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ABSTRACT

Background: Bacterial bloodstream infections are important causes of morbidity and mortality globally. The aim of 
the present study was to determine the bacterial profile of bloodstream infections and their antibiotic susceptibility 
pattern among the clinically diagnosed cases of sepsis in cancer patients. Methods: In the present study, etiological 
and antimicrobial susceptibility profile of blood cultures over a period of 1 year at a tertiary cancer care hospital was 
done. Blood culture positive isolates were identified using standard microbiological methods and by Fully automated 
BD Phoenix 100. The antibiotic susceptibility pattern of the organisms was performed by Kirby-Bauer disc diffusion 
method and MIC (Minimum inhibitory concentration) was done by Fully automated BD Phoenix 100. Results: There 
were 1178 blood culture samples, of which 327 (27.7%) were identified to be culture positive. Out of 327 positive 
cultures, 299 (91.4%) showed bacterial growth, Gram negative were 161 (53.8%) and Gram positive were 138 
(46.1%). Candida species were isolated from 13 (3.97%) of positive samples and 15 samples showed contamination. 
The most common Gram-negative isolate was. Escherichia coli (37.80%) and Gram-positive isolate was coagulase-
negative staphylococci (52.80%).  Escherichia coli showed highest sensitivity to amikacin (83.60%) and sensitivity 
to piperacillin+ tazobactum and cefaperazone+sulbactam was 54.09% and 52.45% respectively. High degree of 
resistance was found to cephalosporins and levofloxacin. Conclusion: The results indicate high level of antimicrobial 
resistance among Gram negative bacilli in septicemic patients. The results warrant continuous monitoring of 
antimicrobial pattern so as to build geographical epidemiological data. 
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INTRODUCTION

Infectious complications consequent to the immunosuppressive therapy has become a major cause of morbidity and 
mortality in cancer patients [1]. The cancer patient is immunocompromised due to nature of the disease and due 
to interventions in the form of chemotherapy. Other associated risk factors for acquiring infection are long term 
catheterization, mucositis due to cytotoxic agents, neutropenia, and stem cell transplantation [2]. Blood stream 
infections increase the length of hospital stay, cause significant morbidity and mortality and increase the cost of care. 
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The situation further deteriorates with increasing rate of multidrug resistance. The crude mortality rate due to BSIs in 
cancer patients ranges from 18% to 42% [3-6]. The organisms and their antibiotic susceptibility pattern varies among 
different healthcare facilities and geographical areas. Blood culture is the single most reliable procedure for bacterial 
isolation and detection. The aim of the present study was to determine the bacterial profile of bloodstream infections 
and to assess the antibiotic susceptibility pattern of the major pathogens among the clinically diagnosed cases of 
sepsis in cancer patients.

MATERIALS AND METHODS

This was a retrospective study conducted at a tertiary care hospital for cancer patients. We analyzed all blood samples 
sent for bacterial culture during the year 2016.

A total of 1178 blood samples from clinically diagnosed cases of sepsis, received in the microbiology laboratory of 
a 450-bedded cancer hospital of south India over duration of one year, were included in the study. Blood samples 
were collected before the administration of antibiotics. Relevant details of the patients were recorded. Blood culture 
bottles from Biomerieux were inoculated with the sample and incubated in BACT/ALERT 3D. When the instrument 
signaled positive, sub cultures were done on blood agar, MacConkey agar and chocolate agar. The growth obtained 
was identified by colony morphology, Gram stain of the isolated colonies, standard microbiological, biochemical tests 
and by fully automated BD Phoenix 100.

The antibiotic susceptibility pattern of the isolated organisms was performed by Kirby-Bauer disc diffusion method 
on Mueller-Hinton agar plates as well as MICs were done by fully automated BD Phoenix 100 and the results were 
interpreted as per the Clinical and Laboratory Standards Institute (CLSI) 2016 guidelines. Cefoxitin disc diffusion 
method was used to identify MRSA (Methicillin resistant Staphylococcus aureus) as per CLSI guidelines. MDR 
(Multi drug resistant) was defined as non-susceptibility to at least one agent in three or more antimicrobial categories. 
The antibiotic discs that were used to identify the susceptibility pattern of the gram-negative pathogens and their 
concentrations include amikacin (30 mcg), amoxicillin+clavulanic acid (20/10 mcg), ceftazidime (30 mcg), ceftriaxone 
(30 mcg), cefepime (30 mcg), cefoperazone+sulbactam (75/30 mcg), imipenem (10 mcg), meropenem (10 mcg), 
piperacillin+tazobactum (100/10 mcg), levofloxacin (5 mcg), cotrimoxazole (1.25/23.75).

RESULTS

This study was carried out from January 2016 to December 2016 with 1178 blood samples receive from patients 
suspected of having bloodstream infections attending and admitted in Basavatarakam Indo-American cancer Hospital, 
Hyderabad. Details like medical registration number, laboratory number, age and sex of the patients, and type and 
place of collection of specimen were recorded. Culture positivity was seen in 327 (27.35%) samples, and 851 (72.24%) 
samples were sterile (Table 1) as detected with the BACT/ALERT 3D (Biomerieux) blood culture system. 

