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Abstract 

the gradual rise of multidrug resistant micro-organisms is a national concern for all health care 
providers. linezolid belongs to the oxazolidinone class of antimicrobials. it is a “last resort” used for 
the management of gram positive bacterial infections. Developing linezolid resistance creates a great 
challenge for treating bacterial infections. the objective of the current study is to determine the 
microbial profile and linezolid resistance in gram positive cocci isolated from blood stream infections. 
1855 blood samples were analysed for microbial profile and antimicrobial sensitivity testing in our 
tertiary care centre over a 6 month period. in using Kirby-Bauer’s disk diffusion method for antimicrobial 
susceptibility testing, linezolid resistance was detected according to ClSi guidelines. Out of 1855 blood 
culture samples, 732 (39.4%) were identified to be culture positive. Amongst culture positive isolates 
mostly (83.3%) gram negative bacteria were isolated, and 16.7% were Gram positive bacterial isolates. 
Klebsiella species were the most prevalent among gram negative isolates. the linezolid resistance 
pattern was coagulase negative staph (CONS) was 25%, staphylococcus was 24% and streptococcus was 
20%. this study reveals significant linezolid resistance in gram positive bacteria isolated from blood 
culture. the emergence of linezolid resistance is a major issue for clinicians treating the infection and 
it will require prompt monitoring of antibiotic policy and antimicrobial stewardship programs.
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iNtRODUCtiON

 Blood stream infections (BSI) are very 
common in developing countries and it can 
lead to life threatening complications in critical 
patients with significant mortality and morbidity, 
if not diagnosed promptly and treated properly.1 
Antimicrobial resistance, especially multidrug MDR 
in both gram-negative and gram-positive bacteria, 
rises rapidly leading to the spread of infections 
and the default to treat them. Antimicrobial 
resistance was the leading public health issue 
globally. The average global prevalence rate was 
60% or more.2 Despite recent advances in clinical 
diagnostics, blood culture methods remained the 
gold standard for the isolation of micro-organism 
from bacteremia, septicemia and fungemia3 
Everninomicins, carbapenems, oxazolidinone, 
streptogramins and daptomycin were among the 
newer antibacterial agents used to treat gram 
positive bacterial infections.4-6

 Linezolid is a synthetic antibacterial 
agent that belongs to the oxazolidinone class, 
mechanism of action of Linezolid is to inhibit 
bacterial ribosomal protein synthesis by acting on 
the translation process and preventing complex 
formation.7 Linezolid binds to ribosomal RNA 
(rRNA), especially 23S rRNA of the 50S ribosomal 
subunit (V-domain) encoded by rDNA genes 
found in clinically relevant species.8 Linezolid 
has bacteriostatic activity against staphylococci 
(MSSA and MRSA), Enterococci (VRE), and 
pneumococci as well. The minimum inhibitory 
concentration (MIC) of linezolid is 1-4 mg/ml. It has 
moderate antimicrobial activity against Moraxella 
& Bacteroides species (MIC 8 mg/ml) and is also 
active against anaerobic gram-positive bacilli and 
cocci, some gram negative anaerobes, Nocardia 
and Mycobacterium species.9 Cross-resistance 
between linezolid and other antimicrobials that 
inhibit protein synthesis is very rare because the 
binding site of linezolid (23S portion of the 50S 
subunit) is totally different from the binding sites 
of others.10

 Antimicrobial resistance is continuously 
increasing day by day. It varies according to 
regional and geographical location. For the 
prevention of multidrug resistance, follow strict 

antimicrobial policy, rational use of antibiotics 
and conduct various antimicrobial stewardship 
awareness programmes.

MAteRiAlS AND MetHODS

Study Design
 This study was conducted in a Gandhi 
Medical College and associated Hospital, Bhopal.
 Samples (blood) were collected from 
suspected patients with blood infections 
(bacteremia or septicemia) attending and/or 
admitted in the tertiary care hospital over a period 
of 06 months (July 2013 to December 2013).

Samples Collection and Processing
 Blood samples were collected by aseptic 
precaution and sent to the microbiology laboratory 
for culture and sensitivity testing. All collected 
samples for blood culture were included in the 
study. We have used conventional methods of 
blood culture (BHI broth) for blood culture testing. 
Identification of microbial isolates was done by 
colony characteristics on culture Medias, gram 
staining examination, and standard biochemical 
tests. We have performed Catalase test for 
differentiation of streptococci to staphylococci 
(streptococci were Catalase negative), also 
perfumed Slide and tube coagulase test 
differentiate staphylococcus aureus to CONS.

