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SUMMARY 
 
 

 We sought to determine the impact of timing of appropriate antifungal therapy, as 

assessed by susceptibility results, on patient survival after candidemia.  Patients 16 years of 

age or older with first episodes of candidemia from 2001–2009 were included. Clinical data were 

collected retrospectively, including time to appropriate antifungal therapy and patient survival.   

 The study population included 446 patients (243 [54%] female, mean age 53 years) with 

candidemia, 380 (85%) of whom had antifungal susceptibility data. Candida albicans was the 

most common pathogen (221, 50%) followed by C. glabrata (99, 22%), C. parapsilosis (59, 

13%), C. tropicalis (48,11%), and C. krusei (6,1%). Thirty-day mortality was 34% (151 out of 446 

patients) and there was not a clear relationship between time from positive culture to receipt of 

appropriate antifungal therapy and 30-day survival. On multivariable Cox regression, increased 

Acute Physiology and Chronic Health Evaluation (APACHE) II score (hazard ratio [HR] 1.11, 

95% confidence interval [CI] 1.09–1.13, p≤0.001), cirrhosis (HR 2.15, 95% CI 1.48–3.13, 

p≤0.001), and Human Immunodeficiency Virus (HIV) infection (HR 2.03, 95% CI 1.11–3.72, 

p=0.02), were independent predictors of mortality. A secondary analysis requiring patients in the 

early treatment group to have received at least 24 hours of effective antifungal therapy did show 

a significant mortality benefit to receiving antifungal treatment within 72 hours of a positive blood 

culture being drawn (30-day mortality for early treatment: 27% versus 40%, p=0.004; HR for 

mortality with delayed treatment on multivariable analysis: 1.41, 95% CI 1.01–1.98, p=0.045). 

 Candida bloodstream infection is associated with high mortality, despite timely receipt of 

appropriate antifungal therapy.  

 



 

I.  BACKGROUND 

A.   Candida Species  

 One of the five kingdoms of life, fungi include unicellular yeasts and multicellular molds, 

the large majority of which are beneficial to humankind. These fungi exist in the environment 

and are responsible for degradation and recycling of organic matter. Given their cellular likeness 

to humans, fungi have been used in science by molecular biologists to study eukaryotic 

processes.  Additionally, some fungal metabolites have led to the development of antibiotic and 

immunosuppressive medications (Ryan, 2010). Although most fungi are harmless, there has 

been a dramatic increase in human infections caused by fungal organisms in the past three 

decades (Groll et al., 1996; Jarvis, 1995; McNeil et al., 2001; Zilberberg et al., 2008). Infections 

caused by Candida species have accounted for the majority of these infections, although its 

relative incidence is decreasing to due to increased infections caused by Aspergillus species 

and other molds (Groll et al., 1996; Pappas et al., 2009).    

 Of the more than 150 Candida species identified, less than 10 have been implicated as 

common causes of human infection (Pappas et al., 2009; Ryan, 2010).  Candida albicans is the 

most frequently isolated species followed by C. glabrata. Other common Candida species 

include C. parapsilosis, C. tropicalis, C. lusitaniae, C. krusei, C. guilliermondii, and C. 

dubliniensis. Candida species are spherical, unicellular organisms that are common 

endogenous flora of the skin, oropharyngeal and gastrointestinal tracts, and the female 

genitourinary tract. Candida species may cause superficial or invasive infection when physical 

and/or immunological barriers are compromised. The focus of this work is on patients with 

invasive infection, namely Candida bloodstream infection.  
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B.   Pathogenicity and Risk Factors for Invasive Candidiasis 

 As described above, Candida is a common component of human skin, oral, intestinal, 

and female genitourinary flora. A mucosal disruption such as from trauma or chemotherapy-

induced mucositis may allow for invasion by endogenous Candida. The utilization of antibiotics, 

especially broad-spectrum antibiotics, destroy bacterial flora thus promoting an environment in 

which yeasts may overgrow (Pappas et al., 2009; Ryan, 2010). The pathogenesis of invasive 

Candida infections is multifactorial; the primary determinants include Candida colonization, 

disruption of skin and mucosal integrity, and an immunocompromised state such as 

chemotherapy-induced neutropenia, receipt of corticosteroids and other immunosuppressive 

medications, and HIV infection (van de Veerdonk et al., 2010). Thus, risk factors for invasive 

candidiasis include the use of a central venous catheter, receipt of parenteral nutrition, acute 

renal failure and receipt of dialysis, burns, surgery (especially abdominal surgery), malignancy, 

receipt of chemotherapy, neutropenia, mucositis, transplantation, receipt of corticosteroids 

and/or other immunosuppressive medications, receipt of antibiotics (especially prolonged 

courses), increased hospital length of stay, Candida colonization, and diabetes mellitus (Pappas 

et al., 2003; Pappas et al., 2009; Ryan, 2010).   

 

C.   Epidemiology 

 From 2000 to 2005, the incidence of candidemia-related hospitalization per 100,000 

population in the United States increased by more than 50% (Zilberberg et al., 2008). Candida 

is the fourth most common causative pathogen of nosocomial bloodstream infection (BSI) after 

coagulase-negative staphylococci, Staphylococcus aureus, and Enterococcus species (National 

Nosocomial Infections Surveillance Systems Report, 1999) and invasive candidiasis is 

associated with high mortality (Gudlaugsson et al., 2003; Sispas et al., 2009; Walsh and Groll, 

1999). Although C. albicans remains the most common cause of invasive candidiasis, its 

relative proportion of Candida epidemiology has decreased. In a cohort study from Atlanta and 
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San Francisco from 1992–1993, C. albicans and C. glabrata were responsible for 52% and 

12%, of bloodstream infections, respectively (Kao et al., 1999). Less than 10 years later in the 

states of Connecticut and Maryland, the relative proportion of bloodstream infections due to C. 

albicans had decreased to 45% whereas those due to C. glabrata had increased to 24% (Hajjeh 

et al., 2004). The results from Prospective Antifungal Therapy Alliance database, which reported 

data from over 2,000 patients with candidemia from 23 North American medical centers from 

2004 to 2008, similarly found that the C. albicans and C. glabrata comprised 46% and 26%, of 

bloodstream infections, respectively (Horn et al., 2009). This changing epidemiology was further 

confirmed by recently published data by Lockhart et al (Lockhart et al., 2012). The investigators 

reported on Candida bloodstream isolates from 2008–2011 in Atlanta and Baltimore. The most 

commonly isolated species were C. albicans (38%), C. glabrata (29%), C. parapsilosis (17%), 

and C. tropicalis (10%). The specific Candida species isolated is important for treatment 

because species is closely linked to antifungal drug susceptibility (Pappas et al., 2009).  

 

D.   Manifestations  

 1.   Clinical presentation 

  Infection from Candida species develops when there is a breach of host physical 

and/or immunological defenses. Invasive candidiasis typically presents as a BSI, although the 

candidemia may not be detected. The clinical manifestations of Candida bloodstream infection 

are non-specific and include fever and possibly increased white blood cell count (depending on 

host immune status), which may progress to sepsis and multi-organ failure. Patients with 

candidemia present similarly to patients with bacterial BSI except that given the nature of the 

infection and associated risk factors, they may already be receiving empiric or directed therapy 

toward bacterial pathogens. Once Candida has established invasive infection, the organism has 

the predilection to disseminate and cause organ infection in the eyes, heart, brain, and kidneys. 

To assess for these possible sites of infection, it is routine to perform dilated funduscopic 
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examinations and echocardiograms on all patients diagnosed with Candida bloodstream 

infection (Pappas et al., 2009; Ryan, 2010).    

 2.   Outcome  

  Invasive Candida infection has been shown to detrimentally impact patient 

outcomes with a reported attributable mortality as high as 49% noted by Gudlaugsson et al 

(Gudlaugsson et al., 2003). More recent data has estimated attributable mortality to range from 

15%–25% for adults with Candida bloodstream infection (Morgan et al., 2005; Zaoutis et al., 

2005). Additionally, an episode of candidemia is estimated to add an estimated $40,000 to the 

costs of hospitalization (Morgan et al., 2005; Fridkin 2005).   

