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Introduction
Acquired Immunodeficiency Syndrome (AIDS), caused 
by Human Immunodeficiency Virus (HIV), is a sig-
nificant global health issue, with low-income countries 
spending an average of $70.3  billion on healthcare [1]. 
The progression of HIV infection is marked by a steady 
decline in immune function and emergence of opportu-
nistic diseases, including fungal infections, notably, infec-
tions caused by C. albicans. While the high prevalence 
of C. albicans induced lesions is largely attributed to the 
immunosuppressive effects of HIV, research suggests 
that C. albicans strains isolated from the oral cavities of 
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Abstract
Objective  Candidiasis, an opportunistic infection that is prevalent in HIV-positive children and adults, is caused by 
various Candida species, Candida albicans along with certain non-albicans Candida species. The prevalence of these 
species varies across age groups due to multiple factors. Identification of these species becomes necessary as any 
antifungal therapy requires species-specific targeting to manage candidiasis effectively. With this background, the 
present study aimed to evaluate the prevalence and speciation of Candida in HIV-positive children (n = 30) and adults 
(n = 40) and to compare these findings with those in healthy individuals. Ten mL saliva was collected from HIV-positive 
and HIV-negative (healthy) patients and cultured on CHROMAgar™.

Results  The proportion and quantity of candidal colonization was higher in HIV-positive children (93.30%) as 
compared to adults (67.50%). An increased profile of Nakaseomyces glabrata (previously Candida glabrata) was seen in 
children while the adults showed increase in colonization of C. tropicalis. The shift in profiles of species from Candida 
albicans to ‘non-albicans’ Candida species is of clinical relevance as it directly impacts on the antimicrobial efficacy of 
chosen anti-fungal agents.
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HIV-infected individuals exhibit greater virulence com-
pared to those from healthy individuals [2, 3]. Coleman 
et al., reviewed progress made in the identification and 
diagnosis of C. albicans and the non-albicans Candida 
species in HIV-infected individuals, and reported that 
Candida is rather difficult to characterize and behave in a 
different way compared to their counterparts in non-HIV 
individuals [4]. Oral candidiasis, an early sign of HIV, is 
a key indicator of AIDS, with superficial tissue invasion 
making it a significant risk predictor [5, 6]. 

Several studies in India have examined the prevalence 
of candidal species in HIV-infected adults. Kirthi YK 
(2019) found 20% prevalence of oral candidiasis in Mad-
hya Pradesh [7], while Deb T et al. (2003) reported 22.8% 
in Manipur [8]. Prasad et al. reported 39% in Mangalore 
city [9], Maheshwari et al. (2016) identified 128 candidal 
isolates from 88 cases, revealing 7 species: C. albicans 
(50%), Nakaseomyces glabrata (N. glabrata) (17%), C. 
dubliniensis (12.5%), C. parapsilosis (7.8%), Pichia kudri-
avzevii, (P. kudriavzevii), C. tropicalis (4.6% each), and 
Kluyveromyces marxianus (3%) [10]. Jayachandran et al. 
(2017) showed C. albicans was the most common species 
in 56.45% of cases, followed by C. tropicalis in 19.3% [11]. 

Majority of the studies focus on HIV- infected adults. 
Research on candidiasis in HIV-infected children 
remains limited. It is known that children and adults have 
different immunological profiles; the immune system in 
children is nascent and develops with age. Infection with 
HIV due to a vertical transmission from the mother has 
more drastic implications for an infected child as com-
pared to HIV-infected adults [12]. 

Research has shown an increase not only in Candida 
albicans but also in rare species such as Wickerhamo-
myces anomalus, P. kudriavzevii, and C. infanticola, C. 
spencermartinsiae etc [13]. The recurrent episodes of 
opportunistic infections (OI) necessitate repeated use 
of antifungal and antimicrobial drugs, leading to the 
emergence of these non-albicans Candida species in 
HIV-positive individuals. The non-albicans Candida 
species require distinct treatment approaches, as they 
develop resistance to antifungal drugs through various 
mechanisms.

