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Abstract
Objective: Candidiasis is the most common fungal infection in human immunodeficiency virus (HIV) - infected in-
dividuals. As there is sparse data on the oral Candida species in HIV- infected individuals in India, we character-
ized Candida species from the oral cavity in two cohorts - with and without HIV infection and with presence or ab-
sence of clinical oral candidiasis, in Chennai, South India.
Methods: Saliva samples were collected from 147 consecutive study participants by the oral rinse technique. Can-
didal species were isolated by culturing specimens on Sabouraud’s dextrose agar. The pure cultures so derived
were speciated using the commercially available ID32C system, and the results were interpreted using APILAB
plus software.
Results: In the HIV seropositive group, the most commonly isolated candida species was C.albicans (86%) fol-
lowed by C.tropicalis (23%), C.guilliermondi (6%), C.krusei (5%) and others (4%). In the healthy cohort without
clinical candidiasis, C.tropicalis was the most commonly isolated species.
Conclusion: There appears to be a marked variation in oral Candida species found in HIV-seropositive and sero-
negative individuals in India. To our knowledge, this is the first attempt to identify oral Candida species in a South
Indian population.
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INTRODUCTION

HIV infection is a major global health problem. Na-
tional AIDS Control Organization estimates the number of
HIV- infected individuals in India at the end of 2006 to be
5.2 million [9]. About 90% of HIV- infected individuals
suffer from at least one episode of oropharyngeal candidia-
sis before the widespread use of ART, during the course of
their disease [31]. A dimorpic fungus, Candida albicans is
the most commonly isolated species from oropharyngeal
candidiasis in HIV- infected individuals [16]. The fre-
quency of isolation of C.albicans and the clinical recur-

rence of oral candidiasis increases with the progression of
HIV infection [23]. Repeated use of antifungals, though ef-
fective in the treatment of oral candidiasis, may lead to the
development of resistance [28]. Certain Candida (C) spe-
cies, namely - C.glabrata and C.krusei , have developed in-
trinsic resistance to fluconazole, a commonly used antifun-
gal agent [25, 29]. Given the fact that antiretroviral treat-
ment is not routinely available to HIV- seropositive indi-
viduals in South India, Candida continues to be the most
common opportunistic infection. Our earlier study de-
scribed the oral lesions in 300 HIV- positive symptomatic
patients, 33% of whom had pseudomembranous candidiasis
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[17].
The primary objective of this study was to characterize

oral Candida species in HIV- infected patients and to com-
pare the results with those of a HIV- seronegative popula-
tion in Chennai, South India. The secondary goal was to de-
termine the Colony Forming Unit (CFU) of oral Candida in
the two cohorts, because a positive correlation between
CFUs and clinical candidiasis has been reported previously
[30].

SUBJECTS AND METHODS

Study population:
A total of 147 subjects were included in the study.
Description of the study groups:
The patients were drawn from consecutive cases referred to
Ragas Dental College and Hospital for oral/dental manage-
ment over a period of six months from May 2005 to Octo-
ber 2005.
The symptomatic group consisted of patients exhibiting
clinical oral candidiasis, while the asymptomatic group con-
sisted of subjects without clinical oral candidiasis.
The patients were subdivided into 4 groups:

1) Asymptomatic HIV seropositive (AHP) (n = 52)
2) Symptomatic HIV seropositive (SHP) (n = 42)
3) Asymptomatic HIV seronegative (AHN) (n = 16)
4) Symptomatic HIV seronegative (SHN) (n = 37).

Seropositive group
Inclusion Criteria:
The seropositive status of the AHP and SHP group was con-
firmed by ELISA and Western blot. These patients were
not on antifungals, antibiotics, corticosteroids or antiretrovi-
rals for at least 30 days prior to inclusion in the study. EC-
Clearinghouse 1993 criteria were used for definitive diagno-
sis of the clinical candidal infection [6].
Seronegative Group:
Inclusion Criteria:
The symptomatic group consisted mostly of patients who
were either partial or complete denture wearers. The dura-
tion of symptomatic oral candidiasis varied from 3 months
to a year. The patients included in this group were those
who presented for routine dental treatment and were pre-
sumed to be HIV- seronegative on the basis of adequate ex-
posure history and who were not being treated for any other
chronic systemic disorders such as diabetes or hypertension
[17].
Exclusion Criteria:

Patients who were on antibiotics, antifungals and corti-
costeroids were excluded from the study.

