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Oral yeast carriage was studied in 312 Mexican subjects. Candida albicans was the most frequent species, but
other Candida spp. were isolated from 16.5 to 38.5% of patients. Colonization did not correlate with CD4�

number or viral load, but highly active antiretroviral therapy reduced the frequency of candidiasis. Most
isolates were susceptible to fluconazole, but 10.8% were resistant to one or more azoles.

It is estimated that the oral cavity is colonized by Candida in
40 to 60% of persons (39). Oropharyngeal candidiasis is the
most prevalent complication in human immunodeficiency vi-
rus-infected patients with AIDS (HIV/AIDS) (1, 13, 21). The
introduction of highly active antiretroviral therapy (HAART)
has reduced the prevalence of opportunistic infections, includ-
ing candidiasis (5, 7, 11). However, HAART is not worldwide
available, and the emergence of antifungal-resistant isolates of
Candida albicans has been reported (20).

In Mexico, most clinical laboratories do not routinely per-
form antifungal susceptibility testing, and little is known about
the antifungal susceptibility profiles of Candida isolates in this
country. To elucidate the status of oral Candida carriage and
antifungal susceptibility patterns in Mexico, we conducted a
3-year prospective study of 111 adults infected with HIV/AIDS
and 201 non-HIV-infected persons at the General Hospital of
Mexico, the Federico Gómez Child Hospital, and the Odon-
tology Clinics at the Facultad de Odontologı́a (UNAM) in
México DF. Persons were distributed into four groups: 51
HIV/AIDS-infected adults, 109 non-HIV-infected adults, and
60 HIV/AIDS-infected and 92 non-HIV-infected children.

Data on patient demographics, history of prior mycoses,
antifungal treatment, and medications were collected at enrol-
ment. Patients without antifungal treatment in the preceding 6
months were eligible. All patients were subjected to clinical

evaluation, including HIV RNA and CD4� measurements for
HIV-infected patients (Tables 1 to 3). Healthy volunteers were
selected from persons seeking dental care at the UNAM. In-
formed consent was obtained from all persons. Approval was
obtained from the Human Ethics, Research, and Publications
Committee of the UNAM and from the rest of medical insti-
tutions involved.

Swabs were taken from oral lesions when present, the buccal
mucosa, the floor of the mouth, and the dorsal surface of the
tongue. Swabs were plated onto Sabouraud dextrose agar with
chloramphenicol and incubated at 36°C for 2 days (and 7 days
at 30°C). Isolates were identified by mycological standard
methods (3, 22). Antifungal susceptibility was assessed by Fun-
gitest (Bio-Rad, Paris, France) according to the manufactur-
er’s instructions. C. parapsilosis (ATCC 22019) and C. krusei
(ATCC 6258) were used as quality controls. Fungitest has
shown high to excellent correlation compared to the NCCLS
M-27A method (9, 23–25). However, its qualitative approach
could be a main limitation because it does not provide MICs,
in contrast to the quantitative M-27A or EUCAST methods.
The two-tailed Student t test was used to compare differences
between continuous variables, and the chi-square test was used
for categorical variables.

The Mexican National Council of Prevention and Control of
AIDS (CONASIDA) reported that 69,795 Mexican persons
suffered from AIDS in the period from 1983 to 2003 (8) and
more than 200,000 Mexicans were infected by HIV. Little is
known about the etiological importance of Candida oral colo-
nization and infection among the Mexican people (12). In the
present study (Table 1), 66.7% (74 patients) of HIV/AIDS
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were colonized or infected by yeasts, and 27% of them (10
patients) were colonized by non-C. albicans species. In addi-
tion, 51.7% (104 patients) of persons without HIV infection
were also colonized or infected by yeasts, and 42.3% of them
(44 patients) were colonized by non-C. albicans species. In
both groups, C. glabrata was the most frequent non-C. albicans
species. Overall, non-C. albicans species were isolated from
28.7% of persons: C. glabrata from 35 patients (18.7% of all
yeast isolates), C. tropicalis from 11 (5.9% of all yeast isolates),
Saccharomyces cerevisiae from 3 (1.6% of all yeast isolates),
and C. parapsilosis from 2 (1.1% of all yeast isolates). However,
neither C. dubliniensis nor C. krusei were isolated from any of
the oral specimens. There were nine episodes of infection or
colonization by two different yeast species. Non-C. albicans
isolates were associated mainly with oral colonization of per-
sons without HIV infection (P � 0.05). This distribution was
similar to that observed in other American and European
studies (16–18, 26, 27). Overall, yeasts were isolated from
59.9% of the subjects; of these, 32.7% presented with oral
lesions by yeasts. This rate coincides with the 31.6% prevalence
reported for oral candidiasis in Mexico during the last 12 years
in HIV-infected patients (19). Moreover, only 12% of children
infected with HIV/AIDS with oral colonization suffered from
candidiasis. Most cases of oral candidiasis are caused by C.

albicans (63.7% of isolates in the present study); however, the
emergence of other species have been reported (2). Moreover,
HAART influenced the carriage of Candida spp., reducing the
frequency of oral candidiasis. For HIV patients, the status of
yeast carrier was not associated with CD4�-cell count or viral
load in the present study as has been described by others (1, 5,
11).

