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Abstract Objective The risk of endogenous infections in human immunodeficiency virus (HIV)-
infected individuals increases with Candida species colonized in mouth and intestinal
areas. The predisposing factors for colonization and the prevalence of different Candida
spp. in HIV-infected Turkish children remain unknown. This study aimed to determine
the colonization frequency and risk factors of colonization with Candida species in oral
and fecal samples of HIV-infected pediatric patients in relation to a control group.
Methods Oral and feces samples of 22 HIV-infected and 52 healthy children were plated
onto CHROMagar and CHROM-Pal-agar. Yeasts were identified by conventional methods,
and strains with insufficient identification were identified by molecular techniques.
Results Candida spp. were detected in oral/fecal samples of 50%/68.2% HIV-infected and
36.5%/73.1% healthy children. The most common species was Candida albicans in oral and
fecal samples of HIV-infected (31.8 and 31.8%) and healthy (26.9 and 48.1%) children. The
most frequently non-albicans species in oral samples was Candida dubliniensis (18.2%) in HIV-
infected children and Candida parapsilosis (3.8%) in healthy children. In feces samples, C.
parapsilosis, Candida glabrata, and Candida krusei were most frequent (13.6%, each) in HIV-
infected patients, and Candida kefyr (11.5%) was most frequent in controls. There was a
significant associationbetweenoralC. dubliniensis colonization andHIV infection (p¼0.006).
Yeast carriage was not associated with gender and viral load in HIV-infected patients.
Conclusion The isolation of C. dubliniensis from oral and fecal samples of pediatric HIV
patients was done for the first time in Türkiye in the present study. Additional studies
are needed to clarify the factors associated with oral and fecal Candida colonization in
these children.
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Introduction

There were globally estimated to be 38.4 million people living
with HIV, including 2.73million children aged 0 to 19 years in
2021.1 Although our country is among the countries where
human immunodeficiency virus (HIV)/acquired immunodefi-
ciency syndrome (AIDS) is less frequent, the number of cases
has increased in recent years. The total numberofHIV-positive
people in Türkiye was reported to be 21,520, and 199 of these
were children aged 0 to 14 years.2

Candida species are commensal microorganisms of the
oral and gastrointestinal mucosa; however, in the presence
of predisposing factors, these may become pathogenic and
cause infection. More than 72% of HIV-infected children
develop oral candidiasis during the course of their illness,
and this infection is considered an important marker of HIV
disease and its progression.3 Candida albicans is the most
frequent species isolated, but it has been reported that oral
carriage of non-albicans Candida (NAC) is on increase, espe-
cially in HIV seropositive children.4,5 Candida spp. have also
been implicated in the etiology of chronic diarrhea in HIV
patients.6

Oral colonization by Candida spp. has been thoroughly
investigated in HIV-positive adults, but the number of studies
with HIV-positive children is still small.7 Also little is known
about lower gastrointestinal colonization in this HIV-infected
age group.8 In addition, there are no reported studies on these
topics from HIV-infected children in Türkiye. Therefore, the
present study was designed to investigate the prevalence of,
and predisposing factors for, oral and fecal yeast carriage in
Turkish pediatric HIV-infected patients and to compare the
prevalence of different Candida spp. in HIV-infected and
noninfected children.

Materials and Methods

Oral mouthwash or swab samples (from young children) and
fecessamplesofchildrenwhoare followedup in theoutpatient
clinics of Istanbul University, Istanbul Faculty of Medicine,
Pediatric Infectious Diseases and Marmara University, Pendik
Training and Research Hospital, Pediatric Infectious Diseases
were evaluated between January 2018 and December 2019.
The study protocol was approved by the Ethical Committee of
Istanbul Faculty of Medicine (24.05.2017/535), and written
informed consent was obtained from the parents of each
patients prior to enrolment. Inclusion criteria were having
no clinical signs of oropharyngeal candidiasis (OFC) and no
ongoing treatment with antifungals or antimicrobials. Indi-
viduals with a history of prolonged antibiotic or steroid
therapy or diabetes mellitus were excluded from the study.
Oral wash samples were collected by asking the subjects to
rinse theirmouthwith10mLof sterile 0.9% saline for 5 s and to
return the specimen in a sterile container.9 Oral swabs were
collected using sterile swab sticks, and fecal samples were
collected in a sterile specimen pot with an integral spoon. Age,
sex, weight, eating habits, presence of intraoral lesions and
caries, CD4 count, andHIV-RNAviral load thatwasdetermined
on the same day were recorded. Children with a diet mainly

rich in kefir and yogurt were included in the healthy eating
group, while participants with high carbohydrate and simple
sugar consumption made up the unhealthy eating group.
Individuals with no particular preference were classified as
people with normal nutrition.

