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Febrile neutropenia is a medical and 
oncological emergency.1 Patients presenting 
with presumed febrile neutropenia need 
urgent evaluation and empiric broad-

spectrum antibiotics.2 Febrile neutropenia is 
defined as a single oral temperature of > 38.3°C or 
a temperature of >38.0°C sustained for more than 
one hour in the presence of an absolute neutrophil 
count (ANC) of < 500 cells/µL or an ANC that is 
expected to decrease to < 500 cells/µL within the 
next 48 hours.3 Cytotoxic chemotherapy is the most 
common cause of febrile neutropenia and accounts 
for 90% of cases.3 Between 10–50% of patients with 

solid tumors receiving cytotoxic chemotherapy may 
develop febrile neutropenia.4

Bacteremia occurs in 10–25% of all patients 
receiving chemotherapy for non-hematological 
malignancies; most episodes occurring in the setting 
of prolonged or profound neutropenia (ANC 
< 100 /µL).5,6 Several studies suggest that gram-
positive organisms are more common.4 Also, several 
guidelines suggest that single-agent broad-spectrum 
antibiotics covering the gram-negative organisms 
may suffice as the initial empiric antibiotic therapy. 
However, a universal guideline for empiric antibiotic 
use for the treatment of febrile neutropenia cannot be 
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A B S T R AC T
Objectives: Febrile neutropenia is a major complication of cytotoxic chemotherapy and 
is associated with a high rate of mortality and morbidity if not treated appropriately. 
Consequently, it is important to know the bacterial spectrum and pattern of its resistance 
in each hospital to formulate an appropriate empiric antibiotic regimen. We sought 
to study the bacterial spectrum in patients with chemotherapy-induced neutropenia 
and report their resistance patterns. Methods: We conducted a retrospective study 
on patients admitted with febrile neutropenia between January 2010 and December 
2016 in the oncology unit at Sultan Qaboos University Hospital in Oman. Consecutive 
patients diagnosed with non-hematological malignancies who had febrile neutropenia 
and positive blood culture were included in this study. Results: A total of 76 bacterial 
isolates were documented in 67 episodes in 62 patients. There were 26 male and 36 female 
patients. The median age was 51 (14–81) years. The most common cancers were breast 
cancer (17.7%), non-Hodgkin lymphoma (16.1%), and colon cancer (14.5%). Gram-
negative and gram-positive organisms accounted for 73.7% and 26.3% of all isolates, 
respectively. The most common gram-negative organisms were Pseudomonas aeruginosa 
(26.8%), Escherichia coli (23.2%), Klebsiella species (17.9%), and Acinetobacter baumannii 
(12.5%). The most common gram-positive organisms were Staphylococcus aureus (30.0%), 
followed by coagulase-negative Staphylococcus (25.0%). There were 14 multidrug-
resistant organisms and eight extended-spectrum beta-lactamases (ESBL). The resistance 
among gram-negative organisms to the commonly used broad-spectrum antibiotics was  
23.5–55.6%. No resistance was recorded against vancomycin amongst the gram-positive 
organisms. Eight (12.1%) patients died while neutropenic. Conclusions: Gram-negative 
organisms were the predominant organisms. There is a high rate of resistance to the 
commonly used antibiotics. Using a combination of antibiotics is warranted in patients 
presenting with chemotherapy-induced febrile neutropenia.



O M A N  M E D  J,  V O L  3 6 ,  N O  4 ,  J U Ly  2 0 2 1

Sa i d  A h m ed  A l  Sa i fi ,  et  a l .

*Corresponding author: ikram@squ.edu.om; ikramburney@hotmail.com

applied because the causative organisms and pattern 
of resistance to antibiotics may differ from one 
institution to another. As a result, each institution 
should develop its own guidelines, review those 
periodically, and the physicians should be aware 
of the local bacterial isolates and their pattern of 
microbial resistance.7

This analysis aimed to study the types of bacterial 
isolates and resistance patterns to commonly 
used antibiotics in patients receiving cytotoxic 
chemotherapy who were admitted with febrile 
neutropenia in the medical oncology unit at our 
institution. The result may help in modifying the 
current empiric antibiotic regimen in this setting.

