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Abstract
Background: Febrile Neutropenia (FN) is the common cause of morbidity and mortality in hematological malignancy, especially in developing countries.

Aims and objectives: To evaluate the clinical characteristics, understand the pattern of BSI, antimicrobial sensitivity pattern and to determine the evidence based 
empirical therapy in FN.

Methods: Present study conducted in 710 patients suffering from different types of hematological malignancies. The blood samples from central and peripheral 
veins collected during episodes of febrile neutropenia, cultured by BACTEC method (Aerobic and Anaerobic); in some cases (where clinically indicated) CVC tip 
sent for culture sensitivity. Blood agar, chocolate agar, MacConkey agar, Nutrient agar and SDA were used for isolation of the microorganisms.

Results: Out of 1664 cases of FN episodes, positive culture report was obtained in 499 (30.05%) episodes. GNB isolated in 67.1% (335/499) cases, GPB in 29.5% 
(147/499) cases and in 3.4% (17/499) cases fungal spp. were isolated. Most common species isolated was Klebsiella pneumoniae in 32.3% (161/499) followed by 
CoNS in 15.4% (77/499) episodes. Among fungal infections, Candida albicans was the commonest (n=14/17). Average FN episode per patient was high in AML 
(3.2) followed by BL (2.6) and APL (2.12). Majority among GNBs and GPBs had shown high sensitivity (90% to 100%) to carbapenems and aminoglycosides in 
comparison to low to moderate sensitivity (40% to 90%) to pip-tazo and cefepime.

Conclusion: Based on the current trends in micro-organisms isolated and the sensitivity pattern, every hemato-oncology care hospital should preferably have 
their own institutional antibiotic policy for improved patient care. 
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Abbreviations
FN: Febrile Neutropenia; SDA: Sabouraud Dextrose Agar; GNB: 

Gram Negative Bacteria; CVC: Central Venous Catheter; CoNS: 
Coagulase Negative Staphylococci; AML: Acute Myeloid Leukemia; 
DLBCL: Diffuse Large B Cell Lymphoma; BL: Burkitt Lymphoma; 
NHL: Non Hodgkin Lymphoma; APL: Acute Promyelocytic 
Leukemia; IDSA: Infectious Diseases Society of America; BSI: 
Blood Stream Infection; G-CSF: Granulocyte Colony Stimulating 
Factor; Cef-Sul: Cefoperazone/Sulbactam; Pip-Tazo: Piperacillin/
Tazobactam; Amoxy-clav: Amoxicillin/Clavulanic Acid; MASCC: 
Multinational Association for Supportive Care in Cancer

Introduction
Febrile Neutropenia (FN), defined as per IDSA guidelines 2010 

[1]; fever defined as single oral temperature of ≥ 38.3°C or oral 
temperature of ≥ 38.0°C that persists for over 1 h, neutropenia defined 

as an absolute neutrophil count (ANC) of ≤ 500 cells/mm3. FN may 
occur within 7-12 days following cancer chemotherapy, depending 
upon the type of disease and chemotherapeutic agent(s) used [2]. FN 
is a common complication in patients on immunosuppressive therapy 
for any cause such as acute leukemia and many other hematological 
malignancies, bone marrow transplantation and in aplastic anemia 
[3]. Febrile neutropenia is associated with a high morbidity and 
mortality [1]. In febrile neutropenic patients, the rate of Blood Stream 
Infection (BSI) is reported to be between 5 and 48% [4,5]. BSI is a 
significant cause of morbidity and mortality among the neutropenic 
patients, suffering from hematological malignancies [6,7]. Knowledge 
of prevalent organism and sensitivity pattern plays a very important 
role in reducing morbidity and mortality in hematological malignancy 
patients with treated with cancer chemotherapy; high index of 
suspicion and early empirical antibiotics are the most important 
interventions to reduce high mortality for these patients [8].

The purpose of this prospective observational study was to 
evaluate the clinical characteristics, understand the pattern of BSI, 
antimicrobial sensitivity pattern and to determine the evidence based 
empirical therapy in FN.

