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ABSTRACT

Background and objectives: Conventional culture and
sensitivity methods take around 48 hours to generate antibiotic
sensitivity results after a blood culture is flagged as positive by
automated systems. However, it is imperative to initiate early
targeted antibiotic therapy for effective management of sepsis
and to reduce morbidity, mortality, and cost of treatment. This
study aimed to evaluate the direct sensitivity test (DST) as a
potential tool to obtain quicker antibiotic susceptibility results
from positive BacT/ALERT blood culture vials and the VITEK-2
system (the reference method).

Methods: Blood culture bottles flagged as positive by
BacT/ALERT were Gram-stained. Cultures with polymicrobial
growth were excluded from the study. The isolates were then
simultaneously cultured and processed for the DST using the
disk diffusion method. Agreements or errors were interpreted
according to the Clinical and Laboratory Standards Institute’s
guidelines.

Results: Among 76 Gram-positive isolates, we observed
99.2% essential agreement between the DST and AST. The rate
of minor and major errors was 4.04% and 1.18%, respectively.
Among 75 Gram-negative isolates, we observed 98.99%
essential agreement between the DST and AST. The rate of
minor and major errors was 4% and 2%, respectively. No very
major error was seen in either Gram-negative or -positive
isolates.

Conclusions: The DST results are available earlier than
the AST results, which can ultimately help in the early initiation
of targeted antibiotic therapy.

Keywords: Drug Resistance, Microbial, blood culture,

Sepsis.
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INTRODUCTION

“Sepsis is a state caused by microbial
invasion from a local infectious source into the
bloodstream, which leads to signs of systemic
illness in remote organs,” this was the first
scientific definition of sepsis proposed by Dr.
Schottmuller in 1914. Sepsis is among the
most common causes of death in hospitalized
patients. The mortality rate due to sepsis is in
the same range as that of myocardial infarction
i.e. ranging from 10% to 50% despite
advances in critical care medicine (1). Early
and reliable diagnosis is imperative because of
the remarkably rapid progression of sepsis into
a life-threatening condition. The international
guidelines for the management of severe sepsis
and septic shock also recommend that
appropriate  antimicrobial  therapy  be
administered within 1 hour of recognition of
severe sepsis or septic shock (2).
The reference method for positive blood
cultures involves Gram staining, which is
followed by the subculture of blood culture
broth onto agar media plates. Plates are then
incubated overnight aerobically at 37 °C to
obtain isolated colonies. A standardized
inoculum is made from these colonies, which
are used for conventional antibiotic
susceptibility testing (AST). This whole
procedure usually takes 48 hours to get AST
results.
Direct susceptibility testing (DST) is a
standard and well-established diagnostic work-
up of bloodstream infections from positive
blood culture broths (3, 4). The results of DST
are available 18-24 hours after a blood culture
was signaled positive by the BacT/ALERT
compared to 36-48h for conventional AST.
Thus, obtaining results 24 hours earlier than
the conventional AST (5, 6). Outcome-based
studies on the effect of rapid reporting of
susceptibility results have shown a decrease in
the number of laboratory tests and procedures
ordered as well as in the length of stay,
healthcare costs, and modification of
antimicrobial therapy (7, 8). In this study, we
evaluated DST from positive BacT/ALERT
blood culture vials as a potential tool to obtain
antibiotic  susceptibility  results  earlier
compared to the reference method.

MATERIALS AND METHODS

This was a prospective study that was
conducted in a tertiary care hospital from
February to August 2016. Blood -cultures
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bottles [FA (adult) and PF (pediatric)]
(bioMerieux, France) that were flagged as
positive by the BacT/ALERT system
(bioMerieux, France) were used in the study.
Positive blood culture bottles were first
analyzed by Gram staining (Himedia, India)
and then subcultured on solid media (Himedia,
India). Blood cultures with polymicrobial
growth in the Gram stain and later subcultures
were excluded from the study.

A total of 151 positive blood cultures were
included in the study out of which 76 were
uni-microbial Gram-positive cocci and 75
were uni-microbial Gram-negative bacilli. All
broths were simultaneously cultured and
processed for DST using the disk diffusion
method as described by standards of the
British Society of Antimicrobial
Chemotherapy guidelines for AST (9). Zone
sizes were then recorded and interpreted
according to the Clinical and Laboratory
Standards  Institute’s  guidelines  (10).
Conventional AST of all isolates was
performed with a pure overnight subculture on
the VITEK-2 system (bioMerieux, France)
according to the manufacturer’s instructions
(the reference method).

Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, and Staphylococcus
aureus ATCC 29213 were used as the control
strains. The susceptibility results obtained by
DST (test method) were compared to those
obtained by the conventional AST by VITEK-
2 (reference method). Categorical agreement
or "no error", essential agreement or "minor
errors”, major errors, and very major errors
were calculated as follows: essential
agreement or "minor errors" (percentages of
agreement obtained when minor discrepancies
are ignored, i.e. "reference method" is
sensitive or resistant and "test method" is
intermediate; alternatively, "reference method"
is intermediate and "test method" is sensitive
or resistant). Categorical agreement or "no
error” (“test method" and "reference method"
susceptibility results agree using the respective
criteria). Major errors (“"reference method" is
sensitive and "test method" is resistant; the
percentage of major errors was calculated only
for susceptible isolates). Very major errors
("reference method" is resistant and "test
method" is sensitive; the percentage of very
major errors was calculated only for resistant
isolates (11).


https://mlj.goums.ac.ir/browse.php?mag_id=73&slc_lang=en&sid=1

RESULTS

A total of 151 bacterial strains isolated from
the blood culture bottles were compared for
DST and AST by VITEK-2. Among these, 76
isolates were Gram-positive and 75 were
Gram-negative (Figure 1). Coagulase-negative
Staphylococcus (CoNS; 78.9%) was the most
common Gram-positive and Escherichia coli
(44%) was the most common Gram-negative
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microorganism.

Results of DST were available 18-24 hours
after a blood culture was signaled positive by
the BacT/ALERT compared to 36-48 hours for
AST results, secondary to overnight incubation
required to produce isolated colonies. Thus,
the DST results were available 18-24 hours
sooner than the AST results.

Table 1- Correlation of DST and AST among Gram-positive isolates

Antibiotic Direct Susceptibility test
Vitek-2 Essential _ Categorical M Maj v
Bacteria Susceptibility ssential ategorica inor ajor ery
test agreement  agreement error error major
error
S | R No. % No. % No. % No. % No. %
Gentamicin (n=4) 4 0 0 4 100 4 100 0 0 0 0 0 0
Ciprofloxacin (n=4) 4 0 0 4 100 3 75 1 25 0 0 0 0
S. aureus (n=4) Cefoxitin  (n=4) 4 0 O 4 100 4 100 0 0 0 0 0 0
Linezolid (n=4) 4 0 0 4 100 4 100 0 0 0 0 0 0
Vancomycin (n=4) 2 0 2 4 100 4 100 0 0 0 0 0 0
Trimethoprim/sulfamethoxazole 0 0 2 2 100 2 100 0 0 0 0 0 0
(n=2)
Gentamicin (n=36) 28 4 4 36 100 34 944 2 55 0 0 0 0
Ciprofloxacin (n=32) 18 2 12 32 100 31  96.9 1 31 0 0 0 0
Cefoxitin  (n=42) 26 0 16 42 100 42 100 0 0 0 0 0 0
Erythromycin (n=44) 22 2 20 43 977 41 93.2 2 45 1 45 0 0
Penicillin (n=36) 12 2 22 36 100 35 972 1 2.7 0 0 0 0
CoNS (n=60) Linezolid (n=40) 32 2 6 39 975 36 90 3 75 1 31 0 0
Teicoplanin (n=14) 12 0 2 14 100 14 100 0 0 0 0 0 0
Vancomycin (n=34) 28 0 6 34 100 34 100 0 0 0 0 0 0
Tetracycline (n=10) 8 1 1 9 90 9 90 0 0 1 125 0 0
Trimethoprim/sulfamethoxazole 24 2 14 40 100 38 95 2 5 0 0 0 0
(n=40)
Gentamicin (n=4) 4 0 0 4 100 4 100 0 0 0 0 0 0
Vancomycin(n=4) 2 0 2 4 100 3 75 1 25 0 0 0 0
Enterococcus Linezolid (n=8) 6 0 2 8 100 7 87.5 1 125 0 0 0 0
spp. (n=8) Penicillin (n=8) 0 0 8 8 100 8 100 0 0 0 0 0 0
Teicoplanin (n=6) 3 0 3 6 100 6 100 0 0 0 0 0 0
Levofloxacin (n=4) 3 1 0 4 100 4 100 0 0 0 0 0 0
S. pneumoniae  Trimethoprim/sulfamethoxazole 2 0 2 4 100 3 75 1 25 0 0 0 0
(n=4) (n=4)
Linezolid (n=4) 4 0 O 4 100 3 75 1 25 0 0 0 0
Penicillin (n=4) 2 0 2 4 100 4 100 0 0 0 0 0 0
S: sensitive; I: intermediate; R: resistant
The correlation of sensitivity patterns from were detected in tetracycline (12.5%),