M ET H O D S
This was a retrospective study conducted on patients 
age > 14 years old, admitted to the oncology wards 
at Sultan Qaboos University Hospital (SQUH) 
between January 2010 and December 2016. 
Electronic Patient Records of consecutive patients 
diagnosed with cancer and admitted with a diagnosis 
of febrile neutropenia and a documented bacterial 
infection during the episode were identified and 
reviewed. Patients with hematological malignancies 
such as leukemia, multiple myeloma, and those with 
autoimmune disorders were excluded. Also, patients 
who did not have bacterial isolates despite being 
neutropenic and febrile, or did not fulfill the criteria 
of febrile neutropenia were excluded. The study was 
approved by the ethics committee of the College of 
Medicine and Health Sciences at SQU.

The bacterial cultures reported from blood, 
urine, sputum, abscess, stool, or any other foci 
of infection were reviewed. Information on the 
demographic features of the patients, the type and 
stage of malignancy, type of chemotherapy, the time 
between chemotherapy and occurrence of febrile 
neutropenia, risk factors such as the presence of 
indwelling catheters, comorbidities, and outcomes of 
the episode were extracted. The data were stored and 
analyzed using SPSS (IBM Corp. Released 2015. 
IBM SPSS Statistics for Windows, Version 23.0. 
Armonk, Ny: IBM Corp.).

All samples were processed in the diagnostic 
microbiolog y laboratory at SQUH. For each 
sample type, the choice of culture media, incubation 
atmosphere, incubation temperature, and incubation 
time were all based on the local standard operating 

procedures. Blood cultures were processed using 
the BACTECTM system (Becton Dickinson, USA). 
Identification and antimicrobial susceptibility testing 
of significant isolates was done using a combination 
of methods depending on the organism type. Due to 
the nature of the study, there may have been minor 
variation in the lab methods used over the six-year 
study period. In general, gram-negative bacilli (other 
than Haemophilus and Moraxella), staphylococci, 
and some enterococci and streptococci were identified 
and tested for susceptibilities using the automated 
system PhoenixTM (Becton Dickinson, USA). 
Haemophilus species, Moraxella species, and the 
remaining enterococci and streptococci were identified 
using a combination of methods (catalase, oxidase, 
satellitism, X and V factor requirement, Lancefield 
grouping, bile-esculin test, and analytical profile 
index. Susceptibility testing was done using disc 
diffusion and gradient diffusion methods (when 
required). Susceptibility results for all organisms 
were based on Clinical Laboratory Standards 
Institute breakpoints available for that period.

In general, gram-positive organisms were 
tested for susceptibility to penicillin, oxacillin, 
ampicillin/amoxicillin, and vancomycin. Gram-
negative organisms were tested for piperacillin-
tazobactam, ceftazidime, cefepime, meropenem, 
colistin, tigecycline, cotrimoxazole, ciprofloxacin, 
gentamicin, and amikacin. Multi-drug resistant 
organisms (MDRO) were defined as organisms 
resistant to at least three classes of antibiotics, 
including penicillins, cephalosporins, carbapenems, 
aminoglycosides, and quinolones. Organisms 
isolated from surveillance cultures were excluded.

Mortality was considered attributable to the febrile 
neutropenic episode if the death occurred while the 
patient was still febrile and neutropenic, even in the 
presence of other discernible causes of death, such as 
pulmonary embolism or acute kidney injury.

The results are expressed in actual numbers as 
well as percentages related to the gram-negative and 
gram-positive organisms separately. In all other cases, 
the denominator is explained separately.

R E SU LTS
Sixty-seven episodes of febrile neutropenia were 
identified in 62 patients with non-hematological 
malignancies over the study period. During those 
episodes, 76 bacterial isolates were identified. The 
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median age of patients was 51 (14–81) years. There 
were 26 (41.9%) males and 36 (58.1%) females. The 
most common cancers were breast cancer (17.7%), 
non-Hodgkin lymphoma (16.1%), and colon cancer 
(14.5%). The underlying diagnosis and clinical stage 
of the disease at the time of presentation are shown 
in Table 1.

