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ABSTRACT

Introduction: Bloodstream infection is a major cause of mortality
and morbidity worldwide. Timely reporting of blood culture
results is of utmost importance for better patient outcomes.
The recently introduced Rapid Antimicrobial Susceptibility
Testing (RAST) method is poised to profoundly influence clinical
outcomes.

Aim: To compare the results of RAST with Standard Antimicrobial
Susceptibility Testing (SAST) and evaluate the impact of RAST
reporting on the clinical management of septicaemia patients.

Materials and Methods: This prospective, observational study
was conducted in the Department of Microbiology, Government
Medical College, Kurnool, Andhra Pradesh, India from May 2021
to September 2022. All positive blood culture bottles with only
a single morphotype in gram staining were further processed
using the RAST method, followed by conventional identification

Observational Study

and SAST. Categorical agreement and disagreement between
the RAST and SAST results were compared, along with the
difference in the time at which results were available.

Results: Out of 1,146 blood cultures received, 228 were flagged
as positive. A total of 514 isolate and antimicrobial agent
combinations were evaluated, of which 496 (96.5%) showed
categorical agreement. Only 18 (3.5%) showed categorical
disagreement, with the majority being Major Errors (ME) (1.56 %),
followed by Very Major Errors (VME) (0.97%) and minor Errors
(mE) (0.97%).

Conclusion: RAST results demonstrated strong concurrence
with SAST results. RAST is affordable, fast, and flexible and
can potentially lead to a considerably shortened time for AST
results to reach the bedside of the patient. This enables rapid
modifications and adjustments in antibiotic therapy, including
both escalation and de-escalation.
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INTRODUCTION

Septicaemia caused by drug-resistant bacterial infections is a
significant contributor to mortality and morbidity worldwide [1].
It is crucial to promptly receive and assess blood culture results
to ensure the selection of the most appropriate treatment for a
better outcome. This is why it was imperative to develop a swift
Antimicrobial Susceptibility Testing (AST) method [2]. Traditional
methods without automation are extremely time-consuming
with a turnaround time of 5-7 days or more. With the advent of
automated blood culture systems, blood culture and sensitivity
results are available 2-3 days earlier than those of conventional
blood culture methods [3,4]. However, a subculture has to be
performed from positive blood culture bottles to obtain pure growth
so that identification and AST can be carried out. RAST is a newer
methodology performed directly from blood culture bottles to get
early AST results. It helps clinicians switch over to appropriate
antimicrobials quickly, playing a pivotal role in decreasing the
mortality rate of such patients. This disc diffusion-based method
is cheap, flexible, and adapted for any newer antibiotics without
much difficulty. Recently, both EUCAST (The European Committee
of Antimicrobial Susceptibility Testing) and the Clinical and
Laboratory Standards Institute (CLSI) have standardised this
method and provided interpretation breakpoints that are being
adopted by multiple laboratories worldwide [5,6]. The turnaround
time for AST can be decreased to as low as 4 to 8 hours after a
positive blood culture using the RAST method, as opposed to the
SAST method, which takes 24-48 hours [7,8].
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There has been an unprecedented increase in drug-resistant
isolates from clinical samples. Invasive infections by these drug-
resistant pathogens in critically-ill patients and patients with
underlying co-morbidities are extremely difficult to treat unless
definitive therapy with appropriate antibiotics is administered
promptly [9]. RAST plays a major role in adjusting therapy by the
treating clinician in such cases. While many genotypic methods are
available for the early identification of drug-resistant pathogens,
they are expensive, require expertise and equipment, and cannot
be adapted in peripheral settings. This is why RAST has gained
momentum recently in routine clinical microbiology laboratory
setups. Researchers assessed the influence of RAST testing on
clinical outcomes and observed positive findings in bloodstream
infections [10,11].

There is a gap in knowledge regarding the impact of RAST
testing on the clinical management of patients, especially in the
Indian context when compared to standard testing methods.
Moreover, there is a lack of understanding about the clinical
outcomes for patients when RAST testing is employed for
antibiotic monitoring and adjustment. Hence, the present study
aimed to identify the importance of this methodology and
evaluates its impact and significance in the clinical management
of septicaemia cases in a tertiary care hospital. The objectives
are as follows:

1. To compare the results of RAST with SAST.

2. To determine the impact of RAST reporting on the clinical
management of septicaemia patients in terms of:
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a. Difference in the time at which results are available from
RAST and SAST.

b. Changes to appropriate antimicrobial agents.

