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ARTICLE INFO ABSTRACT

Article history: Background: Timely initiation of appropriate antimicrobial can improve the outcome in terms
Received 30 July 2017 of reduced morbidity and mortality in addition to reduced health-care costs. Availability of
Accepted 23 August 2018 early preliminary Antimicrobial Susceptibility Test (AST) report will be useful in directing
Available online 20 December 2018 antimicrobial therapy. The aim of the study was to correlate AST by disc diffusion method,

directly from positively flagged blood culture bottles, with the AST by automated method.

Keywords: Methods: A total of 144 aerobic blood culture bottles flagged positive by the automated blood
Disk diffusion antimicrobial tests culture system were processed. The bacteria were pelleted by two-step centrifugation of
Microbial sensitivity test the broth from the bottle and used to make a smear for Gram stain as well as an inoculum
Blood culture for antimicrobial sensitivity testing by Kirby Bauer disc diffusion method. Automated
Bacteria identification and AST were also carried out.

Results: On direct staining, 94 samples showed gram-negative bacilli, 39 showed gram-
positive cocci, and 11 showed yeasts or polymicrobial growth. In the case of gram-negative
bacteria, there was 99% categorical agreement between direct sensitivity testing and
automated sensitivity testing with 1% disagreement. Among the gram-positive cocci, there
was 96% categorical agreement with 4% disagreement between the two methods.
Conclusion: High degree of agreement between the two methods is promising and applicable
to situations where automated sensitivity testing is not available. Even if the systems are
available, this method would prove useful as an adjunct to standard AST reporting. This
sensitivity report can be generated earlier than the conventional AST, enabling choice of
appropriate antimicrobial.
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Introduction

Availability of culture and sensitivity results in patients with
infections is of importance to the clinicians in guiding them to
select the most appropriate antimicrobial for treatment,
thereby increasing the chances of maximal therapeutic effect.
To this end, it is incumbent on the microbiology laboratory to
provide such information in a timely manner, especially with
reference to cases of blood stream infections. Timely initiation
of appropriate antimicrobial along with supportive manage-
ment may improve the outcome in terms of reduced
morbidity and mortality in addition to reduced health-care
costs.m? With the advent of automated blood culture methods,
the time to detection of the organism has been reduced from
3—4 days to 2—3 days. However, even with the automation in
place, a subculture is required to obtain a pure growth, so that
Antimicrobial Susceptibility Testing (AST) can be carried out
either by the Kirby Bauer method or an automated method.
Owing to this inherent delay, the empirical therapy started
initially with broad spectrum antimicrobials perforce con-
tinues till the sensitivity results are made available. However,
it is to be emphasized that about 20-50% of all the prescribed
antimicrobials are inappropriate.® Patients getting these
inappropriate antimicrobials get no extra clinical benefits
while being at risk of suffering from adverse effects.* The
most serious and ever-increasing public health problem is
emergence of antimicrobial resistance due to the misuse and
abuse of antimicrobials.” These drug-resistant pathogens
pose a threat to health of patients in a health-care setup.
Various reports from around the world indicate that there is
an increase in the incidence of infections with multidrug-
resistant organisms along with increased mortality being seen
in both developing and developed countries.®®

One of the useful inputs in implementation of antimicro-
bial stewardship is early availability of AST, which can help
the clinician to de-escalate the antimicrobial, thereby
reducing the chances of emergence of resistant organisms.
The disc diffusion method for AST takes 48 h for the result to
be generated. This includes the 24-h time taken for subculture
from the positively flagged culture bottle onto solid culture
media to obtain a pure growth, in addition to AST, which takes
another day to complete. Even the automated methods for
AST take another half to one day for the results to be available.

In this study, we have carried out AST by disc diffusion
method, directly from the positively flagged blood culture
bottles, and correlated it with the AST by automated method.