Patients and Methods
A prospective observational study conducted among the 

patients of all age groups with hematological malignancy admitted 
at hematology department, NRS Medical College and Hospital over 
a period of four and half years between July, 2015 and December, 
2019. Blood specimens were taken in patients with FN as per IDSA 
2010 guidelines after taking informed and written consent. One set 
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of blood cultures were collected, simultaneously from each lumen 
of an existing CVC, if present and also from a peripheral vein site; 2 
blood culture sets from separate venepunctures were sent if no CVC 
was present. Samples were collected in BCTEC culture bottle (both 
aerobic and anaerobic), volumes limited to <1% of total blood volume 
of the individual patient under study [1]. Fresh blood culture samples 
drawn during recrudesce of fever. The medical history including 
diagnosis, chemotherapy used, relapse, duration and severity of 
neutropenia, use of G-CSF, prophylactic antibiotics or antifungal 
agents, other infection related factors, i.e., antifungal therapy for a 
probable or proven fungal infection within past 6 months were noted 
carefully. Culture and sensitivity testing was done in the Department 
of Microbiology, NRS Medical College and Hospital; organisms were 
identified by Gram stain, motility tests and biochemical reactions as 
per standard protocol following culture [9,10]. Blood agar, chocolate 
agar, MacConkey agar, Nutrient agar and SDA were used for isolation 
of the microorganisms. The antimicrobial susceptibility tests were 
done by Kirby Bauer’s disc diffusion method on Mueller-Hinton agar 
and interpreted as per CLSI guidelines, 2010 [10]. Standard antibiotic 
discs (HiMedia, Mumbai, India) used as shown in detail in the results 
section. Statistical analyses were performed with STATATM Software 
(StataCorp LLC, USA).

Results
Analysis of all FN episodes in 710 patients suffering from different 

types of hematological malignancies (Table 1) was done. Total 1664 
episodes of FN noted according to different types of hematological 
malignancies; average FN episode per patient was 2.34 (1664/710), 
that was highest in patients with AML (3.2) followed by Burkitt 
lymphoma (2.6), APL (2.12), DLBCL (1.9) and ALL (1.9). Out 
of 1664 FN episodes, positive culture report was obtained in 499 
(30.05) episodes. Predominant organism isolated were GNB in 67.1% 
(335/499) cases followed by GPB in 29.5% (147/499) cases and fungal 
spp. in 3.4% (17/499) cases. As shown in Figure 1, among GNBs, the 
most common microorganism species isolated was K. pneumoniae in 
32.3% (161/499) followed by Acinetobacter spp. in 14.8% (74/499), 
Pseudomonas aeruginosa in 14.4% (72/499) and Burkholderia spp. 
in 3.2% (16/499) episodes of FN. Among 74 isolates of Acinetobacter 
spp., A. baumannii found in 73 cases and in only one case it was A. 
lwoffii. The most common GPB isolated was CoNS in 15.4% (77/499) 
episodes followed MRSA in 7.4% (37/499) and MSSA in 4.4% 
(22/499) episodes. Candida albicans predominated (82.3%, n=14/17) 
among different fungal strains isolated.

The antibiotic sensitivity patterns of different GNBs are shown in 
Figure 2. The most common GNB isolate K. pneumoniae had shown 
very good in vitro sensitivity to carbapenems followed by colistin/
polymixin B, aztreonam, pip-tazo and poor sensitivity to cefepime and 
tigecycline. Pseudomonas aeruginosa had shown excellent sensitivity 

to amikacin and carbapenems followed by pip-tazo, tigecycline, 
aztreonam and colistin/polymixin B but poor sensitivity to cefepime, 
ciprofloxacin, gentamicin. Acinetobacter spp., another dominant GNB 
isolated in the study had shown very good sensitivity to cefuroxime, 
ciprofloxacin, carbapenems, aminoglycosides, pip-tazo followed by 
cefepime, colistin/polymixin B and poor sensitivity to cefsul and 
tigecycline. Buspholderia spp., the next dominant organism isolated 
in the study had shown good sensitivity pattern to imipenem followed 
by colistin, aztreonam and amikacin. As shown in Figure 3, the most 
common GPB, Coagulase negative Staphylococci had shown very good 
in vitro sensitivity to Aminoglycosides, Vancomycin, Teicoplanin, 
Tigecycline followed by Meropenem and Pip-Tazo. Staphylococci spp. 
as a whole had shown good sensitivity to Vancomycin, Teicoplanin, 
gentamicin, Tigecycline followed by Meropenem and Pip-Tazo. 
Sensitivity pattern of fungal isolates are shown in Figure 4. C. albicans 
had shown almost similar in vitro sensitivity pattern to fluconazole, 
voriconazole, amphotericin B, caspofungin followed by posaconazole. 
Among non-albicans isolates, C. glabrata had shown good sentivity 
to all except caspofungin and C. parapsilosis had shown very poor 
sensitivity to fluconazole.