Therefore, this study was conducted with the hypoth-
esis that colonization patterns would differ between chil-
dren and adults. We aimed to assess the prevalence of 
various Candida species through culture and identify dis-
tinct species in HIV-positive children and adults, while 
comparing their prevalence with that in healthy individu-
als. Speciation of Candida in HIV-positive individuals is 
crucial for identifying specific pathogenic strains, guid-
ing targeted antifungal therapy, and monitoring the risk 
of opportunistic infections and antifungal resistance. 
Comparing Candida species in HIV-positive children 
and adults is significant for understanding age-related 

differences in colonization patterns, immune responses, 
and susceptibility to opportunistic infections, which can 
inform tailored treatment strategies and improve patient 
outcomes.

Materials & methods
Study cohort
This cross-sectional study included 30 cases of HIV-
positive children (aged 8–16 years) from a care home for 
HIV-positive children at Mangaluru, Karnataka, India. 
In this time-bound study, 40 adults (age ≥ 30 years) were 
examined from the outpatient and inpatient visits at our 
Medical College and Hospital. The study included con-
firmed cases of HIV-positive adults and children who 
were on anti-retroviral therapy (ART), while HIV-pos-
itive patients using antifungal agents or mouthwashes 
were excluded. The study cohort also excluded patients 
with any dental prosthesis/dental appliances that would 
interfere with the expression of Candida species. Age 
and sex-matched controls were taken for children and 
adults for the first 10 samples. Healthy children (4–12 
years) and healthy adults (24–42 years) from the same 
geographical location and negative for HIV-infection 
were taken as control samples. Demographic data, CD4 
counts, history of opportunistic infections, medications 
taken by the HIV infected participants were retrieved 
from the case sheets of the participants.

Ethical approval and informed consent
All subjects in the study were informed regarding the 
procedure and written consent was taken from every 
patient. In case of children, permission and written 
informed consent were obtained from legally authorized 
representative (LAR) of the care home prior to com-
mencement of the study. For participants aged 16 years 
and older, the objectives of the research and the method 
of its implementation were fully informed to the eligible 
people, and written consent was obtained prior to sam-
ple collection. The study was approved by Institutional 
Ethics Committee, Manipal College of Dental Sciences 
Mangalore (ref no:15103) and conformed with the prin-
ciples of the Helsinki Declaration.

Sample collection
Each patient was given a sterile rubber band to chew for 
a minute to stimulate saliva production. Patients were 
asked to expel the stimulated saliva in a sterile bottle from 
which 10 mL of saliva was taken for culture to the Micro-
biology Laboratory within half an hour of collection.

Culturing micro-organisms
Culturing of Candida species was done at Microbiology 
department, Kasturba Medical College and Hospital, 
Mangalore. Culture plates (in triplicate), were prepared 2 
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days prior to the sample collection, coded with the name, 
age and gender of the patients and controls. Of the 10 mL 
saliva collected, 100 µL was taken with a micropipette 
(Fig. 1) and spread onto CHROMAgar™ plates directly in 
four directions with the help of a sterile plastic spreader. 
No other culture medium was used prior to this.

The plates were then transferred to an incubator where 
the colonies were allowed to grow at room tempera-
ture (24–32° Celsius) for 48 h. Multiple species of Can-
dida were differentiated by the color of the colonies on 
CHROMAgar™[Catalogue number CA223-25 25  L pack 
and manufactured by 4 place du 18 juin 1940 75006 Paris, 
www.CHROMagar.com]. Co-existence of the various 
species was analyzed from the culture in the same plate. 

While C.albicans exhibited light green-colored smooth 
colonies, C.tropicalis showed blue to metallic blue-col-
ored raised colonies; N.glabrata had cream to smooth 
white colonies while P.kudriavzevii showed purple ill-
defined colonies. (Fig.  2) The speciation was confirmed 
using VITEK ®2 COMPACT system [3, 14]. Species iden-
tified in 100 µL of saliva were counted, multiplied by 
a factor of 10 to get the number of colonies in 1 mL of 
saliva to express the colonies in terms of colony forming 
units per mL (CFU/mL).

Statistical analysis
The collated data was statistically evaluated using SPSS 
20. Proportion of patients showing positive colonization 
in terms of various Candida species and in total between 
child/adult cases and controls were compared using chi-
square tests. Due to skewed distribution of number of 
colonies between adults and children, the median num-
ber of colonies between controls and cases as well as the 
adult and child HIV-infected individuals were compared 
using non-parametric Mann-Whitney U test. The Can-
dida colonization was compared between the four cat-
egories of CD4 counts using Kruskal-Wallis test.

