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We retrospectively evaluated the febrile neutropenia episodes of hematological patients and their 
outcomes with respect to fungal pathogens and antifungal therapy. The study covers all consecutive 
patients older than 14 years of age and who developed febrile neutropenia episodes from September 
2011 and September 2012. 68 consecutive patients with neutropenia and their 129 febrile episodes were 
analyzed. Mean age was 59.36±15.22 years (range: 17-80 years) and 41 cases were male. MASCC score 
was 19.56 ± 9.04 in the patients with hematological malignancies. VOR, CAS and AM-B were used to 
treat in 40 episodes of 40 patients, 34 episodes of 27 patients and 12 episodes of 12 patients as first-line 
therapy, respectively. Candida albicans is still dominant in hematological patients followed by other 
non-albican Candida species that leads to fatal outcome in patients with history of azole exposure. 
Design and equipments (HEPA filter, single-room design, etc.) of hematology ward are very important 
for environmental contamination by Aspergillus spp. that leads to mortal and common invasive fungal 
infections in patient with hematological malignancies. 
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INTRODUCTİON 
 
Febrile neutropenia (FN) is generally a complication of 
cancer chemotherapy (Freifeld et al., 2011). Invasive 
fungal infections are important leading to poor outcome in 
patients with prolonged neutropenia (Ellis, 2008). Early 
diagnosis of fungal infection and antifungal treatment 
improves outcome (Aisner et al., 1977). Diagnosis of 
invasive fungal infections has been a challenge. Mortality 
related with FN has steadily decreased with guidelines, 
new laboratory tests and serial computed tomography 
(CT) scanning, between 5% in patients with solid tumors 
(1% in low-risk patients) and 11% in some hematological 
malignancies (De Naurois et al., 2010).  Patients who have 
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prolonged and profound neutropenia due to hematologic 
malignancy or allogeneic hematopoietic stem cell trans-
plantation are at risk of invasive aspergillosis due to (De 
Naurois et al., 2010). Patients who have persistent neu-
tropenic fever under antibacterial therapy should be 
undergone to serial CT scanning for early detection of 
pulmonary infiltrates related with invasive aspergillosis 
and then empirical antifungal therapy is recommended 
(De Naurois et al., 2010). However, invasive fungal infec-
tion was demonstrated among only 4% of patients who 
comprised 22-34% of the neutropenic patients who had 
cancer and received an antifungal drug according to 
established criteria (Walsh et al., 1999). CT scanning and 
galactomannan, with a reported sensitivity rate of 58-65% 
and specificity of 65-95% are recommended for preemp-
tive antifungal therapy (Freifeld et al., 2011). Here, we 
retrospectively evaluated the febrile neutropenia episodes 
of hematological patients and their outcomes with respect 
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Table1. Distribution of hematologic malignancies in the patients 
with febrile neutropenia (n:124). 
 

Hematologic Malignancies n (%) 

Acute myeloblastic leukemia 37 (57) 

Acute lymphocytic leukemia 17 (25) 

Non-Hodgkin lymphoma 4 (6) 

Multiple myeloma 1 (1) 

Hairy cell leukemia  2 (3) 

Mantle-cell lymphoma  1 (1) 

Aplastic anemia 2 (3) 

Plasma cell leukemia 2 (3) 

Chronic myeloid leukemia  2 (3) 

Total 68 (100) 
 

 
 

to fungal pathogens, primary antifungal prophylaxis 
antifungal  therapy. 
 
 

MATERİALS AND METHODS 
 
All consecutive patients between September 2011 and September 
2012, who were older than 14 years of age and who developed 
febrile neutropenia episodes during chemotherapy due to hematolo-
gical cancers in the hematology department at the Ministry of 

Health, Okmeydanı Training and Research Hospital, Istanbul, Tur-
key were included in the study. The hematology department is 
equipped with 23 beds. Patients rooms were designed as single, 
double and four-person without HEPA filters. Febrile neutropenia 
(FN) was defined as an oral temperature >38.5°C or two conse-
cutive readings of >38.0°C for 2 h and an absolute neutrophil count 
<0.5 × 10

9
/L, or expected count to fall below 0.5 × 10

9
/L (Freifeld et 

al., 2011). Collected data included patient demographics and 
diagnosis, episode data, clinical presentation and laboratory find-

ings, clinical therapy, microbiological data and outcome. The febril 
neutropenia treatment protocol was based on clinical practice 
guidelines for the use of antimicrobial agents in neutropenic pati-
ents with cancer from 2002 and the update in 2010 by the Infec-
tious Diseases Society of America (Freifeld et al., 2011; Hughes et 
al., 2002).

