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During a 3-year surveillance program (2004 to 2007) in Monterrey, Mexico, 398 isolates of Candida spp. were
collected from five hospitals. We established the species distribution and in vitro susceptibilities of these
isolates. The species included 127 Candida albicans strains, 151 C. parapsilosis strains, 59 C. tropicalis strains,
32 C. glabrata strains, 11 C. krusei strains, 5 C. guilliermondii strains, 4 C. famata strains, 2 C. utilis strains, 2
C. zeylanoides strains, 2 C. rugosa strains, 2 C. lusitaniae strains, and 1 C. boidinii strain. The species
distribution differed with the age of the patients. The proportion of candidemias caused by C. parapsilosis was
higher among infants <1 year old, and the proportion of candidemias caused by C. glabrata increased with
patient age (>45 years old). MICs were calculated following the criteria of the Clinical Laboratory Standards
Institute reference broth macrodilution method. Overall, C. albicans, C. parapsilosis, and C. tropicalis isolates
were susceptible to fluconazole and amphotericin B. However, 31.3% of C. glabrata isolates were resistant to
fluconazole (MIC = 64 pg/ml), 43.3% were resistant to itraconazole (MIC = 1 pg/ml), and 12.5% displayed
resistance to amphotericin B (MIC = 2 pg/ml). Newer triazoles, namely, voriconazole, posaconazole, and
ravuconazole, had a notable in vitro activity against all Candida species tested. Also, caspofungin was active
against Candida sp. isolates (MIC,, = 0.5 pg/ml) except C. parapsilosis (MIC,, = 2 pg/ml). It is imperative to

promote a national-level surveillance program to monitor this important microorganism.

Candida is the agent most frequently implicated in invasive
fungal infections, and it now ranks as the fourth most common
cause of nosocomial bloodstream infections (BSI), accounting
for 8% of all hospital-acquired BSI in the United States (7, 9,
20, 28). Candidemia is associated with an extremely high rate
of mortality (3, 8, 25, 29). Several surveillance programs have
produced data documenting this increase as well as species
distribution and antifungal susceptibility trends (2, 4, 10, 19,
22). Some considerable variations have been shown to occur
among hospitals or countries with respect to the incidence of
C. albicans and other Candida species as etiologic agents of
BSI (16, 17, 18, 26). For developed countries, there are a great
deal of data confirming the magnitude of Candida’s role in BSI
along with Candida species distribution and antifungal suscep-
tibilities, but this is not the case for Latin America. Some
studies addressing these concerns are limited either to individ-
ual institutions or in terms of time. The largest candidemia
study conducted in this region was done in Brazil and showed
the considerable morbidity and mortality of the disease in that
country. C. albicans was the most common species isolated,
followed by C. tropicalis and C. parapsilosis. In addition, the
study revealed that antifungal resistance was rare (5).

In Mexico, national or local surveillance programs of BSI
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due to Candida spp. have been limited to date. As a result, the
species of Candida involved in BSI in tertiary-care hospitals in
Mexico is basically unknown. During 2004 to 2007, we con-
ducted this study for Candida BSI in Monterrey, Mexico, to
determine the distribution of species involved in these infec-
tions, antifungal susceptibility profiles to seven agents, and the
percentages of antifungal drug resistance among the isolates.

MATERIALS AND METHODS

Data collection. The data were collected in the course of a 3-year surveillance
program from July 2004 through July 2007. The study included five tertiary-level
teaching hospitals representative of the public and private health systems in
Monterrey, Mexico. Two were private hospitals and three were public hospitals.
The participant hospitals are listed in Acknowledgments. We evaluated all Can-
dida sp. BSI from patients admitted to the hospitals between July 2004 and July
2007. A case of candidemia was defined as the isolation of any species of Candida
from bloodstream culture. We defined an incident case with nosocomial candi-
demia as the first isolation during the surveillance period of any Candida species
from blood at least 48 h after admission. Each participant hospital also contrib-
uted with demographic data recorded on a special form.