DST as compared to that from the reference
method (VITEK-2) for Gram-positive isolates
are shown in table 1. For 76 Gram-positive
isolates (396 antimicrobial-organism
combinations), we observed 99.2% essential
agreement between DST and AST. Three
antimicrobial-organisms combinations did not
show essential agreement. In addition, DST
yielded 16 (4.04%) minor, 3 (1.18%) major,
and no very major errors. In CoNS (n=60), no
very major errors were seen. Most major errors

erythromycin (4.54%), and linezolid (3.12%).
Maximum minor errors were found in
linezolid  (7.5%), gentamicin  (5.5%),
trimethoprim/sulfamethoxazole (5%),
erythromycin  (4.5%), and ciprofloxacin
(3.1%).

In other Gram-positive isolates (n= 16), no
very major and major errors were seen (Figure
2). There was one minor error detected in
Staphylococcus aureus (n=4) for
ciprofloxacin, two in Enterococcus spp. one
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each for linezolid (n= 8) and vancomycin
(n=4), and two minor errors in Staphylococcus
pneumoniaeone each for linezolid (n=4) and
trimethoprim/sulfamethoxazole (n=4).

The correlation of sensitivity patterns of DST
with the reference method (VITEK-2) for
Enterobacteriaceae, Pseudomonas spp., and
Acinetobacter spp. Are shown in table 2. For

all 75 Gram-negative isolates (398
antimicrobial-organisms combinations), we
observed 98.99% essential agreement between
DST and AST.

Four antimicrobial combinations did not show
essential agreement. In addition, DST yielded
16 (4%) minor, 4 (2%) major, and no very
major errors.

Table 2- Correlation of DST and AST among Gram-negative isolates

Bacteria Antibiotic Vitek-2 Direct Susceptibility test
Susceptibility Essential Categorical Minor Major Very
test agreement agreement error error major
error
S | R No. % No. % No. % No. % No. %
Imipenem (n=48) 33 0 15 48 100 46 95.8 2 41 0 0 0 0
Meropenem(n=50) 39 0 11 50 100 50 100 0 0 0 0 0 0
Gentamicin(n=40) 19 2 19 40 100 37 925 3 75 0 0 0 0
Tigecycline (n=28) 20 8 0 28 100 26 929 2 7.1 0 0 0 0
Ciprofloxacin 8 3 38 48 979 47 95.9 1 2 1 125 0 0
Enterobacteriaceae (n=49)
(n=61) Trimethoprim 18 0 6 23 959 23 95.9 0 0 1 55 0 0
/sulfamethoxazole
(n=24)
Ceftazidime 13 0 17 30 100 30 100 0 0 0 0 0 0
(n=30)
Levofloxacin 5 0 3 7 87.5 7 87.5 0 0 1 12.5 0 0
(n=8)
Piperacillin/ 25 2 22 49 100 47 95.9 2 4 0 0 0 0
Tazobactam
(n=49)
Imipenem (n=6) 0 0 6 6 100 6 100 0 0 0 0 0 0
Meropenem (n=4) 2 0 2 4 100 4 100 0 0 0 0 0 0
Gentamicin (n=4) 4 0 0 4 100 4 100 0 0 0 0 0 0
Ceftazidime (n=6) 3 0 3 6 100 6 100 0 0 0 0 0 0
Pseudomonas spp. Levofloxacin 0 0 6 6 100 3 50 3 50 0 0 0 0
(n=6) (n=6)
Piperacillin- 3 3 0 6 100 6 100 0 0 0 0 0 0
Tazobactam (n=6)
Amikacin (n=6) 3 0 3 6 100 6 100 0 0 0 0 0 0
Imipenem (n=8) 3 0 5 7 87.5 6 75 1 125 1 33.3 0 0
Meropenem (n=8) 0 0 8 8 100 8 100 0 0 0 0 0 0
Acinetobacter spp. Piperacillin- 0 0 8 8 100 8 100 0 0 0 0 0 0
(n=8) Tazobactam
(n=8)
Ceftazidime (n=6) 0 0 6 6 100 4 66.6 2 33.3 0 0 0 0
Tigecycline (n=4) 2 0 2 4 100 4 100 0 0 0 0 0 0
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Figure 1- Frequency distribution of Gram-positive (a) and Gram-negative (b) isolate among positive blood
cultures available for the DST and AST