 
  

Empirical antifungal treatment was considered for patients with 
persistent or recurrent fever after 4-7 days of antibiotics and whose 
overall duration of neutropenia was expected to be more than 7 

days.  If CT showed changes associated with fungal infection, 
amphotericin B (conventional or liposomal, AM-B) or voriconazole 
(VOR) were initiated. Cavitation, air-crescent sign and halo sign 
were classified as the major changes. Nodules and new infiltrates, 
including consolidation and effusions, were classified as minor 
changes (Caillot et al., 2001). Possible invasive pulmonary asper-
gillosis (IPA) was defined as clinical and radiologic findings highly 
suggestive of without histopathologic and microbiologic evidence of 

infection. Probable IPA was defined as positive culture for Asper-
gillus species from a respiratory specimen or two consecutive 
galactomannan assays with an index of 0.5 and greater with clinical 
and radiologic findings suggestive of IPA. Proven IPA was defined 
as histopathologic evidence of tissue invasion and damage by 
Aspergillus species with clinical and radiologic findings (Ascioglu et 
al. 2002). 

Caspofungin (CAS) was chosen as the empirical treatment for 
patients without the above-mentioned pulmonary findings. Galacto-
mannan assay could not be implemented for all patients due to the 
unavailability of the test in the laboratory. Blood samples drawn 
from vein or catheter were inoculated into BactAlert 3D bottles (bio- 
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Mérieux Diagnostics, Lyon, France). In addition, samples from 
urine, sputum, wound, conjunctive, abscess, blood and catheter 
were inoculated onto 5% sheep-blood agar (Salubris Inc., Istanbul, 
Turkey), or chocolate agar (Salubris Inc., Istanbul, Turkey) and Mac 
Conkey agar (Salubris Inc., Istanbul, Turkey). Isolated yeasts from 
blood cultures were identified by morphologic examination on 
Sabouraud Dextrose Agar (Unipath Ltd., Basingstoke, England) 
plates, germ-tube formation and API ID 32C (bioMérieux Diagnos-
tics, Lyon, France) at the species level. The ATB Fungus 2 
microdilution kit was used (bioMérieux Diagnostics, Lyon, France) 
for susceptibility testing according to the CLSI (formerly NCCLS) 
broth microdilution M27-A2 protocol. Aspergillus galactomannan 
antigen test was performed using the Platelia commercial enzyme 

immunoassay kit (Platelia Aspergillus EIA; Bio-Rad Laboratories, 
Marnes-la-Coquette, France).  Blood samples of patients were 
analyzed twice weekly and results were computed as an index, 
which 0.5 and greater was considered as positive relative to optical 
density of  the control sample measured with a semiautomatic 
analyzer (Behring ELISA processor III; Dade Behring, Marburg, 
Germany) (Maertens et al., 2004).  

Possible causes of false positive and negative results were 
eliminated. The test was considered significant if patient had two 

consecutive galactomannan assays with an index of 0.5 and 
greater under persistent or recurrent fever after 4-7 days of antibio-
tics with or without microbiologic or radiological findings associated 
with fungal infections as mentioned above and whose overall 
duration of neutropenia was expected to be more than 7 days 
(Freifeld et al., 2011). Catheters were removed if patient was no 
responder to antifungal therapy with deteriorating clinical, radio-
logical and laboratory findings. Response to treatment was defined 
as defervescence in 48-72 h subsequent to initiation antifungal 

therapy, recovery of increased C reactive protein (CRP) level, 
leukocytosis or leukopenia, recovery of vital signs and clinical 
symptoms associated with infection (improvement in arterial blood-
gas values, radiological improvement, negative urine culture for 
urinary system infection and recovery of signs and symptoms 
related to other infections). In-hospital mortality during the neutron-
penic phase and the clinical outcomes of febrile neutropenic 
episodes were the primary consequences that were investigated in 

this study. 