All specimens were processed in the Mycology Labora-
tory of Istanbul Faculty of Medicine, Department of Medical
Microbiology. Feces specimens were processed by emulsi-
fying 1 g of feces in 10mL of sterile water and a loopful
(0.001mL) of this was streaked onto the surface of the
media.10 Each oral rinse was centrifuged at 2,000� g for
10minutes, and 100 μL of the deposit was inoculated onto
CHROM-agar Candida (CAC) (Becton-Dickinson, Paris,
France) and CHROM-Pal-agar (CAP) to differentiate Candida
dubliniensis.11 The plates were incubated at 37°C and 30°C
for 48 hours. CAP medium was prepared by mixing equal
volumes of prepared CAC and Pal’s agar.12 Yeast colonies
were identified by microscopic morphology on cornmeal-
tween 80 agar, growth at 45°C and by the API ID 32C
(Biomerieux, Marcy I’Etoile, France) system.13 Strains which
gave an insufficient identification profile by the API system
were identified by DNA sequencing. The sequencing results
were used for homology comparison using the Basic Local
Alignment Search Tool search (http://www.ncbi.nlm.nih.
gov/BLAST).

Statistical evaluation was made with IBM SPSS 20.0 (IBM
Corp., Armonk, NY, United States) package program. Numer-
ical variables were given as mean� standard deviation and
median (25th–75th percentile) and frequency (percentages).
Differences between groups were compared using the
Mann–Whitney U Test for numerical variables that did not
have a normal distribution. Fisher’s exact chi-square test,
Yates’ chi-square test, and Monte Carlo chi-square test were
used for categorical variables to evaluate the differences
between groups. p<0.05 was considered sufficient for sta-
tistical significance in two-sided tests.

Results

The demographic characteristics of the study population are
shown in ►Table 1. Overall, 22 HIV-infected children and 52
healthy controls were included in this research. No signifi-
cant differences were found in the median age, sex distribu-
tion, and weight of the HIV-positive and control group
(p>0.05). All HIV-infected patients were receiving highly
active antiretroviral therapy. The median plasma HIV-1 RNA
burden andmedian CD4 T-lymphocyte count of HIV-infected
children were 45 copies/mL (range: 45–1,605,235) and
486.50 cells/mm3 (range: 18–1,427), respectively.

Rates of yeast isolation from oral samples of patients and
healthy controls were 50% (11/22) and 38.5% (20/52)
(p¼0.508), and isolation rates from feces samples were
68.2% (15/22) and 80.4% (42/52) (p¼0.382), respectively.
The distribution of yeast species isolated is shown
in ►Table 2. Candida spp. were isolated from oral and feces
samples of the HIV-infected group and controls in 11 (50%)
and 19 (36.5%), and 15 (68.2%) and 38 (73.1%) children,
respectively.
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C. albicans was the most common species isolated from
oral samples of HIV-infected and healthy children, being
isolated from 7 (31.8%) and 14 (26.9%), respectively
(p¼0.885). NAC were isolated from oral samples of seven
(31.8%) HIV-infected children and seven (13.5%) healthy
children (p¼0.102). The most frequent NAC in oral samples
of HIV-positive children was C. dubliniensis (four isolates),
whereas this specieswas not found in oral samples of healthy
children (p¼0.006).

C. albicanswas isolated from the feces of 7 (31.8%) and 25
(48.1%) HIV-infected and uninfected children, respectively
(p¼0.885). NAC were isolated from 14 (63.6%) HIV-infected
children and 22 (42.3%) controls (p¼0.155). The most com-
monNAC species isolated from feces samples of HIV-infected
children were Candida parapsilosis, Candida glabrata and
Candida krusei that were isolated equally from three samples
each (13.6%), while in healthy children Candida kefyr in six
samples (11.5%). Although non-Candida yeasts were isolated
from the feces of one (4.5%) of the HIV-infected patients and
13 (25%) healthychildren, this differencewas not statistically
significant (p¼0.052). Themost common non-Candida yeast
grown from feceswas Rhodotorula spp., isolated from4.5 and
15.4% of patients and healthy children, respectively.