Identification of strains. Organisms were identified at the medical institutions
by the routine in use at each laboratory. These isolates were immediately sub-
mitted to the Microbiology Department, Medical School, Autonomous Univer-
sity of Nuevo Ledn, Monterrey, Mexico. The isolates were subcultured onto
Sabouraud agar (Difco, Detroit, MI) for further corroboration and susceptibility
testing. Confirmation of species identification was performed with API 20C
AUX strips (bioMérieux, Mexico) and for standard morphological methods as
germ tube assays and microscopic evaluation on cornmeal-Tween 80 agar. Iso-
lates were stored as suspensions in water at room temperature and on agar slants
at —20°C until needed. Prior to testing, each isolate was passaged at least twice
on Sabouraud agar to check the purity and viability of all yeast cultures.

Antifungal agents. Fluconazole (FLC) and voriconazole (VRC) (Pfizer, Inc.,
New York, NY), itraconazole (ITC) (Janssen Pharmaceutica, Beerse, Belgium),
amphotericin B (AMB) and ravuconazole (RVC) (Bristol-Myers Squibb, Prince-
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TABLE 1. Species distribution of 398 Candida bloodstream isolates
in Monterrey, Mexico, separated into three phases (2004 to 2007)
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TABLE 2. Species distribution of 398 Candida bloodstream isolates
in various age groups

No. of isolates (%) from:

Species Total no. (%)
Phase 1 Phase 2 Phase 3

C. albicans 42 (35) 49 (32.5) 36(28.3) 127 (31.9)
C. parapsilosis 42 (35) 61(40.4) 48(37.8) 151(37.9)
C. tropicalis 15 (12.5) 18(11.9) 26(204) 59 (14.8)
C. glabrata 15 (12.5) 10 (6.6) 7(5.5) 32(8.0)
C. krusei 2(1.6) 3(1.9) 6 (4.7) 11 (2.7)
C. guilliermondii 1(0.8) 2(1.3) 2(1.6) 5(1.3)
Other Candida spp. 3 (2.5) 8% (5.3) 2¢(1.6) 13 (3.3)
Total 120 151 127 398

@ C. zeylanoides (n = 1), C utilis (n = 2).

b C. zeylanoides (n = 1), C. famata (n = 3), C. rugosa (n = 2), C. lusitaniae (n =
1), C. boidinii (n = 1).

¢ C. famata (n = 1), C. lusitaniae (n = 1).

ton, NJ), posaconazole (PSC) (Schering-Plough, Kenilworth, NJ), and caspofun-
gin (CAS) (Merck, Rahway, NJ) were obtained in reagent-grade powder form
from their respective manufacturers.

Susceptibility testing. Serial twofold dilutions of each antifungal agent were
prepared as outlined in document M27-A2 of the Clinical Laboratory Standards
Institute (CLSI; formerly NCCLS) (13). Final dilutions were made in antibiotic
medium 3 (Difco, Detroit, MI) for AMB and RPMI 1640 with L-glutamine and
buffered with 165 mM morpholinepropanesulfonic acid (MOPS; Hardy Diag-
nostics) for FLC, ITC, VRC, PSC, RVC, and CAS. The final concentrations of
the antifungal agents ranged from 0.03 to 64 pg/ml for FLC and CAS and from
0.015 to 8 wg/ml for AMB, ITC, VRC, PSC, and RVC. Yeast inocula were
prepared spectrophotometrically and further diluted in order to obtain concen-
trations ranging from 1.0 X 10° to 5.0 X 10°> CFU/ml. The tubes were incubated
at 35°C and read after 24 h for CAS (23) and after 48 h for the rest of the
antifungal agents. The MIC endpoint for AMB was considered to be the lowest
tested drug concentration able to prevent any visible growth. The MIC endpoint
for azoles was defined as the lowest tested drug concentration causing a growth
reduction of =80% compared to the growth of the drug-free control (13). The
MIC endpoint for CAS was measured as the lowest concentration of drug that
produced a significant decrease (=50%) in growth compared to the growth of the
drug-free control (23).