MATERIALS AND METHODS

This study was a prospective, observational study conducted in
the Department of Microbiology, Government General Hospital
and Kurnool Medical College, Kurnool, Andhra Pradesh, India from
May 2021 to September 2022. The study was approved by the
Institutional Ethics Committee, Kurnool Medical College, Kurnool
(IEC No. 36/2021 dated 26.04.2021).

Inclusion criteria: All positive blood cultures of septicaemia patients
admitted to Intensive Care Units (ICU) were included in the studly.

Exclusion criteria: Positive blood cultures with two or more
morphotypes, positive blood cultures with fungal growth, positive
blood cultures with gram positive bacilli and gram negative cocci,
and repeated blood cultures from the same patient were excluded
from the study.

Sample size estimation: Convenience sampling was employed to
gather a dataset consisting of 87 blood samples. This method was
chosen for its ease of access and quick implementation, allowing
for a relatively efficient collection process.

Study Procedure

All the positive blood culture bottles flagged by the automated
blood culture system (BacT/ALERT3D; bioMerieux, France) were
subjected to Gram staining. Gram staining that showed only a single
organism (single morphotype) was processed further by RAST.

RAST using the Kirby Bauer disc diffusion method [12-14]: A
125+25 plL of undiluted blood culture broth was taken from the
positive blood culture bottle to each 90-mm circular Muller-Hinton
agar plate, and it was spread over the agar surface by swabbing
in three directions. After the plate surface dried, antibiotic discs
were placed and incubated at 35+1°C for 8 hours. Reading and
interpretation were done after 4 hours, 6 hours, and 8 hoursfive
minutes of incubation following EUCAST RAST guidelines. Inhibition
zones were read only when the growth was confluent, and zone
edges were clearly visible. The RAST QC procedure was performed
to calibrate and validate the implementation of the procedure by
using QC strains (E. coli ATCC 25922, P, aeruginosa ATCC 27853,
and S. aureus ATCC 29213). Internal QC was performed daily to
validate the procedure and AST materials.

Standard Conventional Identification and AST [6,15]:
Simultaneously, broth from the positive blood culture bottle
was sub-cultured onto MacConkey Agar and Blood Agar. Pure
growth from solid plates was subjected to Standard Conventional
identification and AST as per EUCAST and CLSI guidelines. Gram
negative bacilli were tested for a panel of six antibiotics such as
amikacin 30 pg (AK), gentamicin 10 pg (GEN), ceftriaxone 30 ug
(CTR)/ceftazidime 30 ug (CAZ), ciprofloxacin 5 pg (CIP), meropenem
10 pg (MRP), and piperacillin-tazobactam 100/10 pg (PIT). All
these antibiotics were included for analysis if the pathogen was a
member of the Enterobacteriaceae family, Pseudomonas species,
or Acinetobacter species. CTR was excluded from the analysis for
Pseudomonas species.

All RAST results were informed to treating clinicians either through a
phone call or by posting in the specific ICU WhatsApp group.

Results of the RAST were compared with those of SAST. The
performance of RAST compared with SAST was expressed in terms
of categorical agreement and categorical disagreement according
to ISO 20776-2:2007 guidelines [16,17].

Categorical agreement between RAST and SAST was classified as
shown in [Table/Fig-1].

The time difference between the availability of RAST and SAST
was recorded. The impact of the RAST result on clinical decision-
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Type of error RAST SAST
Very Major Error (VME) S R
Major Error (ME) R S

S/R |
Minor Error (ME)

[Table/Fig-1]: Terminologies used for comparison of RAST and SAST.

RAST:Rapid antimicrobial susceptibility testing;SAST:Standard antimicrobial susceptibility testing;
S:Susceptible;R:resistant;|:Intermediate

making was evaluated by reviewing patients’ case sheets for the
modification of antimicrobial agents, i.e., initiation of appropriate
antimicrobial agents.

