 0.0 0 0.0
Gentamicin 2 1 0 1 2 100 0 0.0 0 0.0 0 0.0
Subtotal 14 7 0 7 14 100 0 0.0 0 0.0 0 0.0
Stenotrophomonas maltophilia (1)
Sulfamethoxazole/trimethoprim 1 1 0 0 1 100 0 NA 0 0.0 0 0.0
Aeromonas hydrophila (2)
Gentamicin 2 1 1 0 1 50.0 0 NA 0 0.0 1 50.0
Cefuroxime 1 1 0 0 1 100.0 0 NA 0 0.0 0 0.0
Cefepime 2 2 0 0 2 100.0 0 NA 0 0.0 0 0.0
Ciprofloxacin 2 2 0 0 1 50.0 0 NA 0 0.0 1 50.0
Ceftazidime 2 2 0 0 2 100.0 0 NA 0 0.0 0 0.0
(Continued on next page)
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TABLE 4 Categorical agreements and error rates for dAST (reference method: VITEK-2, bioMérieux, Marcy-I'Etoile, France)? (Continued)

Organism (N) and antibiotic Number of isolates Categorical Error rate
agreement VME ME mE
Total S | R n % n % n % n %
Cefotaxime 2 2 0 0 2 100.0 0 NA 0 0.0 0 0.0
Imipenem 1 0 0 1 1 100.0 0 0.0 0 NA 0 0.0
Meropenem 1 0 0 1 0 0.0 0 0.0 0 NA 1 100
Ertapenem 0 0 0 0 0 NA 0 NA 0 NA 0 NA
Amikacin 1 1 0 0 1 100.0 0 NA 0 0.0 0 0.0
Piperacillin/tazobactam 2 1 0 1 1 50.0 1 100.0 0 0.0 0 0.0
Ceftriaxone 1 1 0 0 1 100.0 0 NA 0 0.0 0 0.0
Sulfamethoxazole/trimethoprim 2 1 0 1 1 50.0 0 0.0 0 0.0 1 50.0
Subtotal 19 14 1 4 14 73.7 1 25.0 0 0.0 4 211
Grand total 1,465 1,119 40 306 1,315 89.8 17 5.6 41 3.7 92 63

7S, susceptible; I, intermediate susceptible; R, resistant; VME, very major errors, susceptible by dAST and resistant by cAST; S, susceptible; I, intermediate susceptible; R,
resistant; VME, very major errors, susceptible by dAST and resistant by cAST; ME, major errors, resistant by dAST and susceptible by cAST; mE, minor errors, unmatched results
of intermediate susceptibility by dAST or cAST. NA, not applicable.

bInclude Streptococcus agalactiae (n = 4), Streptococcus anginosus (n = 1), Streptococcus dysgalactiae (n = 2), Streptococcus gallolyticus (n = 2), Streptococcus mitis (n = 1),
Streptococcus parasanguinis (n = 1), Streptococcus pyogenes (n = 1), and Streptococcus sanguinis (n = 1).

‘Include Escherichia coli (n = 39), Klebsiella pneumoniae (n = 27), Proteus mirabilis (n = 6), Enterobacter cloacae (n = 1), Klebsiella aerogene (n = 1), Morganella morgannii (n = 1),
Salmonella spp. (n = 1), and Plesiomonas shigelloides (n = 1).

flagged positivity, the median time from positivity was about a day to dAST results and
more than 2 days to cAST report (Fig. 2).

Antibiotics adjustment after dAST results and cAST reports

Of 159 BSls reviewed, antibiotics were changed following dAST results in 96 (60.4%)
episodes. Nearly three-quarters were given active antibiotics before, and the proportion
improved significantly to well above 90% after the dAST results (Table 5). However,
almost one-tenth remained on inactive antibiotics, including 13 BSIs for which dAST
results had informed the likely susceptible antibiotics. Within 24 hours after cAST reports,
the proportion of inactive antibiotics improved marginally. Watch antibiotics were
administered in more than 60% of episodes, whereas Access antibiotics were persistently
used in below half of BSIs without significant changes following dAST and cAST results.