C. parapsilosis ATCC 22019 and C. krusei ATCC 6258 were included as the
control organisms in all experiments.

The interpretative MIC breakpoints for FLC and ITC were those suggested by
the CLSI M27-A2 document (13). Isolates with MICs of =8 pg/ml for FLC and
of =0.125 pg/ml for ITC were considered susceptible. Isolates with MICs of 16
to 32 pg/ml for FLC and of 0.25 to 0.5 wg/ml for ITC were considered as
susceptible in a dose-dependent manner. MICs of =64 g/ml for FLC and of =1
pg/ml for ITC were considered resistant. For the purposes of this study, we
determined that isolates with MICs of =1 pg/ml for AMB were classified as
susceptible and those with MICs of =2 pg/ml as resistant (15). In the case of
VRC, we considered a susceptible MIC breakpoint of =1 pg/ml, with suscepti-
bility in a dose-dependent manner at 2 pg/ml and resistance at =4 ug/ml (24).
Due to the lack of interpretative breakpoints for PSC, RVC, and CAS, a definite
designation was not made.

This study was divided annually in three different phases: July 2004 to July
2005 (phase 1), July 2005 to July 2006 (phase 2), and July 2006 to July 2007
(phase 3).

Statistical analyses. The chi-square test for trend was utilized to test for
changes in the incidence of candidemia by year of surveillance and in the species
distribution by patient age.

RESULTS

Demographic data. A total of 398 isolates of Candida spp.
were evaluated, and each represented an individual infectious
episode. The number of isolates referred for testing each year
was 120 in the first year, 151 in the second year, and 127 in the
third year. These were diagnosed in 211 male (53%) and 187

% Tsolates in indicated age group
[yr of age (no. of isolates found)]

Species
=1 >1-14 1524  25-44 45-64 >65
(170)  (67)  (10)  (49)  (62)  (40)
C. albicans 27.6 268 30 469 419 30
C. parapsilosis 52.3 40.2 40 224 16.1 225
C. tropicalis 12.3 23.8 0 16.3 129 10
C. glabrata 0.6 2.9 10 102 225 25
C. krusei 1.7 2.9 10 4.0 32 2.5
C. guilliermondii 24 1.4 0 0 0 0
Other Candida spp.” 2.9 1.4 10 0 32 10

@ C. zeylanoides (n = 1), C. utilis (n = 2), C. zeylanoides (n = 1), C. famata (n =
3), C. rugosa (n = 2), C. lusitaniae (n = 1), C. boidinii (n = 1), C. famata (n =
1), C. lusitaniae (n = 1).

female (47%) patients ranging in age from 1 day to 92 years. Of
note is that 170 case patients (42.7%) were children of =<1 year
of age. Seventy-three cases were from private institutions
(18.3%) and 325 patients were from public hospitals (81.6%).
Ninety-one patients were under systemic antifungal regimens
prior to the first reporting of positive blood culture results
(FLC, 71 patients [17.8%]; VRC, 4 patients [1.5%]; CAS, 14
patients [3.5%]).

Distribution of Candida spp. The species distribution of
Candida involved in BSI is shown in Table 1. C. parapsilosis was
the most common species (151 cases; 37.9%), followed by C.
albicans (127 cases; 31.9%), C. tropicalis (59 cases; 14.8%), and
C. glabrata (32 cases; 8%). These four species correspond to
92.6% of the isolates. C. krusei comprised only 11 cases, C.
guilliermondii comprised only 5 cases, and 13 cases (3.3%) were
with unusual species with =3 isolates each (C. zeylanoides, C.
utilis, C. famata, C. rugosa, C. lusitaniae, and C. boidinii). All
candidemia episodes were caused by a single Candida sp.
Opverall, the species distributions of Candida during the 3-year
period were relatively similar except for the six isolates of C.
krusei during the third year of this surveillance program, which
were obtained from patients in a single institution. On the
other hand, there appears to be a slight decrease for both C.
albicans and C. glabrata over the 3-year period. In general, the
rank orders of Candida sp. distribution were basically the same
in the five hospitals.

The distribution of Candida spp. according to age varied
considerably (Table 2). The rank order for the groups for
those of =1 and of >1 to 14 years of age was as follows: C.
parapsilosis more than C. albicans more than C. tropicalis
more than C. glabrata. Meanwhile, the situation was oppo-
site for the older groups, namely, those of 45 to 64 and of
>65 years of age: C. albicans more than C. glabrata more
than C. parapsilosis more than C. tropicalis. The P value was
0.005 for the trend of increased frequency of C. glabrata with
increasing age.