Medical Laboratory Journal, May-Jun, 2023; Vol 17: No 3


https://mlj.goums.ac.ir/browse.php?mag_id=73&slc_lang=en&sid=1

In Enterobacteriaceae (n=61), no very error
major errors were found. Most major errors
were detected in the interpretation of
ciprofloxacin (12.5%), levofloxacin (12.5%),
and trimethoprim/sulfamethoxazole (5.5%).
Minor errors were found in gentamicin (7.5%),
tigecycline  (7.1%), imipenem  (4.1%),
piperacillin-tazobactam (4%), and
ciprofloxacin (2%). In case of Pseudomonas
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spp. (n=6), neither very major error nor major
error was seen.

Three minor errors were found in the case of
levofloxacin (50%). In Acinetobacter spp., one
major error was detected in the interpretation
of imipenem (33.3%). Minor errors were

found in imipenem (12.5%) and ceftazidime
(33.3%). No very major error was seen
(Figure 3).
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Figure 2- Minor error and major error rates related to S. aureus (a), CoNS (b), Enterococcus spp. (c), and S.
pneumoniae (d)
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Figure 3- Minor error and major error rates related to Enterobacteriaceae (a), Pseudomonas spp. (b), and
Acinetobacter spp. (c)

DISCUSSION

Bacterial bloodstream infections can lead to
life-threatening sepsis that requires rapid
antimicrobial treatment. Blood culture is the
gold standard technique that provides essential
information for the diagnosis and appropriate
treatment to save the life of affected
patients(12). Also, DST of positive blood
cultures can help clinicians to tailor antibiotic

treatment about 24 hours earlier than the final
AST. Shortening the time to results of
susceptibility testing of blood culture isolates
can significantly reduce morbidity, mortality,
and costs (13, 14).

Overall, the DST inoculum is a better
representative of bacterial isolates in patients'
samples compared to the standard AST
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inoculum.  Resistant  variants of the
microorganisms can be picked up by DST as
they show visible growth inside the sensitive
zone for a particular antibiotic. These resistant
clones are Gram-stained first to confirm the
purity of lawn cultures of DST plates and then
separately tested for antibiotic sensitivity. The
final report of antibiotic sensitivity may advise
against the use of that particular antibiotic,
which although reported sensitive based on
standard AST as the resistant variants may be
selected during treatment and cause treatment
failure. This becomes even more important
when dealing with blood cultures of
immunocompromised and neutropenic
patients.

In this study, a total of 76 Gram-positive cocci
and 75 Gram-negative bacilli were included.
The numbers are comparable to previously
published studies of direct AST with positive
blood cultures (11, 15).

Among Gram-positive isolates, CONS was the
most common  Gram-positive  (78.9%),
followed by Enterococcus spp. (10.5%), S.
aureus (5.2%), and S. pneumonia (5.2%).
Similar results were reported by Wisplinghoff
et al. (16). However, Marina et al. (2004)
found S. aureus (44%) as the most common
microorganism followed by Staphylococcus
epidermidis  (32%), CoNS (22%), and
Streptococcus agalactiae (3%) (17).

The most common Gram-negative bacteria
were E. coli (44%), Klebsiella pneumonia
(26.6%), Acinetobacter spp. (10.66%),
Salmonella spp. (8%), Pseudomonas spp.
(8%), and Serratia marcens (2.6%). Similar
results were reported in studies by Marina et
al. (17) and Goel et al. (11). However,
Sonawane et al. found K. pneumoniae
(22.38%) as the most common Gram-negative
bacteria (18).

Our study demonstrated that the DST of
Gram-positive isolates performs well with
99.2% essential agreement. Minor and major
errors of 4.04% and 1.18% were noted,
respectively. No very major error was seen.
Moreover, the DST of Gram-negative isolates
performs well with 98.99% essential
agreement. Minor and major errors of 4% and
2% were noted, respectively. No very major
error was seen.