DISCUSSION

Compared to the previous studies that followed CLSI breakpoints, the CA rates are
similar to the reported 92.3% to 96% in India (19) and China (10), in which the cAST
was conventional DD. When the automated instrument was referred to as the cAST, the
CA was closed to 87.6% in US children hospital (6) and in Canada (8), which employed
automated broth microdilution method with Vitek-2 (bioMérieux) (6, 20), or MicroScan
(Siemens) systems (8), respectively. The proportion of the total errors (8.5%, 302/3,561) in
our study is consistent with the findings of 9.0% in Australia (20) but is higher than 2.1%
in China (10). The variation in error rates was expected due to the different reference
comparator methods and the blood culture incubators (9). Moreover, the difference
in inoculation approach, such as using a sterile swab soaked with blood cultures (10)
or drops, and the broth volume applied, ranging from one to four drops, could add
uncertainty to the inconsistent inoculum density and cause the variation in the reported
agreement rates (9). The inconsistent volume of two to four broth drops practiced
by Daley P. et al. (8) might be one of the reasons for the overall unsatisfactory dAST
agreements. Our study routinely applied four drops of aspirated broth as practiced by
the CLSI group (9), Cao et al. (21), and Rajshekar et al. (19). Nevertheless, subjective
appraisal by human readers with the naked eye could render differences in dAST
performances across different laboratories.
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FIG 2 Turnaround time of dAST results and cAST reports (N = 318, time is expressed in median, interquartile range).

Among Gram-positive bacteria, the agreement of the tested antibiotics panel in S.
aureus was above the standard. The satisfactory agreement aligned with the previous
findings (7, 19-21). One incidence of the cefoxitin dAST discrepancy was due to the
resistant mechanism of BORSA, which is different from methicillin-resistant Staphylococ-
cus aureus (MRSA), rendering the detection challenging (22). Regarding Streptococcus
spp. and Enterococcus spp., the single very major error of penicillin in Enterococcus spp.
was not an issue, as ampicillin was the preferred targeted antibiotic (23). Additionally, the
collective error proportions of ampicillin (2/21, 9.5%) and penicillin (3/26, 11.5%) were
mainly due to minor errors, as opposed to the proportions due to major errors in Menon
et al. (20) and Rajshekar et al. (19).

Chandrasekaran et al. (9) highlighted that the dAST of B-lactams was prone to
higher discrepancies due to the interaction with the blood components in the inoculum,
hampering the antibiotics’ translocation to act on the bacteria. However, we observed
satisfactory agreements for cefoxitin in S. aureus, cephalosporins, and carbapenems
among the Gram-negative bacteria, consistent with Rajshekar et al. (19) and Wong et al.
(10). Nevertheless, the just below standard agreement rates with the B-lactam/p-lactam
inhibitors antibiotics in Enterobacterales accorded with the observations of 83.3% for
piperacillin/tazobactam in Chandrasekaran et al. (9), 71.7% for ampicillin/sulbactam in

TABLE 5 Antibiotic changes before, after dAST results, and after cAST reports (N = 159)°

Before dAST, n (%) After dAST, n (%) P After cAST, n (%) Pe

Receipt of in vitro active antibiotics

Active antibiotics 116 (73.0) 142 (89.3) <0.001¢ 146 (91.8) 0.566°

Inactive antibiotics 43(27.0) 17 (10.7)° 13 (6.9)°
AWaRe class prescribed

Access antibiotics 57 (35.8) 56 (35.2) 0.188° 67 (41.1) 0.276°

Watch antibiotics 100 (62.9) 102 (64.2) 89 (56.0)

Reserve antibiotics 0(0) 1(0.6) 1(0.6)

No antibiotics 2(1.3) 0 2(1.3)

“Before dAST, between Gram stain result and dAST results time; after dAST, within 24 hours after dAST results and before cAST; after cAST reports, within 24 hours following
cAST reports; Access antibiotics include ampicillin, amoxicillin/clavulanate, ampicillin/sulbactam, sulfamethoxazole-trimethoprim; Watch antibiotics include cefuroxime,
ceftriaxone, cefepime, piperacillin/tazobactam, ertapenem, meropenem, imipenem, vancomycin; Reserve antibiotics include polymyxin B.

dAST results indicated resistant to existing antibiotics for all 17 cases.

4ncluding four carbapenem-resistant isolates (K. pneumoniae and Acinetobacter baumannii) that were resistant to all the tested antibiotics in the panel and available options.
Antibiotics restarted beyond 24 hours after the cAST report.

¢Pearson Chi-square.

Between before and after dAST.

9Between after dAST and after cAST, P < 0.05 indicates statistically significant.
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Desai et al. (24), or 82.4% for amoxicillin/clavulanate in Edelmann et al. (25), respectively.
However, it was higher than 52.8% in Daley et al. (8). Similarly, minor errors made up
most of the disagreements.