Discussion
Febrile Neutropenia (FN) is an oncological emergency. Depending 

on degree and severity of neutropenia, patients with hematological 
malignancies are highly vulnerable to both bacterial and fungal 
infections; mortality rates exceed 50% in patients presenting with 
septic shock or pneumonia, despite prompt antibiotic treatment 
[7,11]. Blood culture is routinely done to determine the causative 
agent of BSI; sensitivity range from 15% to 25%; poor sensitivity of the 
blood culture may be attributed to non-infectious origin of fever [7]. 
Repeat blood culture is executed if initial report becomes negative; 
bacteremia detected in >10% of FN episodes if repeat blood culture 
is obtained, despite an initial negative report [12]. In the present 
study, positive culture report obtained in 30.05% (499/1664) FN 
episodes. Babu KG et al. [6] from a tertiary cancer institute in South 
India, reported culture positivity in 13% (137/887) episodes and 
Gupta MK et al. [13] from North India reported culture yield in 27% 
(27/100) episodes. In 1960s to 1970s, GNB were more predominant 
causative agents in FN; there is changing trend from GNB to GPB 
due to widespread use of prophylactic antimicrobial agents mainly 
active against GNB and also increased use of CVCs [14]. In many 
other small studies including one by Gupta MK et al. [13] had shown 
Staphylococci (n=23/27) were the most frequent isolate from the 
Blood. Siddiqui B et al. [5] shared experience of BSI in FN episodes 
from a developing country (Pakistan) and reported the frequency 
of S. aureus in 16% followed by Klebsiella, E. coli and Pseudomonas 
in 15.5%, 14.5% and 8.5% respectively. However, the present study 
(Figure 1) revealed GNB predominance (67.1%) among all culture 

Disease 
entity Total patients (n) FN episodes (n) Average no. of FN episode per patient Culture positivity 

n (%)
GPB growth 
(n)

GNB growth 
(n)

Total Fungi 
isolated (n)

AML 240 770 3.2 260 (33.7) 75 181 4
DLBCL 26 50 1.9 15 (30) 4 9 2
BL 15 40 2.6 14 (35) 3 10 1
MDS 12 18 1.5 6 (33.3) 2 4 0
MM 32 52 1.6 7 (13.5) 2 4 1
Other NHL 38 60 1.5 10 (16.6) 3 5 2
APML 55 117 2.12 39 (33.3) 15 23 1
ALL 292 557 1.9 148 (26.6) 43 99 6
Total 710 1664 2.34 499 (30.05) 147 335 17

Table 1: Distribution of patients according to type of hematological malignancies, episodes of febrile neutropenia and blood culture yield.
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isolates and K. pneumoniae (32.3%) was the most common organism 
identified. Among GPBs (29.5%), CoNS (15.45%) was the most 
common predominantly identified. In a retrospective study carried 
out during 2003-2010 in the clinical hematology unit, Bousquet A et 
al. [15] had shown predominance of GNB (70.8%) over GPB (18.7%). 
In another study by Braun E et al. [16], on epidemiology of Catheter-
Related Bloodstream Infections (CRBSIs) between 1996 and 2012 with 
a cohort of 1754 episodes, had shown a shift from GPB to GNB in the 
current years (In 1996; 68% CRBSIs caused by GPB whereas in 2012, 
GNBs isolated in 77.8% episodes). In a prospective study conducted 
over 3 years from September’2010 to October’2013 by Mandal PK 
et al. [17] from Eastern India reported culture positivity of 29.10% 
(78/268) with dominance of GNBs (61.53%) over GPBs (34.61%). As 
shown in Table 1, average FN episodes per patient were highest in 
patients with AML that can be explained by prolonged and profound 
neutropenia associated with chemotherapy. GNBs predominated 
across the types of all hematological malignancies especially in AML, 
BL and ALL cases.