 

E.   Diagnosis 

 Isolation of Candida species from the bloodstream is diagnostic for invasive Candida 

infection. Although culture methods have improved (Ericson et al., 2012), routine blood cultures 

may fail to diagnose candidemia (Pappas et al., 2009). New tests such as the detection of ß-D-

glucan and real-time polymerase chain reaction tests show promise in the diagnosis of invasive 

candidiasis (McMullan et al., 2008; Obayashi et al., 2008) and may prove to be useful diagnostic 

aids in the future.  

 

F.   Treatment 

 1.   Antifungal agents 

  Developed in 1958, amphotericin B deoxycholate remains the broadest spectrum 

antifungal agent currently available. Amphotericin B has activity against all Candida species with 

the exception of C. lusitaniae, of which some strains have developed resistance. Its use is 

limited by toxicities, namely nephrotoxicity and infusion-related toxicities such as rigors and 

chills (Pappas et al., 2009). In the mid-1990s, the pharmaceutical industry released three lipid 

formulations of Amphotericin B that retained the broad spectrum antifungal activity and had less 
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nephrotoxicity compared to the conventional formulation (Bowden et al., 1996; Johnson et al., 

2002; Sharkey et al., 1996; Walsh et al., 1998). The two most often used lipid-based products, 

amphotericin B lipid complex and liposomal amphotericin B, have replaced amphotericin B 

deoxycholate for most adult patients (Pappas et al., 2009).   

 Fluconazole, introduced in 1990, revolutionized the treatment of invasive candidiasis. 

The drug is available intravenously and in highly bioavailable oral formulations, thus providing a 

reliable oral option for the treatment of systemic disease. Fluconazole absorption is not 

impacted by gastric acidity or food consumption, further making it a convenient therapy. Similar 

to other azoles, fluconazole is an inhibitor of cytochrome P450 3A4 enzymes, which may cause 

significant drug interactions in particular with transplant recipients receiving calcineurin-inhibitors 

and HIV seropositive patients receiving antiretroviral medications. Fluconazole also exhibits the 

class triazole toxicities such as hepatotoxicity, skin rash, and QTc prolongation, though to lesser 

degrees than the other triazoles (Pfizer, 2010). Fluconazole is inherently resistant to C. krusei 

and has developed increasing resistance, some of which may be overcome by increasing the 

dose, to C. glabrata (Pappas et al., 2009; Pfaller et al., 2007). Importantly, fluconazole has 

minimal resistance among other Candida species such as C. albicans, C. parapsilosis, C. 

tropicalis, and C. lusitaniae (Pappas et al., 2009).   

 Itraconazole has similar anti-Candida activity to fluconazole and has with more drug 

interactions and less reliable absorption; it is not used preferentially over fluconazole for the 

treatment of invasive candidiasis (Pappas et al., 2009). Voriconazole and posaconazole also 

exhibit more class triazole toxicities than fluconazole, but they add slightly to the anti-Candida 

activity of fluconazole. Despite inherent fluconazole resistance, both drugs retain activity against 

C. krusei (Pappas et al., 2009). In addition, voriconazole and posaconazole are likely to retain 

susceptibility to isolates of C. glabrata with increased fluconazole Minimum Inhibitory 

Concentrations (MICs) to the susceptible dose-dependent (SDD) range (MICs = 16–32 mcg/mL) 

(Pappas et al., 2009). However, fluconazole-resistant C. glabrata isolates (MIC ≥ 64 mcg/mL), 
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are less likely to be susceptible to either drug (Pfaller et al., 2007). Among the azoles, 

fluconazole is the drug of choice for fluconazole-susceptible Candida infections. Voriconazole 

and posaconazole may provide an advantage over fluconazole in the treatment of C. krusei and 

for C. glabrata with decreased fluconazole activity that retain susceptibility to the newer azoles 

(Pappas et al., 2009).    

 The echinocandins, caspofungin, anidulafunigin, and micafungin, are only available in 

the intravenous formulation. As a class, the echinocandins are well tolerated and have minimal 

drug interactions. The echinocandins also have the broadest anti-Candida spectrum of all 

antifungals with the possible exception of C. parapsilosis (Pappas et al., 2009). In-vitro data 

have shown that C. parapsilosis has higher MIC values, albeit still within the susceptible range, 

than the other Candida species (Pfaller et al., 2008). Higher failure rates with C. parapsilosis 

have not been observed (Bennett, 2006) and most experts agree that echinocandins need not 

be avoided for the treatment infections due to C. parapsilosis; however, their use may not be 

necessary since this species is most often susceptible to fluconazole. Of note, among the 

echinocandins, no one agent has been shown to be superior to the others for the treatment of 

invasive candidiasis and they may be used interchangeably (Pappas et al., 2009).     

 First-line therapy for suspected or documented Candida BSI consists of fluconazole or 

an echinocandin.  An echinocandin is preferred for moderately to severely ill patients, for 

patients with recent triazole exposure, and for infections caused by C. glabrata and C. krusei. 

Fluconazole is recommended for less severely ill patients without recent triazole exposure. In 

addition, it is recommended to modify therapy based on the results of antifungal susceptibility 

testing, including narrowing from an echinocandin to fluconazole when appropriate. 

Voriconazole and posaconazole are not recommended as routine first-line therapy given the 

marginal additional anti-Candida activity over fluconazole. Amphotericin B is generally not given 

for first-line therapy for uncomplicated infections but is the drug of choice for central nervous 

system infections and infective endocarditis. Notably, the approved antifungal medications have 
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been studied for invasive candidiasis in a heterogeneous manner with various antifungal 

comparators and definitions of success (Anaissie et al., 1996; Kullberg et al., 2005; Mora-Duarte 

et al., 2002; Pappas et al., 2007; Reboli et al., 2007); it is impossible to determine a superior 

agent from the published data. Thus, the guidelines recommend targeted antifungal therapy to 

the specific Candida species and susceptibility tests if available (Pappas et al., 2009).     

  

2.   Timing of antifungal therapy 

  Timely therapy of bacterial BSI is of critical importance and inadequate initial 

therapy adversely impacts hospital mortality (Ibrahim et al., 2000; Leibovici et al., 1998). 

Furthermore, fungal BSIs are associated with higher rates of inadequate initial antimicrobial 

treatment than bacterial BSIs (Ibrahim et al., 2000) and carry high mortality rates (Gudlaugsson 

et al., 2003; Sipsas et al., 2009; Walsh and Groll, 1999). The importance of early treatment of 

candidemia has been suggested by some investigators (Garey et al., 2006; Morrell et al., 2005). 

However, there are limited data definitively demonstrating that early therapy for candidemia 

benefits patients. The results of studies addressing this question are conflicting (Fernandez et 

al., 2009; Garey et al., 2006; Hsu et al., 2010; Morrell et al., 2005; Klevay et al., 2008; Kludze-

Forson et al., 2010; Parkins et al., 2007; Patel et al., 2009; Taur et al., 2010; Zilberberg et al., 

2010) and most of these studies have not employed in vitro antifungal susceptibility results to 

assess the appropriateness of therapy (Fernandez et al., 2009; Garey et al., 2006; Hsu et al., 

2010; Morrell et al., 2005; Patel et al., 2009; Taur et al., 2010; Zilberberg et al., 2010). The 

purpose of the present study is to investigate the impact of timing of appropriate antifungal 

therapy, as assessed by antifungal drug susceptibility results, on mortality among patients with 

Candida BSI (Grim et al., 2012).   



 

II.  METHODS 

 

A.   Study Design 

 This study was conducted at an urban academic medical center with 489-beds including 

52 adult critical care beds, active abdominal solid organ and stem cell transplant programs, and 

a cancer center (Grim et al., 2012). All patients 16 years of age or older with Candida BSI from 

January 2001 to December 2009 were identified by the clinical microbiology laboratory. Only the 

first episode of candidemia was included for patients with multiple episodes during the study 

period. Patients who received appropriate antifungal therapy for 24 hours or longer prior to initial 

BSI culture were excluded from the analysis. Receipt of inappropriate antifungal therapy for 24 

hours or longer prior to initial BSI culture was not a criterion for study exclusion. 