Interestingly, the suboptimal CA of piperacillin/tazobactam in Enterobacterales and
other Gram-negative bacteria in our study was consistent with previous studies, with the
reported error fractions ranging from 7.6% to 17.4% (4, 8, 19, 20). Savage et al. (6) had an
agreement above 95% for piperacillin/tazobactam after modifying the reference method
from VITEK-2 to DD, but we found CA for piperacillin/tazobactam among Enterobacter-
ales was above 70% with either VITEK-2 or DD as the reference method. Since the
MERINO trial, the accuracy of the susceptibility testing for piperacillin/tazobactam was
questioned, and the DD method was associated with higher error rates. Therefore, the
cautions in interpreting cAST using the DD method (26) should be applied to the dAST
results of piperacillin/tazobactam, acknowledging the potential high error rates.

Among the non-fermenters, previous investigations and ours universally reported a
superior agreement for the relevant antibiotics against P. aeruginosa and Acinetobacter
spp. (6, 19, 21). Although the included isolate numbers were small in our study, the
perfect agreement of ceftazidime against P. aeruginosa or ampicillin/sulbactam and
carbapenems against Acinetobacter spp. was in line with prior studies indicating the
reliability of dAST to guide therapy in these two organisms.

Focusing on the WHO Access group antibiotics, our data showed that dAST had
excellent agreements with low error rates for cefoxitin in S. aureus. This finding provides
reassurance for therapy modification to cefazolin and potentially decreases the empirical
vancomycin use for methicillin-susceptible S. aureus. Likewise, the dAST of ampicillin
agreed well in E. coli, and that of amoxicillin/clavulanate exhibited reasonably good
agreements, including K. pneumoniae. These are essential for decision-making upon
the dAST notification of the susceptible likelihood to prompt early de-escalation and
promote Access antibiotics use as advocated by the World Health Organization (16)
before the cAST report.

Regarding the WHO Watch group antibiotics, the dAST predicted perfectly the
ceftazidime susceptibility in P. aeruginosa in our study. Furthermore, the ceftriaxone
and cefotaxime susceptibility also agreed well with the cAST of Enterobacterales isolates,
including E. coli and K. pneumoniae, with reasonably low MEs. This suggests that dAST
could reliably inform the likely absence of extended-spectrum {-lactamase (ESBL) and
discourage empirical carbapenem continuation. However, the piperacillin/tazobactam
non-susceptibility by dAST in Enterobacterales could do the opposite and require careful
assessment, given the considerable false non-susceptibility results that yield high ME
and mEs. The beyond-target VMEs of the 3GCs among the Enterobacterales were found
mostly among the AmpC and ESBL-producing Enterobacteriaceae, which were noted
for the likelihood during the dAST readings and prompted cefepime or carbapenem
prescribing instead. Therefore, these did not negatively result in inactive antibiotics.
The dAST of ertapenem and meropenem had good agreements with low error rates in
anticipating carbapenem susceptibility in Enterobacterales isolates and P. aeruginosa.
While the MEs and mEs might indicate the potential for the unnecessary alarm of
carbapenem-resistant organisms, the dAST allows physicians to prepare for infectious
disease consultation, seeking prior conditional approval to shorten the post-analytical
time to antibiotics administration in genuine cases when the cAST report is available.

The current analysis of the CA and error rates was based on plain manual readings
of the inhibition zones without incorporating the microbiologists’ interpretation. We did
not analyze the agreements of ESBL and AmpC f-lactamase phenotypes, as this cannot
be judged solely based on individual antibiotic disk and requires expert interpreta-
tion. CLSI M100 documents (13, 14) recommend reporting susceptible or intermedi-
ate readings as resistant for derepressed AmpC, ESBL, or carbapenemase-producing
organisms. Incorporating these rules into the analysis could significantly reduce errors
and improve the agreements and accuracy of beta-lactam dAST results (27). The large
proportion of mE due to the discrepant dAST results with lower susceptibility categories
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than that of cAST aligns with the findings by Chandrasekaran et al. (9). This might be
attributed to the smaller inhibition zone diameters after shorter incubation durations,
likely for those with dAST processed at the later part of the previous day. Therefore,
this could result in dAST readings of intermediate susceptibles disagreeing with cAST for
susceptible isolates, referring to the CLSI breakpoints for incubated bacterial colonies
at standard McFarland over a standard duration. Adjusting the inhibition diameter
breakpoints according to the incubation period could reduce the error rates, as proposed
by Cao et al. (21).