Table 1 Ward wise distribution of blood cultures and positivity rate

S. No Location Blood cultures received No Growth (%) Growth (%)
1 Wards 575 426 (74.08) 149 (25.9)
2 MICU 312 193 (61.8) 119 (38.14)
3 BMT 232 185 (79.74) 47 (20.25)
4 SICU 17 11 (64.7) 06 (35.2)
5 OP 42 36 (85.7) 06 (14.28)
6 TOTAL 1178 851 (72.24) 327 (27.75)

Out of total 1178 samples received, 705 (59.84%) were males and 473 (40.15%) were females. Overall Blood culture 
positivity rate among males was 16.29% and 10.95% among females (Table 2).

Table 2 Age wise and sex wise distribution (Blood cultures Jan 2016 - Dec 2016)

Age group Males (705) Females (473) Total Growth No growth Growth No growth
<20 28 98 21 65 212

21-40 57 121 29 92 299
41-60 69 179 58 124 430
>60 38 115 27 57 237

Total 192 (16.29%) 513 (43.54%) 135 (10.95%) 338 (29.20%) 1178
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Out of 327 positive cultures, 299 (91.4%) showed bacterial growth, Gram-negative were 161 (53.8%) and Gram 
positive were 138 (46.1%). Candida species were isolated from 13 (3.97%) of positive samples and 15 samples 
showed contamination. Among Gram-negative isolates Escherichia coli (37.80%) was found to be most predominant 
followed by Klebsiella species (24.20%), Pseudomonas species (13.60%) and Acinetobacter species (6.80%) (Figure 
1). Among Gram-positive isolates coagulase negative Staphylococci (52.80%) was most predominant followed by 
Staphylococcus aureus (14.40%) and Enterococcus species (10.14%) (Figure 2).

37.80%

24.20%

13.60%

6.80%

2.40% 1.20%

7.40%

2.40% 3.70%

n = 161

Figure 1 Percentage of gram negative isolates

52.80%
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8.69%
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Figure 2 Percentage of gram positive isolates

Antibiotic sensitivity pattern of Gram-negative and Gram-positive organisms was studied. Out of 61 Escherichia coli 
isolates 83.60% were sensitive to amikacin and 67.21% and 65.57% of isolates were sensitive to meropenem and 
imipenem respectively. Only 13.11% of isolates were sensitive to levofloxacin and 18.03% were sensitive to cefepime 
showing high degree of resistance to both the drugs (Figure 3). 

Klebsiella species showed lower sensitivity to amikacin (61.53%) and a higher sensitivity to levofloxacin (51.28%) 
and cefepime (25.64%) as compared to Escherichia coli. Sensitivity to imipenem and meropenem in Klebsiella 
species was 53.84% and 56.41% respectively (Figure 4). Non-fermenters Pseudomonas species and Acinetobacter 
species had a sensitivity of 81.8% and 72.70% to amikacin (Figures 5 and 6). Unlike Escherichia coli and Klebsiella 
species the non-fermenters Pseudomonas species and Acinetobacter species had 77.2% and 81.8% sensitivity to 
levofloxacin (Figures 5 and 6). Among 61 Escherichia coli isolates 80.30% were ESBL (extended spectrum beta 
lactamase) and 22.90% were MDR and among 39 Klebsiella isolates 64.10% were ESBL producers and 41.02% were 
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MDR. MDR Pseudomonas and Acinetobacter were in the range of 13.60% and 18.18% respectively. Out of the total 
20 Staphylococcus aureus isolates 15% were MRSA.

83.60%

65.57%

31.14%

13.11%
18.03%

52.45%

54.09%
67.21%

n = 61

Figure 3 Antibiotic sensitivity pattern of Escherichia coli isolates
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Figure 4 Antibiotic sensitivity pattern of Klebsiella isolates
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Figure 5 Antibiotic sensitivity pattern of Pseudomonas isolates 
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Figure 6 Antibiotic sensitivity pattern of Acinetobacter isolates 

DISCUSSION

The present study provides information on the distribution of bacterial isolates causing bloodstream infections along 
with their antibiotic susceptibility pattern that plays a crucial role in effective management of septicemic cases. In our 
study, the blood culture positivity rate in clinically suspected septicemia cases was 27.35%, which was approximately 
similar to the studies by Venkatesh, et al. [7] which showed positivity of 27.16%, Wasihun, et al. [8] showed 28%, 
Ali, et al. [9] showed 24.2%, Nikita Vasudeva, et al. [10] showed 31.2% positivity. This is in contrast to other studies 
which have shown blood culture positivity rates between 9.94% to 11.2% [11-15]. Such differences in prevalence of 
BSI could be due to the different methodology used in blood culture system, the study design, geographical location, 
nature of patient population, epidemiological difference of the etiological agents and differences in the infection 
control policies [16-18].

In our study, Gram-negative and Gram-positive bacteria constituted 54.76% and 46.90% respectively. This finding 
was in accordance with other studies [13,19-24] where Gram-negative bacilli have taken over the Gram-positive 
organisms.

