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Background: Fast identification of Candida glabrata is
important, because empirical antifungal therapy for fun-
gemia with C. glabrata and non-C. glabrata varies.
We proposed an algorithm for rapid presumptive di-
agnosis to identify fungemia with C. glabrata using
earlier or only growth from anaerobic bottles and lon-
ger time to positivity (TTP) in blood cultures.
Methods: Positivity and TTP using the BacT/Alert 3D
system (bioMerieux Inc, USA) with resin bottles (FA
Plus and FN Plus) were analyzed in 215 candidemia
patients from June 2014 to June 2016 in a uni-
versity-affiliated hospital in Korea.

Results: A higher proportion of earlier or only growth
from anaerobic bottles was observed in C. glabrata
(38.8%, 7/18) than in C. albicans (7.6%, 8/105), C.
parapsilosis (10.5%, 4/138), and C. tropicalis (9.2%,
5/54) (P=0.006). The mean (tstandard deviation) TTP

INTRODUCTION

Candida species are the fourth most common cause of noso-
comial blood stream infections (BSI) worldwide [1]. Candida
albicans is the leading pathogen of fungal BSI, followed by
Candida glabrata, Candida parapsilosis, and Candida tropicalis.
The risk factors of candidemia are well known includes use of
broad spectrum antibiotics, corticosteroids, or chemotherapeutic
agents, hematologic or solid-organ malignancy, neutropenia, ex-
tensive intra-abdominal surgery or burns, mechanical ventilation
or admission to an intensive care unit, indwelling central venous
catheter or parenteral nutrition, hemodialysis, and prior fungal

colonization [2]. When candidemia is suspected, empirical anti-

for C. glabrata was 41.7 h (x16.3 h) compared with
26.7 h (x15.9 h) for C. albicans, 33.4 h (8.4 h) for
C. parapsilosis, and 23.1 h (x17.3 h) for C. tropicalis
(P<0.0001). We could predict fungemia with C. glab-
rata with a sensitivity of 94.4%, specificity of 63.9%,
positive predictive value of 19.3%, and negative pre-
dictive value of 99.2% using a two-step algorithm:
earlier or only growth from anaerobic bottles and
TTP >31.4 h.

Conclusion: This two-step algorithm in the BacT/Alert
3D system could be the basis for an initial empirical
antifungal therapy for fungemia with C. glabrata prior
to final identification. (Ann Clin Microbiol 2018;21:23-27)
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fungal therapy should start prior to culture-based etiological
identification. Administration of an appropriate antimicrobial
therapy is associated with lower mortality [2]. Echinocandin
such as caspofungin, micafungin, and anidulafungin is recom-
mended as initial therapy [3,4]. However, fluconazole is an ac-
ceptable alternative to an echinocandin as initial therapy in se-
lected patients, including those who are not critically ill and
who are considered unlikely to have a fluconazole-resistant
Candida species. Fluconazole is still preferred in medical envi-
ronment with limited access to echinochandin. Importantly C.
glabrata has shown a decreased susceptibility to fluconazole [5].
Therefore, an empirical antifungal therapy should be different

between C. glabrata and non-C. glabrata infections.
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Although Candida species are known to be absolute aerobic
organisms, sometimes it grows only in the anaerobic bottles [6].
Foster et al. [7] and Hovarth et al. [8] discovered a faster
growth of C. glabrata characteristically in the anaerobic bottles.
C. glabrata demonstrated a longer time to positivity (TTP) com-
pared to non-C. glabrata both in the Bactec system (Becton-
Dickinson, Sparks, MD, USA) and BacT/Alert 3D system
(bioMereiux Inc., Durham, NC, USA) [7,9-12]. Time to pos-
itivity (TTP) is the time lapse from the insertion of the blood
culture bottles into the continuous monitoring blood culture sys-
tems to the positive signals of microorganisms. TTP is in-
formation obtained without additional efforts or cost. Also, it
comes much earlier than the final identification. Number of dif-
ferent studies has tried to facilitate the parameter, TTP, in order
to predict either bacterial concentration in the blood or resist-
ance to antibiotics [12,13]. We evaluated positivity and TTP
from aerobic and anacrobic bottles using BacT/Alert 3D system
to propose a rapid presumptive diagnosis algorithm to initiate
antifungal therapy for fungemia with C. glabrata. There are
very few data of fungemia regarding TTP using recently in-

troduced resin bottles of BacT/Alert 3D system yet.