The TAT for the dAST test was as expected for a diagnostic test directly from blood
culture, bypassing subculturing to allow results to be reported at least 24 hours earlier
than the conventional method (9). The median duration from blood culture draw to
dAST reporting in our study was similar to the median 41 hours (interquartile range, IQR
36-47 hours) in Jhaveri et al. (7) but longer than the reported 26.7 hours (IQR 22.5-28.6
hours) in Reiber et al. (28) likely because the latter was using an automated machine
to perform readings after 6 hours incubation. Moreover, our laboratory workflow was
non-round-the-clock, with once-daily plate readings. However, the lapse in loading the
blood culture bottles sent after office hours into the incubator might prolong the time to
positivity (29). Hence, the interval could be shorter with frequent readings and 24 hour
laboratory service (30). Nevertheless, the faster TAT might not always translate into faster
antibiotic adjustments, as Reiber et al. (28) noted, in which therapy was only de-escalated
28.7 hours after reporting, or Bhalodi et al. (31) with 24/7 hour laboratory operation
in which the time to optimal therapy took 23.7 hours when the TAT was only 7 hours.
Multimodal approaches and multidisciplinary collaboration are required to exert the
intended purpose of rapid results (32).

Our current data only reports the antibiotic adjustments as the effect of the dAST
results with the existing notification mechanism from November 2022 to April 2023,
when the AMS collaboration was not yet integrated. Similar to other studies in Western
countries (6, 8, 20, 28, 33), less than half of the antibiotics were modified following
dAST results, likely because most were given active antibiotics prior. However, not all
antibiotics were switched immediately to the active option following dAST notification
and even cAST reports. The same was observed in the Turkish study (5) for 10% (5/49)
of the BSI caused by ESBL or carbapenemase-producing Enterobacterales. One possible
explanation could be the prescribing attitude, which the prescribers might not have
the urgency to switch when patients were clinically stable (34). Nevertheless, this is
a cause of concern as each day of delay in active antibiotics was associated with an
incremental risk of death (1, 35) and prolonged hospital stay (36). Additionally, the
proportion of Access antibiotics only reached half of the benchmark set by the World
Health Organization (16), which was 60% of the overall antibiotics use. The exposure
to Watch antibiotics had higher odds than Access antibiotics to precipitate infection
or colonization by multidrug-resistant organisms (37). Further analysis is needed to
determine the antibiotics’ appropriateness and the opportunities to improve Access
antibiotics use. Ultimately, the observed patterns of antibiotic adjustment reveal practice
gaps in need of AMS (2).

The limitations of our study are similar to those of Savage et al. (6) in that the low
frequency of isolates restrained the agreement precision of various organisms, such as
P. aeruginosa and Streptococcus spp. The determination of VME might be better in a
setting with a higher resistance rate. Furthermore, the dAST readings were retrieved from
manually documented categorical results without specifying zone diameters, for which
the possibility of transcribing errors was uncertain. Besides, the study was conducted in
a single-center academic tertiary care setting, which might not be generalizable to other
sites with different infrastructures and expertise.

Conclusion

The current study adds to the increasing data that dAST results have good agreement
with cAST for antibiotic susceptibility at least 1 day before cAST reports, allowing earlier
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improvement in active antibiotic use. However, further measures such as AMS integra-
tion are needed to act upon the availability of dAST results for consistent and appropri-
ate antibiotic prescribing earlier. These findings from LMIC highlight the potential of
dAST to be adopted in similar resource-limited settings.

ACKNOWLEDGMENTS

The study would not have been possible without the contribution and involvement
of all staff from the Bacteriology unit, Department of Diagnostic Laboratory Services,
HCTM, UKM,; statistical advice from Tg Mohd Ikhwan Bin Tg Abu Bakar Sidik; advice and
encouragement from Assistant Professor Tristan T. Timbrook; and clerical assistance from
Mes. Fatin Farhana.

This work was supported by Universiti Kebangsaan Malaysia, a fundamental grant of
the medical faculty (FF-2022-187), and the research seed grant of the Malaysian Society
of Intensive Care. The funders did not have a role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

AUTHOR AFFILIATIONS

'Department of Pharmacology, Pharmacoepidemiology and Drug Safety Unit, Faculty of
Medicine, Universiti Kebangsaan Malaysia, Cheras, Kuala Lumpur, Malaysia

’Pharmacy Department, Hospital Canselor Tuanku Muhriz, Cheras, Kuala Lumpur,
Malaysia

*Department of Medical Microbiology and Immunology, Faculty of Medicine, Universiti
Kebangsaan Malaysia, Cheras, Kuala Lumpur, Malaysia

“*Medical Department, Faculty of Medicine, Universiti Kebangsaan Malaysia, Cheras, Kuala
Lumpur, Malaysia

*Department of Emergency Medicine, Faculty of Medicine, Universiti Kebangsaan
Malaysia, Cheras, Kuala Lumpur, Malaysia

®UKM Medical Molecular Biology Institute (UMBI), Universiti Kebangsaan Malaysia, Kuala
Lumpur, Malaysia