STATISTICAL ANALYSIS

All the data collected was entered into a Microsoft Excel sheet. The
analysis of the data was performed using Statistical Package for
Social Sciences Software (SPSS) version 22.0.

RESULTS

A total of 1,146 blood cultures were received, out of which 228
flagged positive (19.9% positivity rate). Out of the 228 positive blood
cultures, 53 positives were excluded because they were collected
from Outpatient or Wards, 35 positives grew contaminants, 23
bottles were not processed by the RAST method, 21 were repeats,
and nine were false positives, leaving a total of 87 eligible blood
cultures for the analysis [Table/Fig-2]. In the present study, there
were 61 Enterobacteriaceae group of organisms (31 Klebsiella
pneumoniae and 30 E. coli), 22 non fermenters (14 Acinetobacter
spp. and 8 Pseudomonas spp.), and four Staphylococcus aureus
included [Table/Fig-3]. A total of 514 isolate and antimicrobial
agent combinations were evaluated, of which 496 (96.5%) showed
categorical agreement, which was extremely satisfactory. Only 18
(3.5%) showed categorical disagreement, with the majority being
ME 8 (1.56%), followed by VME 5 (0.97%) and mE 5 (0.97%).

A total of 366 isolate and antimicrobial agent combinations were
obtained from the susceptibility results for the Enterobacteriaceae

1146 blood cultures
received

!

228 blood cultures
flagged positive

Excluded:

53 outpatient or ward
‘ [ 35 contaminations

¢ 23 RAST not processed
21 Repeats

9 False Positives

87 included in the study

[Table/Fig-2]: Flow chart of blood cultures.

___Staphylococcus
aureus, 4

Pseudomonas
aeruginosa, 8

__—Klebsiella

Acinetobacter ——— pneumoniae, 31

baumannii, 14

[Table/Fig-3]: Distribution of organisms isolated from positive blood cultures.
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group of organisms. Out of these, 358 (97.81%) combinations
showed categorical agreement, whereas 8 (2.18%) combinations
showed categorical disagreement, with 2 (0.55%) being VMEs,
4 (1.1%) MEs, and 2 (0.55%) mEs [Table/Fig-4]. The categorical
agreement for individual antimicrobials against Enterobacteriaceae
showed amikacin 61 (100%), gentamicin 59 (96.72%), ceftriaxone
60 (98.36%), ciprofloxacin 59 (96.72%), meropenem 60 (98.36%),
and piperacillin tazobactam 59 (96.72%).

Categorical disagree-
ment aanka

Antimicrobial | Categorical value of
agent agreement | VME | ME | mE | Total | agreement | p-value
Amikacin 61 0 0 0 0 1.000 0.0001
Gentamicin 59 1 1 0 2 0.934 0.0001
Ciprofloxacin 59 0 1 1 2 0.934 0.0001
Ceftriaxone 60 0 0 1 1 0.967 0.0001
Meropenem 60 1 0 0 1 0.967 0.0001
Piperacilin- 59 0|2 o] 2 0934 | 0.0001
tazobactum

[Table/Fig-4]: Performance of Rapid Antimicrobial Susceptibility Testing (RAST)

compared to Standard Antimicrobial Susceptibility Testing (SAST) for Enterobacteri-
aceae (n=61).

A total of 132 isolate and antimicrobial agent combinations were
obtained for non fermenters (Acinetobacter and Pseudomonas).
Among these, 123 (93.18%) combinations showed categorical
agreement, whereas 9 (6.81%) combinations showed categorical
disagreement, with 3 (2.27%) being VMEs, 3 (2.27%) MEs, and
3 (2.27%) mEs [Table/Fig-5]. The categorical agreement for
individual antimicrobials against non fermenters showed amikacin
20 (90.91%), gentamicin 20 (90.91%), ceftazidime 22 (100%),
ciprofloxacin 19 (86.36%), meropenem 21 (95.45%), and piperacillin
tazobactam 21 (95.45%). Among gram positive organisms, four
Staphylococcus aureus were tested for cefoxitin, norfloxacin,
gentamicin, and clindamycin. Out of 16 isolate and antimicrobial
agent combinations, only one (6.25%) ME for cefoxitin was
observed with a categorical agreement of 93.8%.