Ethical approval was obtained from the Institutional
Review Board. Each patient’s consent was obtained before

recruitment into the study.
Culture and identification:

All subjects were requested to rinse their mouth for 60
seconds with 10ml sterile phosphate buffer saline (pH7.2,
0.1M). Each subject returned the rinse to a sterile container.
The rinse was immediately centrifuged and concentrated by
spinning at 1700 rpm for 10 minutes. The supernatant was
discarded and the pellet resuspended in 2ml of sterile PBS.
100µl of sample were inoculated onto Sabouraud’s dextrose
agar plates (SDA), supplemented with Chloramphenicol (10
mg/ml) and incubated for 48 hours at 37°C [24]. Pure cul-
ture of yeast was harvested and stored in vials containing
sterile distilled water at -70°C [23]. Colony forming units
(CFU) were counted manually utilizing 0.001µl loop which
was used to inoculate the SDA plate and the number of
colonies formed was multiplied by 1000 which was repre-
sented as CFU/ml [2].

The organisms were speciated using the APILAB�

commercially available kits, which identifies organisms
based on sugar assimilation (BioMérieux, Marcy I’Etoile,
France). Fresh cultures were made from the stored yeast
samples and incubated for 24 hrs at 37°C in SDA plates.
They were then inoculated on the ID32C strips according to
the manufacturer’s instructions. The strips were incubated
for 48 hr at 30°C and read automatically using APILAB plus
software (BioMérieux, Marcy I’Etoile, France) for specia-
tion.

STATISTICAL ANALYSIS

Data entry, database management and analysis were
done using SPSS version 10.0.5. Chi-square test was ap-
plied to determine statistically significant differences be-
tween the study groups (SHP, AHP, SHN and AHN) corre-
lating age, gender, and candida species. ANOVA test was
done to compare the mean CFU count among the study
groups. Bonferroni test of multiple comparisons was also
done to determine significant differences between the study
groups. A p value of <0.05 was considered statistically sig-
nificant.

RESULTS

A total of 147 subjects were included in the study.
In the SHP group, 70% (29/42) were males and 31.0%

(13/42) females. In the AHP group, 54% (28/52) were
males and 46% (24/52) females. In the SHN group, 92%
(34/37) were males and 8% (3/37) females. In the AHN
group, 50% (8/16) were males and 50% (8/16) females.
There was no statistically significant difference in the spe-
cies distribution between genders.
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The age range of subjects in the AHP,SHP, AHN and
SHN groups was 18-54 years, 25-52 years , 25-72 years and
25 -70 years respectively. On comparing the species distri-
bution by age in the study groups, there was no statistically
significant difference in the prevalence of various candida
species.

Of the 42 cases in the SHP group, 24 had pseudomem-
branous candidiasis, 6 had erythematous candidiasis, 7 had
a combination of pseudomembranous and erythematous
candidiasis, 3 had hyperplastic candidiasis and 2 had a com-
bination of pseudomembranous and hyperplastic candidia-
sis. The SHN group had both pseudomembranous and
erythematous candidiasis (Table I).
On speciation using ID32C, the prevalence of species (de-
creasing order) was as follows (Table II):

In the SHP group, C.albicans, C.tropicalis, C.krusei, C.
guilliermondi and Debaryo polymorphus .
In the AHP group, C.albicans, C.tropicalis, C.guillier-
mondi C.kefr and C.sake.
In the SHN group, C.albicans, C.tropicalis, C.glabrata
and were other species namely Pichia etchellsi/ car-
sonii .
In the AHN group, C.albicans, C.tropicalis, C.krusei
and C.glabrata . There was a statistically significant
difference in the percentage of all species (p=0.000)
between the study groups (Table II).
Other organisms identified in our study were C. lusita-

niae, C. kefyr, C. sake, C. sphaerica, Zygosaccharo spp.,
Debaryo polymorphus and Pichia etchellsii/carsonii com-
prising 3% of the total study population. Debaryo polymor-
phus and Pichia etchellsii/carsonii were isolated for the
first time in HIV seropositive and seronegative groups re-
spectively.