Material and methods

This study was carried out in a large tertiary care center be-
tween September 2016 and February 2017. Study population
included patients admitted to acute care facility with sus-
pected bacterial infection. A total of 144 nonrepeat BacT/
ALERT® aerobic blood culture bottles flagged positive by the
automated blood culture system (BacT/ALERT3D; bioMerieux,
France) were processed. The blood culture bottle flagged
positive by the system was taken out, and after gentle
shaking, 1.5 mL of the broth was drawn using a sterile syringe.

This was centrifuged in a 1.5-mL microcentrifuge tube at 600
xg for 10 min to pellet the resin and the red blood cells
(MiniSpin centrifuge; Eppendorf, Germany). The supernatant
was taken into another 1.5-mL microcentrifuge tube and
centrifuged at 3000 xg for 10 min (MiniSpin centrifuge;
Eppendorf, Germany) to pellet the bacteria.” A smear for Gram
stain was prepared from the deposit. The rest of the sediment
was processed for preparation of inoculum for direct AST.
Samples showing only single organism on Gram staining were
further processed for direct AST.

AST by Kirby Bauer disc diffusion method

This pellet was resuspended in sterile saline to make the
turbidity equivalent to 0.5 McFarland. This suspension was
used for making the lawn culture for AST on Mueller-Hinton
Agar (HiMedia, India) (Fig. 1). Antimicrobial panels for testing
were chosen based on the Clinical & Laboratory Standards
Institute (CLSI) guidelines 2016 depending on whether the
organism was gram positive or gram negative on staining.’’ In
the case of gram-negative organisms, the panel chosen
included antimicrobials covering both Enterobacteriaceae and
nonfermenters, whereas the gram-positive panel included
antimicrobials against both Staphylococcus and Enterococcus
(Table 1). The antimicrobial discs were procured from HiMedia
Labs, India. After overnight incubation at 37°C, the results
were interpreted as per CLSI guidelines. Simultaneously,
subcultures from the positive-flagged bottle broth were per-
formed on blood and MacConkey agar (HiMedia, India).

For the interpretation of the direct AST results, the growth
on the plates which had been subcultured from the positive
blood culture bottle was classified based on the following
biochemical reactions; catalase-positive and oxidase-negative
gram-negative bacilli (GNB) along with colony morphology
were presumptively identified as Enterobacteriaceae. Simi-
larly, catalase-positive and oxidase-positive GNB were taken
as nonfermenters. However, catalase-positive, oxidase-nega-
tive, gram-negative coccobacilli were presumed to be acine-
tobacter spp.

For the presumptive identification of gram-positive cocci
(GPC), the following parameters were used. Typical colony
morphology followed by catalase test and slide coagulase was
used for classifying the organism as either Staphylococci,
Enterococci, or Streptococci. The results of the direct AST
were interpreted on the basis of oxidase test from the growth
obtained on the subcultured plates.

Automated identification and AST

Simultaneously the positively flagged blood culture was sub-
cultured on to blood agar and MacConkey agar. The growth on
the solid media was further used for bacterial identification
and AST using an automated identification (ID) and AST sys-
tem (VITEK-2 Compact; bioMerieux, France) using appropriate
Vitek ID cards and AST cards (N280/N281 for GNB and P628 for
GPC). The N280 card was used for oxidase test—negative GNB
and gram-negative Coccobacilli. The N281 card was used for
oxidase test—positive GNB. The P628 card was used for
Staphylococci spp. and Enterococci spp. No Streptococci were
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Fig. 1 — Flow chart for direct AST by disc diffusion and automated method. BA, blood agar; MA, MacConkey agar; MHA,
Mueller-Hinton agar; ID/AST, identification/antimicrobial susceptibility test. Images are photographed by the authors.

Table 1 — List of antimicrobials tested against the
isolates.

