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ABSTRACT
Numerous risk factors have been linked to invasive candidiasis; however, they are nonspecific and often trigger empiric antifungal
therapy in a large number of patients. Identification of more precise predictors could promote judicious use of empiric echinocandins.
In this retrospective review, 127 patients with blood cultures positive for Candida spp. were compared to a randomly selected cohort of
134 patients on empiric micafungin for �3 days and with blood cultures negative for Candida spp. Factors associated with
candidemia included total parenteral nutrition (TPN; 26.0% vs 15.7%, P D 0.040), multifocal Candida colonization (23.6% vs 3.0%,
P < 0.001), and positive 1,3-b-D-glucan assay (95.0% vs 35.0%, P < 0.001). Patients without candidemia on empiric micafungin
were more likely to receive antibiotic therapy in the previous 10 days (55.9% vs 79.9%, P < 0.001) and to be taking
immunosuppressive medications (11.0% vs 30.6%, P < 0.001). Receipt of TPN (odds ratio [OR] D 2.07, 95% confidence interval
[CI], 1.02–4.21), severe sepsis (OR D 2.20, 95% CI, 1.00–4.83), and multifocal Candida colonization (OR D 13.87, 95% CI, 4.43–
43.37) were independently associated with candidemia in the multivariable logistic regression model. Therefore, the absence of these
risk factors, especially in conjunction with a negative 1,3-b-D-glucan assay, may be used to recommend de-escalation of empiric
micafungin therapy.
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C
andidemia carries a mortality rate of up to 47%, and
appropriate empiric antifungal therapy in patients with
suspected candidiasis is paramount.1 However, risk fac-
tors for invasive candidiasis are difficult to define because

they are numerous and in many cases nonspecific, which would
qualify many patients for empiric antifungal therapy. To
improve selection, the Candida score and 1,3-b-D-glucan assay
are proposed tools to further aid in identifying patients at the
highest risk for invasive Candida infection.2–4 Despite current
guidelines that recommend using scoring tools and available bio-
markers, criteria for the appropriate use and duration of empiric
antifungal therapy remain inadequate.5 Identification of more
precise risk factors could promote more judicious use of empiric
antifungals. We designed a single-center, retrospective case-con-
trol study aimed at investigating more specific risk factors for
candidemia in both critically ill and noncritically ill patients. The
primary objective was to identify factors associated with candide-
mia in patients at Baylor University Medical Center by compar-
ing patients with candidemia to patients without candidemia
prescribed empiric micafungin for �3 days.

METHODS
This was a retrospective chart review of patients admitted to

Baylor UniversityMedical Center fromOctober 1, 2014, toOcto-
ber 25, 2016. Patients with blood cultures positive for Candida
spp. were compared with a randomly selected cohort of patients
on empiric micafungin for�3 days and with blood cultures nega-
tive for Candida spp. Patients less than 18 years old, pregnant
patients, prisoners, and patients on prophylactic antifungals were
excluded. Patients who had evidence of invasive candidiasis on cul-
ture (i.e., abscess culture positive for Candida spp.) but had nega-
tive blood cultures were also excluded. Patients were identified
using clinical surveillance software (MedMined, BD, Franklin
Lakes, NJ). All patients prescribed empiric micafungin during the
study period were assigned a random number between 0 and 1
using the “RandNum” function withinMicrosoft Excel. Numbers
were fixed and then ordered from smallest to largest in order to ran-
domize the subjects. This randomization strategy follows the
method of simple randomization as described by Altman and
Bland.6 Data were collected until the cohort of 134 patients was
achieved for the empiric micafungin group. Patient characteristics
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and culture data were obtained via review of the electronic medical
record (Allscripts, Chicago, IL). Cultures and 1,3-b-D-glucan test-
ing were performed at Med Fusion (Lewisville, TX). This study
was approved by the institutional review board at Baylor Scott &
White Research Institute.