MATERIALS AND METHODS

1. Review of candidemia

The positive blood cultures with candidemia from June 2014
to June 2016 in a 960-bed university-affiliated hospital in Korea
were reviewed. We had used BacT/Alert 3D system with resin
bottles (FA Plus and FN Plus). Immediate inoculation into auto-
mated blood culture machine was conducted during the business
hours. Beside the business hours, the bottles were stored in the
room temperature were inoculated in the morning.

Data of pediatric bottles were excluded. Candida species was
identified with Vitek-2 systems (bioMerieux Inc.). Frequency of
identified Candida species was investigated. When growth of
Candida species was detected, earlier growth was analyzed. In
addition, TTP was recorded from the stored information in the
BacT/Alert 3D system. Medical records such as age, sex, malig-
nancy, intensive care unit admission, and death were reviewed
after the approval of institutional review board (IRB) in

Gyeongsang National University Hospital.
2. Statistics

Mean and standard deviation were calculated out from numer-

ical data such as TTP. Number and proportion were calculated

out from categorical data such as proportion of growth.
Proportion of earlier growth or only from anaerobic bottles was
analyzed by Fisher’s exact probability test. Before analyzing
TTP, normal distribution (by Shapiro-Wilk test) and equal var-
iance assumption (by Levene’s F test) of each species were
tested. As TTP of each species were not normally distributed,
they were analyzed by Wilcoxon signed rank test. Kruskall
Wallis with post hoc. Bonferroni’s method was used to compare
the differences of mean TTP of each Candida species. TTP and
mortality were analyzed by Mann-Whitney test. TTP was ana-
lyzed with other clinical factors of age, gender, malignancy, in-
tensive care unit admission using multiple regression analysis. A
receiver operating characteristic (ROC) curve was facilitated to
decide the optimal cut-off value. Diagnostic efficacy using one
parameter (earlier growth in the anaerobic bottles) or two pa-
rameters (earlier growth in the anaerobic bottles and certain
TTP) was evaluated. For all analyses, a P value of <0.05 was
considered significant for two-tailed tests. All statistical analyses
were performed using SPSS, version 21 (IBM Corp., Armonk,
NY, USA).

RESULTS
1. Positivity and TTP

During 2 years of study period, 231 sets of monomicrobial
candidemia were identified. The most frequently isolated
Candida species were as follows; 105 C. albicans, 54 C. tropi-
calis, 38 C. parapsilosis, and 18 C. glabrata, which accounts
for 215 (93.1%). Other rare Candida species (5 C. lusitaniae, 5
C. krusei, 2 C. guilliermondii, 2 C. famata, 1 C. intermedia, and
1 C. colliculosa) were excluded from the analysis.

The proportion of growth in the anaerobic bottles only or ear-
lier than in the aerobic bottles was 38.8% (7/18) of C. glabrata
compared to 7.6% (8/105) of C. albicans, 10.5% (4/38) of C.
parapsilosis, and 9.2% (5/54) of C. tropicalis (P=0.006). Growth

Table 1. Comparison of the mean time to positivity (TTP) and
standard deviation of BacT/Alert 3D system

Species (n.) FA Plus (n.) FN Plus (n.)
Candida albicans (105) 26.9£15.8 (97) 24.0+17.8 (8)
Candida glabrata (18) 49.5+£15.7 (11) 29.3+£6.8 (7)
Candida tropicalis (54) 23.3£18.2 (48) 21.1£6.8 (5)
Candida parapsilosis (38) 33.248.8 (34) 35.0+£3.1 (4)

Abbreviations: FA Plus, growth earlier or only from aerobe bottles;
FN Plus, growth earlier or only from anaerobe bottles.



earlier or only from anaerobic bottles identified C. glabrata with
sensitivity of 38.8%, specificity of 91.3%, positive predictive val-
ue of 29.1%, and negative predictive value of 94.2% (Table 1).

The mean (£SD) TTP was 41.7 (£16.3) h for C. glabrata,
compared to 26.7 (£15.9) h for C. albicans, 33.4 (£8.4) h for
C. parapsilosis, 23.1 (£17.3) h for C. tropicalis, respectively (P<
0.0001).