 
 
Statistical analysis 
 

Continuous variables were described as mean± standard deviation 
and range. Percentile values were described without decimals. 
Overall mortality associated with febrile neutropenia was defined as 
death within 30 days after development of neutropenia. 
 
 
RESULTS 
 
We retrospectively analyzed 68 consecutive patients with 
neutropenia and their 129 febrile episodes. Mean age 
was 59.36±15.22 years (range: 17-80 years) and 41 
cases were male. MASCC score was 19.56 ± 9.04 in the 
patients with hematological malignancies (Table 1). 
Systemic antifungal drugs was initiated to eight patients 
with 10 culture-proven fungal infections, 20 patients with 
probable pulmonary aspergillosis infection who had GM 
positivity and thorax CT findings in 23 attacks, and 15 
patients with possible pulmonary aspergillosis infection 
who had clinical findings with thorax CT findings in 17 
attacks, and in 21 attacks of 20 patients with suspected 
invasive fungal infection (Table. 2). VOR, CAS and AM-B
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Table 2. Isolated fungal pathogens and antifungal treatment response in the patients with febrile neutropenia. 
 

Patient Age Gender 
Hematologic 
malignancy 

Sample 
Isolated fungal 
pathogen 

Antifungal 
Resistance 

Empirical antifungal treatment 
before identification 

Treatment 
modification 

Outcome 

1 50 Male AML+Lung cancer Blood Candida parapsilosis  VOR 
From VOR  to 
AM-B, central 
line removed 

Survived 

    Blood Candida albicans - VOR - Survived 

2 61 Male AML Blood, urine Candida albicans    Died 

3 73 Female NHL Blood, urine Candida albicans    Survived 

    
Blood, Central 
Line 

Candida albicans - AM-B 
Central line 
removed 

Survived 

4 35 Male AML Blood Candida albicans  CAS  Survived 

5 44 Female ALL Blood Candida albicans  AM-B  Survived 

6 63 Female NHL Blood Candida krusei  VOR 
Catheter 
removed 

Survived 

7 63 Female AML Blood Trichosporon asahii  AM-B 
From  AM-B to 
VOR, central 
line removed 

Died 

8 52 Female ALL Blood Geotrichum capitatum FLC, ITR CAS 
Central line 
removed 

Survived 

 

BAL, Bronchoalveolar lavage;  VOR, Voriconazole; AM-B, Liposomal Amphotericin B; CAS, Caspofungin; FLC, Fluconazole;  ITR, Itraconazole. 
 
 
 

were used to treat in 40 episodes of 40 patients, 
34 episodes of 27 patients and 12 episodes of 12 
patients as first-line therapy, respectively. Two 
patients were treated with CAS due to hepatosple-
nic candidiasis depending on clinical and radiolo-
gical findings. Central venous catheter could be 
removed from five of 10 patients whose blood 
cultures yielded yeast and two of those (40%) 
died (Table 2). There was no proven infection 
associated with Zygomycetes or Fusarium spe-
cies. Two patients with acute lymphocytic leu-
kemia were treated with a combination of antifun-
gal drugs as salvage therapy with AM-B combined 
with CAS and VOR combined with CAS due to 
persistent fever and negative culture, progression 
in thorax CT findings and deterioration. Both res-
ponded to combination therapy. Overall one-year 
crude mortality rates were 25% (17/68). The num-

ber of patients who died of infections was 12 
(17%). Of 12 fatal cases associated with infection, 
four died of culture-proven or probable invasive 
fungal infections (Table 2). 
 