’Faculty of Health Sciences, Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia
®Department of Anaesthesiology & Intensive Care, Faculty of Medicine, Universiti
Kebangsaan Malaysia, Cheras, Kuala Lumpur, Malaysia

AUTHOR ORCIDs

Chee Lan Lau ‘& http://orcid.org/0000-0002-8021-2788
Isa Naina-Mohamed & http://orcid.org/0000-0001-8891-2423

FUNDING

Funder Grant(s) Author(s)

Universiti Kebangsaan Malaysia FF-2022-187 Isa Naina-Mohamed
AUTHOR CONTRIBUTIONS

Chee Lan Lau, Conceptualization, Data curation, Formal analysis, Investigation, Method-
ology, Project administration, Validation, Visualization, Writing - original draft, Writing
- review and editing | Ramliza Ramli, Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources, Supervision, Validation,
Visualization, Writing — review and editing | Petrick Periyasamy, Conceptualization,
Formal analysis, Methodology, Project administration, Supervision, Validation, Writing
- review and editing | Toh Leong Tan, Conceptualization, Formal analysis, Method-
ology, Project administration, Supervision, Validation, Writing - review and editing
| Hui-min Neoh, Conceptualization, Formal analysis, Methodology, Project administra-
tion, Supervision, Validation, Writing — review and editing | Aliza Mohamad Yusof,

Month XXXX Volume 0 Issue 0

Microbiology Spectrum

10.1128/spectrum.02863-24 17

Downloaded from https://journals.asm.org/journal/spectrum on 17 July 2025 by 2001:4490:4c88:3ba: 2947:e362:¢380:6664.


http://orcid.org/0000-0002-8021-2788
http://orcid.org/0000-0001-8891-2423
http://dx.doi.org/10.13039/501100004515
https://doi.org/10.1128/spectrum.02863-24

Research Article

Microbiology Spectrum

Funding acquisition, Writing — review and editing | Zainina Zainal Abidin, Data curation,
Investigation, Methodology, Resources, Writing — review and editing | Noranati Zulkifli
Chia, Data curation, Investigation, Methodology, Resources, Writing - review and editing
| Mohd Syazwan Mohd Saaid, Data curation, Investigation, Methodology, Resources,
Writing - review and editing | Munirah Abdul Aziz, Data curation, Investigation,
Methodology, Resources, Writing — review and editing | Isa Naina-Mohamed, Concep-
tualization, Data curation, Formal analysis, Funding acquisition, Methodology, Project
administration, Supervision, Validation, Visualization, Writing - review and editing

DATA AVAILABILITY

The original contributions presented in the study are included in the article. Further
inquiries can be directed to the corresponding author.

ETHICS APPROVAL

The study was approved by the Research Ethics Committee, Universiti Kebangsaan
Malaysia (JEP-2022-314), on 9 June 2022. Informed consent was waived as the study
involved only the samples sent to the in-house hospital laboratory as part of routine
clinical care. All patient data were anonymized.

REFERENCES

1.

Month XXXX Volume 0

De la Rosa-Riestra S, Martinez Pérez-Crespo PM, Pérez Rodriguez MT,
Sousa A, Goikoetxea J, Reguera lIglesias JM, Armifanzas C, Lépez-
Hernandez |, Lopez-Cortés LE, Rodriguez-Bario J, PROBAC group. 2024,
Mortality impact of further delays in active targeted antibiotic therapy in
bacteraemic patients that did not receive initial active empiric
treatment: results from the prospective, multicentre cohort PROBAC. Int
J Infect Dis 145:107072. https://doi.org/10.1016/j.ijid.2024.107072

Peri AM, Chatfield MD, Ling W, Furuya-Kanamori L, Harris PNA, Paterson
DL. 2024. Rapid diagnostic tests and antimicrobial stewardship
programs for the management of bloodstream infection: what is their
relative contribution to improving clinical outcomes? A systematic
review and network meta-analysis. Clin Infect Dis 79:502-515. https://do
i.org/10.1093/cid/ciae234

Gajic I, Kabic J, Kekic D, Jovicevic M, Milenkovic M, Mitic Culafic D, Trudic
A, Ranin L, Opavski N. 2022. Antimicrobial susceptibility testing: a
comprehensive review of currently used methods. Antibiotics (Basel)
11:427. https://doi.org/10.3390/antibiotics 11040427

Bin Najeeb MA, Gupta A, Purwar S, Nallapati VT, Yadav J, Siddiqui F.
2021. Implementing EUCAST rapid antimicrobial susceptibility testing
method for sepsis: lessons learned in a tertiary care center. J Infect Dev
Ctries 15:833-839. https://doi.org/10.3855/jidc.13799