We used ROC curve to decide the optimal cut-off value to
discriminate C. glabrata from others. Area under ROC curve
(AUC) was 0.75 (95% confidence interval, 0.65-0.86) to dis-
criminate C. glabrata using the screening algorithm consisting
of two-steps (earlier growth or only from anaerobic bottles and
TTP >31.4 h). With this two-step algorithm (Fig. 1), we could
predict C. glabrata with sensitivity of 94.4%, specificity of
63.9%, positive predictive value of 19.3%, and negative pre-
dictive value of 99.2% (Table 2).

2. Mortality analysis

Mortality rate revealed 69.5% of C. albicans, 44.6% of C.
tropicalis, 39.0% of C. parapsilosis, and 72.0% of C. glabrata
(P<0.001). This data did not include the hopeless discharge.
Longer TTP of all Candida species and mortality were closely
related (P=0.011). However, when we separated into each

Candida species, no relationship of TTP and mortality was
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observed. Other clinical factors including age, sex, underlying
malignancy, admission to intensive care units were not corre-
lated with mortality.

DISCUSSION

We observed a significantly prolonged TTP in the fungemia
with C. glabrata as described in the previous studies [9-11].
This succeeded to advocate its presence more frequently and
even faster in the anaerobic bottles than in the aerobic ones. A
previous study using BACTEC 9240 system demonstrated this
feature which distinguished fungemia of C. glabrata with more
than 90% of specificity and negative predictive value, but 33%
of sensitivity using only the criteria of earlier growth in the
anaerobic bottles [9]. In our study, it was not highly sensitive
(38.8%) to presume C. glabrata using the same criteria, either.
Increase of sensitivity was required in order not to miss out C.
glabrata which needed echinocandin or high dose of flucona-
zole/voriconazole for an empirical antifungal treatment. ROC
curve was exploited to determine the cut-off TTP which was
31.4 h. Other studies using Bactec 9240 system derived a wide
range of cut-off TTP (27.7 h, 45.2 h, and 56.5 h). TTP is easily
influenced by various factors including volume of blood, prior

use of antifungal agents, host immunity, concentration of organ-

Table 2. Performance of algorithm using growth from anaerobic bottle and TTP (time to positivity)

. . e Positive Negative

Algorithm Sensitivity Specificity predictive value  predictive value
Growth earlier or only from anaerobic bottle 38.8% 91.3% 29.1% 94.2%
Growth earlier or only from anaerobic bottle and TTP >314 h 94.4% 63.9% 19.3% 99.2%

Blood culture positive
and
Gram stain: Yeast (+)

Yes

v

Positive signal Yes
early or only from
anaerobic bottle

\ 4

Presume C.glabrata and
start Echinocandin or
high dose Fluconazole or Voriconazole

No
v

TTP>314h

Yes

A

No

Presume non-C.glabrata and
start typical empirical antifungal therapy

Fig. 1. Two-step algorithm for a pre-
sumptive identification of C. glabrata
to initiate empirical antifungal therapy.
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ism [12] and patterns of inoculum. It is the limitation of this
study conducted based on TTP and the reason of various cut-off
TTP were derived. The cut-off TTP should be calculated in
each institute, because the blood culture system, bottles, blood
volume, inoculation patterns used may be different from ours
[12,14]. The two-step algorithm (Table 2) exhibited lower spe-
cificity of 63.9%, but improved sensitivity of 94.4%.

Longer TTP consequently takes more time to report final
identification. Delayed administration of adequate antifungal
agents is related with high mortality. Therefore, high mortality
of patients with C. glabrata is partially explained. In contrast,
this finding is not in concordant with a previous study: a short
TTP (<24 h) was associated with high mortality, suggesting of
high concentration of fungemia. Also, delayed initiation of ap-
propriate antifungal therapy (>72 hr) were independently asso-
ciated with the 6 week mortality rate [15].

In conclusion, C. glabrata has a tendency to proliferate faster
in anaerobic bottles in the BacT/Alert 3D system. By using this
information, growth earlier or only in anaerobic bottles and lon-
ger TTP which can be obtained without additional cost and la-
bor, we can postulate fungemia with C. glabrata. Each hospital
should check its own automated blood culture system first and
apply this algorithm with pertinent cut-off TTP so that an ap-
propriate antifungal therapy could be initiated promptly.
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