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Abstract 

Background: An important but controversial subject is the number of blood culture sets required for the diagnosis of 
blood stream infection (BSI) and also the use of appropriate antibiotics to treat bacteremia. This paper focuses on the 
need of two blood culture set in comparison to one blood culture in the diagnosis of bacteraemia. Methods: First and 
second sets were collected aseptically from two different sites at an interval of about one hour from all clinically suspect 
patients of bacteremia. The samples were processed in Bact/ALERT3D system and further identified in VITEK 2 
compact. Results: Second blood culture set yielded higher rates of positive cultures (63%) than first set (37%). The 
common bacterial isolates were Coagulase negative Staphylococcus (CoNS) 29 (28%), followed by Staphylococcus 
aureus 20 (20%), Escherichia coli 13 (13%) and Klebsiella pneumonia 11(11%). Methicillin resistance was observed in 
90% of S. aureus isolates. All Gram positive bacteria were found sensitive to vancomycin. In Gram-negative organisms, 
extended spectrum β-lactamases (ESBL) was observed in 40.5% isolates and resistance to carbapenems was found to be 
37.8%. Discussion/Conclusion: In India, most hospitals routinely use single aerobic blood culture. The isolation of 
CoNS in blood is difficult to interpret hence, proper collection, processing, and relevant clinical information can 
significantly reduced the chances of contamination. Automated blood culture system can significantly shorten the length 
of time for isolation and identification compared to the manual techniques which takes about seven days. Resistance to 
antibiotics is a matter of concern that can result in ineffective treatment.  
 
Keywords: Antibiotic susceptibility test, Bacteraemia, Bact/ALERT3D system, First and second blood culture, 
Resistance. 
…………………………………………………………………………………………………………………………….. 

Introduction 

Bacterial pathogens isolated from BSI are a leading 
cause of significant patient morbidity and mortality. It 
has been estimated that approximately 200,000 cases of 
bacteremia occur worldwide with mortality rates 
ranging from 20 to 50% [1]. In a way, BSI increases the 
mortality rate, prolongs patient’s stay in the hospital and  
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leads to increased health care costs [2,3]. The blood 
culture is the gold standard technique for the diagnosis 
of bacteraemia. It not only has a great diagnostic and 
prognostic significance but also provides essential 
information for the evaluation of a variety of diseases 
[4]. Blood culture is a common laboratory investigation 
where traditionally, blood is inoculated into culture 
medium and sub-cultured for positive growth however 
drawback of manual culture techniques mainly includes 
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longer duration for isolation and identification of 
organisms, increases more false positives cultures from 
contaminated blood samples and decreased sensitivity 
for fastidious pathogens [5, 6]. It is seen that advanced 
method like automated culture system (Bact/ALERT3D 
system) is the answer to resolve the following problems. 
Apart from that, the isolation of clinically significant 
microorganisms from a case of bacteraemia indicates 
either failure of host defence to contain an infection at 
its primary site or that the clinicians have failed to 
adequately treat the infection [7].  
 
An important issue is the number of blood culture sets 
required for the diagnosis of BSI and reporting of the 
organism as well as their antimicrobial profile on time.  
 
The optimal number of blood cultures that should be 
obtained in a febrile patient varies according to the 
suspected diagnosis or clinical condition, the suspicion 
of underlying infection, and the urgency of the need for 
treatment [8-10]. Blood culture remains one of the most 
important microbiological tests available to the 
healthcare team; hence people who perform this test 
must have a sound knowledge of this important 
diagnostic tool. Keeping this in mind, this study was 
designed to compare the policy of first blood culture set 
over second blood culture set in the diagnosis and 
treatment of bacteraemia. 

Materials and Methods 

Study design: Prospective cross-sectional study. 

Setting: Department of Microbiology, Sikkim Manipal 
Institute of Medical Sciences (SMIMS), Sikkim. 

Study period: October 2014 – September 2015(1 year). 

Study population: All clinically diagnosed cases of 
bacteremia attending Central Referral Hospital (CRH), 
Sikkim.  

Sample collection: Blood samples were collected from 
patients in the general ward and critical care units by 
nursing staff or by trained phlebotomist before the 
administration of antimicrobial drugs.  
 
Before collecting the blood sample, the skin was 
disinfected with 70% alcohol and 2% tincture of iodine 
and collected when the temperature started rising. For 
the first blood culture set, about 5-10ml of adult blood, 
2-3ml of children and 1-2ml of infant blood was 
collected from peripheral vein and the second set was 
collected after an interval of about one hour from a 
different site aseptically and immediately transported to 
the laboratory for further processing. In the 
Bact/ALERT 3D system (bioMerieux) incubation of the 
bottles were continued for seven days until microbial 
growth was detected.  
 