Taysi MR, Ocal D, Cicek Sentiirk G, Caliskan E, Celik B, Sencan i. 2024.
Implementation of the EUCAST rapid antimicrobial susceptibility test
(RAST) for carbapenemase/ESBL-producing Escherichia coli and Klebsiella
pneumoniae isolates, and its effect on mortality. J Antimicrob Chemo-
ther 79:1540-1546. https://doi.org/10.1093/jac/dkae125

Savage TJ, Rao S, Joerger J, Ozonoff A, McAdam AJ, Sandora TJ. 2021.
Predictive value of direct disk diffusion testing from positive blood
cultures in a children’s hospital and its utility in antimicrobial steward-
ship. J Clin Microbiol 59:02445-20. https://doi.org/10.1128/JCM.02445-2
0

Jhaveri TA, Taqi A, Pearson JC, Kanjilal S. 2023. Impact of direct disk-
diffusion testing on time to optimal antibiotic therapy. Antimicrob
Stewardship Healthcare Epidemiol 3:e59. https://doi.org/10.1017/ash.20
23.128

Daley P, Comerford A, Umali J, Penney C. 2016. The performance of
direct disk diffusion for community acquired bacteremia due to gram-
negative bacilli and its impact on physician treatment decisions. Can J
Infect Dis Med Microbiol 2016:5493675. https://doi.org/10.1155/2016/54
93675

Chandrasekaran S, Abbott A, Campeau S, Zimmer BL, Weinstein M,
Thrupp L, Hejna J, Walker L, Ammann T, Kirn T, Patel R, Humphries RM.
2018. Direct-from-blood-culture disk diffusion to determine antimicro-
bial susceptibility of gram-negative bacteria: preliminary report from the
clinical and laboratory standards institute methods development and

Issue 0

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

standardization working group. J Clin Microbiol 56:e01678-17. https://do
i.org/10.1128/JCM.01678-17

Wong TT-Y, Lee C-H, Luk HW-S, Tse CW-S, Ho P-L. 2025. Predictive value
of direct disk diffusion testing from positive blood cultures for detection
of antimicrobial nonsusceptibility. Microorganisms 13:2. https://doi.org/
10.3390/microorganisms13020398

Ombelet S, Barbé B, Affolabi D, Ronat J-B, Lompo P, Lunguya O, Jacobs J,
Hardy L. 2019. Best practices of blood cultures in low- and middle-
income countries. Front Med (Lausanne) 6:131. https://doi.org/10.3389/f
med.2019.00131

Doern GV, Carroll KC, Diekema DJ, Garey KW, Rupp ME, Weinstein MP,
Sexton DJ. 2019. Practical Guidance for clinical microbiology laborato-
ries: a comprehensive update on the problem of blood culture
contamination and a discussion of methods for addressing the problem.
Clin Microbiol Rev 33:e00009-19. https://doi.org/10.1128/CMR.00009-19
Clinical and Laboratory Standards Institute. 2022. Performance
standards for antimicrobial susceptibility testing. 32nd Ed. CLSI
supplement M100. Clinical and Laboratory Standards Institute, Wayne,
PA.

Clinical and Laboratory Standards Institute. 2023. Performance
standards for antimicrobial susceptibility testing. 33rd Ed. CLSI
Supplement M100. Clinical and Laboratory Standards Institute, Wayne.
PA.

Clinical Laboratory Standards Institute. 2015. Methods for antimicrobial
dilution and disk susceptibility testing of infrequently isolated or
fastidious bacteria. 3rd Ed. CLSI guideline M45. Clinical and Laboratory
Standards Institute, Wayne, PA.

World Health Organization. 2022. The WHO AWaRe (access, watch,
reserve) antibiotic book

Clinical Laboratory Standards Institute. 2015. Verification of commercial
microbial identification and susceptibility test systems. 1st Ed. CLSI
guideline M52. Clinical and Laboratory Standards Institute, Wayne, PA.
Humphries RM, Ambler J, Mitchell SL, Castanheira M, Dingle T, Hindler
JA, Koeth L, Sei K, CLSI Methods Development and Standardization
Working Group of the Subcommittee on Antimicrobial Susceptibility
Testing. 2018. CLSI methods development and standardization working
group best practices for evaluation of antimicrobial susceptibility tests. J
Clin Microbiol 56:e01934-17. https://doi.org/10.1128/JCM.01934-17
Rajshekar D, Chaudhari KV, Bhat P, Prakash SS, Raghvan R, Vasanth S,
Jayakar S, Sugumaran R, Kannambath R, Chowdury S, Sneha R, Nair A,
Greeshma V, Rajavelu D, Sastry AS. 2019. Evaluation of performance of
direct disk diffusion test from positively flagged blood culture broth: a
large scale study from South India. J Lab Physicians 11:154-160. https://
doi.org/10.4103/JLPJLP_137_18