Antifungal resistance to fluconazole (FCZ), itraconazole
(ITZ), and ketoconazole (KTZ) has been described and par-
ticularly in the setting of oral candidiasis in HIV/AIDS patients
(6, 14, 15, 25, 26). Cross-sectional surveys have indicated a
prevalence of FCZ-resistant oral C. albicans isolates of 12 to
19% (20). Before the use of HAART, Martins et al. (14, 15)
found a prevalence of Candida spp. resistant to FCZ of 22% in
North Americans with oral candidiasis and of 14% in asymp-
tomatically colonized patients. After the introduction of
HAART, the same cohort showed a declining rate of oral
candidiasis and carriage of Candida spp., as well as a trend
toward less-frequent in vitro resistance to FCZ. In the present
study, 18.7% of isolates were resistant at least to one azole
antifungal (KTZ and ITZ were the less active). The majority of
resistant isolates were C. glabrata from patients without HIV
infection and C. albicans from patients infected with HIV/
AIDS. This susceptibility did not differ from previously pub-

TABLE 1. Clinical characteristics of 312 persons included in this study

Characteristic
Group

HIV/AIDS adults Non-HIV adults HIV/AIDS children Non-HIV children

No. of persons (%) 51 (100) 109 (100) 60 (100) 92 (100)
Age (mean/range in yr) 36.4/22–65 64.4/42–89 5.18/1–13 6.93/1–13
No. of colonized or infected individuals (%) 38 (74.5) 67 (61.5) 36 (60) 37 (40.2)
No. of patients with candidiasis (%) 38 (74.5) 53 (48.6) 7 (11.7) 0 (0)
No. of patients on HAART (%) 22 (43.2) 0 (0) 50 (83.3) 0 (0)
Mean no. of CD4� T cells/�l 484.1 NDa 673.4 ND

No. of persons (%) with 200 to 500 CD4� T cells/�l 23 (45.1) ND 25 (41.6) ND
No. of persons (%) with �200 CD4� T cells/�l 14 (27.4) ND 8 (13.3) ND

Mean no. of HIV RNA copies/ml 65,945.1 ND 49,343.6 ND
No. of persons (%) with �10,000 HIV RNA copies/ml 17 (33.3) ND 20 (33.3) ND
No. of persons (%) with �10,000 HIV RNA copies/ml 34 (66.6) ND 40 (66.6) ND

a ND, not done.

TABLE 2. Mycological characteristics of 312 persons included in this study

Group Species of yeast No. of
isolates (%)

Group (no. [%])

HIV/AIDS adults Non-HIV adultsa HIV/AIDS childrenb Non-HIV children

Colonized Candida albicans 71 (83.5) 0 (0) 12 (66.7) 27 (90) 32 (86.5)
Candida glabrata 6 (7.1) 0 (0) 3 (16.7) 1 (3.4) 2 (5.4)
Candida parapsilosis 1 (1.2) 0 (0) 0 (0) 1 (3.4) 0 (0)
Candida tropicalis 7 (8.2) 0 (0) 3 (16.7) 1 (3.4) 3 (8.1)
Total 85 (100) 0 (0) 18 (100) 30 (100) 37 (100)

Candidiasis Candida albicans 65 (63.7) 32 (84.2) 27 (47.4) 6 (100) 0 (0)
Candida glabrata 29 (28.4) 3 (7.9) 26 (45.6) 0 (0) 0 (0)
Candida parapsilosis 1 (0.9) 0 (0) 1 (1.8) 0 (0) 0 (0)
Saccharomyces cerevisiae 3 (2.9) 3 (7.9) 0 (0) 0 (0) 0 (0)
Candida tropicalis 4 (3.9) 0 (0) 3 (5.2) 1 (0) 0 (0)
Total 102 (100) 38 (100) 57 (100) 7 (100) 0 (100)

a Mixed cultures: five cultures yielding C. albicans plus C. glabrata, one culture yielding C. albicans plus C. tropicalis, one culture yielding C. glabrata plus C. tropicalis,
and one culture yielding C. glabrata plus C. parapsilosis.

b Mixed cultures: one culture yielding C. albicans plus C. glabrata.
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lished data of the American SENTRY program (10, 17). The
overall resistance of C. albicans isolates to ITZ was 8.1%.
However, nearly one-third of the isolates from patients with
HIV/AIDS with candidiasis were intermediate susceptible. Im-
portantly, resistance to FCZ was very low: only 2.8% of isolates
from colonized persons were resistant, and all isolates from
patients with HIV/AIDS with candidiasis were susceptible. The
FCZ-intermediate isolates represented 5.9% of all C. albicans
isolates. We did not observe resistance to amphotericin B or
5-fluorocytosine. A lower number of C. glabrata isolates (20%)
from Mexican subjects were resistant to ITZ than in the SEN-
TRY program (32.8 to 34.9%) (10, 17). Among the 35 isolates
of C. glabrata, 5.7% were resistant to FCZ, a figure similar to
that observed in the SENTRY studies (5.7 to 8.7%). C. tropi-
calis isolates showed a different susceptibility pattern since two
of these isolates were resistant (18.2%) to ITZ and one was
resistant to FCZ (9.1%). Both isolates of C. parapsilosis were
susceptible to ITZ and FCZ. S. cerevisiae was susceptible to all
of the antifungals tested (4, 10, 17).
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