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1. INTRODUCTION:
Blood Stream Infection (BSI) with resistance bacteria is a major 
contributing factor of mortality and morbidity in Intensive Care Unit 

[1](ICU).  ICU is an ideal place for bacteria to develop antibiotic 
resistant primarily due to the immunocompromised state of the 
critically ill patients and use of broad-spectrum antibiotics as empirical 
antibiotic therapy. Use of broad-spectrum antibiotics for longer 
duration with inappropriate de-escalation causes dysbiosis of gut 
bacteria which not only impair the immune response and loss of gut 
wall integrity but also facilitate colonization of the gut with Multi Drug 

[2]Resistant (MDR) bacteria.  Once these MDR bacteria colonize the 
[3]gut, BSIs with these MDR bacteria are more likely anticipated.  

Implementation of Antimicrobial Stewardship Programme (AMSP) in 
ICUs in combination with rapid microbiological test and early de-
escalation of broad-spectrum antibiotics can reduce the emergence of 

[4]MDR pathogens and, thereby, the mortality risk.

Traditionally, microbiological processing of the blood cultures takes 
48 hours from the positively agged blood culture bottles in automated 
blood culture system to nal sensitivity reporting. The initial 24 hours 
for the growth and identication of the bacteria and the next 24 hours 
for antibiotic sensitivity test.  Numerous studies showed that the 
bacterial identication directly from positively agged blood culture 
bottles by Matrix-assisted laser desorption ionization-time of ight 
mass spectrometry (MALDI-TOF MS) can be obtained within few 

[5]hours, but with poor accuracy for Gram positive bacteria.  Similarly, 
various other studies used Antimicrobial susceptibility testing (AST) 
directly from the positively agged blood culture bottles in automated 

[6]Vitek-2 and Phoenix platforms with poor accuracy.  Even molecular 
techniques like Reverse transcriptase polymerase chain reaction (RT-
PCR) have been used for rapid detection of the pathogen with 
simultaneous antibiotics resistant genes detection. But these 
techniques cannot be used in routine laboratory due to many 

[7]limitations (such as highly expensive and labor-intensive).

Considering the value of rapid antimicrobial susceptibility testing 
reports in blood stream infections, a rapid antimicrobial susceptibility 
test (RAST) method has been developed by the European Committee 
on Antimicrobial Susceptibility Testing (EUCAST). This method, by 
using the disk diffusion technique, provides a rapid estimation of the 
antimicrobial susceptibility within 8 hours and since April 2022 also 
after 16-20 hours incubation, directly from the positive blood culture 

[8]bottles.  However, outside the Europe, this rapid method has rarely 
been used.

The aim of our study is to reduce the microbiological reporting from 48 
hours to 24 hours by using AST directly from positively agged blood 
culture bottles applying the EUCAST Rapid Antimicrobial 
Susceptibility Testing (RAST) guideline and compared with minimum 
inhibitory concentration (MIC) results obtained from automated 

Vitek-2 system. The concordant and discordant reports were expressed 
as “categorical agreement”, “very major”, “major” and “minor” errors.

2. MATERIALS & METHODS:
2.1 Study Design And Duration: A hospital-based study was done in 
the Department of Microbiology, Gauhati Medical College & Hospital 
(GMCH), Guwahati for duration of three months (May, 2022 to July, 
2022).

2.2 Sample collection: 
A total of 300 blood culture bottles, collected from 936 suspected 
patients having blood stream infection, were agged positive during 
the study period by the automated (BacT/ALERT3D; bioMerieux, 
France) blood culture system. Once the bottle agged positive, it was 
taken out from the system and subjected for Gram staining.

2.3 Inclusion and exclusion criteria: 
Bottle showing morphologically uniform Gram positive cocci and 
Gram negative bacilli; and subculture showing single bacterial growth 
were included in the study. Positive blood bottles showing yeasts and 
more than one organism in Gram stain or after subculture 
(polymicrobial growth) were excluded from the study.

2.4 Standard Antibiotic Susceptibility Test (AST): 
As a routine procedure all the positive blood culture broths were sub-
cultured in 5% sheep Blood agar (BA) and MacConkey agar (MA) and 
incubated at 37℃ for 16-24 hours. After overnight incubation, the 
plates showing uniform single colonies were subjected for 
identication by the automated MALDI-TOF MS system followed by 
drug susceptibility testing by Vitek-2 automated platform 
(bioMerieux, France) using suitable Vitek panel (N628 panel for Gram 
positive isolates and N281 panel for Gram negative isolates). Data 
were collected retrospectively from the records maintained in the 
bacteriology section of Microbiology laboratory and entered in a pre-
designed proforma.