In the present study, among GNBs (Figure 1), K. pneumoniae 
(32.3%, n=161/499) was the most common isolate followed by 
Acinetobacter spp. (14.8%, n=74/499) and P. aeruginosa (14.4%, 
n=72/499). In the study by Braun E et al. [16], P. aeruginosa (22%) was 
the commonest isolate followed by Klebsiella (19.5%) and Bousquet 
A et al. [15] had shown most common species isolated was E. coli 
(18.5%) followed by P. aeruginosa (14.8%). In the study by Mandal 
PK et al. [17] in 2010 to 2013 from the present institute had shown 
P. aeruginosa (14.10%) was the most common GNB isolated followed 
by Acinetobacter spp. (11.53%), E. coli (8.97%) and K. pneumonia 
(8.97%). Thus studies during same time frame from different centers 
[15-17] show dominance of different microbial agents and even in the 
same center there is a shift in microbial patterns as reflected in the 
present study when compared to the previous one [17].

The four common GNBs isolated had shown very good in vitro 
sensitivity (Figure 2) to carbapenems (90% to100%) and amikacin 
(80% to100%) in comparison to low sensitivity with colistin/
polymixin B (80% to 90%) and pip-tazo (70% to 90%). Acinetobacter 
spp., an emerging multidrug resistant BSI was an significant isolate in 
the present study that showed good sensitivity (100%) to cefuroxime, 

ciprofloxacin, carbapenems, amikacin (90%) in comparison to pip-
tazo and cefepime (80% in both cases) that showed good efficacy in 
clinical use of oral cefuroxime and ciprofloxacin in addition to other 
sensitive drugs. In a study [18] from All India Institute of Medical 
Sciences, New Delhi, India analyzing for BSIs showed predominance 
of gram negative organism (72.9%, n=78/105) with Acinetobacter spp. 
emerging as common (18.7%, n=20/105) pathogen and displayed very 
high resistance to major classes of antibiotics, including multidrug 
resistance. Burkholderia spp. constitutes (3.2%) fourth important 
isolate in this study and had shown good sensitivity to imipenem 
followed by colistin, aztreonam and amikacin and poor sensitivity 
to pip-tazo (70%) and cefepime (40%). Baul SN et al. [19] recently 
reported an outbreak of B. cepacia infection where it showed resistance 
to most of the antibiotics in hospitalized patients including pip-tazo, 
cefepime and amikacin; it is a frequent colonizer of fluids used in the 
hospital wards; is a known important opportunistic pathogen causing 
morbidity and mortality due to its intrinsic resistance to antibiotics 
and change of antibiotic preparation practice was the key to control 
the outbreak, and overall mortality was low. Trecarichi EM et al. 
[20] from an Italian multicentre prospective survey on antimicrobial 
resistance for BSI in patients with hematologic malignancies revealed 
major concern of antimicrobial resistance among Gram-negative 
bacteria. 

Among GPBs in the present study (Figure 3), CoNS found in 15.4% 
(77/499) followed by S. aureus in 11.8% (59/499) episodes. CoNS had 
shown very good (90% to100%) in vitro sensitivity to carbapenems, 
aminoglycosides, vancomycin, tigecycline, clindamycin followed 
by moderate sensitivity to Meropenem (80%) and Pip-Tazo (70%). 
Staphylococci spp. as a whole again showed very good sensitivity (90% 
to 100%) to aminoglycosides, vancomycin, meropenem followed 
by Pip-Tazo (80%). showed resistance too many antibiotics except 
aminoglycosides, vancomycin and tigecycline. Trecarichi EM et al. 
[20] reported >92% of staphylococci and enterococci susceptible to 
glycopeptides in their cohort. Gupta MK et al. [13] from North India 
reported excellent sensitivity in all GPB isolates to vancomycin and 
linezolid in contrast to the present study where both Enterococcus spp. 
and S. pneumoniae has shown resistance to these drugs in a significant 
proportion. The present study revealed MRSA in 62.7% (n=37/59) as 
compares to their study (65.2%, n=15/23).