Patient data collected included presence of diabetes mellitus,
cirrhosis, acute gastrointestinal perforation, intermittent hemodi-
alysis, history of candidemia, immunosuppressant use, neutrope-
nia, uncontrolled HIV/AIDS defined as CD4 < 200 cells/mL,
receipt of total parenteral nutrition (TPN), multifocal Candida
colonization, 1,3-b-D-glucan assay result, duration of hospitali-
zation, length of stay, intensive care unit length of stay, and 30-
day mortality. Data on patient location, severe sepsis or septic
shock within 48 hours, presence of central venous catheter for
>48 hours, hospitalization within 90 days, antibiotic use within
10 days, antifungal exposure within 30 days, and abdominal
surgery within 6 weeks were all collected with respect to culture
collection time or initiation of empiric micafungin. Information
on severe sepsis or septic shock was collected based on diagnosis
as documented in the progress notes. For patients with multiple
results for the 1,3-b-D-glucan assay, the test result utilized was
the one collected nearest to the culture collection time or initia-
tion of empiric micafungin therapy. Candida scores were calcu-
lated as described by Le�on et al.6 Culture data collected
included organism isolated and patient location at time of cul-
ture collection. Medication-induced immunosuppression was

defined as ongoing systemic immunosuppressant therapy with
tacrolimus, sirolimus, mycophenolate, monoclonal antibodies,
or corticosteroids at doses equivalent to �2 mg/kg/day of pred-
nisone. Multifocal Candida colonization was defined as isolation
of Candida spp. from two or more sterile body sites, even if
Candida species were different. In the absence of culture evi-
dence for multifocal Candida colonization, it was assumed that
the patient was not colonized.

Patient characteristics were compared between patients with
and without candidemia using chi-square tests for categorical
variables and t tests for continuous variables. In examining fac-
tors associated with the development of candidemia, a multivari-
able logistic regression model was used, including history of solid
organ transplant, presence of central venous catheter, antifungal
therapy within 30 days, receipt of TPN, abdominal surgery
within previous 6 weeks, severe sepsis or septic shock, multifocal
Candida colonization, and Candida score � 3. These factors
were chosen based on the findings from prior published studies
and clinical relevance. All analyses were performed using
STATA (Version 14.0, StataCorp, College Station, TX).

RESULTS
We identified 146 unique patients with blood cultures pos-

itive for Candida spp. and 1425 unique patients on empiric
micafungin during the study period. Exclusion criteria for
both groups are detailed in Figure 1. This study included 127

Figure 1. Patient selection.

January 2018 31Invasive candidiasis



patients with candidemia and a randomly selected cohort of
134 patients without candidemia prescribed empiric micafun-
gin for �3 days. Table 1 describes baseline characteristics for
length of stay prior to culture collection or start of empiric
micafungin as well as location of culture collection or start of
empiric micafungin, respectively. There were no significant dif-
ferences for gender and age between the groups.

Factors associated with candidemia included receipt of
TPN, multifocal Candida colonization, and positive 1,3-b-D-
glucan assay (Table 2). Patients without candidemia who were
prescribed empiric micafungin were more likely to have
received antibiotic therapy in the previous 10 days (55.9% vs
79.9%, P < 0.001) and more likely to be taking immunosup-
pressive medications (11.0% vs 30.6%, P < 0.001). There
were no significant associations with regard to any of the other
risk factors considered (Table 2).

Fifteen patients with candidemia had a Candida score � 3
and 9 patients without candidemia had a Candida score < 3.
Sensitivity, specificity, positive predictive value (PPV), and nega-
tive predictive value (NPV) for Candida score � 3 were 11.8%
(95% confidence interval [CI], 6.76%–18.7%), 93.3% (95%
CI, 87.6%–96.9%), 62.5% (95% CI, 40.6%–81.2%), and
52.7% (95% CI, 46.2%–59.2%), respectively. Results for the
1,3-b-D-glucan assay were obtained for 64 patients. Among

patients with candidemia and 1,3-b-D-glucan assay results, 19
(95%) of 20 had a positive 1,3-b-D-glucan assay. For patients
without candidemia, 26 (65%) of 40 had a negative 1,3-b-D-
glucan assay result. There were four patients with indeterminate
results for the 1,3-b-D-glucan assay. The 1,3-b-D-glucan assay
had a sensitivity of 95.0% (95% CI, 75.1%–99.9%), specificity
of 65.0% (95% CI, 48.3%–79.4%), PPV of 57.6% (95% CI,
39.2%–74.5%), and NPV of 96.3% (95% CI, 81.0%–99.9%).

A multivariable logistic regression model was used, including
history of solid organ transplant, presence of central venous
catheter, antifungal therapy within 30 days, receipt of TPN,
abdominal surgery within previous 6 weeks, severe sepsis or sep-
tic shock, multifocal Candida colonization, and Candida score
� 3. These factors were chosen based on the findings from prior
published studies and clinical relevance. An area under the
receiver operating characteristic (AUROC) curve of 0.71 was
estimated from this model as displayed in Figure 2. Risk factors
independently associated with candidemia in the multivariable
logistic regression model included receipt of TPN, severe sepsis,
and multifocal Candida colonization (Table 3).