2.5 Rapid Antibiotic Susceptibility Test (RAST): 
The direct susceptibility test from positive blood culture bottle was 

[8]done following the EUCAST RAST methods.  Antimicrobial 
susceptibility testing was done on 90-mm circular Muller-hinton agar 
plate directly from the positive blood culture bottles. Shortly, 125±25 
μL of broth from positive blood culture bottle (undiluted) was 
inoculated in Muller-hinton agar plate by streaking the entire plate 
gently in three directions using sterile cotton swab. While streaking, 
the plate was rotated approximately 60 degrees to ensure uniform 
distribution of inoculum. Six antibiotic discs were applied in the 
Muller-hinton agar plate (Gentamicin 10 mcg, Cefoxitin 30 mcg, 
Ciprooxacin 5 mcg, Teicoplanin 30 mcg, Linezolid 30 mcg and 
Levooxacin 5 mcg for Gram positive cocci; and Ceftazidime 10 mcg, 
Cefepime 30 mcg, Piperacillin-tazobactum 30/6 mcg, Meropenem 10 
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mcg, Amikacin 30 mcg and Ciprooxacin 5 mcg for Gram negative 
bacilli) and incubated at 35±1℃ for 16 hours. Three sets of dRAST 
plates were prepared for each isolate and the average of the zone 
diameters measured at sixteenth hour of incubation were taken for the 
study.

In addition to clinical samples, two known strains of Methicillin 
Resistant Staphylococcus Aureus (MRSA) (ATCC 43300) and two 
Extended-spectrum beta-lactamases (ESBLs) producing strains of 
Klebsiella pneumoniae  (ATCC 700603) were processed, 
simultaneously, both for RAST and antibiotics sensitivity testing in 
Vitek-2 plateform.

Working ow of direct Rapid Antibiotic Susceptibility Test (RAST) 
and standard antibiotic susceptibility test (AST) methods were shown 
in the Figure 1.

Figure 1: Working ow of direct Rapid Antibiotic Susceptibility Test 
(RAST) and standard antibiotic susceptibility test (AST) methods

The results of the two AST methods were compared using the term-
Ÿ Categorical agreement (CA): When the result was in concordance 

between the two methods.
Ÿ Very major error (VME) (False susceptibility): When sensitive in 

direct AST method but resistance in the automated AST method.
Ÿ Major error (ME) (False resistance): When resistance in direct 

AST method but sensitive in the automated AST method.
Ÿ Minor errors (mE): When intermediate in direct AST method but 

sensitive or resistance in the automated AST method.

2.6 Statistical Analysis: 
The data collected in this study were summarized and entered in the 
Microsoft Ofce Excel 2007. Analysis of the data was carried out by 
using the GraphPad Prism software. The data, denoted as numbers and 
percentages, were taken as appropriate whenever applicable. Citations 
were done by using the Vancouver style.

3. RESULTS
During the study period a total of 936 blood culture bottles were 
received from the suspected cases of BSIs for aerobic culture of which 
300 (32%) blood culture bottles agged positive. Among the positive 
bottles, 167 (167/300; 55.6%) bottles showed single bacterial growth 
which were processed further for the study. The bottles which showed 
polymicrobial growth (34/300; 11.4%) and yeasts (99/300; 33%) were 
excluded from the study.

3.1 Gram staining: Subculture of these 167 positive blood culture 
bottles showed growth of Gram negative bacilli in 81 bottles (81/167; 
48.5%) and Gram positive cocci in 86 bottles (86/167; 51.5%). Among 
the Gram negative bacteria, Klebsiella pneumoniae was found to be 
the most common isolate (31/81; 38.3%), followed by Acinetobacter 
baumanni (27/81; 33.3%), Escherichia coli (18/81; 22.2%), 
Pseudomonas aeruginosa (2/81; 2.5%), Enterobacter hormaechiae 

(2/81; 2.5%) and Salmonella typhi (1/81; 1.2%). Among the Gram 
positive bacteria, Coagulase negative staphylococcus aureus (CONS) 
was found to be the highest organisms isolated (73/86; 85%), followed 
by Enterococcus faecium (10/86; 11.6%) and Methicillin resistant 
staphylococcus aureus (3/86; 3.4%) (Table 1). There was 100% 
concordance between the results of Gram stain from the positive blood 
culture bottles and the Gram stain from the subculture colonies 
obtained after overnight incubation in solid media.

Table 1: Distribution of organisms isolated from positive blood 
culture:

3.2 Comparison of interpretative results with RAST and standard AST:
The comparison of RAST results with standard automated Vitek-2 
results was done. For the Gram negative bacilli, the CA for 
individual antimicrobials was found to be ranging from 96.3% for 
amikacin to 100% for meropenem, piperacillin/tazobactam, 
ceftazidime, cefepime and ciprooxacin. VME and ME were 
detected for the antimicrobial, amikacin with 1.2% and 2.5% 
respectively. Minor error was not detected in this study. For the 
Gram positive cocci, all the 86 isolates showed 100% categorical 
agreement for all the antimicrobials applied in this study. 
Comparison of interpretative results with RAST and standard AST 
for the isolates were shown in the Table 2.