Antifungal susceptibility testing. Table 3 summarizes the in
vitro susceptibility testing of the four most frequent Candida
species (369 isolates) from BSI to AMB, FLC, ITC, VRC, PSC,
RVC, and CAS. The results are reported as MICs, and MIC,,,
ranges and as percentages of Candida spp. resistant to anti-
fungal compounds according to the CLSI method (13), the
work of Nguyen et al. (15), and the work of Pfaller et al. (24).
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TABLE 3. In vitro susceptibilities of the seven antifungal agents
against the most frequent Candida spp. isolated, surveillance
program in Monterrey, Mexico, 2004 to 2007

Species Antifungal MIC (ng/ml) %
(no. of isolates) compound Range 50% 90% Resistant®

C. albicans (127) AMB 0.06-1 0.25 1 0
FLC 0.25-64 1 2 0.78
ITC 0.06-4 0.125 1 1.6
VRC 0.015-1 0.06 0.06 0.78
PSC 0.015-1 0.06 0.06
RVC 0.015-1 0.06 0.125
CAS 0.015-0.125 0.03 0.06

C. parapsilosis (151) AMB 0.125-1 1 1 0
FLC 0.25-8 2 4 0
ITC 0.015-2 0.125 1 0
VRC 0.015-1 0.06 0.06 0
PSC 0.015-1 0.06 0.06
RVC 0.015-1 0.06 0.06
CAS 0.06-2 0.25 2

C. tropicalis (59) AMB 0.06-1 0.5 1 0
FLC 0.5-32 2 8 0
ITC 0.03-4 0.06 1 1.6
VRC 0.03-1 0.06 0.125 0
PSC 0.015-1 0.06 0.125
RVC 0.03-1 0.06 0.125
CAS 0.015-0.125  0.03 0.125

C. glabrata (32) AMB 0.125-4 1 4 12.5
FLC 1->64 8 >64 31.25
ITC 0.125-4 0.5 4 43.3
VRC 0.03-1 0.125 0.25 0
PSC 0.015-1 0.125 0.25
RVC 0.03-1 0.25 0.5
CAS 0.015-0.5 0.03 0.125

“ Resistance breakpoints were as follows: the FLC MIC was =64 pg/ml; the
ITC MIC was =1 pg/ml; the AMB MIC was =2 pg/ml; and the VRC MIC was
=4 pg/ml.

Nearly all strains (97.57%) were susceptible to AMB (MIC =
1 pg/ml). Most strains (97.02%) were also susceptible to FLC.
Almost all C. albicans BSI isolates collected during the 3-year
surveillance program were inhibited by FLC, with FLC MICs
of =8 pg/ml. Only one isolate was reported as resistant, with
an MIC of 64 pg/ml. On the other hand, 10 C. glabrata isolates
(31.25%) were resistant to FLC (=64 pg/ml) and 5 isolates
(15.6%) had decreased FLC susceptibility (16 to 32 pg/ml),
while 53.12% were susceptible to FLC. The percentages of
yeast isolates with resistance and decreased susceptibility to
FLC were similar during the three phases. We did not find
FLC resistance among isolates of C. parapsilosis and C. tropi-
calis. ITC resistance was observed for 4.60% of all Candida
isolates evaluated and was also highest among C. glabrata iso-
lates (43.75% resistance); 37.5% of the isolates were reported
as susceptible in a dose-dependent manner, and 18.7% were
susceptible. With regard to AMB, we found nine C. glabrata
isolates with MICs of =2 pg/ml. Among newer triazoles VRC,
PSC, and RVC, all were highly effective against all species
tested from all age groups. Only one isolate of C. albicans
showed a VRC MIC of 4 pg/ml and was resistant to FLC
(MIC = 64 ng/ml) and ITC (MIC = 1 pg/ml). In addition, one
C. glabrata isolate that was resistant to FLC (MIC > 64 pg/ml)
and resistant to ITC (MIC = 4 pg/ml) had a VRC MIC of 2
pg/ml (susceptible in a dose-dependent manner).

On the other hand, CAS inhibited all Candida sp. isolates
with MICs of =0.5 wg/ml, except C. parapsilosis (MICy,, 2
p.g/ml).