The details of chemotherapy treatment are shown 
in Table 2. The vast majority of patients received 
docetaxel and doxorubicin-based chemotherapy. 
Twenty (29.9%) patients received 5-fluorouracil-
based and ifosfamide-based chemotherapy.

Febrile neutropenia was reported 11.5 days 
(mean) after receiving chemotherapy. During the 67 
episodes, 43 (64.2%) patients received prophylactic 
granulocyte-colony stimulating factor (G-CSF), 
whereas 22 (32.8%) patients did not receive 
prophylactic G-CSF.

Out of the 67 episodes, indwelling venous 
catheters were present during 26 episodes. The mean 
duration of hospitalization was 8.8 days. Of the 62 
patients, 11 required inotropic support and 11 had 
to be shifted to the intensive care unit because of 

sepsis secondary to febrile neutropenia. A total of 
eight patients died while they were neutropenic and 
septic [Table 3].

The details of the bacterial isolates are shown in 
Table 4. Overall, a total of 20 gram-positive bacteria 
and 56 gram-negative bacteria were isolated. The 
most common organisms were Pseudomonas 
aeruginosa, Escherichia coli, and Klebsiella 
pneumoniae accounting for 26.8%, 23.2%, and 

Table 1: Demographic features.

Variables n (%)

Total number of patients 62

Total number of episodes 67

Total number of isolates 76

Age (median), years 51 (14–81) 

Gender 
Male 26 (41.9) 

Female 36 (58.1)

Body mass index 25.0

Diagnosis
Breast cancer 11 (17.7)
Non-Hodgkin lymphoma 10 (16.1)
Colon cancer 9 (14.5)
Stomach cancer 6 (9.7)
Sarcoma 6 (9.7)
Ovarian cancer 3 (4.8)
Hodgkin lymphoma 3 (4.8)
Others 14 (22.6)*

Clinical stage of cancer
I 7 (11.3)
II 8 (12.9)
III 10 (16.1)
IV 37 (59.7)

*Others include two cases of larynx cancer, germ cell tumor, choriocarcinoma 
and small cell lung cancer, and one case of parathyroid cancer, cervix cancer, 
glioblastoma, neuroendocrine tumor, bladder cancer, and maxillary cancer.

Table 2: Baseline clinical and laboratory features.

Chemotherapy type n (%)

Docetaxel and/or doxorubicin-based 17 (25.4)

5-fluorouracil-based 13 (19.4)

Ifosfamide-based 7 (10.4)

Gemcitabine-based 5 (7.5)

BEP 4 (6.0)

R-CHOP 4 (6.0)

Others ¥ 17 (25.4)
Episode features

Days after chemotherapy 11.5
G-CSF before discharge

Yes 43 (64.2)

No 22 (32.8)

Missing data 2 (3.0)
Presence of central venous catheter

Yes 26 (38.8)

No 41 (61.2)

WBC 1.2 × 109/L

ANC 0.33 × 109/L

Platelets 143 × 109/L

Hemoglobin 9.54 gm/dL

BEP: bleomycin, etoposide, and cisplatin ; R-CHOP: rituximab, 
cyclophosphamide, doxorubicin, vincristine, prednisolone. 
¥Others: three ABVD (doxorubicin, bleomycin, vinblastine, and DTIC) and 
PMiTCEBO (prednisolone, mitaxantrone, cyclophosphamide, etoposide, 
bleomycin, vincristine), two R-ICE (rituximab, ifosfamide, carboplatin, 
etoposide), vinorelbine and cisplatin and paclitaxel-based and one each of high 
dose methotrexate and rituximab, hyper-CVAD (cyclophosphamide, vincristine, 
doxorubicin, dexamethasone), irinotecan and 5-fluorouracil, doxorubicin, and 
cyclophosphamide. 
G-CSF: granulocyte-colony stimulating factor; WBC: white blood cell; ANC: 
absolute neutrophil count.

Table 3: Clinically relevant outcomes of patients 
admitted with febrile neutropenia.