Gram staining was performed from the positive blood 
culture and subculture on blood agar, chocolate and 
MacConkey agar and incubated at 37°C±2°C. The 
positive growth was further processed for identification 
and sensitivity on VITEK 2 Compact (bioMerieux, 
France). VITEK 2 Compact is an automated microbial 
identification and antibiotic susceptibility testing 
system. It also demonstrates the Minimum Inhibitory 
Concentration levels of bacteria on the commonly used 
antibiotics in clinical practice. The VITEK 2 Compact 
system interpretation of the antibiotic is based on the 
Clinical Laboratory Standards Institute (CLSI) 
guidelines. 

Results 

In the present study, out of the total 150 samples received, 82 (55%) were from males and 68 (45 %) were from females. 
Maximum number of the samples were obtained from patients within the age group 21-40 years 52 (35%) which was 
closely followed by 48(32%) of the age group 41-60 years (Table 1).  
 
It was also observed that age was not statistically significant with the number of blood cultures set (p=0.7010).  
 
The samples were obtained from various departments; majority of them were from the medicine department 92(61.4 %); 
followed by emergency 28 (18.6 %), 16 (10.6 %) of them were from the surgery department, 8 (5.4%) from the dialysis 
and only 6 (4%) from the OBG department. It was observed that samples from various department in correlation to the 
positive blood culture was statistically significant (p<0.001) (Table 2).  
 
In this study, the primary infection commonly diagnosed was pyrexia of unknown origin (PUO) 49 (32.6%) followed by 
genitourinary infection 29 (19.4%). It was also observed that primary infection was found to be statistically insignificant 
with the number of blood culture in the study (p=0.5347) (Table 3). 
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Table 1: Positive blood culture and age distribution of bacteraemia suspected patients at Central Referral 
Hospital from October 2014 – September 2015. 

Age-group (n=150) Positive blood culture n=102 (%) 
≤20 (12) 9 (75%) 

21-40 (52) 32 (61.5%) 

41-60 (48) 35 (72.9%) 

61-80 (28) 18 (64.2%) 

≥80 (10) 8 (80%) 
 
Table 2: Positive blood culture and department distribution of bacteraemia suspected patients at Central Referral 
Hospital from October 2014 – September 2015.  

Department (n=150) Positive blood culture n=102(%) 

Medicine (92) 84 (91.3%) 

Emergency (28) 10 (35.7%) 

Surgery (16) 04 (25%) 

Dialysis (08) 02 (25%) 

OBG (06) 02 (33.3%) 

 
Table 3: Positive blood culture and primary infection of bacteraemia suspected patients at Central Referral 
Hospital from October 2014 – September 2015. 

Primary source of Infection (n=150) Positive blood culture n=102(%) 

PUO (49) 36 (73.4%) 

Genitourinary Infection (29) 19 (65.5%) 

Surgical site Infection (22) 16 (72.7%) 

Cardiovascular sites (19) 09 (47.3%) 

Respiratory Tract Infection (17) 13 (76.4%) 

Gastrointestinal tract Infection (14) 09 (64.2%) 

 
Table 4: List of Gram negative and Gram positive organism isolated from first and second blood culture set 

Organisms First blood culture set (n=38) Second blood culture set (n=64) 

Gram negative bacilli   

Escherichia coli 04 (10.5%) 09 (14%) 

Klebsiella pneumoniae 04 (10.5%) 07 (11%) 

Pseudomonas spp 03 (7.8%) 04 (6%) 

S. paratyphi A 02 (5%) 04 (6%) 

Acinetobacter spp. - 02 (3%) 

Enterobacter cloacae - 02 (3%) 

Alcaligens faecalis - 01 (1.5%) 

Stenotrophomonas maltophilia - 01 (1.5%) 

Gram positive cocci   

Staphylococcus aureus 05 (13%) 15 (23%) 

Enterococcus spp. 04 (10.5%) 06 (9%) 

CoNS 16 (42%) 13 (20%) 
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Table 5: Resistance pattern of Gram positive bacteria isolated from bacteraemia suspected patients in Central 
Referral Hospital from October 2014 – September 2015 

Antibiotics CoNS 

n(%) 

Staphylococcus aureus 

n(%) 

Enterococcus spp. 

n(%) 

Oxacillin 25 (86%) 18(90%) 5(50%) 

Cefoxitin 10(34%) 7(35%) 0(0%) 

Cotrimoxazole 6(21%) 11(55%) 0(0%) 