 

B.   Data Collection 

 Data collection was performed retrospectively to obtain the following information:  

demographics, comorbidities, severity of illness based on APACHE II scores (the most aberrant 

values within 24 hours prior to the collection of blood samples indicating candidemia were 

obtained), presence of mechanical ventilation, time of collection of the first positive blood culture 

for Candida, time of initiation of first appropriate antifungal therapy, initial and follow-up blood 

culture results, microbiologic response to antifungal therapy, and mortality. The difference 

between the time of collection of the first positive blood culture for Candida and receipt of first 

appropriate antifungal therapy was defined as the time to appropriate antifungal therapy. 

Receipt of corticosteroids was collected and use of high-dose steroids was defined as a 

minimum of 15 mg of prednisone equivalents daily.   
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C.   Organism Isolation and Identification 

 Blood cultures were ordered at the discretion of the primary medical team based on the 

presence of signs and/or symptoms of BSI. Blood samples were obtained by nursing or 

phlebotomy personnel following skin and/or catheter sterilization. Blood samples were 

inoculated into one aerobic and anaerobic bottle each and processed using the BacT/ALERT® 

3D (bioMérieux, Inc., Durham, North Carolina) automated microbial detection system. Organism 

identification was made using the Vitek® 2 Yeast Biochemical Card (bioMérieux, Inc., Durham, 

North Carolina); API® 20C AUX Yeast Identification Kit (bioMérieux, Inc., Durham, North 

Carolina) was utilized for organisms that failed identification by the primary method.   

 

D.   Definition of Appropriate Antifungal Therapy 

 Appropriateness of antifungal therapy was based on antifungal susceptibility testing, 

which became routine at our institution for fluconazole, itraconazole, and flucytosine in 2003, for 

voriconazole, posaconazole, and amphotericin B in 2007, and for the echinocandins in 2008. 

Antifungal susceptibilities were determined with the Sensititre® YeastOne® panel (Trek 

Diagnostic Systems, Inc., Cleveland, Ohio). For fluconazole-susceptible Candida isolates (MIC 

≤ 8 mg/L) a minimum daily dose of 400 mg was considered appropriate. For fluconazole-SDD 

(MIC 16–32 mg/L) isolates, a minimum daily dose of 800 mg was considered appropriate 

(Pappas et al., 2004). For patients with a calculated creatinine clearance (Cockcroft and Gault, 

1976) less than 50 mL/min, the daily dose of fluconazole was multiplied by two for assessment 

of appropriateness based on standard dosing adjustments made in renal dysfunction (Pfizer, 

2010).   

 The appropriateness of dosing of other antifungals was defined as follows (Pappas et 

al., 2009): amphotericin B deoxycholate greater than or equal to 0.5 mg/kg once daily, lipid 

formulations of amphotericin B greater than or equal to 3 mg/kg once daily, caspofungin 

(formulary echinocandin through March 2008) 70 mg x 1 dose followed by 50 mg once daily (or 
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35 mg once daily for patients with significant liver impairment), micafungin (formulary 

echinocandin beginning April 2008) 100 mg once daily, and voriconazole 6 mg/kg twice daily x 2 

doses then a minimum of 3 mg/kg twice daily. In the absence of antifungal susceptibility testing, 

the following criteria were used to assess appropriateness of therapy:  fluconazole 400 mg daily 

was deemed appropriate for the treatment of BSI caused by C. albicans, C. tropicalis, C. 

parapsilosis, and C. lusitaniae; a minimum of fluconazole 800 mg daily was defined as 

appropriate for the treatment of C. glabrata; amphotericin B was considered inappropriate for 

the treatment of BSI caused by C. lusitaniae; fluconazole was considered inappropriate for 

treatment of C. krusei; the echinocandins were assessed as appropriate for the treatment of all 

Candida species; voriconazole and posaconazole were considered appropriate for all non-

glabrata Candida species; and patients receiving voriconazole or posaconazole for C. glabrata 

infection in the absence of antifungal susceptibility testing were excluded from analysis (Table 

I).   
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TABLE I   

APPROPRIATE ANTIFUNGAL THERAPY 

Appropriate therapy N=349 
Fluconazole 177 
     400mg/daya  
     800mg/dayb  
Echinocandin (for all Candida species) 125 
Caspofungin 70mg x 1 then 50mg daily  
Micafungin 100mg daily  
Amphotericin B (for all Candida species except for C. lusitaniae) 41 
     ≥ 0.5 mg/kg/day amphotericin B deoxycholate  
     ≥ 3mg/kg/day lipid formulation of amphotericin B  
Voriconazole (for all Candida species except for C. glabrata) 6 
     6mg/kg q12h x 2 doses then ≥ 3mg/kg twice daily  
Posaconazole (for all Candida species except for C. glabrata) 0 
Inappropriate therapy N=97 
No antifungal therapy 55 
Insufficient fluconazole 42 
< 400mg/day for fluconazole-susceptible isolate 21 
< 800mg/day for fluconazole-SDD isolate 11 
< 800mg/day for C. glabrata without susceptibilities 3 
     Fluconazole-resistant isolate 5 
     Infection caused by C. krusei 2 
Use of amphotericin B for C. lusitaniae 0 
Unable to assess appropriateness N=1 
Voriconazole  for C. glabrata without antifungal susceptibilities 1 
Posaconazole  for C. glabrata without antifungal susceptibilities 0 
a For infection caused by fluconazole-susceptible isolate or by C. albicans, C. tropicalis, C. 
parapsilosis, and C. lusitaniae without susceptibilities  
b For infection caused by fluconazole-susceptible dose-dependent isolate or by C. glabrata 
without susceptibilities  
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E.   Definition of Response 

 Microbiological response was defined as culture-confirmed resolution of infection within 

7 days of initiation of appropriate antifungal therapy sustained for at least 6 weeks after the 

original culture date. Persistent Candida BSI was defined as more than 7 days of candidemia 

caused by the initial organism(s) after initiation of appropriate antifungal therapy. Microbiological 

failure was defined as persistent, recurrent, or new BSI due to Candida within 6 weeks of first 

positive culture. Patients were followed for outcomes after onset of Candida BSI. The time to 

death or loss to follow-up within 30 days after infection was recorded.   

 

F.   Statistical Methodology 

 The Chi-Square test was performed to assess for differences in 30-day mortality based 

on receipt and timing of appropriate antifungal therapy. A Kaplan-Meier curve was constructed 

to illustrate the relationship between receipt and timing of appropriate antifungal therapy on 

survival; the log-rank test was used to assess for statistical differences between groups. 

Univariable Cox regression was performed to determine patient and infection characteristics 

associated with 30-day survival. The proportional hazards assumption was tested graphically 

and with the creation of time-dependent variables. Clinically plausible variables with a p-value of 

≤ 0.2 were entered into a multivariable Cox regression model. Statistical analyses were 

performed with PASW Statistics v. 17.0 (SPSS: An IBM Company, Chicago, Illinois).  

Institutional review board approval was obtained.   

 

 

 

 

 



 

III.  RESULTS 

 

A.  Study Population 

 There were 453 patients with first episodes of Candida BSI during the study period (Grim 

et al., 2012). Six patients received at least 24 hours of appropriate antifungal therapy prior to 

first Candida BSI culture and were excluded. One additional patient was excluded because 

appropriateness of antifungal therapy could not be determined based on a priori definitions; the 

patient received voriconazole for C. glabrata BSI without voriconazole susceptibility testing. The 

study sample therefore included 446 patients with a mean age of 53 years; 243 (54%) were 

female and 229 (51%) were Black (Table II). The number of first episodes of Candida BSI 

averaged 49 per year; there were no discernible trends in the number of infections per year. The 

most common comorbidities were diabetes mellitus (131, 29%), solid tumor (120, 27%), and 

cirrhosis (72, 16%), and 249 (56%) of patients were in the Intensive Care Unit (ICU) at the time 

of Candida BSI. The mean and median APACHE II score were 18.9 and 17.0, respectively. 

Candida albicans was the most common pathogen (221, 50%), followed by C. glabrata (99, 

22%), C. parapsilosis (59, 13%), C. tropicalis (48, 11%), and C. krusei (6, 1%). Antifungal 

susceptibilities were reported for 380/446 (85%) of patients.   