 

DISCUSSION 
 

Invasive fungal infections are a complication of 
hematologic maligancies due to immunosuppre-
sive conditions. Aspergillus and Candida species 
are the most common pathogens of invasive fun-
gal infections in patients with hematological malig-
nancies (Viscoli et al., 2005). Aspergillus spp. is 
ubiquitous in the environment and is commonly 
isolated from environment including hospitals. It is 
more likely that our hematology ward has no 
single-rooms with HEPA filter and private toilet, 
probable and possible pulmonary aspergillosis 

infection predominated among invasive fungal in-
fections in our study. In relation to that incon-
venience, VOR was the most initiated anti-fungal 
drug with excessive number of patients. And also 
antifungal drugs were initiated in 71 of 129 episo-
des. That number indicates that frequencies of 
fungal infection attacks and initiations of antifungal 
drugs are related with setout and conditions of 
ward where patients with hematological malignan-
cies are followed-up (Martino and Subirà, 2002). 
However, empirical antifungal therapy was repor-
ted to be initiated to 67% of patients followed-up 
at ward with low environmental contamination in 
microbiological surveillance (Montagna et al., 2012) 
Sputum and BAL cultures of three patients’ 
yielded Aspergillus fumigatus in favor of probable 
pulmonary aspergillosis infection. Galactomannan 
which has positive predictive value with 10-94% 



 
 
 
 
and negative predictive value with 95-98% depending on 
incidence of invasive aspergillosis between 0, 5 and 20%, 
was more used to diagnose aspergillus infection in our 
patients (Martino and Subirà, 2002).  

Frequencies of invasive aspergillosis and candidiasis 
were reported as 5-24% that is lower than our numbers 
especially for aspergillosis among patients with hematolo-
gical malignancies (Martino and Subirà, 2002).  However, 
mortality rates were reported higher than those in our 
study. Candida albicans (n=6) predominated among fun-
gal pathogens caused to blood stream infection in our 
study as reported in other studies (Zirkel et al., 2012). 
Only one patient had Candida parapsilosis related blood 
stream infection. Colonization of the mucosal membranes 
by Candida species preceded invasive diseases, while 
Aspergillus and other molds invade the respiratory tract 
(De Pauw and Donnelly, 2007). C. parapsilosis was also 
reported to be related with vascular catheters and paren-
teral nutrition (Clark et al., 2004). C. tropicalis was repor-
ted to be related with cancer and neutropenia. C. krusei 
and C. glabrata fungemias were reported to be 
associated with previous exposure to azoles (Bassetti et 
al., 2009). Trichosporon asahii and Geotrichum capitatum 
have emerged leading to death among our patients with 
blood stream infections. Trichosporon was reported as 
the second most common cause of disseminated yeast 
infections and also can cause to breakthrough under 
CAS treatment as found in our study (Miceli et al., 2011). 
Triazole (fluconazole, voriconazole) therapies are recom-
mended with removing of central line (Colombo et al., 
2011). Geotrichum capitatum (formerly Trichosporon 
capitatum) is a part of the normal flora of the human 
digestive and respiratory tracts and skin and may be a 
pathogen in case of disruption of physiological barriers in 
the digestive tract in patients receiving chemotherapy 
(Martino et al., 1990).  

Voriconazole and micafungin were reported successful 
treatment regimens (Sagrahouni et al., 2012). 

Although, catheter removal is recommended after 
identifying the candidemia, catheter removal by 24 or 48 
h after treatment initiation was reported to have no effect 
on overall treatment response, mortality and mycological 
eradication in 842 patients with candidemia (Morgan et 
al., 2005; Nucci et al., 2010; Mermel et al., 2009). Cathe-
ter was removed from our patients if patients’ conditions 
were convenient to remove it. Catheter should be taken 
into consideration especially in cases with either Tricho-
sporon asahii and Geotrichum capitatum owing to the fact 
that they lead to fatal outcomes. 
 

 

Conclusion  
 

Candida albicans is still dominant in hematological pa-
tients followed by other non-albican Candida species that 
leads to fatal outcome in patients with history of azole 
exposure. Design and equipments (HEPA filter, single-
room design, etc.) of hematology ward are very important  
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for environmental contamination by Aspergillus spp. that 
leads to mortal and common invasive fungal infections in 
patient with hematological malignancies. Catheter should 
be removed in cases with fungal blood stream infection 
due to the fact that treatment response, colonization and 
outcomes are likely to be related with it. 
 