Gentamicin 12(41%) 6(30%) 5(50%) 

Tetracycline 10(34%) 5(25%) 0(0%) 

Ciprofloxacin 18(62%) 6(30%) 0(0%) 

Clindamycin 10(34%) 6(30%) 4(40%) 

Linezolid 6(21%) 0(0%) 0(0%) 

Vancomycin 0(0%) 0(0%) 0(0%) 

 
Table 6: Resistance pattern of Gram negative bacteria isolated from bacteraemia suspected patients in Central 
Referral Hospital from October 2014 – September 2015 

Antibiotics Escherichia coli 

n(%) 

Klebsiella pneumoniae 

n(%) 

Pseudomonas spp 

n(%) 

S. paratyphi A 

n(%) 

Ampicillin 10 (77%) 6 (55%) 2(29%) 4 (67%) 

Ceftazidime 6(46%) 4(36%) 2 (29%) 3 (50%) 

Cefepime 7(54%) 6(55%) 2(29%) 3 (50%) 

Ceftriaxone 7(54%) 3(27%) 2(29%) 1(17%) 

Imipenem 5(38%) 7(64%) 3(43%) 2(33%) 

Meropenem 2(15%) 4(36%) 3(43%) 2(33%) 

Gentamicin 4(31%) 3(27%) 2(29%) 1(17%) 

Amikacin 2(15%) 2(18%) 1(14%) 1(17%) 

Tetracycline 4(31%) 4(36%) 2(29%) 1(17%) 

Nitrofurantoin 2(15%) 3(27%) - - 

 
Out of 150 samples, blood cultures were positive in 102 (68%) samples and negative in 48 (32%) samples. In the present 
study, second blood culture set was observed to have higher yield rates than first blood culture set. Second blood culture 
set were 64 (63%) and first blood culture set were 38 (37%). It was observed that microorganism like Acinetobacter spp., 
Enterobacter cloacae, Alcaligens faecalis and Stenotrophomonas maltophilia were isolated from second blood culture set 
and the first blood cultures were negative. Out of the 64 second blood culture positives, Gram negative bacilli were 30 
(47%) and Gram-positive cocci (GPC) were 34 (53%) whereas, in 38 first blood culture, GNB were 13 (34%) and GPC 
in 25(66%). We have not found any mixed infections in our study. The predominant bacteria isolated CONS 29 (28%), 
followed by S. aureus 20 (20%) and E. coli 13 (13%) and K. pneumoniae 11(11%). 
 
In second blood culture set, among the GNB, E. coli is the most common 9 (14%) followed by K. pneumonia 7 (11%), 
Pseudomonas spp and S. paratyphi A 4 (6%) each, Acinetobacter spp. and Enterobacter cloacae 2 (3%) each. Among the 
Gram positive cocci, Staphylococcus aureus 15 (23%) was the most isolated organism followed by CONS 13 (20%) and 
Enterococcus spp. 6 (9%). In first blood culture set, E. coli was the most common 4 (10.5%) followed by K. pneumoniae 
4 (10.5%), Pseudomonas spp 3 (7.8%) and S. paratyphi A 2 (5%). In the Gram positive cocci, CONS 16 (42%) and S. 
aureus 5(13%) was the most isolated organism followed by Enterococcus spp. 4 (10.5%) (Table 4). Sixty seven samples 
(66%) were found to be positive within the first 24hrs of incubation, followed by 25 samples (25%) between 24-48hrs 
of incubation of blood samples and the remaining bottles were positive after 48hrs of incubation.  
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The antibiotic susceptibility pattern showed that all Gram positive bacteria were 100% sensitive to vancomycin. CoNS 
showed 86% resistance to oxacillin and 62% to ciprofloxacin, while resistance was much lower in case of linezolid and 
cotrimoxazole (21%) each; clindamycin, tetracycline and cefoxitin (34%) each. S. aureus was highly sensitive to 
vancomycin and linezolid (100%); however 90% of S. aureus isolates were found to be MRSA. Enterococcus spp. was 
also found to be 100% sensitive to cefoxitin, cotrimoxazole, tetracycline, ciprofloxacin, linezolid and vancomycin. 
Antimicrobial resistance levels for the Gram-negative organisms, causing blood stream infections were found to be 
varied. ESBL was observed in 40.5% and carbapenem resistance was observed in 37.8% of Gram negative isolates. 
(Table 5 & 6). 