Variables n (%)

Days in hospital 8.8

Need for ionotropic support 11/62 (17.7)

Admission to the intensive care unit 11/62 (17.7)

Death 8/62 (12.9)
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17.9% of the gram-negative organisms, respectively. 
Staphylococcus aureus was the most commonly 
isolated gram-positive organism.

Amongst the gram-positive organisms, two 
out of six (33.3%) Staphylococcus aureus isolates 
were methicillin-resistant. Amongst the gram-
negative organisms, eight (14.3%) organisms were 
extended-spectrum beta-lactamase (ESBL), and 
three (5.4%) organisms were carbapenem-resistant 

Enterobacteriaceae. Fourteen (25.0%) had resistance 
to three groups of antibiotics and were labeled  
as MDRO.

The pattern of resistance for gram-negative 
organisms to the commonly used antibiotics is 
shown in Table 5. It can be seen that the resistance 
for commonly used antibiotics (i.e., piperacillin-
tazobactam, meropenem, third-generation 
cephalosporins, quinolones, and aminoglycosides) 

Table 4: Bacterial isolates, frequency, and source in patients admitted with febrile neutropenia.

Bacteria Frequency Blood Swab Urine Sputum Peritoneal fluid Stool

Gram-negative (73.7%)
Pseudomonas aeruginosa 15 4 7 2 2 0 0

Escherichia coli 13 8 1 5 0 0 0
Klebsiella species 10 2 3 3 2 0 0
Acinetobacter baumannii 7 1 2 2 1 1 0
Haemophilus species 3 0 0 0 3 0 0
Salmonella species 2 1 0 0 0 0 1
Enterobacter species 2 1 1 0 0 0 0
Others* 4 2 0 0 2 0 0

Gram-positive (26.3%)
Staphylococcus aureus 6 0 6 0 0 0 0
Coagulase-negative 
staphylococcus

5 5 0 0 0 0 0

Streptococcus pneumoniae 3 2 0 0 1 0 0
Enterococcus faecium 2 1 0 1 0 0 0
Others¥ 4 2 0 1 0 1 0
Total× 76 29 20 14 11 2 1

*Others: One Moraxella, Stenotrophomonas maltophilia, Ochrobactrum anthropi, and Pseudomonas species. 
¥Others: One Streptococcal, Diphtheroid, Streptococcus agalactiae, and Enterococcus faecalis. 
×One organism was isolated from blood and urine during the same episode.

Table 5: Pattern of resistance to commonly used antibiotics in patients admitted with febrile neutropenia.

Antibiotics Sensitive (%) Resistant (%) Intermediate (%)

Gram-negative organisms
Piperacillin-tazobactam 38 (69.1) 16 (29.1) 1 (1.8)
Meropenem 37 (72.5) 12 (23.5) 2 (3.9)
Cefepime 17 (43.6) 21 (53.8) 1 (2.6)
Ceftazidime 27 (51.9) 23 (44.2) 2 (3.8)
Ciprofloxacin 24 (50.0) 22 (45.8) 2 (4.2)
Co-trimoxazole 20 (44.4) 25 (55.6) 0 (0.0)
Amikacin 38 (74.5) 13 (25.5) 0 (0.0)
Gentamicin 29 (55.8) 23 (44.2) 0 (0.0)
Colistin 36 (100) 0 (0.0) 0 (0.0)
Tigecycline 6 (60.0) 3 (3.0) 1 (1.0)

Gram-positive organisms
Vancomycin 20 (100) 0 (0.0) 0 (0.0)
Oxacillin 4 (36.4) 7 (63.6) 0 (0.0)
Ampicillin 3 (33.3) 6 (66.7) 0 (0.0)
Penicillin 5 (35.7) 8 (57.1) 1 (7.1)
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ranged between 23.5% and 55.6%. On the other 
hand, there was no report of resistance to vancomycin 
amongst the gram-positive organisms.