J. CLIN. MICROBIOL.

DISCUSSION

Over the past 30 years, numerous investigators have re-
ported that the frequency of severe infections caused by yeasts,
especially Candida spp., has increased dramatically (7, 9, 20).
Because of the lack of data in our country about the trends in
species distribution and antifungal susceptibilities among Can-
dida isolates causing BSI, we decided to promote a local-level
surveillance program to monitor this crucial microorganism. A
total of 398 Candida isolates from blood were documented
during the course of this surveillance program. Our data show
three findings. First, the species distribution in our study is
notable. Even though C. albicans has been reported as the
most commonly isolated species causing candidemia in other
countries (6, 14, 16, 22, 25, 26, 27), in this study we found that
the frequency of candidemic episodes due to non-C. albicans
species represented 68% of all Candida isolates. C. parapsilosis
was the most frequent Candida species recovered, accounting
for 37.9% of all isolates followed in order by C. tropicalis
(14.8%) and C. glabrata (8%). We cannot explain the reason
for this species distribution of Candida in causing BSI, but
numerous medical circumstances may influence the risk of
developing candidemia due to non-C. albicans spp. It has been
suggested that the higher prevalence of C. parapsilosis in some
institutions might be related to poor catheter care or infection
control practices (11). C. tropicalis and C. glabrata are associ-
ated with cancer patients and previous exposure to azoles,
respectively (12, 28, 30). This increased prominence of non-C
albicans spp. causing BSI has been extensively noted in many
studies (1, 5, 6, 14, 22). It is noteworthy that the 11 episodes of
candidemia due to C. krusei were obtained from a single hos-
pital over 3 years of surveillance, raising the possibility that this
species may be associated with nosocomial outbreaks. Clini-
cally, this organism is of particular importance due to its well-
known resistance to FLC and its decreased susceptibility to
AMB. It is recognized that BSI due to C. krusei is associated
with a high crude mortality (80%), which is probably associated
with its poor response to conventional therapy. Continued
monitoring of these isolates is comprehensively urgent.

Second, the association of patient age with the rank order
of Candida spp. producing BSI has been previously reported
(6, 21, 27). Our study established the high proportion of C.
parapsilosis and C. albicans and the lack of C. glabrata as
etiologic species of candidemia in the neonatal and pediatric
age groups. It is worth mentioning that only one isolate of C.
glabrata was obtained from the <1-year-old age group and the
isolate showed high susceptibility to all antifungal compounds
tested. Nevertheless, the contrary was found in the age groups
of 45 to 64 and >65 years of age, for which C. glabrata was the
second most common etiologic agent of Candida BSI. We
obtained 31 isolates of C. glabrata from these age groups, and
4 isolates showed resistance to AMB (MICs of =2 pg/ml), 10
displayed resistance to FLC (MICs of =64 pg/ml), and 14
isolates were resistant to ITC (MICs of =1 pg/ml). The ma-
jority of the isolates categorized as resistant to FLC were very
susceptible to VRC, PSC, and RVC. C. glabrata was suscepti-
ble to the fungicidal activity of CAS.

Third, this study suggests that antifungal resistance is not a
relevant factor among isolates of C. albicans from Monterrey.
Contrary to C. albicans, C. glabrata exhibited resistance to
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FLC, ITC, and AMB. These data confirm the importance of C.
glabrata as a problem in hospitals, particularly for patients of
=65 years of age. On the other hand, C. parapsilosis and C.
tropicalis together accounted for 52.7% of Candida BSI pre-
senting high susceptibility to all antifungal drugs tested.

The new triazoles tested (VRC, PSC, and RVC) displayed
excellent and similar in vitro potencies against all Candida spp.
CAS inhibited all Candida sp. isolates with MICs of =0.5
pg/ml, except C. parapsilosis (MICy, 2 pg/ml).

In conclusion, although our data may not exactly reflect the
trends in species distribution and antifungal susceptibilities
among Candida species BSI in other medical institutions of
this country, these local findings should enhance the need to
establish a permanent nationwide surveillance program. This
paper is the first to provide local-level information about spe-
cies distribution and antifungal susceptibility profiles of Can-
dida BSI isolates from Monterrey, Mexico. It is the most rep-
resentative study and to our knowledge is the only prospective
study of candidemia ever reported for Mexican hospitals. Pre-
vious reports in other states of our country were based only on
a single hospital or on particular groups of hospitalized pa-
tients, and none included data about in vitro susceptibility
testing.
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