Mean CFU was 81.88 x 103/ml (±129.52) in the SHP
group, 10.91 x 103/ml (±11.28) in the AHP group, 6.03 x
103/ml (±4.57) in the SHN group and 3.6 x 103/ml (±4.73)
in the AHN group. CFU was higher in the SHP group than
in the AHP, SHN, or AHN groups, and the difference was
statistically significant (p=0.000). The median difference in
CFU in the SHP, AHP, SHN, and AHN group was 24 x 103/
ml, 6.20 x 103/ml, 4 x 103/ml and 1.78 x 103/ml respectively
(Table III).

A statistically significant difference (p<0.01) was ob-
served only for the mean difference in CFU between the
SHP vs AHP groups (35.84 x103/ml) and the SHP vs SHN
groups (40.29 x103 /ml)(Table IV). There was no statisti-
cally significant difference between the other groups.
Smokers represented 25% of the HIV- seropositive group
and 15% of the HIV- seronegative group. These patients
smoked only occasionally. A statistically significant rela-
tionship could not be established between smoking habit
and CFUs. None of the subjects had the habit of alcohol
consumption.

Table II: Prevalence of Candida species in the study groups

Candida species
SHP

(n=42)
AHP

(n=52)
SHN

(n=37)
AHN

(n=16) p
n ％ n ％ n ％ n ％

C .albicans 36 86 35 67 34 92 2 13

0.00**

C .tropicalis 2 5 12 23 1 3 9 56

C .krusei 2 5 0 0 0 0 1 6

C .glabrata 0 0 0 0 1 3 4 25

C .guilliermondi 1 2 3 6 0 0 0 0

Others 1 2 2 4 1 2 0 0

SHP Symptomatic HIV positive;AHP Asymptomatic HIV positive; Sympto-
matic HIV negative:AHN Asymptomatic HIV negative ; **p<0.01 Statisti-
cally significant

Table I: Clinical variants of Candidiasis in the symptomatic
groups

Clinical candidal lesion SHP (n=42) SHN (n=37)

Pseudomembranous candidiasis 24 -

Erythematous candidiasis 6 -

PC + EC 7 37

HC 3 -

PC + HC 2 -

SHP Symptomatic HIV positive; SHN Symptomatic HIV negative; EC
Erythematous Candidiasis PC Pseudomembranous Candidiasis; HC Hyper-
plastic Candidiasis.

Table III: CFU distribution among the study groups

Study
groups

Mean SD Median Range p value

SHP
(n=42)

81.88 129.52 24.00 4.0-486.0

0.00**

AHP
(n=52)

10.91 11.28 6.200 0.02-45.0

SHN
(n=37)

6.03 4.57 4.00 2.0-18.0

AHN
(n=16)

3.6 4.73 1.78 .01-18.0

SHP Symptomatic HIV positive; AHP Asymptomatic HIV positive; SHN
Symptomatic HIV negative AHN Asymptomatic HIV negative; **p<0.01
Statistically significant

Table IV: Mean difference in CFU distribution among study
group pairs

Groups Mean difference Std.Error p value

SHP Vs AHP 35.8453 8.63 0.00**

SHP Vs SHN 40.2962 8.69 0.00**

SHP Vs AHN 43.1844 26.41 0.631

AHP Vs SHN 4.4509 8.75 1.000

AHP Vs AHN 7.3391 26.43 1.000

SHN Vs AHN 2.8882 26.45 1.000

SHP Symptomatic HIV positive; AHP Asymptomatic HIV positive;
SHN Symptomatic HIV negative; AHN Asymptomatic HIV negative;
**p value<0.01 Statistically significant
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DISCUSSION

Oral candidiasis is the most common oral manifesta-
tion of HIV- seropositive patients. In India, it has been re-
ported in 21 to 85 % of HIV- seropositive individuals [1, 17,
18]. Similar prevalence rates have been reported from other
Southeast Asian countries [11, 12, 7].