Numerous studies have investigated DST on
positive blood cultures, most of them showing
good agreement between AST and DST. In
line with our results, Goel et al. found that the
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DST of Gram-negative isolates showed 96.2%
essential agreement and 12.5%, 5.3%, and
1.4% minor, major, and very major errors,
respectively (11). Chapin et al. reported that
the DST of Gram-positive isolates showed
98.0% essential agreement, with 0.3% minor
errors, 0 % major errors, and 1.7% very major
errors (15). For Gram-negative isolates, they
reported 99.0% essential agreement between
DST and standard AST with 0.5% minor, 0%
major, and 2.0% very major errors.
Zappavigna et al. reported that the DST of
Gram-negative isolates had a 93.7%
correlation with 5.0% minor errors, 0.8%
major errors, and 0.5% very major errors (19).
However, Marina et al. reported that none of
the Gram-positive cocci showed concordant
results when comparing the direct and standard
methods (17). Of the Gram-negative rods
studied, only 62% showed concordant
identification between the direct and standard
methods with 2.8% minor errors, 2.4% major
errors, and 3.2% very major errors. In a study
by Rahila et al. on the DST of 116 isolates
from BacT/ALERT bottles, 55.17% minor
error/categorical error, 15.5% major error, and
0.8% very major errors were observed (20).

CONCLUSION

There is high concordance between the DST
and AST. Inoculum size and proper disc
strengths (quality) are major variables for
proper DST results. It can be concluded that
DST is a simple and rapid method of
susceptibility testing. When compared to AST,
the results of DST are obtained 24 hours
earlier, which can help clinicians tailor
antibiotic  treatment sooner. This can
ultimately reduce patient morbidity, mortality,
and costs.

ACKNOWLEDGEMENTS

The authors would like to thank Sher-i-
Kashmir Institute of Medical Sciences,
Srinagar for providing the logistic support.

DECLARATIONS

FUNDING

The authors received no financial support for
the research, authorship, and publication of
this article.


https://mlj.goums.ac.ir/browse.php?mag_id=73&slc_lang=en&sid=1

Ethics approvals and consent to participate
The study was approved by the local ethics
committee (registration number:
EC/NEW/INST/2021/1556).

CONFLICT OF INTEREST

The authors declare that there is no conflict of
interest regarding the publication of this
article.

REFERENCES

1. Henriquez-Camacho C, Losa J. Biomarkers for sepsis.
Biomed Res Int. 2014;2014:547818. [View at Publisher]
[DOI:10.1155/2014/547818] [PubMed] [Google Scholar]

2. Evans L, Rhodes A, Alhazzani W. Surviving Sepsis
Campaign: International Guidelines for Management of
Sepsis and Septic Shock 2021. Intensive care Med. 2021;
47: 1181-1247. [View at Publisher]
[DOI:10.1007/s00134-021-06506-y]

3. Baron EJ, Weinstein MP, Dume WM, Yagupsky P,
Welch DF, Wilson DM, et al. Blood Cultures 1V.
Washington: American Society of Microbiology; 2005.

4. Gherardi G, Angeletti S, Panitti M, Pompilio A, Di
Bonaventura G, Crea F, et al. Comparative evaluation of
the Vitek-2 Compact and Phoenix systems for rapid
identification and antibiotic susceptibility testing directly
from blood cultures of Gram-negative and Gram-positive
isolates. DiagnMicrobiol Infect Dis. 2012; 72: 20-31.
[View at Publisher]
[DOI:10.1016/j.diagmicrobio.2011.09.015] [PubMed]
[Google Scholar]

5. Cercenado E, Cercenado S, Marin M, Rico MV,
Vicente T, Bouza E. Evaluation of direct E-test on lower
respiratory tract samples: a rapid and accurate
procedure for antimicrobial susceptibility testing.
DiagnMicrobiolinfe Dis. 2007; 58: 211-216. [View at
Publisher]  [DOI:10.1016/j.diagmicrobio.2006.12.021]
[PubMed] [Google Scholar]

6. Johnson JR, Tiu FS, Stamm WE. Direct antimicrobial
susceptibility testing for acute urinary tract infections in
women. J Clin Microbiol. 1995; 33: 2316-2323. [VView at
Publisher] [DOI:10.1128/jcm.33.9.2316-2323.1995]
[PubMed] [Google Scholar]

7. Doern GV, Vautour R, Gaudet M, Levy B. Clinical
impact of rapid in vitro susceptibility testing and
bacterial identification. J Clin Microbiol 1994; 32: 1757-
62. [View at Publisher] [DOI:10.1128/jcm.32.7.1757-
1762.1994] [PubMed] [Google Scholar]

8. Barenfanger J, Drake C, Kacich G. Clinical and
financial benefits of rapid bacterial identification and
antimicrobial susceptibility testing. J Clin Microbiol
1999;  37: 1415-8. [View at  Publisher]
[DOI:10.1128/JCM.37.5.1415-1418.1999] [PubMed]
[Google Scholar]

9. Andrews JM. BSAC Working Party on Susceptibility
Testing. BSAC standardized disc susceptibility testing
method  (version 4). J Antimicrob Chemother.
2005;56(1): 60-76. [View at Publisher]
[DOI:10.1093/jac/dkI277] [PubMed] [Google Scholar]

10. Clinical and laboratory standard institute 2014.
Performance standards for antimicrobial susceptibility
testing; 24th informational supplement. CLSI document

M100-S24. Wyneg PA. [View at Publisher]
How to Cite:

14/ Early Detection of Antibiotic. . .