There was no difference in mean length of stay (25.2 §
25.1 days vs 27.3 § 34.3 days, P D 0.625), mean intensive care

Table 1. Baseline characteristics

Candidemia

Characteristic
Yes

(n D 127)
No

(n D 134) P value

Male 73 (58%) 76 (57%) 0.901

Age in years, mean § SD 55.9 § 16.0 53.2 § 15.7 0.170

Length of stay prior to culture
collection in days, mean § SD

9.9 § 15.7 — —

Intensive care unit length of stay prior
to culture in days, mean § SD

7.7 § 9.7 — —

Culture collection location

Emergency department 25 (20%) — —

Intensive care unit 58 (46%) — —

Medical/surgical units 32 (25%) — —

Oncology, nonintensive care unit 12 (9%) — —

Length of stay prior to micafungin in
days, mean § SD

— 7.8 § 9.5 —

Intensive care unit length of stay prior
to micafungin in days, mean § SD

— 5.7 § 6.6 —

Micafungin duration of therapy in
days, mean § SD

— 7.9 § 7.9 —

Micafungin start location

Emergency department — 0 —

Intensive care unit — 86 (64%) —

Medical/surgical units — 32 (24%) —

Oncology, nonintensive care unit — 16 (12%) —

Table 2. Results of univariate analysis

Candidemia

Variable
Yes

(n D 127)
No

(n D 134) P value

Diabetes mellitus 36 (28%) 37 (28%) 0.895

Cirrhosis 13 (10%) 16 (12%) 0.661

Hemodialysis, intermittent 8 (6%) 12 (9%) 0.420

History of candidemia 5 (4%) 3 (2%) 0.426

Acute gastrointestinal perforation 13 (10%) 14 (10%) 0.955

Medication-induced
immunosuppression

14 (11%) 41 (31%) <0.001

Absolute neutrophil count <100
cells/mm3

4 (3%) 10 (8%) 0.122

HIV/AIDS (CD4 < 200) cells/mL 2 (2%) 5 (4%) 0.281

Central venous catheter 90 (71%) 80 (60%) 0.059

Solid organ transplant 15 (12%) 25 (19%) 0.125

Hospitalization in previous 90 days 75 (59%) 80 (60%) 0.915

Antibiotic therapy in previous 10 days 71 (56%) 107 (80%) <0.001

Antifungal therapy in previous
30 days

19 (15%) 16 (12%) 0.474

Total parenteral nutrition 33 (26%) 21 (16%) 0.040

Multifocal Candida colonization 30 (24%) 4 (3%) <0.001

Abdominal surgery in previous
6 weeks

27 (21%) 26 (19%) 0.709

Severe sepsis or septic shock 31 (24%) 23 (17%) 0.149

Candida score � 3 15 (12%) 9 (7%) 0.155

Positive 1,3-b-D-glucan assay 19/20 (95%) 14/40 (35%) 0.001
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unit length of stay (9.3 § 15.8 days vs 11.0 § 12.4 days, P D
0.338), or 30-day all-cause mortality (32.3% vs 23.9%, P D
0.131) between patients with candidemia and patients on empiric
micafungin. The distribution of Candida species in positive blood
cultures from patients with candidemia was as follows: C. albicans
(37.8%), C. glabrata (30.7%), C. parapsilosis (13.4%), C. tropica-
lis (11.8%), other Candida spp. (4.7%), and C. krusei (1.6%).

DISCUSSION
In this retrospective case-control study with a total of 261

patients, only TPN, multifocal Candida colonization, and
severe sepsis proved to have a significant association with inva-
sive candidiasis as defined by candidemia. Other previously
described risk factors, such as gastrointestinal perforation and
recent abdominal surgery, were not significant in this study.2

Of the three significant factors in this study, multifocal Can-
dida colonization is the most problematic because patients
often do not have enough culture data to make this

determination. For the purposes of the study, lack of evidence
of culture data from nonsterile body sites was categorized as
not colonized. Thus, evaluating Candida colonization in clini-
cal practice may not prove to be beneficial.