Against GNB Against GPC

Penicillin 10 units
Cefoxitin 30 png

Ampicillin 10 pg

Amoxicillin/clavulanic
acid 20/10 pg

Piperacillin/tazobactam
100/10 pg

Ciprofloxacin 5 ug

Cefuroxime 30 pg
Ceftazidime 30 pg
Ceftriaxone 30 pg
Cefepime 30 pg

Ertapenem 10 pg
Imipenem 10 pg
Meropenem 10 pug

Gentamicin 10 pg
Erythromycin 15 pg
Clindamycin 2 pg
Trimethoprim/
sulfamethoxazole
1.25/23.75 ug
Linezolid 30 pg
Teicoplanin 30 pg
Vancomycin 30 pg

Amikacin 30 pg

Gentamicin 10 pg

Ciprofloxacin 5 ug
Trimethoprim/sulfamethoxazole 1.25/23.75 pg

GNB, gram-negative bacilli; GPC, gram-positive cocci.

isolated during the period of study. VITEK-2 agreement of
minimum 90% for the ID and green/yellow colors for confi-
dence for advanced expert system (AES) were taken into
consideration for the study.

After matching the results of the two methods, four in-
terpretations were given'":

1. Categorical agreement: when the results of AST by the two
methods were in concordance.

2. Very major errors (VMEs) (false susceptibility): when the
isolate was sensitive to a drug by direct AST but turned out
to be resistant by the standard automated AST method.

3. Major errors (MEs) (false resistance): when the isolate was
resistant to a drug by direct AST but turned out to be sen-
sitive in the standard automated AST.

4. Minor errors (mE): when the isolate was intermediate to a
drug by direct AST but turned out to be either sensitive or
resistant by the automated AST system.

Result

A total of 144 positive-flagged aerobic blood culture bottles
were processed. On direct gram staining from the culture
bottle fluid pellet, 94 samples showed gram-negative or-
ganisms, and 39 were GPC. Seven bottles showing yeasts and
four bottles showing more than one organism were
excluded from the study. There was a complete match be-
tween direct Gram stain result from the positive bottle and
Gram stain from subcultures from the bottles obtained after
overnight culture on solid media. The distribution of or-
ganisms identified by the automated system is given in Figs.
2 and 3.

A total of 949 isolate and antimicrobial agent combinations
were generated from the sensitivity results in respect of
Enterobacteriaceae group of organisms. Out of these, 939
(98.95%) combinations showed categorical agreement,
whereas 10 combinations showed disagreement of which 2
(0.21%) were VMESs, 4 (0.42%) were MEs, and 4 (0.42%) were mEs
(Table 2a). The categorical agreement for individual antimi-
crobials ranged from 98.63% for meropenem to 100% for
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Fig. 2 — Distribution of gram-negative organisms isolated from positive blood cultures. GNB, gram-negative bacilli.

ampicillin, piperacillin/tazobactam, ceftriaxone, ertapenem,
amikacin, and ciprofloxacin.

In the case of nonfermenters that included the pseudo-
monas and the Acinetobacter group of organisms, 165 out of
168 (98.21%) combinations showed complete agreement. Only
3 out of these 168 combinations showed disagreement, of
which 2 (1.19%) were MEs and 1 (0.60%) was mE. No VME was
noted (Table 2b). The categorical agreement for individual
antimicrobials ranged from 96.8% for meropenem to 100% for
piperacillin/tazobactam, ceftazidime, ceftriaxone, cefepime,
amikacin, trimethoprim, and ciprofloxacin.

Among the GPC, of the 144 isolate and antimicrobial agent
combinations generated for Staphylococcus spp., 136 (94.44%)

combinations showed complete agreement with a total of
5.56% errors, which included 2 (1.39%) combinations with
VME, 2 (1.39%) combinations with ME, and 4 (2.78%) combi-
nations with mE (Table 3a). Four isolates among these were
methicillin-resistant Staphylococcus aureus (MRSA) by both the
direct and the conventional AST methods. Of the 138 isolate
and antimicrobial agent combinations tested for Enterococci
spp., 135 (97.83%) combinations showed complete agreement
with a total of 2.17% errors, which included 2 (1.45%) combi-
nations with MEs and 1 (0.72%) combination with mEs
(Table 3b). One isolate of Enterococci was vancomycin-resistant
Enterococcus by both the direct and the conventional AST
methods. Higher errors observed among Staphylococci spp.