11. Goel G, Das D, Mukherjee S, Bose S, Das K, Mahato
R, Bhattacharya S. A method for early detection of
antibiotic resistance in positive blood cultures:
Experience from an oncology centre in eastern India.
Indian J Med Microbiol. 2015; 33(5): 53-58. [View at
Publisher] [DOI:10.4103/0255-0857.150883] [PubMed]
[Google Scholar]

12. Prakash Simkhada, Shiva Raj KC, Santosh
Lamichhane, Surya Subedi, Upendra Thapa Shrestha.
Bacteriological Profile and Antibiotic Susceptibility
Pattern of Blood Culture Isolates from Patients Visiting
Tertiary Care Hospital. Global Journal of Medical
Research: Microbiology and Pathology. 2016; 16(1): 24-
31. [View at Publisher] [Google Scholar]

13. Harbarth S, Garbino J, Pugin J, Romand JA, Lew D,
Pittet D. Inappropriate initial antimicrobial therapy and
its effect on survival in a clinical trial of
immunomodulating therapy for severe sepsis. Am J Med
2003;  115:  529-35. [View at  Publisher]
[DOI:10.1016/j.amjmed.2003.07.005] [PubMed] [Google
Scholar]

14. Martin GS, Mannino DM, Eaton S, Moss M. The
epidemiology of sepsis in the United States from 1979
through 2000. New Engl J Med. 2003; 348: 1546-54.
[View at Publisher] [DOI:10.1056/NEJM0a022139]
[PubMed] [Google Scholar]

15. Kimberle C. Chapin and Michael C. Musgnug. Direct
Susceptibility Testing of Positive Blood Cultures by
Using Sensititre Broth Microdilution Plates. J Clin
Microbiol. 2003; 41(10): 4751-4754. [View at Publisher]
[DOI:10.1128/JCM.41.10.4751-4754.2003]  [PubMed]
[Google Scholar]

16. Wisplinghoff H, Bischoff T, Tallent SM, Seifert H,
Wenzel RP, Edmond MB. Nosocomial bloodstream
infections in US hospitals: analysis of 24,179 cases from
a prospective nationwide surveillance study. Clin Infect
Dis. 2004; 39(3): 309-17. [View at Publisher]
[DOI:10.1086/421946] [PubMed] [Google Scholar]

17. de Cueto M, Ceballos E, Martinez-Martinez L, Perea
EJ, Pascual A. Use of positive blood cultures for direct
identification and susceptibility testing with the vitek 2
system. J Clin Microbiol. 2004; 42(8): 3734-8. [View at
Publisher] [DOI:10.1128/JCM.42.8.3734-3738.2004]
[PubMed] [Google Scholar]

18. Jyoti P, Sonawane N. Kamath, Keertana Shetty, Rita
Swaminathan. Bacteriological Profile and Antimicrobial
Susceptibility of Blood Culturelsolates from Tertiary
Care Hospital, Navi Mumbai. Journal of Medical Science
and Clinical Research. 2016; 4(10):13116-13124. [View
at Publisher] [DOI:10.18535/jmscr/v4i10.35]

19. Andrea Zappavigna, EnricaCavatorta, Rossana
Chiarabini, Roberta Schiavo,DanielaPadrini, Camilla
Reboli, Massimo Confalonieri. Direct antimicrobial
susceptibility testing of Gram-negative bacteria from
positive blood cultures. Microbiologia Medica 2013;28
(3). [DOI:10.4081/mm.2013.3272]

20. RahilaYakoob, Gopalkrishna Bhat K. Comparision of
Direct Antibiotic Susceptibility Testing with Standard
Testing in Blood Culture. J Pure Appl Microbiol. 2018;
12(4): 2289-2296. [View at Publisher]
[DOI:10.22207/JPAM.12.4.70] [Google Scholar]

Khursheed Baba S, Jan A, Suhail lone M, kakru D, Fomda BA, Bashir G, ahmadbhat N[Early Detection of Antibiotic
Resistance in Positive Blood Cultures: A Study from a Tertiary Care Center in India]. mljgoums. 2023; 17(3): 8-14 DOI:
10.29252/mlj.17.3.8