 

ACKNOWLEDGEMENTS  
 

This study was approved by local ethics committee (No. 
127/2012). We certify that there is no conflict of interest 
with any financial organization regarding the subject dis-
cussed in the manuscript. We greatly appreciate M. D. 
Onur Karatuna’s recommendations about the manuscript. 
 
 
REFERENCES 

 
Aisner J, Wiernik PH, Schimpf SC (1977). Treatment of invasive 

aspergillosis: relation of early diagnosis and treatment to response. 

Ann. Intern. Med. 86: 539–543. 
Ascioglu S, Rex HB, De Pauw B, Bennett JE, Bille J, Crokaert F, 

Denning DW, Donnelly JP, Edwards JE, Erjavec Z, Fiere D, 

Lortholary O, Martens J, Meis JF, Patteraon TF, Ritter J, Selleslag D, 
Shah PM, Stevens DA, Walsh TJ (2002). Defining opportunistic 
invasive fungal infections in immunocompromised patients with 

cancer and hematopoietic stem cell transplants: An international 
consensus. Clin. Infect. Dis. 34: 7-14.  

Bassetti M, Ansaldi F, Nicolini L, Malfatto E, Molinari MP, Mussap M, 

Rebesco B, Bobbio Pallavicini F, Icardi G, Viscoli C (2009). Incidence 
of candidaemia and relationship with fluconazole use in an intensive 
care unit. J. Antimicrob. Chemother.  64: 625–629. 

Caillot D, Couaillier JF, Bernard A, Casasnovas O, Denning DW, 
Mannone L, Lopez J, Couillault G, Piard F, Vagner O, Guy H (2001). 
Increasing volume and changing characteristics of invasive 

pulmonary aspergillosis on sequential thoracic computerised 
tomography scans in patients with neutropenia. J. Clin. Oncol. 
19(1):253–259.  

Clark TA, Slavinski SA, Morgan J, Lott T, Arthington-Skaggs BA, Brandt 
ME, Webb RM, Currier M, Flowers RH, Fridkin SK, Hajjeh RA (2004).     
Epidemiologic and molecular characterization of an outbreak of 

Candida parapsilosis bloodstream infections in a community hospital. 
J. Clin. Microbiol., 42:4468–4472 

Colombo AL, Padovan AC, Chaves GM (2011). Current knowledge of 
Trichosporon spp. and trichosporonosis. Clin. Microbiol. Rev. 24: 

682-700. 
De Naurois J, Novitzky-Basso I, Gill MJ, Marti Marti1 FM, Cullen MH, 

Roila F (2010).  Management of febrile neutropenia: ESMO Clinical 

Practice Guidelines. Ann. Oncol. 21:252-256. 
De Pauw BE, Donnelly JP (2007). Prophylaxis and aspergillosis – has 

the principle been proven? N Engl J Med. 356(4):409-411. 

Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen CA, 
Raad II, Rolston KV, Young JA, Wingard JR (2011). 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. 
52:56-93. 

Hughes WT, Armstrong D, Bodey GP, Bow EJ, Brown AE, Calandra T, 
Feld R, Pizzo PA, Rolston KV, Shenep JL, Young LS (2002). 2002 
guidelines for the use of antimicrobial agents in neutropenic patients 

with cancer. Clin Infect Dis. 34:730-751. 
Maertens J, Theunissen K, Verbeken E, Lagrou K, Verhaegen 

J, Boogaerts M, Eldere JV (2004). Prospective clinical evaluation of 

lower cut-offs for galactomannan detection in adult neutropenic 
cancer patients and haematological stem cell transplant 
recipients. Br. J. Haematol. 126:852-860 

Martino P, Venditti M, Micozzi A, Morace G, Polonelli L, Mantovani MP, 
 Petti MC, Burgio VL, Santini C, Serra P, Mandelli F (1990).  