Results
Among the 70 HIV-positive participants, 30 were chil-
dren (8–16 years), with 43% females and 56% males. 
Most adult participants were classified as WHO clini-
cal stage I (77.5%). Analysis of CD4 counts showed that 
53.3% of the children had a CD4 count above 750 cells/
cu.mm, whereas majority of adults (40%) had CD4 counts 
ranging from 251 to 500 cells/cu.mm. (Table 1)

Candida prevalence was significantly higher in HIV-
positive participants compared to healthy controls. 
In children, 93.3% of HIV-positive cases had Candida 

Fig. 2  Collected samples showing a mixture of species as seen in CHROMagarTM C. albicans (smooth light green-colored colonies),. N. glabrata (cream 
to white smooth colonies); C. tropicalis (metallic blue colored raised colonies) and P. kudriavzevii (purple fuzzy colonies)

 

Fig. 1  Armamentarium for fungal microbial culture: micropipette, L-
shaped cell microbiological spreaders for spreading samples on agar sur-
faces in Petri dishes, and high CHROMAgar

 

http://www.CHROMagar.com
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colonization, versus 30% in controls (p = 0.000033), and 
in adults, 67.5% of HIV-positive cases showed coloniza-
tion, compared to 30% in controls (p = 0.03). C. albicans 
and N. glabrata were notably more common in HIV-pos-
itive children, at 53.3% and 66.7% (p = 0.003 and < 0.001). 
Although P. kudriavzevii and C.tropicalis appeared in 
both groups, differences were not significant. Among 
adults, C.tropicalis was most frequent in HIV cases 
(57.5%), while P. kudriavzevii and N.glabrata were also 
common but not significantly so (Table 2).

Colony-forming units (CFU) were significantly higher 
in HIV-positive children (median = 165) than in controls 
(median = 0, p < 0.001). C.albicans and N. glabrata also 
had higher median counts in cases (10 and 15, respec-
tively, p = 0.011 and 0.001). However, P. kudriavzevii and 
C.tropicalis showed no significant difference between 
cases and controls. Among adults, HIV-positive cases 
had a significantly higher total CFU (median = 50) com-
pared to controls (median = 0, p = 0.018). (Table 3)

In adults, C.tropicalis was significantly higher in cases 
(median = 20) than controls (median = 0, p = 0.039). 
C.albicans, P.kudriavzevii, and N.glabrata showed no 
significant difference between adult cases and con-
trols. Total Candida colonies were higher in children 
(median = 165) than adults (median = 50), with C. albi-
cans and N.glabrata significantly more prevalent in 
children. P. kudriavzevii showed no significant differ-
ence between HIV-positive adults and children but was 
slightly more common in children. (Table 3)

Kruskal-Wallis test revealed no significant difference 
in Candida colonization across the four CD4 categories 
in both adults and children. The median values in the 
‘<250 CD4 category’ were zero, due to a lack of cases in 
children and very few (n = 5) in adults. The total number 
of colonies was highest in the ‘251–500 CD4’ category 
for both groups, with counts decreasing as CD4 levels 
increased. In all categories, children showed higher colo-
nization than adults. Our study found significant differ-
ences in Candida species colonization between cases and 
controls, and between children and adults. In children, 
56.7% of HIV-positive cases (17/30) had multiple spe-
cies colonization, compared to 0% in controls (p < 0.001). 
In adults, 25% of HIV-positive cases (10/40) had mul-
tiple species, while none of the controls did (p = 0.060). 
Children were more likely to have multiple species than 
adults (56.7% vs. 25%, p = 0.007), highlighting the higher 
prevalence of Candida colonization in HIV-positive chil-
dren. (Table 4)

Discussion
Opportunistic infections are a hallmark of HIV disease. 
As a precursor to any clinical infection bacterial/fungal 
organisms are known to grow and colonize the mucosa 
asymptomatically. In the present study, this asymptom-
atic colonization (i.e., absence of clinical manifestation 
of candidiasis) was assessed in patients with comparable 
levels of immune suppression. The status of immune sup-
pression was established on the basis of CD4 levels which 

Table 1  Demographic data of the patient cohort
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were retrieved from the case sheets of the HIV-positive 
participants.