In the present study, the predominant Gram-negative isolates were Escherichia coli (37.8%), followed by Klebsiella 
species (24.2%), Pseudomonas species (13.6%) and Acinetobacter species (6.8%) which was in concordance with 
other studies [25-29]. In contrast to this finding, a study from Mumbai revealed that, Pseudomonas species was 
the most common cause (30.37%) and Escherichia coli and Klebsiella species accounted to 16.06% and 10.61% 
respectively [23].

In a recent study from Lebanon, Escherichia coli represented 39.5% of all Gram-negative organisms [25]. In another 
study from Pakistan to evaluate drug resistance amongst bacteremic isolates of febrile neutropenic patients, Escherichia 
coli was found to be the most predominant organism of the Enterobacteriaceae group while P. aeruginosa and 
Acinetobacter species were the most common isolates among the non-Enterobacteriaceae group [26].

In our study the predominant Gram-positive isolate was coagulase-negative Staphylococci (52.80%) followed by 
Staphylococcus aureus (14.40%) and Enterococcus species (10.14%). This finding is similar to other studies where 
coagulase-negative Staphylococci has contributed to blood stream infections in cancer patients [28,30,31]. Some 
authors have demonstrated that coagulase-negative Staphylococcus adheres to the catheter surface, and produces 
slime, which are risk factors for BSI [32]. This is in contrast to other studies where Staphylococcus aureus was the 
most common isolate [23,33,34].

The prevalence of ESBL producers among Escherichia coli and Klebsiella species was 80.30% and 64.10% in the 
present study which is higher than a study from Delhi published in 2010 where 70.7% of Klebsiella isolates and 41.7% 
of Escherichia coli isolates were ESBL producers [35]. This is somewhat similar to a study from Saudi Arabia where 
79% of all Escherichia coli and K. pneumoniae isolated were ESBL (extended-spectrum β-lactamases) producing 
[36]. Hospitalization in the previous 3 months and co morbidity could be the risk factors associated with infections 
by the ESBL-producing Gram-negative bacteria [37]. Patients at high risk for developing colonization or infection 
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with ESBL-producing organisms are often seriously ill patients with prolonged hospital stays and in whom invasive 
medical devices are present (urinary catheters, endotracheal tubes, central venous lines) for a prolonged duration. 
Heavy antibiotic use is also a risk factor for acquisition of an ESBL-producing organism [38]. The high isolation rates 
of ESBL producers in our hospital could be because our hospital being a cancer hospital most of our patients require 
repeated hospitalization, also have invasive devices and are often seriously ill patients who require prolonged hospital 
stays.

Among Escherichia coli and Klebsiella species Imipenem sensitivity was seen in 65.57% and 53.84% respectively. 
All showed 100% susceptibility to colistin. Sensitivity to β-lactam/β-lactamase inhibitors (piperacillin+tazobactam, 
cefoperazone+sulbactam) among Escherichia coli was 54% and 53% and among Klebsiella species was 46% and 
49% respectively. This is similar to a study from Mumbai where susceptibility to carbapenems was 70% and, 
β-lactam/β-lactam inhibitors (piperacillin+tazobactam, cefoperazone+sulbactam) were 56.5% [39]. Both Escherichia 
coli and Klebsiella showed highest activity to amikacin, 83.60% and 61.53%   respectively. This high resistance to 
carbapenems could be because majority of the patients reported to us are referred by other specialists or hospitals 
and these patients were offered antibiotics elsewhere before they reached our hospital. With this observation on 
emergence of carbapenem-resistant Enterobacteriaceae it is important to give due attention to infection control and 
antibiotic stewardship.

A high degree of resistance to cephalosporins among Enterobacteriaceae in the present study could be due to the 
fact that cephalosporins are one of the most commonly used antibiotics for inpatients as well as for outpatients in 
developing countries and other reason is that in most of the cases self-medication is very common as the medicines 
are available at the counter [40].

Among non-fermenters, Pseudomonas showed highest sensitivity to β-lactam/β-lactam inhibitors and amikacin and 
Acinetobacter species showed highest sensitivity to levofloxacin and amikacin. Sensitivity to Imipenem was 77% in 
Pseudomonas species and 73% in Acinetobacter species. All our isolates were sensitive to colistin. This is in contrast 
to a study from Mumbai where imipenem sensitivity was (91.82%) followed by piperacillin+tazobactum sensitivity 
(67.27%) and amikacin sensitivity was (50%). Colistin showed (94.55%) sensitivity [22]. The high resistance rate of 
non-fermenters to imipenem in the present study is of concern.

CONCLUSION

This study provides information on antibiotic resistance of blood isolates which may be a useful guide for physicians 
initiating empiric therapy. The high prevalence of antimicrobial resistance in Gram-negative isolates is alarming. 
Routine surveillance of baseline resistance, formulation of hospital antibiotic policy and compliance with existing 
guidelines will go long way in reducing drug resistance in pathogens. Specific antibiotic utilization strategies like 
antibiotic restriction, combination therapy and usage according to the standard antimicrobial susceptibility testing 
may help to decrease or prevent the emergence of resistance.
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