Figure 1: Distribution of Gram negative bacteria (blue), Gram positive bacte-
ria (red) and fungi (green) isolated (n=499). 

Figure 2: Antibiotic Sensitivity Pattern of Gram Negative Bacteria (Expressed 
as Percentage of a Particular Organism to Individual Antibiotic) 
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In addition to GNBs and GPBs, Candida spp. (both albicans and 
non-albicans) were also found in the present cohort (Figure 1). C. 
albicans had shown almost similar in vitro sensitivity pattern (Figure 
4) to all the commonly used antifungal agents. C. glabrata and C. 
parapsilosis had shown poor sentivity to caspofungin and fluconazole 
respectively. In present day hemato-oncology practice, invasive 
fungal infections becoming increasingly important in critically ill 
patients. The increased emergence of non-albicans Candida spp. as 
human pathogens are attributed to type of hematological malignancy, 
prophylactic antifungal therapy and improved identification methods 
[21].

In FN, after proper risk assessment based on MASCC risk 
index [22], administration of parenteral broad-spectrum empirical 
antibiotic therapy in high risk patients is the accepted standard of care 
[1]. Local antimicrobial trend and drug sensitivity pattern including 
resistance guides us for choice of empiric therapy. Till recently, 
antibiotic policy followed at our Institute was to start with Pip-tazo 
monotherapy and escalate if required based on clinical evaluation 
of individual patient and the antimicrobial sensitivity report (after it 

was made available) that is also being followed by most other centers 
throughout the world as per recommendation by IDSA [1]. And, 
selective drugs with Gram positive coverage were added when there 
is suspected focus of infection as mentioned in the guidelines. Study 
by Ng TM et al. [23] from Singapore, have shown similar efficacy of 
empiric piperacillin-tazobactam  versus  carbapenems in treatment 
of bacteraemia due to Extended-Spectrum Beta-Lactamase (ESBL)-
Producing Enterobacteriaceae in a cohort with mainly urinary tract 
infections. Oztoprak N et al. [24] from Turkey recently published 
results of an Open Randomized Trial on Piperacillin–tazobactam 
Versus Carbapenem Therapy With and Without Amikacin as 
Empirical Treatment of FN; have shown efficacy of empirical therapy 
with piperacillin-tazobactam is equivalent to carbapenem in adult 
FN patients. Horita N et al. [25] from Japan systematically reviewed 
different anti-pseudomonal β-lactams for FN empiric therapy and 
shown Imipenem/cilastatin, pip-tazo and meropenem to be reasonable 
first-choice therapy for empiric therapy. However, the present study 
done with a significant cohort size is an eye opener to us where many 
strains of GNBs and GPBs are showing increasing resistance to pip-
tazo. As well evident in Figure 2 & Figure 3, there is a trend of overall 
very good sensitivity of both GNBs and GPBs to carbapenems and 
aminoglycosides (except netilmicin); carbapenems may be used as 
empirical monotherapy. Aminoglycoside not being used in our center 
as part of empirical therapy till recently, could be the reason for the 
preserved sensitivity across the different types of micro-organisms; 
and that can justify its use in combination with meropenem in selected 
cases if clinically indicated. Considering resistance to fluconazole in 
Candida non-albicans, we have now adopted voriconazole antifungal 
prophylaxis as an Institutional policy.

Conclusion
The present study shows the change in trends of micro-

organisms with a shift to the prevalence of Gram-negative bacteria. 
With detection of emerging pathogens such as Acinetobacter spp., 
Burkholderia spp. and Candida non-albicans with inherent multidrug 
resistance in increasing proportion is a matter of great concern for 
the treating physicians in a hemato-oncology care center. Knowledge 
of the change in trends of micro-organisms isolated in individual 
hospital and the antimicrobial sensitivity pattern helps the clinicians 
to overcome multidrug resistance and better patient outcome.

Ethical Consideration
The study conducted prospectively with hospitalized patients; 

proper informed and written consent taken from the patients and /or 
their legal guardians, in case of minor and very sick patients. And the 
study was conducted as per Institutional Ethical Committee protocol.