Mixed yeast growth was observed in the oral and fecal
samples of 13.6% (3) and 22.7% (5) of HIV infected, 5.7% (3)
and 28.9% (15) of healthy children (►Table 3). No statistically
significant difference was found between these rates
(p¼0.354 and 0.776).

Candida isolation in oral and feces samples was observed
as 0% (0/5) and 60% (3/5) in children with CD4 counts �200
cells/mm3, while it was found to be 65% (11/17) and 70.5%
(12/17) in those with CD4 counts >200 cells/mm3, respec-
tively. This inverse relationship was attributed to the insuf-
ficient number of childrenwith CD4 counts�200 cells/mm3,
and statistical evaluation could not been made.

While no significant associationwas foundbetween the sex
and oral Candida colonization in HIV-infected children
(p¼0.395), oral colonization of healthy girls was significantly
more common than that of healthy boys (p¼0.043). Likewise,
there was no significant difference between the sexes in rates

of oral NAC colonization (p¼1.000), but NAC colonizationwas
significantly higher in healthy girls than in healthy boys
(p¼0.046). No significant relationships were found between
the sexes in relation to fecal Candida and NAC colonization, in
both HIV-infected and healthy children (p¼1.000, p¼1.000,
p¼0.582; 1.000, respectively).

No significant differences were found between the oral
samples of patients aged �120 months and �121 months in
terms of yeast, Candida spp., C. albicans, NAC, and mixed and
C. dubliniensis colonization. However, there were differences
between HIV-infected children aged�120 and�121months
in terms of colonization rates of yeasts, Candida, NAC and C.
parapsilosis complex (p¼0.022; 0.022; 0.024; 0.036, respec-
tively). These differences were unrelated to viral load.

Discussion

Oral lesions are common among HIV-infected children, and
themost common of these is due to candidiasis.14 It has been
reported that more than 72% of these children develop oral
candidiasis during the course of the disease.3,15 Early detec-
tion of oral carriage of Candida spp. is important to initiate
antifungal therapy before overt OFC and, additionally, to
identify individuals who tend to develop a rapid progression
in HIV infection.3,7,14 In addition, disseminated OFC cases
have been reported in children.16,17

Although there are many studies about oral Candida
colonization in adult HIV-infected patients, studies in chil-
dren are limited. In studies investigating oral Candida isola-
tion from oral wash or swab samples in HIV-infected and
HIV-negative children, colonization rates were reported to
be 45.5 to 80% and 30 to 57.5%, respectively.3,15,18–20 In the
present study, although oral Candida colonization was more
common inHIV-infected (50%) than healthychildren (36.5%),
the difference was not significant (p¼0.413). This result is
consistent with the findings of Jabra-Rizk et al19 and Pong-
siriwet et al18 who reported colonization rates of 50% and
45.5% in HIV-positive and 30% and 40% in HIV-negative
children. It has been noted that the variability in the resulting
isolation rates may be due to factors such as the methods of

Table 1 Characteristics of the children participating in the study

HIV-infected group n¼22 (%) Control group n¼52 (%) p-Value

Median age (months) 156 (range 2–204) 99 (range 24–204) 0.069

Gender

Female 11 (50) 25 (48.1) 1.000

Male 11 (50) 27 (51.9) 1.000

Median weight 43 kg (range 5–77) 27.5 kg (range 11–68) 0.096

Tooth decay 0 4 (7.7) –

Mucositis 1 (4.45) 0 –

Nutrition

Healthy 0 13 (25) –

Unhealthy 0 8 (15.4) –

Normal 22 (100) 31 (59.6) –
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collecting and processing clinical samples used and pluralis-
tic and ethnic differences.21,22 It is reported that the most
sensitive method is the inoculation of concentrated oral
wash water, which is used in the present study.23

In most of the studies about the yeast colonization of the
oral cavity of pediatric HIV-infected patients, C. albicans has
been the most common species, with rates of 40 to
94.2%.3,5,15,18–20 Some researchers reported that the preva-
lence in HIV-infected children was significantly higher.3,15,20

Although theoral isolationofC. albicanswas found tobehigher
in patients (31.8%) than in healthy children (26.9%) in the
present study, this difference was not significant (p¼0.885).