D I S C U S S I O N
To the best of our knowledge, this is the first study 
from Oman to report the bacterial isolates and 
resistance patterns in patients with chemotherapy-
induced febrile neutropenia. SQUH receives 
patients from all over Oman, hence, it will be 
reasonable to think that the pattern of resistance to 
antibiotics reflects the pattern amongst such patients 
in the country. Almost two-thirds of isolates were 
gram-negative organisms, with Pseudomonas, E. 
coli, Klebsiella, and Acinetobacter being the most 
frequent. Between 23.5% and 55.6% of the isolates 
were resistant to the most frequently used broad-
spectrum bactericidal antibiotics commonly used to 
treat gram-negative bacteremia and sepsis. Twenty-
five percent were MDROs.

For several years, gram-negative organisms were 
the most commonly identified organisms in patients 
with chemotherapy-induced febrile neutropenia.2,8 
After almost two decades, there was a shift to 
gram-positive organisms.9 This was attributed to 
the increased use of central venous catheters, dose-
intense chemotherapy cycles leading to mucositis, 
and the frequent use of fluoroquinolones for 
prophylaxis of fever and sepsis.10,11 This study  
revealed that the majority (73.7%) of the isolates were 
gram-negative organisms. Our results are consistent 
with reports from Greece, Pakistan, Spain, Taiwan, 
Saudi Arabia, and India [Table 6].12–17 Our results  
are at variance with reports from the UK, where 
gram-positive organisms are still the predominant 
cause of bacteremia in hematological and non-
hematological malignancies.18

Globally, there is an increase in bacterial resistance 
to the commonly used antibiotics, including patients 
with both hematological and non-hematological 
malignancies.19 Amongst other reasons, organisms 
with intrinsic resistance to antibiotics have increased 
compared to the era before 1990.20 In this study, 
the number of ESBL and MDRO was 8 and 14 
(14.3% and 25.0% of the gram-negative organisms, 
respectively). There was also a high percentage of 
resistance to the commonly used empiric antibiotics 
with bactericidal activity. For example, 29.1% of 
the gram-negative organisms were resistant to 
piperacillin-tazobactam, and 44.2% of E. coli were 
resistant to gentamicin. Our results are consistent 
with Burney et al,10 who showed that a significant 
majority of E. coli were resistant to piperacillin, and 
Babu et al,17 showed that the overall sensitivity of 
gram-negative bacilli to piperacillin-tazobactam 
was 60%. In comparison, approximately 40% of 
Acinetobacter baumannii and Klebsiella pneumoniae 
were resistant to meropenem. However, the results 
are at variance with a study published from the UK, 
which showed that only 5% of isolates were resistant 
to piperacillin-tazobactam amongst patients with 
non-hematological malignancies.18

The high percentage of resistance among 
gram-negative organisms in this study has several 
implications. Firstly, it would be safer to use a 
combination of non-cross resistant antibiotics, 
rather than a single agent, as is suggested by some 
guidelines published from North America and 
western Europe, especially in patients with high-
risk febrile neutropenia.4,7 Secondly, a low threshold 
should be maintained to modify the initial empiric 
antibiotic regimen. Thirdly, the results underscore 
the importance of obtaining specimens for culture 
more frequently to make rational decisions while 
modifying the antibiotics. Finally, it highlights the 

Table 6: Pattern of bacterial isolates with selected regional and international studies.

Study Country Tumor type Gram-positive Gram-negative

Anatoliotaki et al, 200412 Greece Solid tumors 44 51
Zahid et al, 200913 Pakistan Solid and hematological malignancies 42.3 57.6
Huang et al, 201114 Taiwan Solid and hematological malignancies 33 63
Sirkhazi et al, 201415 Saudi Arabia Solid tumors 28.9 71.1
Marin et al, 201416 Spain Solid tumors 31.4 60.5
Babu et al, 201617 India Solid and hematological malignancies 40 58
Ikram Burney et al (this 
study)

Oman Non-hematological malignancies 26.3 73.7
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importance of studying the spectrum of isolates and 
their resistance patterns in institutions frequently 
involved in managing chemotherapy-induced  
febrile neutropenia.