Table 2: Agreement between direct RAST and automated VITEK-
2 AST:
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ORGANISMS NUMBER
n=167, %)

PERCENTAGE 
(%)

Methicillin Resistant 
Staphylococcus 
aureus (MRSA)

Total Gram-
Positive cocci 
(86; 51.5%)

3 3.4

Enterococcus faecium 10 11.6
Coagulase-negative 
Staphylococcus 
aureus (CONS)

73 85

Klebsiella pneumonia Total Gram-
Negative 
bacilli (81; 
48.5%)

31 38.3
Escherichia coli 18 22.2
Pseudomonas 
aeruginosa

2 2.5

Acinetobacter 
baumanni

27 33.3

Enterobacter 
hormaechiae

2 5

Salmonella typhi 1 1.2
TOTAL 167 167 100

Gram negative bacilli (n=81)
Antimicrobials RAST VITEK-2 CA VME ME mE

S R S R

Amikacin 23 58 24 57 78 
(96.3%)

1 
(1.2%)

2 
(2.5%) -

Ciprooxacin 18 63 18 63 81 
(100%) - - -

Meropenem 28 53 28 53 81 
(100%)

- - -

Piperacillin-
tazobactum

24 57 24 57 81 
(100%)

- - -

Ceftazidime 9 72 9 72 81 
(100%)

- - -

Cefepime 11 70 11 70 81 
(100%)

- - -

Gram positive cocci (n=86)

Gentamicin 80 6 80 6 86 
(100%) - - -

Ciprooxacin 52 34 52 34 86 
(100%)

- - -

Cefoxitin 65 21 65 21 86 
(100%)

- - -

Teicoplanin 71 15 71 15 86 
(100%)

- - -

Linezolid 84 2 84 2 86 
(100%)

- - -

Levooxacin 44 42 44 42 86 
(100%)

- - -

CA: Categorical agreement, VME: Very major error, ME: Major 
error, mE: Minor error



4. DISCUSSION
In the present study we evaluated the EUCAST RAST method in 
routine Microbiology Laboratory for both Gram positive cocci and 
Gram negative bacilli associated with blood stream infection. We 
compared the results obtained from EUCAST RAST method with 
routinely used commercial method (automated Vitek2 system) for six 
commonly used antibiotics in blood stream infection.

Our study showed a very good categorical agreement for both the 
Gram positive cocci (100%) and the Gram negative bacilli (96.3%). 
Various previous published reports also showed good categorical 
agreement when compared the direct AST with various methods, both 

[9,10]in-house and commercials, at least for the fast growing bacteria.  
However, many of these studies, showed less categorical agreement 

[11,12]against Gram positive bacteria than Gram negative bacteria.  In our 
study, discrepancy was observed for the antimicrobial, amikacin, 
against the Gram negative bacilli. The rates of VME, ME and mE for 
Gram negative bacilli were found to be 0.2%, 0.4% and 0% 
respectively. Interestingly, error rate of amikacin was also found in 
previous studies using diverse AST methods. Chandrasekaran et al. 
found 23.1% VME in amikacin when used disk diffusion method 
directly from positive blood culture bottle to estimate the 

[13]susceptibility.  Similarly Kevin et al. observed signicant error in all 
aminoglycosides susceptibility not only in disk diffusion method but 

[14]also in automated methods.  The disagreement and inconsistent 
results of amikacin sensitivity may be attributable to complex 
mechanisms of aminoglycosides resistance which are working 
simultaneously having variable action and aminoglycosides alone may 
not be an appropriate treatment at least for Gram negative bacilli.

Overall these observations indicate a good agreement between RAST 
from positive blood culture bottle and standard AST method. Since the 
rst proposal of EUCAST RAST in 2017, this method has been 
successfully using by European countries and reduce the AST report 
approximately to 20 hours. However, in India standard AST has been 
using according to the Clinical & Laboratory Standards Institute 

[15](CLSI) guideline which take minimum of 72 hours to report AST.  
The alternative use of EUCAST RAST may signicantly help the 
clinicians for early de-escalation of broad spectrum antibiotics in 
critically ill patients.  However, evaluating clinical benet of RAST 
will be more signicant for it to be used as routine method in 
laboratory.

The main limitation of our study was less number of study samples and 
using limited number of antimicrobials. However this panel of 
antimicrobials may be modied according to the local antibiotics 
policy available in the hospital. Also, we compared the RAST results 
with CLSI M100 breakpoint tables. Additionally we did not analyse 
the clinical outcome with RAST report.

5. CONCLUSION
Overall, this approach with high degree of concordance is promising 
and contributed to reduce the turnaround time of blood cultures 
antibiotic sensitivity with a positive impact on patient management 
especially in the intensive care units. As the disk diffusion method 
reduces the cost, it can be used in all the level of health care facilities. 
Even this method will also help in properly implementation of the 
Antimicrobial Stewardship Programme.
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