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Candida fermentati isolates make up a small percentage of the clinical isolates of the Candida guilliermondii
complex and have a global distribution pattern. With the exception that the MICs of micafungin were
significantly lower, the calculated average MICs for C. fermentati were not significantly different from those for
C. guilliermondii.

Candida species are now the fourth leading cause of noso-
comial bloodstream infections in U.S. hospitals and have one
of the highest mortality rates among nosocomial pathogens
(20). Candida guilliermondii makes up only a small proportion
of these bloodstream infection isolates, �1 to 3%, depending
upon the geographic region (14), but what makes these isolates
of particular clinical importance is the decreased susceptibility
of this species to fluconazole and the relatively high MICs of
this species to the echinocandins (4, 10, 12, 13, 14). There are
also a number of recent reports of high infection rates in
pediatric unit patients, a particularly vulnerable population
(8, 11).

Using the strength of molecular identification, there has
been an increased interest in identifying cryptic species within
larger species complexes such as Candida orthopsilosis, Can-
dida metapsilosis, and Lodderomyces elongisporus in the Can-
dida parapsilosis complex (6, 7, 18) and Candida nivariensis and
Candida bracarensis, members of the Candida glabrata clade (2,

3). With the parental species of many of these complexes
carrying a decreased susceptibility to antifungal drugs, it is
important to identify these cryptic species to determine
whether they carry an increased burden of antifungal resis-
tance (2, 3, 6, 7). In that light, we screened a large global
collection of C. guilliermondii isolates for the presence of Can-
dida fermentati, a closely related species for which there is
almost no clinical information (1, 5).

All of the yeast isolates submitted to the University of Iowa
as part of the ARTEMIS Antifungal Surveillance Program
were identified with the Vitek yeast identification system (Bio-
Mérieux, Durham, NC). Candida guilliermondii was morpho-
logically distinguished from C. famata by detection of
pseudohyphae on corn meal agar following 10 days of incuba-
tion at 25°C. All isolates identified as C. guilliermondii were
subject to PCR with the primers RIBO-F (5�ACAGTTGGTC
GAGGTGGTC3�) and RIBO-R (5�CCTGGGTTCCCAAG
TAGTCA3�). The identification scheme used to differentiate
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TABLE 1. Demographic and antifungal susceptibility data for the C. fermentati isolates in this study

Isolate Country Yr Sample
MIC (�g/ml)a

FLUC VORI POSA Ampho B CASPO ANID MICA

F15 Australia 2002 Blood 4 0.06 0.25 0.19 0.25 2 0.5
F40 United States 2003 NAb 4 0.06 0.12 0.094 0.25 1 0.25
F44 United States 2003 Blood 4 0.12 0.25 0.38 0.5 1 0.5
F47 Colombia 2003 Peritoneal fluid 16 0.25 0.25 0.38 0.5 2 0.5
F79 Turkey 2003 Sputum 16 2 0.5 0.38 0.5 4 0.5
F110 Korea 2004 Blood 16 0.25 0.25 1 0.25 1 0.25
F133 United States 2004 Blood 4 0.12 0.25 0.25 0.25 1 0.25
F137 United States 2004 NA 16 0.25 0.5 0.5 0.5 1 0.5
F146 Venezuela 2005 Blood 8 0.12 0.25 0.38 0.5 2 0.5
F148 Brazil 2005 Blood 16 0.5 0.5 0.38 0.5 2 0.5
F154 United States 2006 Blood 2 0.25 0.25 0.19 1 2 0.25
F165 Canada 2007 Blood 2 0.12 0.12 0.19 0.5 1 0.25
F176 Czech Republic 2007 Joint fluid 2 0.06 0.12 0.38 0.12 0.5 0.12

a Abbreviations: FLUC, fluconazole; VORI, voriconazole; POSA, posaconazole; Ampho B, amphotericin B; CASPO, caspofungin; ANID, anidulafungin; MICA,
micafungin.

b NA, data not available.
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between C. guilliermondii and C. fermentati was described by
Lan and Xu (5). Briefly, a single fragment of the riboflavin
synthetase gene (RIBO) was amplified. In two separate reac-
tions, the fragment was individually cleaved with the restriction
enzyme HgaI or HincII. The presence of cleavage, as well as
the size of the cleavage fragments, was used to differentiate
between C. guilliermondii and C. fermentati. Only isolates that
had one of the two outlined cleavage patterns were included in
the analysis. P values were determined with the Student t test.