In this study, an increasing trend of asymptomatic 
colonization of Candida was observed in HIV-positive 
children and adults. We observed differences in specia-
tion between the two age groups, which to our notice has 
never been documented in literature. The study cohort 
included confirmed cases of HIV-infection in both chil-
dren and adult population. The study excluded patients 
with co-morbidities, patients on anti-fungal medications, 
mouthwashes, and patients with dental prosthesis as 
these factors can cause interference in expression of dif-
ferent Candida profiles [15]. 

Established comparison between different age groups 
confirmed an increase in colonization in HIV-positive 
children [12]. There exists differences in characteristics 
of infection between children and adults as compiled by 
Fidel et al. (2011) and Kukoyi et al. (2016) [16, 17]. Nev-
ertheless, in general the oral microbiome in children 
remains very different from adults. In young children 
the oral fungal and bacterial biodiversity is lower and 
there is less competition when an opportunistic microbe 
colonizes the oral tract. The present study is novel as no 

studies have been done till date, comparing adults and 
children. Furthermore, this is the first study done in the 
Dakshin Kannada district of the South of India. None of 
the studies done before, have shown asymptomatic colo-
nization which was seen in our study.

Asymptomatic colonization or absence of clinically evi-
dent candidiasis has been one of the important findings 
in our study. Due to HIV-infection, the cell adhesion mol-
ecules (CAMs) of the epithelium including MAdCAM 
(Mucosal addressin cell adhesion molecule) and E-cad-
herins are altered. This leads to dysregulation of CD8 + T 
cell migration (CD8 + T-cells are unable to migrate past 
lamina propria and thus colonize at basement membrane 
zone) ultimately causing increased colonization of fungal 
organisms at surface of the epithelium [17–20]. 

McNulty et al. (2005) compared E-cadherin expres-
sion in patients with and without opportunistic candidal 
infection and found significant reduction in E-cadherin 
in epithelium of patients showing opportunistic infection 
[21]. Thus, lower level of epithelial E-cadherin is thought 
to be a factor in local tissue microenvironment respon-
sible for increased colonization of Candida. Goomer, 
Maris & Amiel (1998) studied age-related expression 

Table 2  Prevalence of different species of Candida adolescents and adults: Chi square test for comparison between cases and controls
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of cadherin in rabbits and found that young rabbits had 
decreased cadherin expression as compared to the adult 
rabbits [22]. This analogy resonates in the present study 
where increased colonization was seen in children pre-
sumably due to lower expression of cadherin.

Studies have also shown the participation of epithe-
lial cells in host defense by production of antimicrobial 
peptides and pro-inflammatory cytokines. It’s also seen 
that in infections caused by C. tropicalis and N. glabrata, 
the host defenses could be strengthened by the release of 
perforins and granzymes by polymorphonuclear neutro-
phils recruited at the site of infection [23]. 

The most frequent organisms seen in HIV-infected 
individuals belong to the Candida species. Candida fun-
gus that exists in various forms as normal commensal in 
humans, manifests itself pathogenic in diseased states or 
in compromised health. While the predominant species 
noted in the present study was C. albicans, we also found 
an increasing colonization by N. glabrata, C. tropicalis 
and P. kudriavzevii in HIV-positive children and adults. 
Our findings were in conjunction with many studies [10, 
23–25]. 

A prevailing theory for increase in non-albicans Can-
dida species in HIV-positive patients is the widespread 

use of antifungals and broad-spectrum antibiotics. 
Immunosuppression caused by AIDS is often managed 
with these treatments, primarily targeting C. albicans, 
the predominant species during initial stages of candidia-
sis. As colonization of C. albicans decreases, competitive 
inhibition at the oral mucosal surface is reduced, allowing 
for asymptomatic colonization by less virulent Candida 
species like C. tropicalis, N. glabrata, and P. kudriavze-
vii; collectively referred to as ‘non-albicans’ Candida spe-
cies. However, in our study, cases with such treatment 
regimens were excluded, yet we still observed an increase 
in non-albicans Candida species. This suggests that fac-
tors like heightened levels of immunosuppression, and 
complexity of managing subclinical conditions, may also 
contribute to emergence of these non-albicans Candida 
species [26]. However, probiotics and antimicrobial pho-
todynamic therapy can be tested in future for treatment 
[15]. 