Acknowledgment
The authors are grateful to the Department of Microbiology, NRS 

Medical College and Hospital, Kolkata for the culture and sensitivity 
testing done there. The authors also acknowledge the contribution of 
the faculty, senior residents and nursing staffs from the Department 
of Hematology in various other aspects such as clinical studies, data 
collection and encouragement during the writing of this manuscript. 
Last but not least, the patients who gave consent and actively 
participated in the study.

Authors Contribution 
PKM, VK, AB, TKD- Concept, study design, clinical studies, data 

collection and analysis, literature search, manuscript preparation, 
manuscript editing, manuscript review and approval. SB, BD, AS, 

Figure 3: Antibiotic sensitivity pattern of Gram positive bacteria (expressed 
as percentage of a particular organism to individual antibiotic).

Figure 4: Antifungal sensitivity pattern of different fungi isolated (expressed 
as percentage of a particular fungi to individual antifungal agent).

https://www.sciencedirect.com/science/article/pii/S1198743X17301945#!


© 2020 - Medtext Publications. All Rights Reserved. 022

Annals of Hematology and Oncology Research

2020 | Volume 1 | Article 1007

MJ, PSS, AB, MG, RD- study design, clinical studies, data collection, 
manuscript editing, review and approval.

References
1. Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen CA, et al. Clinical 

practice guideline for the use of antimicrobial agents in neutropenic patients with 
cancer: 2010 update by the Infectious Diseases Society of America. Clin Infect Dis. 
2011;52(4):e56-e93.

2. Klastersky J, de Naurois J, Rolston K, Rapoport B, Maschmeyer G, Aapro M, et al. 
Management of febrile neutropaenia: ESMO Clinical Practice Guidelines. Ann Oncol. 
2016;27(5):v111-v118.

3. Neutropenia and risk of infection. CDC website.

4. Wisplinghoff H, Seifert H, Wenzel RP, Edmond MB. Current trends in the 
epidemiology of nosocomial bloodstream infections in patients with hematological 
malignancies and solid neoplasms in hospitals in the United States. Clin Infect Dis. 
2003;36(9):1103-10.

5. Siddiqui B, Azmat R, Tikmani SS, Rafi S, Syed B, Khan MT, et al. Frequency of 
bloodstream infection in febrile neutropenic patients, experience from a developing 
country. Ann Med Surg (Lond). 2018;34:71-4.

6. Babu KG, Lokanatha D, Lakshmaiah KC, Babu MS, Jacob LA, Bhat GR, et al. 
Bloodstream infections in febrile neutropenic patients at a tertiary cancer institute in 
South India: A timeline of clinical and microbial trends through the years. Indian J 
Med Paediatr Oncol. 2016;37(3):174-82.

7. Lyman GH, Rolston KV. How we treat febrile neutropenia in patients receiving cancer 
chemotherapy. J Oncol Pract. 2010;6(3):149-52.

8. Karanwal AB, Parikh BJ, Goswami P, Panchal HP, Parekh BB, Patel KB. Review of 
clinical profile and bacterial spectrum and sensitivity patterns of pathogens in febrile 
neutropenic patients in hematological malignancies: A retrospective analysis from a 
single center. Indian J Med Paediatr Oncol. 2013;34(2):85-8.

9. Performance standards for antimicrobial susceptibility testing; Twentieth 
informational supplement. Clinical and Laboratory Standards Institute (CLSI): 
Wayne, PA; 2010. 

10. Cheesbrough M. District laboratory practice in tropical countries (part 2), 2nd ed. 
2016; Cambridge University Press, Cambridge.

11. Jacob LA, Lakshmaiah KC, Govindbabu K, Suresh TM, Lokanatha D, Sinha M, et 
al. Clinical and microbiological profile of febrile neutropenia in solid tumors and 
hematological malignancies at a tertiary cancer care center in South India. Indian J 
Cancer. 2014;51(4):464-8.

12. Rosenblum J, Lin J, Kim M, Levy AS. Repeating blood cultures in neutropenic 
children with persistent fevers when the initial blood culture is negative. Pediatric 
Blood Cancer. 2013;60(6): 923-7. 