 

B.   Antifungal Therapy 

 Appropriate antifungal therapy consisted of fluconazole (177, 40%), caspofungin or 

micafungin (125, 28%), amphotericin B (41, 9%), and voriconazole (6, 1%). A relatively high 

percentage of patients (97, 22%) did not receive appropriate initial antifungal therapy; 55 

patients (12%) failed to receive any antifungal therapy, and 42 patients (9%) received 

insufficient doses of fluconazole (21 received less than 400mg/day for a fluconazole-susceptible 

isolate, 11 received less than 800mg/day for an SDD isolate, 3 received less than 800mg for C. 

glabrata without 
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susceptibilities, 5 received fluconazole for a fluconazole-resistant isolate, and 2 received 

fluconazole for BSI caused by C. krusei; Table I).   
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TABLE II 

  CHARACTERISTICS OF PATIENTS WITH CANDIDA BSI (N=446) 

 Antifungal Timing 
Characteristic ≤72 hours 

n=231 (%) 
>72 hours 
n=215 (%) 

Total n=446 p-value 

Age [mean (range)] 52.0 (16–92) 54.3 (17–93) 53 (16–93) 0.14 
Male (%) 107 (46) 96 (45) 203 (46) 0.72 
Race    0.02 

Black 112 (49) 117 (54) 229 (51)  
Caucasian 71 (31) 50 (23) 121 (27)  

Hispanic 38 (16) 40 (19) 78 (18)  
Other 10 (4) 8 (4) 18 (4)  

Year of Candida BSI    0.39 
2001 21 (9) 30 (14) 51 (11)  
2002 24 (10) 20 (9) 44 (10)  
2003 19 (8) 28 (13) 47 (11)  
2004 31 (13) 25 (12) 56 (13)  
2005 20 (9) 19 (9) 39 (9)  
2006 33 (14) 24 (11) 57 (13)  
2007 27 (12) 30 (14) 57 (13)  
2008 36 (16) 24 (11) 60 (14)  
2009 20 (9) 15 (7) 35 (8)  

Underlying condition (%)     
Hematologic malignancy 15 (7) 12 (6) 27 (6) 0.69 

Solid tumor 63 (27) 57 (27) 120 (27) 0.86 
Allogeneic stem cell 

transplant 
3 (1) 2 (1) 5 (1) 0.71 

Solid organ transplant 21 (9) 20 (9) 41 (9) 0.94 
HIV infection 12 (5) 10 (5) 22 (5) 0.79 

Cirrhosis 36 (16) 36 (17) 72 (16) 0.74 
Diabetes mellitus 65 (28) 66 (31) 131 (29) 0.55 

Clinical features/risk factors     
Antibiotics within 2 weeks 216 (94) 200 (93) 416 (93) 0.84 

     ICU  128 (55) 121 (56) 249 (56) 0.85 
    Mechanical ventilation  85 (37) 83 (39) 168 (38) 0.69 
Total parenteral nutrition 87 (38) 65 (30) 152 (34) 0.10 

Neutropenia 13 (6) 6 (3) 19 (4) 0.14 
Renal replacement therapy 58 (25) 61 (28) 119 (27) 0.44 

            Serum creatinine ≥ 2.0 75 (33) 97 (45) 172 (39) 0.01 
Low-dose steroids 16 (7) 15 (7) 31 (7) 0.98 
High-dose steroids 53 (23) 42 (20) 95 (21) 0.38 

Surgery within 2 weeks 55 (24) 49 (23) 104 (23) 0.80 
            Mean APACHE II 

score (range) 
18.3 (3–45) 19.5 (1–50) 18.9 (1–50) 0.15 
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CHARACTERISTICS OF PATIENTS WITH CANDIDA BSI (N=446) 

 Antifungal Timing 
Characteristic ≤72 hours 

n=231 (%) 
>72 hours 
n=215 (%) 

Total n=446 p-value 

Candida species    <0.001 
C. albicans 135 (58) 88 (41) 221 (50)  

C. parapsilosis 31 (13) 28 (13) 59 (13)  
C. tropicalis 25 (11) 23 (11) 48 (11)  

C. krusei 2 (1) 4 (2) 6 (1)  
C. lusitaniae 1 (0.4) 2 (1) 3 (1)  

Other Candida species 9 (4) 1 (0.5) 10 (2)  
Appropriate antifungal therapy    0.28 

Fluconazole 125 (54) 52 (24) 177 (40)  
Echinocandin 79 (34) 46 (21) 125 (28)  

Amphotericin B 24 (10 17 (8) 41 (9)  
Voriconazole 3 (1) 3 (1) 6 (1)  

None 0 97 (45) 97 (22)  
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C.   Outcomes 

 Given that the Garey study (Garey et al., 2006) showed a linear relationship between 

increased time to fluconazole and hospital mortality, our original analysis subdivided patients 

into 4 timing groups:  less than or up to 24 hours, 24–48 hours, 48–72 hours, and greater than 

72 hours (Figure 1). Contrary to expected outcomes, numerically the highest 30-day mortality 

was observed among patients who received the earliest appropriate antifungal therapy. There 

was no statistical difference in mortality based on timing with the exception of between the less 

than or up to 24 hour and 48–72 hour groups (44.4% versus 23.8%, p=0.04). Similarly, on 

univariable Cox regression, with the less than or up to 24h group as a reference, receipt of 

appropriate antifungal therapy 48–72 hours after the first positive culture was protective against 

decreased survival (HR 0.43, 95% CI 0.22–0.83, p=0.01). There was concern that the patients 

in the earliest timing group (less than or up to 24 hours, n=36) may have biased the results. 

Intuitively, it’s logical that more critically ill patients receive more aggressive therapy (i.e., earlier 

therapy) than less critically ill patients, and it was postulated that there may have been other 

factors that attributed to increased mortality than just antifungal timing. Since the lowest 30-day 

mortality was observed in the 48–72 hour group (23.8%), the decision was made to dichotomize 

the data and perform subsequent analyses comparing the timing of appropriate antifungal 

therapy based on less than or up to 72 hours and greater than 72 hours. Additionally, revised 

analyses taking into account early deaths after the receipt of appropriate antifungal therapy 

were performed.   
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Figure 1. Thirty-day mortality based on the time to initiation of appropriate antifungal therapy in 
4 timing groups. 
 
p=0.04 between less than or up to 24 hours and 48–72 hours 
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 Thirty-day mortality was compared based on receipt and timing of appropriate antifungal 

therapy (Figure 2). Overall mortality was 34% (151/446) with the highest mortality (45%, 44/97) 

among the 97 patients who failed to receive appropriate antifungal therapy (data not shown). 

Though still considerable, mortality was significantly lower for those who received appropriate 

antifungal therapy (31%). There was a slight trend toward lower 30-day mortality for patients 

who received appropriate antifungal therapy within 72 hours of the collection of a positive blood 

culture but the difference was not statistically significant (32% versus 36%, p=0.11). We also 

analyzed survival of the two groups over time according to timing of appropriate antifungal 

therapy. A Kaplan-Meier 30-day survival curve for these data is illustrated in Figure 3. There 

was no significant difference in survival between patients who received appropriate antifungal 

therapy within 72 hours or beyond 72 hours from the initial positive culture being drawn 

(p=0.18), but again there was a trend toward lower survival over time among the latter group.  
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Figure 2.  Thirty-day mortality based on the time to initiation of appropriate antifungal therapy in 
2 timing groups. 

p=0.11 between less than or up to 72 and greater than 72 hours 
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Figure 3.  Kaplan-Meier survival curves based on time to initiation of appropriate antifungal 
therapy. 

p=0.18 between less than or up to 72 and greater than 72 hours 
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D.   Survival Analyses 

 Univariable Cox regression analysis (Table III) of all patients with Candida BSI (n=446), 

demonstrated that a number of variables were associated with increased mortality risk including 

increased age, immunosuppression (e.g., HIV infection, cirrhosis, high-dose steroid therapy), 

critical illness (e.g., ICU residence at the time of Candida BSI, mechanical ventilation, renal 

dysfunction, increased APACHE II score), and pathogen factors (e.g., BSI caused by C. 

glabrata, and BSI caused by a fluconazole non-susceptible isolate). Microbiological response to 

treatment could not be assessed in 89 patients but of the remaining 357 patients, 51 (14%) had 

microbiological failure (22 persistent and 29 new or recurrent BSI). Notably, microbiological 

clearance of infection was protective against mortality. Receipt of appropriate antifungal therapy 

more than 72 hours after collection of a positive blood culture was associated with a HR of 1.24 