In our study, the pseudomembranous variant of oral
candidiasis was the most common lesion in SHP (57%), a
finding similar to our earlier report [17] and to the preva-
lence of 52.5% observed in 101 Cambodian adults [19]. Of
the 37 patients in the SHN group, 22 (60%) were denture
wearers. In addition to exhibiting erythematous candidiasis,
these patients also showed pseudomembranous candidiasis
in the region of the soft palate. This is attributable to poor
oral / denture hygiene practices and wearing dentures over-
night [23, 25]. The remaining 15(40%) of 37 were not den-
ture wearers. We have observed this pattern of pseudomem-
branous candidiasis and erythematous candidiasis (usually
as central papillary atrophy on the dorsal surface of tongue)
in patients, at our hospital, showing iron deficiency / vita-
min B12 deficiency anemia (unpublished data).

C.albicans was the most commonly isolated candidal
subtype in SHP (86%), AHP (67%) and SHN (91%). This
finding is similar to reports from Thailand, Italy, USA and
Mexico [30, 11, 12, 4, 26, 31].

The prevalence of C.albicans and non-C.albicans iso-
lates was found to be 85% and 25% respectively in the HIV-
seropositive group, a finding consistent with a Mexican
study which reported C.albicans 84% and non-C.albicans
27% [26].

The second most common candidal subtype was C.
tropicalis , which was seen more frequently in the AHN
(56%) and AHP groups (23%) than in the SHP (5%) and
SHN groups (3%). The third most common candida species
was C.guilliermondii , which accounted for 2% of the SHP
group and 6% of the AHP group. However, it was not iso-
lated from the seronegative groups. C.krusei was isolated
from the SHP (5%) and AHN (6%) but not from the AHP
and SHN groups in our study. This prevalence rate is simi-
lar to an earlier Indian report in which C.krusei and C.gla-
barata prevalence was only 3% in 125 patients [8].

C. glabrata was isolated from neither the symptomatic
nor asymptomatic HIV- seropositive individuals, while C.
tropicalis was isolated from both subgroups. This was in
contrast to the report from India in which only C. glabrata
was isolated [8]. This may be attributable to factors such as
geographic distribution and endogenous yeast flora. Other
investigators have shown the oral prevalence of C. krusei
and C. parapsilosis, and not C. albicans, to be high in spe-
cific population groups from different geographic locations

in Asia [20, 32]. Our study group was from South India,
while the earlier 2004 study by Latiff et al was from North
India [8]. C. glabrata has also been reported by other in-
vestigators from the USA and Cambodia [27, 31]. Detailed
research is needed to elucidate the variations and differ-
ences in candidal species isolated from geographically di-
verse cohorts and from normal subjects and those with
pathological conditions.

Another factor that may contribute to the difference in
prevalence of candida species and carriage rates is the dif-
ferent sample collection procedures utilized by different in-
vestigators, diurnal variation (carriage is higher in mornings
and early afternoons) and the techniques used to identify
candidal species.

We also observed that the overall density of oral candi-
dal carriage as reflected by CFU/ml was higher in the HIV-
seropositive group than in the HIV- negative group. The
high CFU may be explained by the fact that the subjects in
the SHP group were immunocompromised. These findings
underline the fact that immunosuppression increases the
candidal carriage in SHP patients. Interestingly, even in the
absence of clinical candidiasis, the CFU was higher in the
AHP group than in the SHN group, which is probably due
to the alteration of the mucosal immune system in HIV pa-
tients [30,5].We did not find any correlation between CFU
and other factors such as smoking in any of the groups.

Our data show that C. albicans is the most common
isolate in our cohort of an HIV- infected population. How-
ever, the prevalence of non-C. albicans species was high in
comparison with some previously reported studies from
other regions of the world [22]. Curiously, C. glabrata , an
important emerging drug resistant species, was not isolated
from the HIV- infected population in the present study. Also,
C. tropicalis was the most prevalent species in the asympto-
matic HIV- negative subgroup. To our knowledge, this is
the first study from a South Indian population wherein oral
Candida species have been studied. The results of this base-
line study should be considered with attention to the small
sample size and the limitations of the APILAB� technique
used. The present study shows that there is variation in can-
dida species in HIV- seropositive and seronegative subjects.
However, a larger cohort and utilization of molecular tech-
niques which can identify a wider range of species includ-
ing C.dubliniensis will further add to our knowledge of can-
didiasis, a major opportunistic infection in the HIV- in-
fected population of India.
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