In addition to assessing patients based on risk factors, we eval-
uated tools such as the Candida score and 1,3-b-D-glucan assay.
Candida score did not have a statistically significant association in
univariate or multivariable logistic regression models. The operat-
ing characteristics for Candida score may have differed from the
original study by Le�on et al4 (sensitivity 81%, specificity 74%)
due to the diversity of this patient population as well as the low
number of observations for Candida score � 3. In the current
study, the 1,3-b-D-glucan assay had an excellent NPV and poor
PPV. This is consistent with a study comparing the blood samples
of 36 healthy patients to samples from 15 patients with candide-
mia and 14 patients with bacteremia in which the sensitivity,
specificity, PPV, and NPV of the 1,3-b-D-glucan assay were
93.3%, 77.2%, 51.9%, and 97.8%, respectively.7 With consis-
tently reported high NPV, the 1,3-b-D-glucan assay may play a
major role in de-escalation of empiric antifungal therapy.3,7 For
the current study, candidiasis was defined as blood cultures posi-
tive for Candida spp. To control for localized forms of invasive
candidiasis (i.e., abscess), we intentionally excluded patients with
negative blood cultures but clinically significant cultures that iso-
lated Candida spp. It is unclear whether the 1,3 b-D-glucan assay
has similar utility in this subset of patients.

Patients without candidemia on empiric micafungin were
statistically more likely to have received antibiotic therapy in
the previous 10 days and to be taking immunosuppressive
medications. This is likely a product of the retrospective study
design and the prescribing patterns within Baylor University
Medical Center. The control group in this study was inten-
tionally chosen to give providers the benefit of the doubt that
perhaps these patients had a risk factor that increased their risk
for invasive candidiasis. However, these patient characteristics
did not prove to be significant for patients with invasive candi-
diasis as defined by blood cultures positive for candidemia.

Based on findings of the multivariable logistic regression
model, the most significant risk factors for candidemia were
receipt of TPN, severe sepsis, and multifocal Candida coloniza-
tion. Although there were significant findings for the 1,3-b-D-
glucan assay in univariate analysis, this variable was not
included in the model due to a relatively low number of obser-
vations overall (64/261). With an AUROC of 0.71, this model
did show a significant association with candidemia; however,
other scoring tools such as the Candida score6 and the scoring
tool developed by Guillamet et al8 reported better performance
with AUROC of 0.847 and 0.798, respectively.

Strengths of this study include the diversity of the patient pop-
ulation and consistency with published literature. These findings
provide a real-world representation of the patient population and
prescribing practices at Baylor University Medical Center. Though
this study had a strong sample size with 261 patients overall, it
may not have been adequately powered to detect a difference for
the risk factors with a low number of observations in this study.
There are inherent limitations due to the retrospective and single-

Figure 2. Receiver operating characteristic curve from multivariable logistic
regression model.

Table 3. Factors associated with candidemia: Results of
multivariable logistic regression model

Variable
Adjusted odds ratio

(95% confidence interval) P value

Central venous catheter 1.47 (0.82–2.61) 0.194

Solid organ transplant 0.44 (0.2–0.98) 0.044

Antifungal therapy in previous
30 days

0.95 (0.42–2.13) 0.905

Total parenteral nutrition 2.07 (1.02–4.21) 0.045

Abdominal surgery in previous
6 weeks

1.04 (0.50–2.14) 0.924

Severe sepsis or septic shock 2.20 (1.00–4.83) 0.05

Multifocal Candida
colonization

13.87 (4.43–43.47) <0.001

Candida score � 3 0.43 (0.12–1.56) 0.200
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center study design; therefore, the findings may not be generaliz-
able to other settings. Results for the 1,3-b-D-glucan assay were
only obtained for 64 patients. Intravenous beta-lactam antibiotics
and intravenous immunoglobulin exposure have been associated
with false positives in the 1,3-b-D-glucan assay; however, these
data points were not collected.9

Based on the findings of this study, the absence of signifi-
cant risk factors (TPN, severe sepsis, and multifocal Candida
colonization) in conjunction with a negative 1,3-b-D-glucan
assay may be used to recommend de-escalation of empiric
micafungin therapy. These findings highlight an opportunity
to improve empiric micafungin prescribing patterns, which
could potentially decrease antifungal exposure, the develop-
ment of resistant species, and associated costs. Additional
research is warranted to verify the utility of de-escalating
empiric antifungals when the 1,3-b-D-glucan assay is negative.
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