Categorical disagree-
ment aapha

Antimicrobial | Categorical value of p-
agent agreement | VME | ME | mE | Total | agreement | value
Amikacin 20 1 0 1 2 0.818 0.0001
Gentamicin 20 0 1 1 2 0.818 0.0001
Ciprofloxacin 19 1 1 1 3 0.727 0.0001
Ceftazidime 22 0 0 0 0 1.000 0.0001
Meropenem 21 0 1 0 1 0.909 0.0001
Piperacilin- 21 1 ol o 1 0.909 | 0.0001
tazobactum

[Table/Fig-5]: Performance of Rapid Antimicrobial Susceptibility Testing (RAST)

compared to Standard Antimicrobial Susceptibility Testing (SAST) for Acinetobacter
and Pseudomonas (n=22).

Modification of treatment based on RAST results was evaluated,
in which 13/87 (14.9%) cases had an escalation of antibiotics. De-
escalation was not done in any of the cases, but discontinuation
of antimicrobials with coverage other than that of the isolated
pathogen was done in 49 cases (56.3%), i.e., discontinuation
of gram positive specific antimicrobials like vancomycin if gram
negative bacilli were reported in RAST [Table/Fig-6]. The mean

Change of antimicrobial treatment Total %
Escalation of Antimicrobials 13/87 14.9
De-escalation 0/87 0
Discontinuation of Antimicrobials with coverage other than 49/87 56.3
that of Pathogen isolated

[Table/Fig-6]: Modification of treatment based on RAST results (n=87).
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time difference in obtaining results between RAST and SAST was
36.8+4.96 hours. RAST results were available 28 to 42 hours earlier
than the SAST results.

DISCUSSION

Early diagnosis, susceptibility testing, and appropriate initiation of
treatment are essential for the survival of septicaemia patients, with
the blood culture report playing a vital role. Conventional SAST
methodology is time-consuming, with a turnaround time of more
than 48 hours [18]. Every hour of delay in initiating appropriate
therapy decreases the survival rate of septicaemia patients
[19]. Rapid susceptibility testing directly from blood culture can
significantly help in this regard.

In India, there is a lack of literature on RAST testing methods,
with very few studies [20,21] comparing RAST and SAST testing
methods. Due to potential variations in interlaboratory testing among
different facilities, it is advisable to test a larger number of isolates
from various regions of India to generate cumulative RAST results
for comparison with SAST results. This will enhance understanding
of the methodologies and their routine application. Therefore, the
present study aimed to correlate RAST testing with conventional
SAST methodology.

In the present study, RAST and SAST exhibited very good categorical
agreement. Out of 514 isolate and antimicrobial agent combinations
tested, 496 (96.5%) showed categorical agreement, with only
18 (8.5%) showing categorical disagreement. The majority of
disagreements were minor errors (ME) in 8 cases (1.56%), followed
by very major errors (VME) in 5 cases (0.97%) and major errors (ME)
in 5 cases (0.97%). Present study findings were consistent with a
study by Rajasekhar D et al., where a total of 965 pathogens and
7106 organism-antibiotic combinations were evaluated, resulting
in a 96% categorical agreement. Categorical disagreements were
found in only 4% of organism-antibiotic combinations, primarily
minor errors (2.1%), followed by very major errors (1%) and major
errors (0.9%) [20]. In contrast, Chandrasekaran S et al., reported a
lower categorical agreement of 87.9% between RAST and SAST
with errors found in their study including VME (0.5%), ME (3.5%),
and mE (10%) [21].

Providing adequate and appropriate antimicrobial therapy is
crucial in reducing mortality and improving outcomes for sepsis
patients. Present study also aimed to identify changes in clinicians’
prescription practices after the RAST report was released. A good
correlation was observed for the escalation of antibiotics with RAST
reporting, while clinicians generally did not practice de-escalation
therapy, possibly due to concerns about patient deterioration
if de-escalation was done early given the severity of the cases.
Nevertheless, based on gram stain and RAST reporting, antibiotics
with coverage other than the pathogen were discontinued in the
majority of cases in present study.