13. Gupta MK, Sharma R, Kumar N, Bhattanagar R, Kannauje P, Parashar V, et al. Blood 
stream infection among the febrile neutropenic patients suffering from hematological 
disorders at a tertiary care centre, North India. National J Med Res. 2019;9(1);39-42.

14. Mandell GL, Bennetts JE, Dolin R. Mandell, Douglas & Bennett’s principles & practice 
of infectious diseases. 7th ed. Churchill Livingstone, Philadelphia, PA, 2009. 

15. Bousquet A, Malfuson JV, Sanmartin N, Konopacki J, MacNab C, Souleauet B, et al. 
An 8-year survey of strains identified in blood cultures in a clinical haematology unit. 
Clin Microbiol Infect. 2014;20(1):O7-12.

16. Braun E, Hussein K, Geffen Y, Rabino G, Bar-Lavie Y, Paul M. Predominance of 
Gram-negative bacilli among patients with catheter-related bloodstream infections. 
Clin Microbiol Infect. 2014;20(10):O627-9.

17.  Mandal PK, Maji SK, Dolai TK, De R, Dutta S, Saha S, et al. Micro-organisms 
Associated with Febrile Neutropenia in Patients with Haematological Malignancies 
in a Tertiary Care Hospital in Eastern India. Indian J Hematol Blood Transfus. 
2015;31:46-50.

18. Sood P, Seth T, Kapil A, Sharma V, Dayama A, Sharma SK, et al. Emergence of 
multidrug resistant Acinetobacter blood stream infections in febrile neutropenia 
patients with haematological cancers and bone marrow failure syndromes. J Indian 
Med Assoc. 2012;110(7):439-44.

19. Baul SN, De R, Mandal PK, Roy S, Dolai TK, Chakrabarti P. Outbreak of Burkholderia 
cepacia infection: a systematic study in a hematolo-oncology unit of a tertiary care 
hospital from eastern India. Mediterr J Hematol Infect Dis 2018;10(1):e201805.

20. Trecarichi EM, Pagano L, Candoni A, Pastore D, Cattaneo C, Fanci R, et al. Current 
epidemiology and antimicrobial resistance data for bacterial bloodstream infections 
in patients with hematologic malignancies: an Italian multicentre prospective survey. 
Clin Microbiol Infect. 2015;21(4):337-43.

21. Silva S, Negri M, Henriques M, Oliveira R, Williams DW, Azeredo J. Candida glabrata, 
Candida parapsilosis and Candida tropicalis: biology, epidemiology, pathogenicity 
and antifungal resistance. FEMS Microbiol Rev. 2012;36(2):288-305. 

22. Klastersky J, Paesmans M, Rubenstein EB, Boyer M, Elting L, Feld R, et al. The 
Multinational Association for Supportive Care in Cancer risk index: A multinational 
scoring system for identifying low-risk febrile neutropenic cancer patients. J Clin 
Oncol. 2000;18(16):3038-51.

23. Ng TM, Khong WX, Harris PNA, De PP, Chow A, Tambyah PA, et al. Empiric 
Piperacillin-Tazobactam versus Carbapenems in the Treatment of Bacteraemia Due 
to Extended-Spectrum Beta-Lactamase-Producing Enterobacteriaceae. PLOS ONE; 
2016;11(4):e0153696.

24. Oztoprak N, Piskin N, Aydemir H, Celebi G, Akduman D, Keskin AS, et al. 
Piperacillin–tazobactam versus carbapenem therapy with and without amikacin 
as empirical treatment of febrile neutropenia in cancer patients: results of an open 
randomized trial at a university hospital. Jpn J Clin Oncol. 2010;40(8):761-7.

25. Horita N, Shibata Y, Watanabe H, Namkoong H, Kaneko T. Comparison of anti-
pseudomonal β-lactams for febrile neutropenia empiric therapy: systematic review 
and network meta-analysis. Clin Microbiol Infect. 2017;23(10):723-9.


	Title
	Abstract
	Abbreviations
	Introduction
	Patients and Methods
	Results
	Discussion
	Conclusion 
	Ethical Consideration
	Acknowledgment
	Authors Contribution
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4