Distribution of GPC

M E faecalis
M E faecium
W Staph aureus
Staph epidermidis
M Staph haemolyticus

Fig. 3 — Distribution of gram-positive organisms isolated from positive blood cultures. GPC, gram-positive cocci.
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Table 2a — Agreement between direct AST and

automated VITEK-2 AST among enterobacteriaceae
(n = 73).

Table 3a — Agreement between direct AST and
automated VITEK-2 Compact AST among Staphylococcus

spp (n = 16).

Antimicrobial agent Number of isolates tested

Agreement VME ME mE

Number of isolates tested
Agreement VME ME mE

Antimicrobial agent

Ampicillin 73

Amoxicillin/clavulanic acid 72 1
Cefuroxime 72 1
Piperacillin/tazobactam 73

Ceftriaxone 73

Cefepime 72 1
Ertapenem 73

Imipenem 72 1
Meropenem 72 1
Amikacin 73

Gentamicin 70 1 2
Ciprofloxacin 73

Trimethoprim/ 71 1 1

sulfamethoxazole

Overall agreement for
isolate antimicrobial
combinations (%)*

939 (98.95) 2 (0.21) 4 (0.42) 4 (0.42)

AST, antimicrobial susceptibility test; VME, very major error; ME,

major error; mE, minor error.

@ Total number of isolate antimicrobial combinations = 949 (73
isolates x 13 antimicrobials).

Table 2b — Agreement between direct AST and
automated VITEK-2 Compact AST among gram-negative

nonfermenter bacilli (n = 21, including 9 Acinetobacter
spp. and 12 Pseudomonas spp.).

Number of isolates tested
Agreement VME ME mE

Antimicrobial agent

Piperacillin/tazobactam 21

Ceftazidime® 12

Ceftriaxone® 09

Cefepime 21

Imipenem 20 1
Meropenem 19 1 1
Amikacin®” 12

Gentamicin 21

Ciprofloxacin 21

Trimethoprim/ 09

sulfamethoxazole®

Overall agreement for isolate 165 (98.21)
antimicrobial combinations
(%)°

2(1.19) 1 (0.60)

AST, antimicrobial susceptibility test; VME, very major error; ME,
major error; mE, minor error.

@ Ceftazidime and amikacin tested only for Pseudomonas spp.

b Sensitivity result for amikacin was not available from the auto-
mated system for comparison with disc diffusion for
acinetobacter.

Ceftriaxone and trimethoprim/sulfamethoxazole tested only for
Acinetobacter spp.

Total number of isolate antimicrobial combinations = 168 (21
isolates x 6 antimicrobials = 126; 9 isolates [acinetobacter] x 2
antimicrobials = 18; 12 isolates [pseudomonas] x 2
antimicrobials = 24).

n

a

Penicillin 16

Cefoxitin® 16

Ciprofloxacin 15 1

Gentamicin 14 1 1

Erythromycin 15 1

Clindamycin 16

Trimethoprim/ 12 1 1 2
sulfamethoxazole

Linezolid 16

Teicoplanin 16

Overall agreement for isolate 136 (94.44) 2 (1.39) 2 (1.39) 4 (2.78)
antimicrobial

combinations (%)°

AST, antimicrobial susceptibility test; VME, very major error; ME,

major error; mE, minor error.

2 Four isolates were methicillin resistant.

® Total number of isolate and antimicrobial combinations = 144 (16
isolates x 9 antimicrobials).

could be because of the lower number of isolates tested. This
needs further study with more number of isolates. Complete
agreement was seen for penicillin, cefoxitin, clindamyecin,
linezolid, and teicoplanin for Staphylococci spp. Similarly,
complete agreement was seen for penicillin, ciprofloxacin,
linezolid, and teicoplanin for Enterococci spp.