(95% CI 0.90–1.71, p=0.19). On multivariable Cox regression analysis (Table IV), increased 

APACHE II score (HR1.11, 95% CI 1.09–1.13, p≤0.001), cirrhosis (HR 2.15, 95% CI 1.48–3.13, 

p≤0.001), and HIV infection (HR 2.03, 95% CI 1.11–3.72, p=0.02) were independent predictors 

of mortality controlling for age, serum creatinine 2.0 mg/dL or greater, and receipt of appropriate 

antifungal therapy more than 72 hours after collection of a positive blood culture. When 

controlling for these other clinical characteristics, the timing of appropriate antifungal therapy 

was not associated with survival after Candida BSI. There was also no association between 

timing of appropriate antifungal therapy and microbiological resolution of Candida BSI, including 

persistent infection.  
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TABLE III 

  UNIVARIABLE COX REGRESSION: PATIENT SURVIVAL (N=446) 

Characteristic Beta SE HR 95% CI p-value 
Antifungal timing (reference category  ≤ 72 
hours) 

     

> 72 hours 0.22 0.16 1.24 0.90–1.71 0.19 
Age by year 0.02 0.01 1.02 1.01–1.03 0.001 
Male gender 0.26 0.16 1.30 0.95–1.79 0.11 
Race (reference category White)      

Black -0.23 0.19 0.80 0.55–1.16 0.24 
Hispanic -0.08 0.24 0.74 0.68–1.72 0.74 

Asian -0.65 0.72 0.52 0.13–2.15 0.37 
Other -0.04 0.60 0.96 0.30–3.10 0.95 

Culture year     0.65 
Underlying condition      

Hematologic malignancy 0.32 0.30 1.37 0.76–2.47 0.29 
Solid tumor -0.02 0.18 0.98 0.69–1.41 0.92 

Allogeneic stem cell transplant 0.57 0.58 1.77 0.57–5.56 0.33 
Solid organ transplant -0.71 0.36 0.49 0.24–1.00 0.051 

HIV infection 0.67 0.30 1.95 1.08–3.52 0.03 
Cirrhosis 1.16 0.18 3.19 2.25–4.52 < 0.001 

Diabetes mellitus 0.02 0.18 1.02 0.72–1.48 0.91 
Clinical features/risk factors      

Antibiotics within 2 weeks 1.32 0.58 3.73 1.19–11.68 0.02 
ICU 0.91 0.18 2.47 1.73–3.53 < 0.001 

Mechanical ventilation 0.89 0.16 2.42 1.76–3.34 < 0.001 
Total parenteral nutrition -0.31 0.18 0.74 0.52–1.04 0.09 

Neutropenia 0.42 0.34 1.52 0.77–2.98 0.23 
Renal replacement therapy 0.58 0.17 1.78 1.27–2.48 0.001 

Serum creatinine ≥ 2.0 0.83 0.16 2.30 1.67–3.17 < 0.001 
Steroids (reference category no steroids)      

Low-dose -0.61 0.42 0.55 0.24–1.24 0.15 
High-dose 0.37 0.18 1.45 1.01–2.08 0.04 

Surgery within 2 weeks -0.65 0.23 0.52 0.34–0.82 0.004 
APACHE II score 0.11 0.00 1.12 1.10–1.14 < 0.001 
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UNIVARIABLE COX REGRESSION: PATIENT SURVIVAL (N=446) 

Characteristic Beta SE HR 95% CI p-value 
Candida species (reference category C. 
albicans) 

     

C. glabrata 0.40 0.19 1.50 1.02–2.19 0.04 
C. krusei 0.46 0.59 1.59 0.50–5.05 0.43 

Other Candida species -0.10 0.21 0.90 0.60–1.35 0.62 
Fluconazole susceptibility (reference 
category susceptible) 

     

Non-susceptible 0.48 0.21 1.61 1.08–2.42 0.02 
Antifungal therapy (reference category 
fluconazole) 

     

Amphotericin B 0.26 0.30 1.29 0.71–2.45 0.40 
Echinocandin 0.36 0.21 1.43 0.95–2.15 0.09 
Voriconazole -0.43 1.01 0.65 0.09 – 4.72 0.67 

Microbiological cure (n=357) -1.10 0.23 0.33 0.21 – 0.52 < 0.001 
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TABLE IV 

 MULTIVARIABLE COX REGRESSION:  PATIENT SURVIVAL (N=446) 

Characteristic HR 95% CI p-value 
APACHE II score 1.11 1.09 – 1.13 ≤ 0.001 
Cirrhosis 2.15 1.48 – 3.13 ≤ 0.001 
HIV infection 2.03 1.11 – 3.72 0.02 
Age (in years) 1.01  1.00 – 1.02 0.06 
Serum creatinine ≥ 2.0 0.84 0.58 – 1.20 0.34 
Antifungal timing (reference category  ≤ 72 hours)    

> 72 hours 1.10 0.80 – 1.52 0.57 
 

 

 Because it was possible that patients who died before receiving 24 hours of appropriate 

antifungal therapy may not have benefitted from this therapy even if treatment was administered 

in a timely manner, a secondary analysis was performed to account for this possibility. There 

were 18 patients who died prior to receiving 24 hours of appropriate antifungal therapy, 14 of 

whom received appropriate therapy within 72 hours of collection of first positive blood culture. 

These 14 patients were therefore reclassified as having not received timely appropriate therapy 

given the short duration of antifungal treatment before death (i.e., they were reclassified in the 

more than 72 hour group). In this analysis, the 30-day mortality was significantly lower among 

patients who received appropriate antifungal therapy within 72 hours of a positive culture being 

drawn (27% versus 40%, p=0.004) and the Kaplan-Meier curve revealed a significant difference 

in survival between the two groups (Figure 4; p=0.001). In addition, on univariable (HR 1.75, 

95% CI 1.26–2.43, p=0.001) and multivariable (HR 1.41, 95% CI 1.01–1.98, p=0.045) analyses, 

delayed receipt of antifungals was associated with decreased survival. An analysis was also 

performed excluding the 18 patients who died before receiving 24 hours of appropriate 

antifungal therapy, and 30-day mortality remained significantly lower among patients who 

received appropriate antifungal therapy within 72 hours of a positive culture being drawn (28% 

versus 37%, p=0.047; Figure 5). 
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Figure 4.  Kaplan-Meier survival curves based on the time to initiation of appropriate antifungal 
therapy, with patients who received less than 24 hours of appropriate therapy classified in the 
greater than 72 hour group. 

p=0.001 between less than or up to 72 and greater than72 hours 
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Figure 5. Thirty-day mortality based on the time to initiation of appropriate antifungal therapy 
excluding patients who received less than 24h of appropriate antifungal therapy  
 
p=0.047 between less than or up to 72 and greater than72 hours 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

IV.  DISCUSSION 

 

A.   Clinical Relevance 

 These data represent the largest study conducted to date assessing the importance of 

timing of appropriate antifungal therapy and survival after Candida BSI (Grim et al., 2012), and 

one of only 4 similar studies (Grim et al., 2012; Klevay et al., 2008; Kludze-Forson et al., 2010; 

Parkins et al., 2007) incorporating in vitro susceptibility results to assess appropriateness of 

therapy. In our primary analysis, we could not demonstrate a significant association between the 

receipt of early appropriate antifungal therapy and outcomes including mortality, microbiologic 

response, and persistent infection. However, we also took into account the fact that some 

patients, although they received antifungal treatment in a timely manner, may not have had an 

adequate duration of treatment to affect outcome. When we reclassified or excluded patients 

who died very soon after receiving appropriate therapy, we did find a significant mortality benefit 

to initiating antifungal therapy within 72 hours of obtaining a positive blood culture. 