Medical Laboratory Journal, May-Jun, 2023; Vol 17: No 3


https://www.sciencedirect.com/science/article/pii/S0255085721000736
https://www.sciencedirect.com/science/article/pii/S0255085721000736
https://doi.org/10.4103/0255-0857.150883
https://pubmed.ncbi.nlm.nih.gov/25657157/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=G+Goel%2C+D+Das%2C+S+Mukherjee%2C+S+Bose%2C+K+Das%2C+R+Mahato%2C+S+Bhattacharya.A+method+for+early+detection+of+antibiotic+resistance+in+positive+blood+cultures%3A+Experience+from+an+oncology+centre+
https://globaljournals.org/GJMR_Volume16/3-Bacteriological-Profile-and-Antibiotic.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prakash+Simkhada%2C+Shiva+Raj+K.+C.%2C+Santosh+Lamichhane%2C+Surya+Subedi%2C+Upendra+Thapa+Shrestha.+Bacteriological+Profile+and+Antibiotic+Susceptibility+Pattern+of+Blood+Culture+Isolates+from+Patie
https://www.sciencedirect.com/science/article/pii/S0002934303005059
https://doi.org/10.1016/j.amjmed.2003.07.005
https://pubmed.ncbi.nlm.nih.gov/14599631/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Harbarth+S%2C+Garbino+J%2C+Pugin+J%2C+Romand+JA%2C+Lew+D%2C+Pittet+D.+Inappropriate+initial+antimicrobial+therapy+and+its+effect+on+survival+in+a+clinical+trial+of+immunomodulating+therapy+for+severe
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Harbarth+S%2C+Garbino+J%2C+Pugin+J%2C+Romand+JA%2C+Lew+D%2C+Pittet+D.+Inappropriate+initial+antimicrobial+therapy+and+its+effect+on+survival+in+a+clinical+trial+of+immunomodulating+therapy+for+severe
https://www.nejm.org/doi/full/10.1056/NEJMoa022139
https://doi.org/10.1056/NEJMoa022139
https://pubmed.ncbi.nlm.nih.gov/12700374/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Martin+GS%2C+Mannino+DM%2C+Eaton+S%2C+Moss+M.+The+epidemiology+of+sepsis+in+the+United+States+from+1979+through+2000.+New+Engl+J+Med2003%3B348%3A1546-54.&btnG=
https://journals.asm.org/doi/full/10.1128/JCM.41.10.4751-4754.2003
https://doi.org/10.1128/JCM.41.10.4751-4754.2003
https://pubmed.ncbi.nlm.nih.gov/14532215/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kimberle+C.+Chapin+and+Michael+C.+Musgnug.+Direct+Susceptibility+Testing+of+Positive+Blood+Cultures+by+Using+Sensititre+Broth+Microdilution+Plates.+J+Clin+Microbiol2003%3B+41%2810%29%3A+4751-4754.&bt
https://academic.oup.com/cid/article/39/3/309/351413
https://doi.org/10.1086/421946
https://pubmed.ncbi.nlm.nih.gov/15306996/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hilmar+Wisplinghoff+%2CTammy+Bischoff%2C+Sandra+M.+Tallent+et+al.+Nosocomial+Bloodstream+Infections+in+US+Hospitals%3A+Analysis+of+24%2C179+Cases+from+a+Prospective+Nationwide+Surveillance+Study.Clin
https://journals.asm.org/doi/full/10.1128/JCM.42.8.3734-3738.2004
https://journals.asm.org/doi/full/10.1128/JCM.42.8.3734-3738.2004
https://doi.org/10.1128/JCM.42.8.3734-3738.2004
https://pubmed.ncbi.nlm.nih.gov/15297523/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Marina+de+Cueto%2C+Esther+Ceballos%2C+Luis+Martinez-Martinez.+Use+of+Positive+Blood+Cultures+for+Direct+Identification+and+Susceptibility+Testing+with+the+Vitek+2+System.+J+Clin+Microbiol.+2004%3B+37
http://jmscr.igmpublication.org/home/index.php/archive/91-volume-4-issue-10-oct-2016/1165-bacteriological-profile-and-antimicrobial-susceptibility-of-blood-culture-isolates-from-tertiary-care-hospital-navi-mumbai
http://jmscr.igmpublication.org/home/index.php/archive/91-volume-4-issue-10-oct-2016/1165-bacteriological-profile-and-antimicrobial-susceptibility-of-blood-culture-isolates-from-tertiary-care-hospital-navi-mumbai
https://doi.org/10.18535/jmscr/v4i10.35