Discussion 

The use of single blood culture in a developing 
country like India is a common practice where several 
studies have addressed the issue of the number of 
blood cultures needed to detect bacteraemia [9, 11-12]. 
Use of more than one blood culture generally increases 
the sensitivity of isolation of organism. Clinical and 
Laboratory Standards Institute (CLSI) recommends four 
10 ml bottles to detect 90 – 95% of bacteraemias [13]. 
Current recommendations include collecting at least 
two sets of, each 20 ml of blood distributed equally 
between an aerobic and an anaerobic bottle from two 
distinct sites [7, 14]. Lee et al (2007) reported that in 
order to detect 90% of true bacteraemia, 2 blood culture 
sets should be taken in a 24 hour period, however to 
detect > 99% up to 4 blood culture sets maybe 
necessary [8]. However, it is seen that generally most 
hospitals prefer the use of single aerobic blood culture, 
taking into account the high cost for culture, time factor, 
labor intensity, patient’s refusal to draw out blood and 
the need for quick result. In the present study, second 
blood culture set 64 (63%) was observed to have higher 
yield rates than the first set 38 (37%). Similar 
observation was seen in a study from a super specialty 
hospital in New Delhi where paired blood cultures were 
13.70% positive and single blood culture was 4.59% 
positive [15]. The use of 2 aerobic blood cultures has 
also been controversial as many studies have 
recommended the pairing of anaerobic blood culture 
with aerobic blood culture and many others have 
contradicted the use of anaerobic-aerobic blood 
culture [16-20]. However the result of our study 
supports the use of two aerobic blood cultures. 
 
In our study, 42% of infections were caused by Gram-
positive and 58% by Gram-negative bacteria. Out of the 
64 second blood culture set, Gram negative bacilli were 
30 (47%), Gram-positive cocci were 34(53%). Similarly 
in 38 first blood set, GNB were 13 (34%), GPC in 25 
(66%). Several studies have shown marginally higher 
prevalence of Gram-positive and lower prevalence of 
Gram negative organisms [21-24] and on the contrary, 
Gram-negative bacteria have been reported as the  

 
 
commonest cause of bacteremia in hospitalized febrile 
patients in many developing countries [25-27]. The 
Bact/Alert system isolated many common organisms 
like CoNS, E. coli, Klebsiella spp, S. aureus but other 
rare organism like Stenotrophomonas spp. was also 
isolated. It is known that microorganism like S. aureus, 
E. coli and other Enterobacteriaceae, P. aeruginosa, S. 
pneumoniae represent true infection [7]. In our study 
CoNS were the most commonly isolated bacteria 29 
(28%) as so have many other studies [22, 23, 28-30].  
 
On the whole, CoNS are difficult to interpret, because in 
only 12%-15% of the blood isolates were found to be 
the causative agent in PUO [31]. It is the physicians 
who ultimately make the final judgment, taking into 
account not only the laboratory findings but also the 
clinical condition of the patient. Therefore, clinical 
information and more than one blood culture can 
considerably aid to decide whether an isolate is more 
likely to be significant pathogen or a contaminant. In 
the present study, most of the isolates (66%) were 
recovered within 24hrs and 25% within 48hrs due to 
availability of automated blood culture system. 
Similarly, Tarai et al (2012) were able to recover most 
of the isolates (95.8%) within 48 hr from the automated 
blood culture system. This system supports the recovery 
of most of the organisms and VITEK 2 compact also 
identifies diverse group of species faster [15]. The use 
of blood culture systems still remain the gold standard 
for the detection of bacteremia and septicemia. It is 
important to understand the process from collection to 
obtaining a result to assist in the interpretation and 
improve the clinical outcome at the earliest. Automated 
blood culture and identification methods has 
significantly reduced the time required for processing of 
samples and has also facilitated the yield of various 
organisms including rare organisms.  
 
The study also assessed the antimicrobial susceptibility 
pattern among the key pathogens causing bloodstream 
infections to the commonly used antibiotics in the 
hospital. All Gram positive bacteria were 100% 
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sensitive to vancomycin but were found to be MRSA 
(90%). This is of concern as all penicillin groups of 
drugs are often used for initial and empirical treatment 
of Staphylococcal infections. In gram negative 
organisms, 40.5% of  ESBL was observed to commonly 
used antibiotics; it is a matter of concern as this could 
further complicate management and increase morbidity 
and mortality.  

Conclusion 

There is a need to use more than a one blood culture for 
earlier detection of bacteraemia as there is a higher 
chance of isolation of organism. Also the use of 
automated blood cultures; currently represent the "gold 
standard" for diagnosis of bacteraemia. However, the 
process of proper blood collection, proper isolation and 
identification process and the pertinent clinical 
information will help to obtain the correct result and 
improve the clinical outcome at the earliest.  
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