 

B.   Comparison to Published Data 

 Our results differ in some respects from those of previous investigators. In 2005 and 

2006, two studies demonstrated a clear relationship between delaying the initiation of antifungal 

therapy and mortality. The first of these by Morrell et al. (2005) concluded that in a retrospective 

analysis of 157 candidemic patients, administration of antifungal treatment 12 hours or longer 

after the collection of the first blood culture positive for Candida was an independent risk factor 

for hospital mortality (adjusted odds ratio 2.09; 95% CI1.53–2.84; p=0.018). A major limitation of 

this study was that only 9 patients received antifungal treatment within 12 hours of having a 

blood culture positive for Candida obtained, limiting the ability to draw firm conclusions 

regarding the results due to the small sample size. Mortality rates for patients who received 

therapy at 12–24 hours, 24–48 hours and more than 48 hours after a positive blood culture were 

28 
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similar and were in the range of overall mortality of our study (32% versus 34%, respectively). 

Furthermore, routine antifungal susceptibility testing was not performed on Candida isolates and 

thus the appropriateness of therapy could not be assessed.   

 A second retrospective cohort study examined the mortality associated with timing of 

fluconazole therapy in 230 patients with candidemia at four medical centers (Garey et al., 2006). 

Mortality rates were lowest for patients beginning fluconazole on the day the first positive blood 

culture was drawn, and rates rose progressively with time to initiation of fluconazole. Earlier 

initiation of fluconazole was also associated with a decreased length of ICU stay. An important 

limitation of this study, as in that by Morrell et al. (2005), is the lack of antifungal susceptibility 

testing to assess the appropriateness of therapy. In addition, the study did not examine the 

effects of newer antifungal agents which are being increasingly used for invasive Candida 

infections (Pappas et al., 2009).  

 The results of subsequent studies on this topic have yielded conflicting results. Two 

smaller studies (Patel et al., 2009; Zilberberg et al., 2010) have supported the conclusions of 

Morrell and Garey. Patel et al. (2009) described increased mortality among 31 patients with 

Candida-associated septic shock when appropriate antifungal therapy was not received within 

15 hours of blood sample collection. From the same institution as Morrell, Zilberberg et al. 

(2010) studied 90 patients with candidemia requiring ICU admission.  Eighty out of 90 patients 

failed to received appropriate antifungal therapy within 24 hours of infection; in this group the 

hospital mortality was 29% compared to 0% among the 10 patients who received early 

appropriate therapy (p=0.059). Both studies were limited by the lack of availability of routine 

antifungal susceptibility testing.   

Several more recent studies have failed to find an association between timely receipt of 

antifungal therapy and mortality after Candida BSI (Fernandez et al., 2009; Hsu et al., 2010; 

Klevay et al., 2008; Kludze-Forson et al., 2010; Parkins et al., 2007; Taur et al., 2010). Taur et 

al. (2010) studied 106 patients with cancer and Candida BSI and reported that a longer period 
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from the time a positive blood culture was drawn until it became positive (“incubation time”) was 

independently associated with an increased risk of hospital mortality on multivariable analysis.  

However, the total length of time from when a positive blood culture was drawn to the time of 

antifungal initiation did not independently affect outcome.  From a sample of 96 patients without 

antifungal susceptibility testing, Fernandez et al. (2009) reported no difference in the time to 

antifungal therapy among survivors (61 hours) versus non-survivors (59 hours) of Candida BSI. 

Hsu et al. (2010) investigated patients who received an echinocandin for Candida BSI; early 

(less than 3 days, n=107) versus late (more than 3 days, n=62) initiation of caspofungin for 

candidemia was associated with improved overall response (77% versus 57%, p=0.006), but it 

was not associated with infection-related or all-cause hospital mortality. Parkins et al. (2007) 

analyzed 199 patients with invasive candidiasis, and although appropriate empiric antifungal 

therapy was protective against hospital mortality, there was no association between timing of 

antifungal administration and mortality. In this study, antifungal susceptibility testing was 

available for 89% of the study participants. Klevay et al. (2008) and Kludze-Forson et al. (2010) 

reported antifungal susceptibilities for 100% of their study patients. Klevay et al conducted a 

matched study of patients with BSI caused by C. albicans (n=54) or C. glabrata (n=54) and 

found that patients with C. glabrata were not less likely to receive appropriate antifungal therapy 

and that there was no association between timing of therapy and 30-day mortality. Similarly, 

Kludze-Forson et al. reported the absence of an association between the timing of appropriate 

antifungal therapy and hospital mortality among 123 candidemic patients; increased severity of 

illness score was the only independent predictor of mortality.  

 

C.   Discordant Results 

 The reason for differing results among various studies investigating the impact of timing 

of antifungal therapy on outcomes is unknown but multiple complex factors are likely 

responsible. Study design details such as the size of study populations and subgroups, 
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differences in patient comorbidities and illness severity, and variations in antifungal drugs 

studied may all have affected the ability to discern the true effect of appropriate early antifungal 

therapy. With the exception of the study by Patel et al. (2009), our study population had the 

highest mean APACHE II scores. It is possible that results obtained in the studies by Morrell et 

al. (2005) and Garey et al. (2006) may not be as applicable to a more critically ill population of 

patients. Importantly, we obtained different findings when reclassifying the small subgroup of 

patients who died before receiving 24 hours of effective antifungal therapy as having never 

received appropriate therapy; in this analysis, the 30-day mortality and survival results are more 

consistent with the original findings by Morrell et al. and Garey et al., showing an impact of 

earlier antifungal therapy on outcome. None of the previous studies assessing the timing of 

therapy in candidemia have performed a similar analysis and this may be an important 

consideration in any future studies of this type. Finally, the biggest difference may be the fact 

that many earlier studies did not employ the routine use of antifungal susceptibility testing to 

assess appropriateness of therapy. In any case, it may be that patient comorbidities and critical 

illness, or pathogen factors may be just as important if not more important in determining 

mortality than early administration of antifungal therapy. 

 

D.   Limitations and Strengths 

 The strengths of the current study are its size, use of antifungal susceptibility data, strict 

criteria for assessing appropriateness of therapy and inclusion of detailed information about 

study patients including multiple severity of illness indicators. However, it is important to 

recognize that the retrospective design did not allow the capture of all possible data that could 

have been important in assessing outcomes, such as symptom onset. In addition, the study was 

conducted at a single center and therefore may not be directly applicable to other institutions or 

settings. Finally, it is assumed in the study design that blood cultures were drawn at the first 

suspicion of infection but it is possible that time to appropriate antifungal therapy was longer for 
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some patients than was assessed if there was a delay in obtaining blood cultures in candidemic 

patients. This type of bias could explain higher than expected mortality in patients who 

appeared to receive early appropriate antifungal therapy. Despite these limitations our data are 

consistent with prior studies indicating a high mortality rate among hospitalized patients with 

candidemia as well as a particularly high mortality rate among those who never receive 

appropriate antifungal therapy. Furthermore, we confirmed that BSI due to C. glabrata or 

fluconazole non-susceptible Candida isolates are associated with a higher mortality (Choi et al., 

2009; Dimopoulos et al., 2008; Kovacicova et al., 2000; Slavin et al., 2010) as are those BSI 

due to C. krusei where fluconazole therapy is administered (Choi et al., 2009; Krcmery et al., 

1999).  

 

E.  Conclusions 

 In conclusion, among a large group of patients with Candida BSI, we did not find a 

survival benefit to early appropriate antifungal therapy when analyzing the study population as a 

whole, but noted that outcomes could be affected by whether patients had received a certain 

minimum duration of antifungal therapy. Our results are supported by the inclusion of routine 

antifungal susceptibility testing to optimally assess the appropriateness of treatments and the 

fact that the use of newer antifungal medications was included in the analysis. Given the high 

mortality seen in most studies of candidemic patients, additional maneuvers are needed to try to 

improve outcomes in these patients. 
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Clinical Studies 
A Prospective, Randomized Trial Comparing the Efficacy of Anidulafungin and Voriconazole in 
Combination to that of Voriconazole Alone when used for Primary Therapy of Proven or 
Probable Invasive Aspergillosis (Pfizer, Inc.) 
Co-Investigator (PI: N. Clark), 5% effort, 3/09 – 2/11 $104,784 direct costs 
 
Timing of Antifungal Drug Administration in Patients with Candida Bloodstream Infection: 
Correlation with Outcomes and Antifungal Susceptibility Data (Merck & Co., Inc.) 
Co-Principal Investigator, 15% effort, 2/07 – 3/11 $25,775 direct costs 
 