https://doi.org/10.4081/mm.2013.3272
https://manipal.pure.elsevier.com/en/publications/comparision-of-direct-antibiotic-susceptibility-testing-with-stan
https://doi.org/10.22207/JPAM.12.4.70
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=RahilaYakoob+and+Gopalkrishna+Bhat+K.%2C+Comparision+of+Direct+Antibiotic+Susceptibility+Testing+with+Standard+Testing+in+Blood+Culture%2C+J.+Pure+Appl.+Microbiol.%2C+2018%3B+12%284%29%3A2289-2296.&b
https://www.hindawi.com/journals/bmri/2014/547818/
https://doi.org/10.1155/2014/547818
https://pubmed.ncbi.nlm.nih.gov/24800240/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Camacho.C%2CLosa.J.Biomarkers+for+sepsis.Biomed+Research+International+2014+article+ID+547818.&btnG=
https://link.springer.com/article/10.1007/s00134-021-06506-y
https://doi.org/10.1007/s00134-021-06506-y
https://www.sciencedirect.com/science/article/pii/S0732889311003750
https://doi.org/10.1016/j.diagmicrobio.2011.09.015
https://pubmed.ncbi.nlm.nih.gov/22030102/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gherardi+G%2C+Angeletti+S%2C+Panitti+M%2C+Pompilio+A%2C+Di+Bonaventura+G%2C+Crea+F%2C+et+al.+Comparative+evaluation+of+the+Vitek-2+Compact+and+Phoenix+systems+for+rapid+identification+and+antibiotic+
https://www.sciencedirect.com/science/article/pii/S0732889306004974
https://www.sciencedirect.com/science/article/pii/S0732889306004974
https://doi.org/10.1016/j.diagmicrobio.2006.12.021
https://pubmed.ncbi.nlm.nih.gov/17368806/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cercenado+E%2C+Cercenado+S%2C+Mar%C3%ADn+M%2C+Rico+MV%2C+Vicente+T%2C+Bouza+E.+Evaluation+of+direct+E-test+on+lower+respiratory+tract+samples%3A+a+rapid+and+accurate+procedure+for+antimicrobial+susce
https://journals.asm.org/doi/abs/10.1128/jcm.33.9.2316-2323.1995
https://journals.asm.org/doi/abs/10.1128/jcm.33.9.2316-2323.1995
https://doi.org/10.1128/jcm.33.9.2316-2323.1995
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC228402/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Johnson+JR%2C+Tiu+FS%2C+Stamm+WE.+Direct+antimicrobial+susceptibility+testing+for+acute+urinary+tract+infections+in+women.+J+Clin+Microbiol.+1995%3B+33%3A+2316-2323.&btnG=
https://journals.asm.org/doi/abs/10.1128/jcm.32.7.1757-1762.1994
https://doi.org/10.1128/jcm.32.7.1757-1762.1994
https://doi.org/10.1128/jcm.32.7.1757-1762.1994
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC263786/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Doern+GV%2C+Vautour+R%2C+Gaudet+M%2C+Levy+B.+Clinical+impact+of+rapid+in+vitro+susceptibility+testing+and+bacterial+identification.+J+Clin+Microbiol+1994%3B+32%3A+1757-62.&btnG=
https://journals.asm.org/doi/full/10.1128/JCM.37.5.1415-1418.1999
https://doi.org/10.1128/JCM.37.5.1415-1418.1999
https://pubmed.ncbi.nlm.nih.gov/10203497/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Barenfanger+J%2C+Drake+C%2C+Kacich+G.+Clinical+and+financial+benefits+of+rapid+bacterial+identification+and+antimicrobial+susceptibility+testing.+J+Clin+Microbiol+1999%3B+37%3A+1415-8.&btnG=
https://academic.oup.com/jac/article/56/1/60/706706
https://doi.org/10.1093/jac/dkl277
https://pubmed.ncbi.nlm.nih.gov/15911553/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Andrews+JM.+BSAC+Working+Party+on+Susceptibility+Testing.+BSAC+standardized+disc+susceptibility+testing+method+%28version+5%29.+J+AntimicrobChemother+2006%3B+58%3A+511-29.&btnG=
https://clsi.org/media/3481/m100ed30_sample.pdf
file:///E:/semnani/2020/4%20Jul-Aug%202020/1-article%20A-10-913-1-nasir/10.29252/mlj.14.4.1
https://mlj.goums.ac.ir/browse.php?mag_id=73&slc_lang=en&sid=1