The mortality rate in this study was 12.1%. Several 
factors could explain this high mortality rate. First 
of all, the mortality rate was calculated in patients 
who had a documented bacterial isolates. Patients 
with febrile neutropenia without isolates were not 
included. Our results are consistent with studies 
from Taiwan, UK, and the USA, which showed a 
similar mortality rate to ours (12%, 12.5%, and 11%, 
respectively) in patients with chemotherapy-induced 
febrile neutropenia.14,21,22 On the other hand, the 
mortality rate reported from studies from India (4% 
in solid tumors) was significantly lower than the 12% 
reported in this study.17 However, the denominator 
needs to be mentioned. The study by Babu et al,17 
reported on the isolates and mortality rates from 
379 episodes of febrile neutropenia, of which 143 
(38%) were in solid tumors. Out of 143 episodes 
of febrile neutropenia, only 34 had a documented 
bloodstream infection. A total of 14 patients died. 
Hence, of the solid tumors, the mortality was 
around 10% (14/143), whereas, out of those with 
a documented bloodstream infection the rate was 
even higher 41% (14/34). It is important to carefully 
look at the denominator while comparing the 
outcomes. Second, most of the patients in our study 
had end-stage disease. Almost 60% of the patients 
were receiving palliative chemotherapy when they 
developed febrile neutropenia. For several patients, 
the course of febrile neutropenia was complicated 
by renal failure, deep vein thrombosis, and hepatitis. 
Moreover, some of the patients grew more than one 
organism. Advanced stage disease and comorbidities, 
such as shock at presentation, are known to be 
associated with high mortality in patients with non-
hematological malignancies.23

There are a few limitations of this study. First, the 
study was carried out on episodes from 2010 to 2016. 
Over the study period, the bacterial spectrum and 
pattern of resistance may have changed. However, 
the high rate of resistance to certain antibiotics, 
such as ceftazidime, has been reported from 
SQUH previously, and continues to be so in febrile 
neutropenic patients also. Second, while 38.2% 
of the bacteria identified in this study were grown 
from blood and hence are clinically significant, 
59% were grown from non-sterile sites (swab, urine, 

and sputum) where they could represent either 
colonization or infection. However, as is clear from 
the clinical parameters and the outcomes, bacteria 
isolated from other sites were clinically relevant in 
this study.

C O N C LU S I O N
Gram-negative organisms are the most common 
cause of febrile neutropenia in our institution. There 
was a high percentage of resistance to the commonly 
used bactericidal antibiotics. For this reason, a 
combination of antibiotics is strongly recommended. 

Disclosure 
The authors declared no conflicts of interest. No funding was 
received for this study. 

Acknowledgements
We would to thank Mr. Sathiya Murthy for creating the 
datasheet and analysis. Thanks are also due to Prof. Mansour Al 
Moundhri, Dr. Shiyam Kumar, and Dr. Khalid Al Baimani for 
helpful comments in preparing this manuscript.

r efer ences
1. Szwajcer D, Czaykowski P, Turner D. Assessment 

and management of febrile neutropenia in emergency 
departments within a regional health authority-a 
benchmark analysis. Curr Oncol 2011 Dec;18(6):280-
284. 

2. 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 May;36(9):1103-
1110.

3. Zuckermann J, Moreira LB, Stoll P, Moreira LM, 
Kuchenbecker RS, Polanczyk CA. Compliance with a 
critical pathway for the management of febrile neutropenia 
and impact on clinical outcomes. Ann Hematol 2008 
Feb;87(2):139-145.

4. Klastersky J. Management of fever in neutropenic patients 
with different risks of complications. Clin Infect Dis 2004 
Jul 15;39(Supplement_1):S32-S37.

5. Bodey GP, Buckley M, Sathe yS, Freireich EJ. Quantitative 
relationships between circulating leukocytes and infection 
in patients with acute leukemia. Ann Intern Med 1966 
Feb;64(2):328-340. 

6. Ramphal R. Changes in the etiology of bacteremia in 
febrile neutropenic patients and the susceptibilities of 
the currently isolated pathogens. Clin Infect Dis 2004 Jul 
15;39(Supplement_1):S25-S31.

7. Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, 
Mullen CA, et al; Infectious Diseases Society of America. 
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 Feb;52(4):e56-e93.

8. Singer C, Kaplan MH, Armstrong D. Bacteremia and 
fungemia complicating neoplastic disease. A study of 364 
cases. Am J Med 1977 May;62(5):731-742.