Anidulafungin Pharmacokinetics in Patients with Septic Shock and Hypoalbuminemia (Pfizer, 
Inc.) 
Co-Investigator (PI: E. Tesoro), 3% effort, 7/06 – 1/10 $34,467 direct costs 
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A Randomized, Double-Blind Study to Assess the Efficacy and Safety of Prophylactic Use of 
Maribavir Versus Oral Ganciclovir for the Prevention of Cytomegalovirus Disease in Recipients 
of Orthotopic Liver Transplants (ViroPharma Incorporated, 1263-301) 
Co-Investigator (PI: N. Clark), 4% effort, 1/08 – 6/09 $62,838 direct costs 
 
Chicago-Area Review of the Use, Efficacy, and Tolerability of Novel Antifungals in the Clinical 
Setting (Pfizer, Inc.) 
Co-Principal Investigator, 15% effort, 5/06 – 5/08 $40,000 direct costs 
 
A Phase 3, Randomized, Double-Blind, Placebo-Controlled, Comparative Study of Micafungin 
(FK 463) Versus Caspofungin as Antifungal Treatment in Patients with Invasive Candidiasis or 
Candidemia (Astellas Pharma US, Inc., 03-0-192) 
Co-Investigator (PI: N. Clark), 4% effort, 2/06 – 4/07 $5,200 direct costs 
 
A Review of the Epidemiology of Invasive Candida Infections, Antifungal Drug Utilization and 
Susceptibility Patterns (Merck & Co., Inc.) 
Co-Principal Investigator, 12% effort, 2/05 – 1/06 $14,460 direct costs 
 
A Prospective, Randomized, Double-Blind, Placebo-Controlled, Dose-Ranging, Multicenter 
Study of the Safety and Efficacy of Three Days Continuous Infusion of GR270773 in the 
Treatment of Suspected or Confirmed Gram-Negative Severe Sepsis in Adults 
(GlaxoSmithKline EMD20001) 
Co-Invesigator (PI: N.Clark), 3% effort, 5/04 – 3/06 $8,023 direct costs 
 
A Randomized, Double-Blind, Placebo-Controlled Trial of Caspofungin vs. Placebo as 
Prophylaxis of Invasive Candidiasis in High-Risk Adults in the Critical Care Setting 
(Bacteriology-Mycology Study Group BAMSG 2-01) 
Co-Investigator (PI: N. Clark), 5% effort, 11/04 – 1/06 $11,187 direct costs 
 
CLEAR II®: Collaborative Exchange of Antifungal Research (Enzon Pharmaceuticals) 
Co-Investigator (PI: N. Clark), 3% effort, 11/04 – 3/05 $18,000 direct costs 
 
Presentations 
International 
November 2006  “Current Concepts in Infectious Diseases 

 Pharmacotherapy and Rational Use of Anti-Infective 
 Agents.”  Two-day, team taught educational program for 
 pharmacists in Hong Kong.  Co-facilitator.  Hong Kong, 
 China   

  Lectures given:  Introduction to Selection of Appropriate 
 Anti-Infective Agents,  
 Application of the Antibiogram: Applying Microbiology Data 
 at the Patient’s Bedside, Update in Antifungal Agents, 
 Management of Infection Related Disease States 

 
November 2006  “Antimicrobial Stewardship Focus Group.”  Two-day, team 

 taught educational program for pharmacists specializing in 
 infectious diseases in Hong Kong.  Co-facilitator, Hong 
 Kong, China   
 Lectures given:  Focus on Broad Spectrum Antibiotics, 
 Conducting Medication Use Evaluations, Establishing an 
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 Anti-Infective Stewardship Team, Developing Anti-Infective 
 Pathways 

  
March 2005      “Current Concepts in Infectious Diseases 

 Pharmacotherapy and Rational Use of Anti-Infective 
 Agents.”  Two-day, team taught educational program for 
 pharmacists in Hong Kong. Co-facilitator.  Hong Kong, 
 China   

    Lectures given:  Management of Infections in   
   Immunocompromised Hosts,  Management of Febrile  
   Neutropenia, Treatment of Invasive Fungal Infections, 
  Management of Infection Related Disease States, The 

 Pharmacist’s Role in Reducing Antimicrobial Resistance 
 
National  
May 2005  “Infectious Complications Associated with the Use of 

 Rituximab for ABO-Incompatible and Positive Cross-Match 
 Renal Transplant Recipients,” Platform presentation, 
 American Transplant Congress, Seattle, Washington 

 
May 2003  “Optimizing Medication Adherence in Highly Non-Adherent 

 HIV-Seropositive Patients,” Research presentation, Star of 
 the North Fellowship Forum, Brainerd, Minnesota 

 
Regional 
January 2012  “Klebsiella pneumoniae Carbapenemase (KPC)-Producing 

 K. pneumoniae Infections in Solid Organ Transplantation,” 
 Multidisciplinary transplant journal club, University of 
 Illinois Medical Center at Chicago, Chicago, Illinois 

 
November 2010  “Antifungals: Treatment Strategies for Emerging Disease,” 

 Infectious Diseases Research Frontiers: ICAAC Review, 
 Midwestern University, Downers Grove, Illinois (ACPE-
 accredited) 

 
May 2010  “Optimization of Antifungal Therapy in Hospitalized 

 Patients,” MedAssets Midwest Regional Meeting, 
 Northwestern University, Chicago, Illinois (ACPE-
 accredited) 

 
January 2008  “Antifungals: A View from the Front Lines of Research,” 

 Infectious Diseases Research Frontiers: ICAAC Review, 
 Midwestern University, Downers Grove, Illinois (ACPE-
 accredited) 

 
January 2008  “Host Genetic Determinants of Outcome in Candida 

 Bloodstream Infection (CBSI)”, Works in Progress 
 Research Seminar Series, Clinical Research Training 
 Program, University of Illinois at Chicago, Chicago, Illinois 
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March 2007  “Update in the Pharmacotherapy of Invasive Fungal 
 Infections”, Spring meeting of the Illinois Council of Health-
 System Pharmacists and Missouri Society of Health-
 System Pharmacists, St. Charles, Missouri (ACPE-
 accredited) 

 
April 2004  “Voricaspoamphofungin: What’s New in the Antifungal 

 Armamentarium?”, Pharmacy Continuing Education 
 Series, University of Illinois Medical Center at Chicago, 
 Chicago, Illinois (ACPE-accredited) 

   
December 2003  “Current Topics in HIV/AIDS Treatment”, Pharmacy 

 Continuing Education Series, University of Illinois Medical 
 Center at Chicago, Chicago, Illinois (ACPE-accredited) 

 
May 2003  “Optimizing Medication Adherence in Highly Non-Adherent 

 HIV-Seropositive Patients”, Southeastern Residency 
 Conference, Athens, Georgia 

 
April 2002  “Saliva Monitoring of Antiepileptic Drugs”, Southeastern 

 Residency Conference, Athens, Georgia 
 
Poster presentations 
Grim SA, Santayana E, Janda WM, Clark NM.  Risk factors and outcomes associated with 
vancomycin-resistant Enterococcus (VRE) infections with reduced susceptibility to linezolid 
(LZD).  The 48th Annual Meeting of the Infectious Diseases Society of America, Vancouver, 
British Columbia, Canada, October 2010, abstract 3025.   
 
Santayana E, Grim SA, Janda W, Clark NM.  Risk factors associated with the development of 
infection or colonization with linezolid-resistant, vancomycin-resistant Enterococcus (LR-VRE).   
Proceedings of the Great Lakes Residency Conference, West Lafayette, IN, April 2009. 
  
Heinrich L, Tokumaru S, Grim S, Paek J, Garofalo J, Clark N.  Implementation and evaluation of 
an extended infusion piperacillin-tazobactam protocol.  Proceedings of the Great Lakes 
Residency Conference, West Lafayette, IN, April 2009. 
   
Grim SA, Clark NM, Dai Y, Dumanski J, Reid GE, Williamson PR.  Host genetic determinants of 
outcome in Candida bloodstream infection (CBSI).  US Critical Illness and Injury Trials Group, 
Bethesda, MD, November 2008, abstract 16. 
 
Cannon JP, Clark NM, Lee T, Setlak P, Grim SA.  The incidence of carbapenem (CBP)-related 
seizures: a meta-analysis.  American College of Clinical Pharmacy Annual Meeting, Denver, 
Colorado, October 2007, abstract 288.  
 