Limitation(s)

This study was conducted at a single centre and included a limited
number of isolates. Since the bacteriology laboratory operates only
during specified working hours, some delays in obtaining/reporting
blood culture positives during off-hours can be expected, which
might have led to subsequent delays in RAST testing and informing
clinicians.

CONCLUSION(S)

Present study findings underscore the potential of RAST in
facilitating the early initiation of targeted therapies, as demonstrated
by its strong correlation with SAST results. This method has the
potential to significantly reduce mortality and morbidity rates
among septicaemia patients. RAST is affordable, fast, and flexible,
potentially leading to a considerably shortened time for AST results
to reach the patient’s bedside. This enables rapid modifications
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and adjustments in antibiotic therapy, including both escalation and ~ [12]

de-escalation, thereby facilitating the effective implementation of
antimicrobial stewardship protocols.

REFERENCES

[1] Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan DR, et al.
Global, regional, and national sepsis incidence and mortality, 1990-2017: Analysis
for the Global Burden of Disease Study. Lancet. 2020;395(10219):200-11.
Doern CD. The slow march toward rapid phenotypic antimicrobial susceptibility
testing: Are we there yet? J Clin Microbiol. 2018;56(4):e01999-17.
Fitzpatrick F, Turley M, Humphreys H, Smyth E. An after-hours clinical liaison
blood culture service- is it worth it? Clin Microbiol Infect. 2004;10(10):917-21.
Durairaj E, Lyngdoh VW, Banik A, Khyriem AB, Bhattacharyya P, Rajbongshi J,
et al. Comparative evaluation of conventional (manual) blood culture system and
BacT/ALERT 3D (automated) blood culture system in a Tertiary care hospital.
Scholars Journal of Applied Medical Sciences (SJAMS). 2017;5(2D):544-49.
Akerlund A, Jonasson E, Matuschek E, Serrander L, Sundqvist M, Kahimeter G;
RAST Study Group. EUCAST rapid antimicrobial susceptibility testing (RAST) in
blood cultures: Validation in 55 European laboratories. J Antimicrob Chemother.
2020;75(11):3230-38. Doi: 10.1093/jac/dkaa333.
CLSI. Performance Standards for Antimicrobial Susceptibility Testing. 31 ed.
CLSI supplement M100. Clinical and Laboratory Standards Institute; 2021.
Anton-Vazquez V, Hine P, Krishna S, Chaplin M, Planche T. Rapid versus standard
antimicrobial susceptibility testing to guide treatment of bloodstream infection.
Cochrane Database Syst Rev. 2021;5(5):CD013235.
Tabak YP, Vankeepuram L, Ye G, Jeffers K, Gupta V, Murray PR. Blood culture
turnaround time in US. Acute care hospitals and implications for laboratory
process optimization. J Clin Microbiol. 2018;56(12):e00500-18.
Mancuso G, Midiri A, Gerace E, Biondo C. Bacterial antibiotic resistance: The
most critical pathogens. Pathogens. 2021;10(10):1310.
Buehler SS, Madison B, Snyder SR, Derzon JH, Cornish NE, Saubolle MA, et
al. Effectiveness of practices to increase timeliness of providing targeted therapy
for inpatients with bloodstream infections: A laboratory medicine best practices
systematic review and meta-analysis. Clin Microbiol Rev. 2016;29(1):59-103.
Berinson B, Olearo F, Both A, Brossmann N, Christner M, Aepfelbacher M, et al.
EUCAST rapid antimicrobial susceptibility testing (RAST): Analytical performance
and impact on patient management. J Antimicrob Chemother. 2021;76(5):1332-
38. Doi: 10.1093/jac/dkab026.

3]

[14]
[2
[3] [15]

[4]
[16]
[s]
n71
[6]

[71
[e]

[8] [19]

[0l
[20]
[a

[21]
1]

www.jcdr.net

The European Committee on Antimicrobial Susceptibility Testing. Zone diameter
breakpoints for rapid antimicrobial susceptibility testing (RAST) directly from
blood culture bottles. Version 3.0, 2021. [Internet]. [cited 2021 Jul 02]. Available
from: http://www.eucast.org.