Discussion

Our study showed a very good categorical agreement for the
gram-negative organisms. In the case of gram-positive or-
ganisms, the percentage of errors for some of the antimicro-
bials such as gentamicin, cotrimoxazole, and vancomycin
appears high possibly because of the low numbers of isolate-

Table 3b — Comparison of result between direct AST and

automated VITEK-2 Compact AST among Enterococcus
spp. (n = 23).
Antimicrobial agent

Number of isolates tested

Agreement VME ME mE
Penicillin 23
Ciprofloxacin 23
Erythromycin 22 1
Linezolid 23
Teicoplanin 23
Vancomycin® 21 1 1

Overall agreement for 135 (97.83%)
isolate antimicrobial
combinations (%)"

2 (1.45%) 1(0.72%)

AST, antimicrobial susceptibility test; VME, very major error; ME,

major error; mE, minor error.

# One was vancomycin resistant.

b Total isolate and antimicrobial combinations = 138 (23 isolate x 6
antimicrobials).
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antimicrobial combinations tested in case of these antimi-
crobials. Testing with more number of such combinations is
needed before arriving at a firm conclusion for these antimi-
crobials. The errors may be attributed to the limitations of the
AES of VITEK-2 and will require further evaluation.’” However,
limitations of the Vitek AES have not been considered for this
study.

Various studies have compared the direct AST with the
standard AST from blood culture bottles using different
automated culture systems.’>'* Most of these studies have
found very good categorical agreement for the gram-negative
organisms and not so good agreement for gram-positive or-
ganisms.’**> However, good categorical agreement for gram-
positive organisms has been reported by Lupetti et al.*®

Overall the high degree of agreement seen between the
direct AST and the standard AST gives us an indication that
these results can be useful to the clinician in deciding or
modifying the specific antimicrobial therapy at the earliest
saving as much as 24 critical hours. The present study was
carried out targeting the acutely ill patients. However, it can
be extrapolated to acute cases from the Out Patient Depart-
ment (OPD) who are blood culture positive. Smaller hospitals
lacking automated facilities will find this method highly use-
ful for directing therapy in critically ill patients.

In routine practice, the subculture of the aspirate is made
from the blood culture bottle once it is flagged positive by the
automated culture system, and it takes 18—24 h for the growth
to appear. Further processing for biochemical reactions and
AST is carried out from the growth obtained on subculture.
The method used in this study calls for direct inoculation onto
appropriate media for AST which can result in saving of these
18—24 hours of delay and provide an idea of the sensitivity
pattern in an earlier time frame especially with reference to
acute care cases. Some workers have tried to inoculate the
aspirate of the blood culture bottle directly onto Mueller-
Hinton Agar (MHA) for performing the AST by disc diffusion
method.'® However, this is a crude method as the final AST
result can vary to a large extent depending on this single
factor, i.e., the inoculum used for making the lawn culture. So,
the method used in the present study, the differential
centrifugation method, is the most accurate method that can
be adapted from the available literature. This same inoculum
prepared from the differential centrifugation method can also
be used to perform the biochemical reactions for the identi-
fication of the organisms. Although we have not tried to
perform the biochemical reactions from this inoculum in our
study, if standardized, this can be a breakthrough achieve-
ment in early identification of the organisms that can prove
very useful in centers where other options such as CHROMa-
gar are not available. MHA with 5% sheep blood should be
used instead of plain MHA for fastidious organisms such as
Streptococcus spp. as per the CLSI guidelines. As the burden of
these fastidious organisms in our center is very low, we have
not used this media in our study. Some of the limitations of
this study are the lack of definitive identification of the
infecting bacteria and the exclusion of yeasts and poly-
microbial organisms on Gram stain. Although the causative
organism cannot be definitively identified by our method, it
still enables preliminary AST testing, offering a chance for
early institution of appropriate antimicrobial therapy.