http://www.ncbi.nlm.nih.gov/pubmed?term=Clark%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Slavinski%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Morgan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Lott%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Arthington-Skaggs%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Brandt%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Brandt%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Brandt%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Webb%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Currier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Flowers%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Fridkin%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=Hajjeh%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=15472295
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maertens%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Theunissen%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verbeken%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lagrou%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verhaegen%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verhaegen%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boogaerts%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eldere%20JV%22%5BAuthor%5D
http://cid.oxfordjournals.org/search?author1=Pietro+Martino&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Mario+Venditti&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Alessandra+Micozzi&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Giulia+Morace&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Luciano+Polonelli&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Massimo+Pettoello+Mantovani&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Maria+C.+Petti&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Vito+L.+Burgio&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Claudio+Santini&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Pietro+Serra&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Franco+Mandelli&sortspec=date&submit=Submit


764         Afr. J. Microbiol. Res. 
 
 
 

Blastoschizomyces capitatus: An Emerging Cause of Invasive Fungal 

Disease in Leukemia Patients. Clin. Infect. Dis. 12 (4):570-582. 
Martino R, Subirà M (2002). Invasive fungal infections in hematology: 

new trends. Ann. Hematol. 81:233–243 
Mermel LA, Allon M, Bouza E, Craven DE, Flynn P, O'Grady NP, Raad 

II, Rijnders BJ, Sherertz RJ, Warren DK (2009). Clinical Practice 

Guidelines for the Diagnosis and Management of Intravascular 
Catheter-Related Infection: 2009 Update by the Infectious Diseases 
Society of America. Clin. Infect. Dis. 49:1-45. 

Miceli MH, Diaz JA, Lee SA (2011). Emerging opportunistic yeast 
infections. Lancet Infect. Dis. 11: 142-151. 

Montagna MT, Giglio ODG, Napoli C Lovero G, Caggiano G,  Delia M, 

Pastore D, Santoro N, Specchia G (2012). Int. J. Mol. Sci. 13:774-
787 

Morgan J, Meltzer MI, Plikaytis BD, Sofair AN, Huie-White S, Wilcox S, 

Harrison LH, Seaberg EC, Hajjeh RA, Teutsch SM (2005).Excess 
mortality, hospital stay, and cost due to candidemia: a case- control 
study using data from population-based candidemia surveillance. 

Infect. Control. Hosp. Epidemiol. 26:540-547. 
Nucci M, Anaissie E, Betts RF, Dupont BF, Wu C, Buell DN, Kovanda L, 

Lortholary O (2010). Early Removal of Central Venous Catheter in     

Patients with Candidemia Does Not Improve Outcome: Analysis of 
842 Patients from 2 Randomized Clinical Trials. Clin. Infect. Dis. 
51:295-03. 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

 

 
 
 
 
Saghrounia F, Abdeljelila JB, Youssef  YB, Abdeljelil NB, Gheitha S, 

Fathallaha A, Said MB (2012). Geotrichum capitatum septicemia in 
patients with acute myeloid leukemia. Report of three cases. Med. 

Mycol. Case Reports, 1(1): 88-90. 
Viscoli C, Varnier O, Machetti M (2005). Infections in patients with 

febrile neutropenia: epidemiology, microbiology, and risk 

stratification. Clin. Infect. Dis. 40(Suppl.4): 240-245. 
Walsh TJ, Finberg RW, Arndt C, Hiemenz J, Schwartz C, Bodensteiner 

D, Pappas P, Seibel N, Greenberg RN, Dummer S, Schuster M, 

Holcenberg JS (1999). Liposomal amphotericin B for empirical 
therapy in patients with persistent fever and neutropenia. National 
Institute of Allergy and Infectious Diseases Mycoses Study Group. N. 

Engl. J. Med. 340(10):764-71 
Zirkel J, Klinker H, Kuhn A, Abele-Horn M, Tappe D, Turnwald D, 

Einsele H, Heinz H (2012). Epidemiology of Candida blood stream 

infections in patients with hematological malignancies or solid tumors.  
Med. Mycol. 50(1):50-55. 

 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 

 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Walsh%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Finberg%20RW%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Arndt%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Hiemenz%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Schwartz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Bodensteiner%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Bodensteiner%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Bodensteiner%20D%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Pappas%20P%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Seibel%20N%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Greenberg%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Dummer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Schuster%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10072411
http://www.ncbi.nlm.nih.gov/pubmed?term=Holcenberg%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=10072411