10.1128/spectrum.02863-24 18

Downloaded from https://journals.asm.org/journal/spectrum on 17 July 2025 by 2001:4490:4c88:3ba: 2947:e362:¢380:6664.


https://doi.org/10.1016/j.ijid.2024.107072
https://doi.org/10.1093/cid/ciae234
https://doi.org/10.3390/antibiotics11040427
https://doi.org/10.3855/jidc.13799
https://doi.org/10.1093/jac/dkae125
https://doi.org/10.1128/JCM.02445-20
https://doi.org/10.1017/ash.2023.128
https://doi.org/10.1155/2016/5493675
https://doi.org/10.1128/JCM.01678-17
https://doi.org/10.3390/microorganisms13020398
https://doi.org/10.3389/fmed.2019.00131
https://doi.org/10.1128/CMR.00009-19
https://doi.org/10.1128/JCM.01934-17
https://doi.org/10.4103/JLP.JLP_137_18
https://doi.org/10.1128/spectrum.02863-24

Research Article

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

Month XXXX Volume 0

Menon V, Lahanas S, Janto C, Lee A. 2016. Utility of direct susceptibility
testing on blood cultures: is it still worthwhile? J Med Microbiol 65:501-
509. https://doi.org/10.1099/jmm.0.000259

Cao M, Huang L, Hu Y, Fang Y, Zhang R, Chen G. 2021. Development of
an in-house rapid antimicrobial susceptibility testing protocol for
positive blood culture and its implementation in routine microbiology
laboratories. Front Microbiol 12:1-8. https://doi.org/10.3389/fmicb.2021.
765757

Hryniewicz MM, Garbacz K. 2017. Borderline oxacillin-resistant
Staphylococcus aureus (BORSA) - a more common problem than
expected? J Med Microbiol 66:1367-1373. https://doi.org/10.1099/jmm.
0.000585

Rogers R, Rice LB. 2024. State-of-the-art review: persistent enterococcal
bacteremia. Clin Infect Dis 78:e1-e11. https://doi.org/10.1093/cid/ciad61
2

Desai A, Unson E, Weinstein M. 2016. Can direct disk diffusion
susceptibility testing from positive blood cultures provide earlier results
to clinicians? Open Forum Infect Dis 3:0fw172. https://doi.org/10.1093/of
id/ofw172.47

Edelmann A, Pietzcker T, Wellinghausen N. 2007. Comparison of direct
disk diffusion and standard microtitre broth dilution susceptibility
testing of blood culture isolates. J Med Microbiol 56:202-207. https://doi
.org/10.1099/jmm.0.46937-0

Humphries RM, Tamma PD, Mathers AJ. 2022. Disk correlates for revised
clinical and laboratory standards institute Enterobacterales piperacillin-
tazobactam MIC breakpoints . J Clin Microbiol 60:00243-22. https://doi.
org/10.1128/jcm.00243-22

Jacobs MR, Good CE, Abdelhamed AM, Bonomo RA. 2022. Accuracy of
direct antimicrobial susceptibility testing of gram-negative bacteria
from positive blood cultures using microscan system and value of using
expert rules for B-lactam agents. Antimicrob Agents Chemother
66:202148-21. https://doi.org/10.1128/aac.02148-21

Reiber C, Bodendoerfer E, Brugger SD, Eberhard N, Hitz E, Hofmaenner
DA, Herren S, Kolesnik-Goldmann N, Manicini S, Zbinden R, Zinkernagel
AS, Hasse B. 2023. Rapid antimicrobial susceptibility testing in patients
with bacteraemia due to Enterobacterales: an implementation study.
Swiss Med Wkly 153:40066. https://doi.org/10.57187/smw.2023.40066
Ling CL, Roberts T, Soeng S, Cusack TP, Dance DAB, Lee SJ, Reed TAN,
Hinfonthong P, Sihalath S, Sengduangphachanh A, Watthanaworawit W,
Wangrangsimakul T, Newton PN, Nosten FH, Turner P, Ashley EA. 2021.
Impact of delays to incubation and storage temperature on blood
culture results: a multi-centre study. BMC Infect Dis 21:173. https://doi.or
9/10.1186/512879-021-05872-8

Issue 0

30.

31.

32.

33.

34,

35.

36.

37.