Interpretative criteria for some antimicrobials have not been
defined for some of the organisms in the CLSI guidelines. In
the case of S. aureus, no disc diffusion criteria have been
described for vancomycin and teicoplanin; however, the same
is available for Enterococcus spp. This necessitates testing of
minimum inhibitory concentration to determine the suscep-
tibility of all isolates of Staphylococci to vancomycin. The disk
test neither does differentiate vancomycin-susceptible iso-
lates of S. aureus from vancomycin-intermediate isolates, nor
does it differentiate vancomycin-susceptible, intermediate,
and vancomycin-resistant isolates of CoNS, all of which give
similar size zones of inhibition. There were 4 strains of
MRSA and 1 vancomycin-resistant Enterococcus isolated.
However, vancomycin-intermediate or vancomycin-resistant
S. aureus cannot be commented upon as there are no guide-
lines for disc diffusion testing of vancomycin against Staphy-
lococcus spp. Inducible clindamycin resistance was not
correlated in this study. Similarly, for colistin, no disc diffu-
sion criteria are available for enterobacteriaceae group of or-
ganisms, Pseudomonas spp., and Acinetobacter spp. There is no
disc diffusion criteria of cotrimoxazole available for Pseudo-
monas spp. Correlation of disc diameters with minimum
inhibitory concentration values could have given a better idea;
however, this was not attempted in the present study. We
have also not compared the resistance phenotypes of GNB-
like ESBL and Carbapenem Resistant Organisms (CRO) which
are mentioned in the VITEK-2 results with that of the results
of the disc diffusion. This is planned in further studies to be
carried out presently.

Blondel-Hill et al have commented on the limitations of the
VITEK-2 AES that at times incompatible results may be sug-
gested, and thus, once the specific phenotypes are identified,
there is no comparison of antibiotics within the same class;
when biological corrections are more than one, the AES fails to
identify the antibiotics with inconsistent results, which would
be helpful to infer resistance mechanisms; and variability in
susceptibility patterns of in different geographic regions and
patient populations.’

Researchers have attempted to identify the microorgan-
isms directly from the flagged blood culture bottles by detec-
tion methods such as matrix-assisted laser desorption
ionization time of flight mass spectrometry, but the cost of the
equipment is prohibitive especially in the peripheral health-
care setup.'®'® Chakravorty et al have tried using real-time
polymerase chain reaction with molecular beacons for direct
detection and speciation; however, this method is time-
consuming, expensive, and labor-intensive.”’ Others have
attempted to perform AST directly from the positive-flagged
culture bottle with the help of automated systems such as
VITEK-2 system and Phoenix system (BD, USA) with good
amount of correlation.’?! Chromogenic media (CHROMagar,
France) have been used for direct identification of MRSA from
blood cultures, whereas CHROMagar Mueller-Hinton Orien-
tation medium has been developed subsequently and used for
identification of organisms from urinary tract infection.’*?
This medium can be used to presumptively carry out direct
AST too.

In this present era with practically a limited number of
antimicrobials in the development pipeline, optimum use of
the existing antimicrobials is crucial. This misuse or abuse of
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antimicrobials has a direct relationship with the emergence
and dissemination of resistant strains in health-care setups.**

All effort must be focused toward modifying the therapy to
an appropriate antimicrobial at the earliest. The tagline for
antimicrobial therapy is “Start Smart, and Then Focus”, which
translates to starting empirically with a broad spectrum
antimicrobial and then changing to a narrow spectrum when
the culture AST results are available.” Centre for Disease
Control and Prevention, USA, Infectious Diseases Society of
America, and European Centre for Disease Control have
emphasized the judicious use of antimicrobials from time to
time and have published guidelines for implementation of
antimicrobial stewardship programs.”” ?* Taking cue, Na-
tional Centre for Disease Control in India and the Indian
Council of Medical Research have also published guidelines on
the same subject.?**°

Conclusion

This study has demonstrated good concordance between the
direct AST and the automated VITEK-2 AST results. The
method described here in this study will be useful in hospitals
with laboratories lacking automated sensitivity testing sys-
tems. Even where automated AST systems are available, this
method would prove useful as an adjunct to standard AST
reporting and help contributing to the implementation of
antimicrobial stewardship adhering to the principle of “Start
Smart and Then Focus”.
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