Grim SA, Hanes SD, Teng C, Gupta S, Janda WM, Clark NM.  Timing of antifungal (AF) 
administration in Candida bloodstream infection (CBSI): correlation with outcomes.  The 45th 
Annual Meeting of the Infectious Diseases Society of America, San Diego, California, October 
2007, abstract 1665.   
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Grim S, Gupta S, Holloway M, Lee T, Paek J, Janda W, Clark N.  Candida bloodstream 
infections (CBSI) at a University Hospital 2001-2004.  The 44th Annual Meeting of the Infectious 
Diseases Society of America, Toronto, Ontario, Canada, October 2006, abstract 549. 
 
Grim S, Cannon J, Lee T, Crank C, Patel G, Proia L, Labuszewski L, Mullane K, Jancel T, Clark 
N.  Utilization of newer antifungals in a large metropolitan setting.  Focus on Fungal Infections, 
Las Vegas, Nevada, March 2006, abstract 19. 
 
Slover CM, Grim SA, Clark NM.  Risk factors for wound healing complications in patients treated 
with sirolimus post-kidney transplantation.  Proceedings of the Great Lakes Residency 
Conference, West Lafayette, IN, April 2005. 
 
Fernandez C, Morris J, Grim S, Clark N.  Use of the novel antifungals in a clinical setting:  a 
retrospective evaluation.  Proceedings of the Infectious Diseases Pharmacotherapy Fellowship 
Forum, Vail, CO, June 2004. 
 
Morris JL, Fernandez C, Grim S, Gunderson S, Paek J, Schreckenberger P, Clark N.  Use, 
efficacy, and safety of novel antifungals in the clinical setting:  a retrospective analysis.  
Proceedings of the Great Lakes Residency Conference, West Lafayette, IN, April 2004. 
 
Grim, SA, Romanelli F, Rapp RP, Thornton AC.  Optimizing medication adherence in highly 
non-adherent HIV-seropositive patients.  Proceedings of the Star of the North Fellowship 
Forum, Brainerd, MN, May 2003. 
 
Grim, SA, Romanelli F, Rapp RP, Thornton AC.  Optimizing medication adherence in highly 
non-adherent HIV-seropositive patients.  Program and Abstracts of the Thirty-Fourth Annual 
Southeastern Residency Conference, Athens, GA, May 2003. 
 
Gerard LN, Martin C, Grim S, Ryan M, Rapp R.  Antimicrobial use as a causative factor of 
vancomycin-resistant Enterococci (VRE) infection.  Program and Abstracts of the Thirty-Fourth 
Annual Southeastern Residency Conference, Athens, GA, May 2003. 
 
Cuellar S, Grim S, Kuhn RJ.  Performance assessment of patient counseling skills after a 
medical Spanish course for pharmacists.  Program and Abstracts of the Thirty-Third Annual 
Southeastern Residency Conference, Athens, GA, April 2002. 
 
Grim SA, Ryan M, Baumann R, Miles MV, Tang PH.  Saliva monitoring of antiepileptic drugs.  
Program and Abstracts of the Thirty-Third Annual Southeastern Residency Conference, Athens, 
GA, April 2002. 
 
Grim SA, Terriff CM.  Pharmacologic preparedness for bioterrorism: estimating antidote 
quantities and cost.  American Society of Health-System Pharmacists Midyear Clinical Meeting, 
Las Vegas, NV, 2000. 
 
Administrative Activity and Service 
University of Illinois Medical Center at Chicago 
2004–present    Member, UIH Infection Control Committee   
  
2004–2006    Member, Community Acquired Pneumonia Taskforce 
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2003–present    Member, Bone Marrow Transplant Unit Protocol   
     Committee 
2003–present    Member, Solid Organ Transplant Protocol Committee 
2003–present    Co-Chair, Anti-Infective Subcommittee of the Hospital  
     Pharmacy & Therapeutics Committee   
    
 
University of Illinois College of Pharmacy    
2011–present    Academic Faculty Mentor, Department of Pharmacy  
     Practice  
2010–present    Member, Department of Pharmacy Practice Promotion and 
     Tenure Committee 
2005–2010    Member, Residency Seminar Committee    
2004–present    Member, Pharmacy Practice Residency Recruitment  
     Committee  
 
Extracurricular 
2010–present    Member, Recognition Awards 
     Society of Infectious Diseases Pharmacists 
2006–2007    Member, Inhalational Antibiotics Working Group 
     Society of Infectious Diseases Pharmacists 
2006–2007    Member, Program Committee    
     Society of Infectious Diseases Pharmacists 
2006     Member, Paul F. Parker Award Selection Committee  
     University of Kentucky   
 
Community Service 
2012  Scholarship reviewer, WSU Alumni Association--Midwest 

 Chapter 
2011–present  Volunteer, Recovery on Water (ROW), Chicago, IL 
2010–present  Faculty Judge, UIC College of Pharmacy Research Day, 

 Chicago, IL 
2007–present  Student mentor, Illinois Council of Health-System 

 Pharmacists, Chicago, IL 
2007, 2009    Volunteer, Habitat for Humanity, St. Clement Church,  
     Chicago, IL 
2002  Brown bag medication review, Lexington Senior Citizens 

 Center, Lexington, KY 
2000–2001  Poison prevention program, Pullman Public Schools 

 District, Pullman, WA 
1999  Fundraiser/Marathoner, Leukemia Society of America, 

 Washington-Alaska Chapter 
 

 



49 
 

Ad Hoc Reviewer 
2012     Future Microbiology 
2011     Journal of Pharmacy Practice 
2011     Scandanavian Journal of Infectious Diseases 
2009–2010    Pharmacotherapy 
2009     Nephrology Dialysis Transplantation Plus 
2009     Phytomedicine 
2009     Kidney 
2008–2012    Journal of Antimicrobial Chemotherapy 
2008–2009    Critical Care Medicine 
2008     Infection 
2008     Mycology 
2008     American Journal of Nephrology 
2008     Recent Patents on Anti-Infective Drug Discovery 
2008     Saudi Medical Journal 
2006     Novation/University HealthSystem Consortium Drug  
     Monograph Series 
2006     Pharmacotherapeutics: Clinical Reasoning in Primary Care 
2002–2005    Pharmacotherapy 
2002–2003    Annals of Pharmacotherapy 
2002     Journal of Pharmaceutical Technology 
 
Professional Affiliations 
2007–present    Infectious Diseases Society of America  
2007–2009    Illinois Council of Health-System Pharmacists 
2004–present    International Immunocompromised Host Society   
2003–2005    American Association of Colleges of Pharmacy   
2002–present    Society of Infectious Disease Pharmacists  
2001–present    American College of Clinical Pharmacy   
2001–present    American Society of Microbiology   
1998–2011    American Society of Health-System Pharmacists  
1997–2005    American Pharmaceutical Association    
 
Certifications and Licensure 
2012–present  APhA Pharmacy-Based Immunization Delivery Certificate 

 Program 
2004–present  Board Certified Pharmacotherapy Specialist, Board of 

 Pharmaceutical Specialties 
2003–present    Illinois Board of Pharmacy (#289617) 
2001–present    Kentucky Board of Pharmacy (#012149) 
2001–present    Washington Board of Pharmacy (#40273) 
2002  HIV/AIDS Pharmacotherapy Traineeship, American 

 Society of Consultant Pharmacists 
2002  Scholarship of Teaching and Learning Certificate Program, 

 University of Kentucky 
2001–2005    Advanced Cardiac Life Support, American Heart   
     Association  
2000–present    Basic First Aid and CPR Certification, American Heart  
     Association 
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Honors and Awards 
2008     Rho Chi Honor Society, University of Illinois at Chicago  
     Chapter 
2007  Academic Employee of the Month, Hospital Pharmacy 

 Services, University of Illinois at Chicago 
2007     Professor Recognition Award Nominee, University of  
     Illinois at Chicago 
2006     Professor Recognition Award Nominee, University of  
     Illinois at Chicago 
2001     Mortar and Pestle Professionalism Award, Washington  
     State University 
2000     President’s Leadership Award, Washington State   
     University 
1999     President’s Leadership Award, Washington State   
     University 
 
 
 
 