Microbiology Spectrum

Culbreath K, Petti CA. 2015. Balancing enthusiasm for innovative
technologies with optimizing value: an approach to adopt new
laboratory tests for infectious diseases using bloodstream infections as
exemplar. Open Forum Infect Dis 2:0fv075. https://doi.org/10.1093/ofid/
ofv075

Bhalodi AA, MacVane SH, Ford B, Ince D, Kinn PM, Percival KM, Bremmer
DN, Carr DR, Walsh TL, Bhatti MM, Shelburne SA, Humphries RM, Wolfe K,
Rosenbaum ER, Dare RK, Kolev J, Madhusudhan M, Ben-Aderet MA,
Morgan MA. 2022. Real-world impact of the Accelerate PhenoTest BC Kit
on patients with bloodstream infections in the improving outcomes and
antimicrobial stewardship study: a quasiexperimental multicenter study.
Clin Infect Dis 75:269-277. https://doi.org/10.1093/cid/ciab921

Patel R, Fang FC. 2018. Diagnostic stewardship: opportunity for a
laboratory-infectious diseases partnership. Clin Infect Dis 67:799-801. ht
tps://doi.org/10.1093/cid/ciy077

Cardot Martin E, Colombier MA, Limousin L, Daude O, Izarn O, Cahen P,
Farfour E, Lesprit P, Vasse M. 2022. Impact of EUCAST rapid antimicrobial
susceptibility testing (RAST) on management of Gram-negative
bloodstream infection. Infect Dis Now 52:421-425. https://doi.org/10.10
16/j.idnow.2022.09.002

Anton-Vazquez V, Suarez C, Krishna S, Planche T. 2021. Factors
influencing antimicrobial prescription attitudes in bloodstream
infections: susceptibility results and beyond. an exploratory survey. J
Hosp Infect 111:140-147. https://doi.org/10.1016/j.jhin.2021.01.030

Van Heuverswyn J, Valik JK, Desirée van der Werff S, Hedberg P, Giske C,
Nauclér P. 2023. Association between time to appropriate antimicrobial
treatment and 30-day mortality in patients with bloodstream infections:
a retrospective cohort study. Clin Infect Dis 76:469-478. https://doi.org/1
0.1093/cid/ciac727

Lodise TP, Kanakamedala H, Hsu WC, Cai B. 2020. Impact of incremental
delays in appropriate therapy on the outcomes of hospitalized adult
patients with gram - negative bloodstream infections: “Every day
matters”. Pharmacotherapy 40:889-901. https://doi.org/10.1002/phar.24
46

Sulis G, Sayood S, Katukoori S, Bollam N, George |, Yaeger LH, Chavez
MA, Tetteh E, Yarrabelli S, Pulcini C, Harbarth S, Mertz D, Sharland M,
Moja L, Huttner B, Gandra S. 2022. Exposure to world health organiza-
tion’s AWaRe antibiotics and isolation of multidrug resistant bacteria: a
systematic review and meta-analysis. Clin Microbiol Infect 28:1193-
1202. https://doi.org/10.1016/j.cmi.2022.03.014

10.1128/spectrum.02863-24 19

Downloaded from https://journals.asm.org/journal/spectrum on 17 July 2025 by 2001:4490:4c88:3ba: 2947:e362:¢380:6664.


https://doi.org/10.1099/jmm.0.000259
https://doi.org/10.3389/fmicb.2021.765757
https://doi.org/10.1099/jmm.0.000585
https://doi.org/10.1093/cid/ciad612
https://doi.org/10.1093/ofid/ofw172.47
https://doi.org/10.1099/jmm.0.46937-0
https://doi.org/10.1128/jcm.00243-22
https://doi.org/10.1128/aac.02148-21
https://doi.org/10.57187/smw.2023.40066
https://doi.org/10.1186/s12879-021-05872-8
https://doi.org/10.1093/ofid/ofv075
https://doi.org/10.1093/cid/ciab921
https://doi.org/10.1093/cid/ciy077
https://doi.org/10.1016/j.idnow.2022.09.002
https://doi.org/10.1016/j.jhin.2021.01.030
https://doi.org/10.1093/cid/ciac727
https://doi.org/10.1002/phar.2446
https://doi.org/10.1016/j.cmi.2022.03.014
https://doi.org/10.1128/spectrum.02863-24

	Performance of direct-from-blood-culture disk diffusion antibiotic susceptibility testing and its impact on antibiotic adjustment in bloodstream infections at a Malaysian tertiary center
	MATERIALS AND METHODS
	Study design
	Susceptibility testing and reporting
	Turnaround time of dAST and cAST report
	Antibiotic modification after dAST results notifications
	Statistical analysis

	RESULTS
	Categorical agreements and error rates of dAST
	Turnaround time of dAST and cAST
	Antibiotics adjustment after dAST results and cAST reports

	DISCUSSION
	Conclusion