9. Purewal SS, Singh RP, Kahlon RS. Study of bacterial 
pathogens and viral infections in neutropenic cancer 
patients. International Journal of Educational Planning & 



Sa i d  A h m ed  A l  Sa i fi ,  et  a l .

Administration 2011;1:15-22.
10. Burney IA, Farooqui BJ, Siddiqui T, Khurshid M. The 

spectrum of bacterial infections in febrile neutropenic 
patients: effect on empiric antibiotic therapy. J Pak Med 
Assoc 1998 Dec;48(12):364-367.

11. Gudiol C, Aguado JM, Carratalà J. Bloodstream 
infections in patients with solid tumors. Virulence 2016 
Apr;7(3):298-308.

12. Anatoliotaki M, Valatas V, Mantadakis E, Apostolakou H, 
Mavroudis D, Georgoulias V, et al. Bloodstream infections 
in patients with solid tumors: associated factors, microbial 
spectrum and outcome. Infection 2004 Apr;32(2):65-71.

13. Zahid KF, Hafeez H, Afzal A. Bacterial spectrum and 
susceptibility patterns of pathogens in adult febrile 
neutropenic patients: a comparison between two time 
periods. J Ayub Med Coll Abbottabad 2009 Oct-
Dec;21(4):146-149.

14. Huang K-P, Wang T-F, Chu S-C, Wu y-F, Wang R-y, 
Kao R-H. Analysis of pathogens and susceptibility in 
cancer patients with febrile neutropenia and bacteremia: 
Experience in a single institution in eastern Taiwan. Tzu-
Chi Med J 2011 Dec;23(4):115-118.

15. Sirkhazi M, Sarriff A, Aziz NA, Almana F, Arafat O, 
Shorman M. Bacterial spectrum, isolation sites and 
susceptibility patterns of pathogens in adult febrile 
neutropenic cancer patients at a specialist hospital in Saudi 
Arabia. World J Oncol 2014 Dec;5(5-6):196-203.

16. Marin M, Gudiol C, Ardanuy C, Garcia-Vidal C, Calvo 
M, Arnan M, et al. Bloodstream infections in neutropenic 
patients with cancer: differences between patients with 
haematological malignancies and solid tumours. J Infect 
2014 Nov;69(5):417-423.

17. Babu KG, Lokanatha D, Lakshmaiah KC, Suresh Babu 
MC, 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 Jul-
Sep;37(3):174-182. 

18. Schelenz S, Nwaka D, Hunter PR . Longitudinal 
surveillance of bacteraemia in haematology and oncology 
patients at a UK cancer centre and the impact of 
ciprofloxacin use on antimicrobial resistance. J Antimicrob 
Chemother 2013 Jun;68(6):1431-1438. 

19. Gudiol C, Carratalà J. Antibiotic resistance in 
cancer patients. Expert Rev Anti Infect Ther 2014 
Aug;12(8):1003-1016. 

20. Gomez L, Garau J, Estrada C, Marquez M, Dalmau D, 
Xercavins M, et al. Ciprofloxacin prophylaxis in patients 
with acute leukemia and granulocytopenia in an area with 
a high prevalence of ciprofloxacin-resistant Escherichia 
coli. Cancer 2003 Jan;97(2):419-424. 

21. Schelenz S, Giles D, Abdallah S. Epidemiolog y, 
management and economic impact of febrile neutropenia 
in oncology patients receiving routine care at a regional 
UK cancer centre. Ann Oncol 2012 Jul;23(7):1889-1893. 

22. Kuderer NM, Dale DC, Crawford J, Cosler LE, Lyman 
GH. Mortality, morbidity, and cost associated with 
febrile neutropenia in adult cancer patients. Cancer 2006 
May;106(10):2258-2266. 

23. Marín M, Gudiol C, Ardanuy C, Garcia-Vidal C, Jimenez 
L, Domingo-Domenech E, et al. Factors influencing 
mortality in neutropenic patients with haematologic 
malignancies or solid tumours with bloodstream infection. 
Clin Microbiol Infect 2015 Jun;21(6):583-590. 