The European Committee on Antimicrobial Susceptibility Testing. Methodology
for rapid antimicrobial susceptibility testing (RAST) directly from positive blood
culture bottles. Version 1.1. May 2019. [Internet]. [cited 2021 Jul 02]. Available
from: http://www.eucast.org.

Jonasson E, Matuschek E, Kahimeter G. The EUCAST rapid disc diffusion
method for antimicrobial susceptibility testing directly from positive blood culture
bottles. J Antimicrob Chemother. 2020;75(4):968-78.

Matuschek E, Brown D, Kahimeter G. Development of the EUCAST disk diffusion
antimicrobial susceptibility testing method and its implementation in routine
microbiology laboratories. Clin Microbiol Infect. 2014;20(4):0255-66.

Clinical laboratory testing and in vitro diagnostic test systems-Susceptibility
testing of infectious agents and evaluation of performance of antimicrobial
susceptibility test devices- part 2: Evaluation of performance of antimicrobial
susceptibility test devices. Clinical and Laboratory Standards Institute, std. ISO
20776-2:2007.

Kavipriya D, Prakash SS, Dhandapani S, Rajshekar D, Sastry AS. Evaluation
of the performance of direct susceptibility test by VITEK-2 from positively
flagged blood culture broth for gram-negative bacilli. J Lab Physicians.
2021;13(4):374-79. Doi: 10.1055/s-0041-1732489. PMID: 34975259;
PMCID: PMC8714412.

Singer M. Antibiotics for sepsis: Does each hour really count, or is it incestuous
amplification? Am J Respir Crit Care Med. 2017;196(7):800-02.

McGregor JC, Rich SE, Harris AD, Perencevich EN, Osih R, Lodise TP Jr, et al.
A systematic review of the methods used to assess the association between
appropriate antibiotic therapy and mortality in bacteremic patients. Clin Infect
Dis. 2007;45(3):329-37.

Rajshekar D, Chaudhari KV, Bhat P, Prakash SS, Raghvan R, Vasanth S, et al.
Evaluation of performance of direct disk diffusion test from positively flagged
blood culture broth: A large scale study from South India. J Lab Physicians.
2019;11(2):154-60.

Chandrasekaran S, Abbott A, Campeau S, Zimmer BL, Weinstein M, Thrupp
L, et al. Direct-from-blood culture disk diffusion to determine antimicrobial
susceptibility of Gram-negative bacteria: Preliminary report from the Clinical
and Laboratory Standards Institute Methods Development and Standardization
Working Group. J Clin Microbiol. 2018;56(3):e01678.

PARTICULARS OF CONTRIBUTORS:

1. Professor and Head, Department of Microbiology, Kurnool Medical College, Kurnool, Andhra Pradesh, India.
2. Assistant Professor, Department of Microbiology, Kurnool Medical College, Kurnool, Andhra Pradesh, India.
3. Assistant Professor, Department of Microbiology, Government Medical College, Adoni, Andhra Pradesh, India.

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

Dr. Chakrapani Kammineni,

Assistant Professor, Department of Microbiology, Government Medical College,
Adoni-518360, Andhra Pradesh, India.

E-mail: chakri.kammineni@gmail.com

AUTHOR DECLARATION:

e Financial or Other Competing Interests:
e Was Ethics Committee Approval obtained for this study?  Yes

¢ Was informed consent obtained from the subjects involved in the study? No

e For any images presented appropriate consent has been obtained from the subjects.

None

PLAGIARISM CHECKING METHODS: anHetall
® Plagiarism X-checker: Apr 06, 2024

* Manual Googling: Apr 25, 2024

e Thenticate Software: Jun 10, 2024 (16%)

No

ETYMOLOGY: Author Origin

EMENDATIONS: 8

Date of Submission: Apr 05, 2024
Date of Peer Review: Apr 27, 2024
Date of Acceptance: Jun 11, 2024

Date of Publishing: Jul 01, 2024

Journal of Clinical and Diagnostic Research. 2024 Jul, Vol-18(7): DC25-DC28


http://europeanscienceediting.org.uk/wp-content/uploads/2016/11/ESENov16_origart.pdf