Our study used CHROMagar as a culture media for 
identification of species. Once identified on CHRO-
Magar, confirmation of the same was done by using the 
VITEK ®2 COMPACT system [13, 27, 28] CHROMagar 
was the primary media in our study as it yields good 
results in speciation of mixed Candida species. The 

Table 3  Comparison of candidal carriage in CFU between cases and controls of adolescents/adults and between HIV positive 
adolescents and adults using Mann Whitney U test
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versatility and economy of this media has already been 
proved by Mathavi et al. (2016) and Eraso et al. (2006) 
strengthening its efficacy to be used as a screening tool 
for diagnosing various fungal species as different species 
have different course of spread, and response to various 
anti-fungal agents [29, 30]. Thus, being cognizant of spe-
cies variation in HIV-positive individuals is important, 
as this alters the treatment strategy in opportunistic 
infections.

Limitations
Our study’s age range of 8–16 years in youngsters may 
have caused variability in the results. The Mangaluru 
care home provided the sample, therefore we had no 
control over age selection. Another study limitation was 
the small sample size of < 250 CD4 count subjects. The 
patients’ CD4 levels were steady during treatment. This 

was mostly due to care home patient management. The 
study found no correlation between CD4 counts and 
Candida colonization, however this cannot be general-
ized. The species variance in adults and children is clini-
cally relevant since species manifestation was dynamic 
even in the small sample size. Since this is an emerg-
ing result in our study, a bigger sample size and more 
research may help explain these discrepancies. Tobacco/
tomato agar using API/MALDI-TOF-MS and other 
molecular approaches could be used to identify species in 
future investigations. More antifungal susceptibility test-
ing should be done to explore species resistance trends. 
In our study, care professionals provided oral hygiene 
measures to care home children. To guarantee adequate 
nutrition, the hospital dietitian regulated their diet. How-
ever, we noted that food and oral hygiene disparities 
between children in care and community people were 

Table 4  Comparison of distribution of candidal species in HIV positive children and adults using chi-square test
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not specifically assessed. Varying these elements may 
affect oral health and Candida species prevalence, which 
could be a constraint.

Another drawback of this study is the use of Vitek 2 to 
identify Candida species, especially C. albicans and C. 
dubliniensis. The Vitek 2 system may not accurately iden-
tify/misidentify these two species due to its low selective 
capabilities. C. dubliniensis shares many phenotypes with 
C. albicans but has different pathogenicity and resistance, 
which may affect species-level identification in our study. 
Due to budget constraints, the study could not employ 
other culture media. Large-scale research could benefit 
from sophisticated molecular technologies like PCR to 
accurately identify and differentiate closely related Can-
dida species.

Conclusion
Opportunistic infections are a hallmark of HIV-infection. 
The disease progresses much faster in children owing 
to vertical transmission, adding to the fact that children 
bear a higher viral load and are more vulnerable to recur-
rent opportunistic infections. An increase in non-albi-
cans Candida species was noted in our study. Shift in 
profiles of species from C. albicans to non-albicans Can-
dida species is of clinical relevance as it directly impacts 
the antimicrobial efficacy of chosen anti-fungal agents.

Speciation of Candida in HIV positive children and 
adults is crucial due to varying pathogenicity of differ-
ent species. While we were able to speciate Candida, why 
certain species of Candida were more prevalent, is an 
area still unexplored. Since this is an emerging finding, a 
larger sample size and further research could help clarify 
the underlying mechanisms driving these differences. 
Differences in speciation in adults and children can be 
clinically significant as it helps the clinicians narrow 
down the antifungal therapy. Since adults had specific 
species (C. tropicalis) treatment could be aimed at using 
narrow spectrum antifungals. Contrastingly, children had 
multiple species; broad spectrum antifungals become the 
treatment of choice. Eventually, the significance of iden-
tifying specific Candida species lies in a more targeted 
treatment approach potentially reducing dependence on 
broad spectrum antibiotics. This knowledge is essential 
for performing accurate antifungal susceptibility tests 
which are vital in treating opportunistic infections preva-
lent in these populations. This study being the first of its 
kind aims to enhance our understanding and approach to 
these critical infections.
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