Antimicrobial Susceptibility testing
 Kirby-Bauer’s disk diffusion method was 
used for Antimicrobial susceptibility testing as per 
Clinical and Laboratory Standards Institute (CLSI) 
guidelines.11 We have made bacterial suspension 
comparable with 0.5 McFarland standard was 
poured on Mueller-Hinton Agar plates and a 
Linezolid disk (30 µg) was applied. AST plates 
were incubated at 35–37°C temperature for 24 
hours, if the zone of inhibition was 21 mm or less 
considered the isolates was resistance to linezolid.
Statistical analysis: for statistical analysis we have 
calculated the confidence interval, percentage and 
proportion using graph pad software. Calculation 
of confidence intervals was done by Clopper and 
Pearson method based on binomial distribution 
and F distribution. . 
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OBSeRVAtiONS AND ReSUltS

 Out of a total of 1855 blood samples 
received, 732 (39.4%) were culture positive, while 
1123 (60.6%) were found to be blood culture 
negative.
 Amongst culture positive isolates, gram 
negative bacteria accounted for 83.3%, while gram 
positive bacteria were 16.7%. The predominant 
bacterial isolates were klebsiella (43.3%) and E.coli 
(16.5%) among gram negative, while staphylococcus 
aureus (11.8%) was among gram positive bacterial 
isolates. A detailed description of bacterial isolates 
was shown in Table 1. Linezolid resistance was 
seen in staphylococcus 24%, CONS 20%, and 
streptococcus 20%. A detailed description of 
linezolid resistance was shown in Table 2 and Figure. 

DiSCUSSiON

 The rapid emergence of higher and 
newer antimicrobial resistance is alarming and 
challenging for people all over the world. In the 
future era, very few antimicrobial options are 
available for the treatment of bacterial infections. 

That’s because the WHO identified emerging 
antimicrobial resistance as a prime health concern 
for all over the world.12 To control antimicrobial 
resistance, precautions such as rational/judicious 
antibiotic use, prescribing antibiotics after culture-
sensitivity reports whenever possible, mounting 
predicament, and various extensive antibiotic 
stewardship programmes in developing countries 
are required.
 The current study found a very high 
blood culture positivity rate (39.5%), which was 
consistent with Khanal et al.13 and Sharma et al.,14 
who reported blood culture positivities of 44% 
and 33.9%, respectively, but many other studies 
found very low blood culture positivity, such as 
Mehdinejad et al.,15 Vanitha et al.,16 and Gohel K 
et al.
 The blood culture positivity rate was 
higher in the present study. The possible reasons 
for this were inappropriate use or rational use 
of antimicrobial agents, emergence of new 
drug-resistant bacterial strains, antimicrobial 
administration prior to sample collection and 
regional variation.

table 1. Frequency and confidence interval of different bacterial isolates of blood culture

No. Bacteria isolated Number Percentage 95% Confidence 
    Interval

1. Klebsiella 317 43.3% 0.3968 to 0.4698
2. E. coli 121 16.5% 0.1391 to 0.1942
3. Pseudomonas 76 10.3% 0.0827 to 0.1282
4. NLFGNB 54 7.3% 0.0559 to 0.0952
5. Citrobacter 36 4.9% 0.0347 to 0.0674
6. Acinetobacter 6 0.8% 0.0030 to 0.0178
7. Staphylococcus 87 11.8% 0.0963 to 0.1445
8. CONS 20 2.75 0.0168 to 0.0419
9. Streptococcus 15 2% 0.0115 to 0.0336

table 2. Frequency and confidence interval of linezolid resistance among gram positive cocci 

  Resistance pattern to linezolid

Bacteria No. of sensitive No. of resistant 95%  Confidence
 isolates isolates interval

CONS 20 5 0.0866 to 0.4910
Staphylococcus 87 21 0.1560 to 0.3450
Streptococcus 15 3  0.0433 to 0.4809
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 In our study, gram negative bacterial 
isolates were predominant, accounting for 83.3%, 
and gram positive isolates were only 16.7%, 
similar results were also obtained by Paul et 
al.,18 and Vaghela et al.19 However in contrast to 
that, other studies where gram positive bacteria 
were predominantly isolated are Nazir A et al.,20 
Tessema B et al.,21 and Pan et al.22

 In our study, the most predominant 
organism isolated from blood culture was 
Klebsiella followed by E. coli, in concordance to 
the study conducted by Fahim et al.23

 In the current study, gram-positive cocci 
isolated from blood stream infections were found 
to have very high linezolid resistance, whereas 
Mamishi et al.24 found that all isolates were 
sensitive to linezolid. Higher linezolid resistance 
in our study could be due to a lower number of 
isolates, antibiotic overuse, and genetic mutation
In our study, linezolid resistance among coagulase 
negative staphylococcus (CONS) was 25% (5/20) 
in accordance with the Panopoulou M et al.,25 
observed 20.9% linezolid resistance, Staph 
epidermidis, in contrast to S. Gandra et al.,26 who 
found 0.4% resistance.
 The current study found linezolid 
resistance in Staphylococcus aureus was 24% 
(21/87) A similar finding was also observed 
by Thool, et al.,27 in contrast to other studies, 
Comoglu et al.,28 found a higher susceptible rate 
of linezolid.

 Present study observed 20% linezolid 
resistance streptococci discordance with the 
Muller-Serieys et al.29 found all streptococcal 
isolates were sensitive to linezolid.

CONClUSiON

 The emergence of higher linezolid 
resistance in blood culture isolates is alarming 
and creates a big challenge for us. A very high 
prevalence of positive blood culture and linezolid 
resistance was found in the current study. 
Antibiotic selection based on culture sensitivity 
reports, antimicrobial policy development, and 
various antimicrobial stewardship programmes 
may all aid in the reduction of multidrug resistance.

limitation of the Study
 CLSI of 2006 was used for antimicrobial 
susceptibility testing.
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