Of the isolates banked between 2001 and 2007, 149 were
identified as C. guilliermondii complex isolates and 13 (8.7%)
of those isolates were further identified as C. fermentati. The C.
fermentati isolates originated from North America, South
America, Europe, Asia, and Australia (Table 1). Previous C.
fermentati isolates have been reported from India, the United
Kingdom, Japan, and Brazil (8, 17, 19). There have been no
clinical or surveillance reports of C. fermentati and very few of
C. guilliermondii isolates from Africa, but this may be due to
the paucity of information from that region. Eight of the 11
isolates for which epidemiological data were available were
bloodstream isolates, similar to the 78% of C. guilliermondii
isolates that were from bloodstream infections. While 80% of
the patients with a C. fermentati infection were �40 years old,
only 38% of the C. guilliermondii isolates came from patients
who were �40 years old. Only 10% of the C. fermentati isolates
were from a pediatric population, while 29% of the C. guilli-
ermondii isolates were from pediatric patients.

Antifungal susceptibility testing was performed on all of the
isolates by broth microdilution for fluconazole, voriconazole,
posaconazole, caspofungin, anidulafungin, and micafungin and
by Etest for amphotericin B as outlined in Clinical and Labo-
ratory Standards Institute document M27-A2 and as previously
described (9, 15) All MICs were determined visually. Echino-
candin MICs were determined at 24 h, while azole and am-
photericin B values were determined at 48 h. None of the 13 C.
fermentati isolates were resistant to fluconazole, but 38% of
them were susceptible dose dependent (SDD). The geometric
mean MIC of fluconazole was higher than the geometric mean
for the 136 C. guilliermondii isolates included in this study
(Table 2), but the difference did not reach statistical signifi-
cance. In a large global study of C. guilliermondii isolates,
Pfaller and colleagues (14) found that 14% were SDD and
11% were fully resistant (although C. fermentati isolates were
not distinguished in this study), and in a recent report from
India of five isolates of C. fermentati from the oral cavities of
human immunodeficiency virus patients, the reported geomet-
ric mean MIC of these isolates for fluconazole was 8 �g/ml,
with one SDD isolate and one fully resistant isolate (19). There
was one C. fermentati isolate SDD to voriconazole. Break-
points for Candida spp. to posaconazole have not yet been

established, but the differences between C. fermentati and C.
guilliermondii were not statistically significant.

According to the recently recommended breakpoint value of
2 �g/ml for the echinocandins (16), only a single C. fermentati
isolate with an anidulafungin MIC of 4 �g/ml fell outside of the
susceptible range for any of the echinocandins tested. By com-
parison, 4% of the C. guilliermondii isolates were nonsuscep-
tible to caspofungin, 11.8% were nonsusceptible to anidulafun-
gin, and none were nonsusceptible to micafungin. It is
interesting that the geometric mean MIC for C. fermentati and
micafungin was statistically significantly lower than the geo-
metric mean MIC for C. guilliermondii. Although the geomet-
ric mean MIC of the C. fermentati isolates against amphoteri-
cin B was higher than that for the C. guilliermondii isolates, all
of the values fell below 0.5 �g/ml.

In conclusion, C. fermentati isolates are not significantly dif-
ferent enough from C. guilliermondii isolates in terms of anti-
fungal susceptibility to warrant routine identification in the
clinical microbiology laboratory. However, given the high av-
erage MICs of fluconazole reported here and elsewhere (19)
and the ease with which C. fermentati and C. guilliermondii can
be distinguished, this is a species for which further surveillance
is warranted.

The findings and conclusions of this article are ours and do not
necessarily represent the views of the CDC.
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