Most commonly isolated NAC species were reported as
Candida guilliermondii (23.1%), Candida tropicalis (15.4%),
and Candida lusitaniae (7.3%) by Cerqueira et al3; C. krusei
(11.4%) and C. parapsilosis (7.14%) by Alves et al20; C. guil-
liermondii (23%), C. tropicalis (17%), and C. lusitaniae (8%) by
Pomarico et al15; Candida glabrata (33%), C. kefyr (13%), C.
lipolytica (7%), and C. tropicalis (7%) by Castillo-Martínez
et al.24 In the present study, unlike other studies, these
Candida species were not isolated from oral samples of
HIV-infected patients. It was found that all the cultured
strains were rare species, including C. dubliniensis (18.2%),
Candida famata, Candida zeylanoides, and Candida colliculosa

Table 2 Distribution of yeast species isolated from HIV-infected and healthy children according to the specimen

HIV-infected group (n¼22) Control group (n¼ 52) p-Values

Culture
distribution

Oral specimen
n (%)

Feces
n (%)

Oral specimen
n (%)

Feces n (%) Oral specimen
n (%)

Feces
n (%)

Yeast species 11 (50) 15 (68.2) 20 (38.5) 42 (80.4) 0.508 0.382

Candida spp. 11 (50) 15 (68.2) 19 (36.5) 38 (73.1) 0.413 0.885

C. albicans 7 (31.8) 7 (31.8) 14 (26.9) 25 (48.1) 0.885 0.301

Non-albicans Candida 7 (31.8) 14 (63.6) 7 (13.5) 22 (42.3) 0.102 0.155

C. kefyr – – 1 (1.9) 6 (11.5) 1.000 0.170

C. parapsilosis – 3 (13.6) 2 (3.8) 4 (7.7) 1.000 0.418

C. lusitaniae – – 1 (1.9) 3 (5.8) 1.000 –

C. famata 1 (4.5) – 1 (1.9) – NE –

C. guilliermondii – – 1 (1.9) – 1.000 –

C. lypolitica – – 1 (1.9) – 1.000 –

C. chodatii – – 1 (1.9) – 1.000 –

C.lambica – – – 1 (1.9) – 1.000

C. norvegensis – – – 2 (3.8) – 1.000

C. glabrata – 3 (13.6) – 2 (3.8) – 0.152

C. krusei – 3 (13.6) – 2 (3.8) – 0.152

C.valida – – – 1 (1.9) – 1.000

C.zeylanoides 1 (4.5) – – – NE –

C.globosa – – – 1 (1.9) – 1.000

C.dubliniensis 4 (18.2) 2 (9.1) – – 0.006a 0.086

C.colliculosa 1 (4.5) – – – NE –

C.insconspicua – 1 (4.5) – – – NE

C.rugosa – 1 (4.5) – – – NE

C.tropicalis – 1 (4.5) – – – NE

Non-Candida yeasts – 1 (4.5) 2 (3.8) 13 (25) 1.000 0.052

Rhodotorula sp. – 1 (4.5) 1(1.9) 8 (15.4) 1.000 0.265

Saccharomyces cerevisea – – – 1 (1.9) – 1.000

Trichosporon asahii – – – 1 (1.9) – 1.000

Schwanniomyces etschelsii – – – 2 (3.8) – 1.000

Hypopichia burtonii – – 1 (1.9) – 1.000 –

Pichia fermentans – – – 1 (1.9) – 1.000

Abbreviation: HIV, human immunodeficiency virus.
Note: NE: Could not be evaluated due to the low number
aStatistically significant.
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(4.5% each). Although in the present study the number of
different NAC species isolated from the oral cavity of healthy
children (7 species) was higher than the patients (4 species),
similar to the results of the studiesmentioned above, the rate
of NAC specieswas found to behigher inHIV-infected (31.8%)
than in healthy children (13.5%); however, this difference
was not significant (p¼0.102).

Cerqueira et al3 reported that C. parapsilosis was more
prevalent in uninfected siblings of HIV-infected children.

Compatible with that study, Pomarico et al15 reported
that the rate of C. parapsilosis was significantly higher in
HIV-negative (25%) than in HIV-positive (4.6%) children.
In the present study although this species was isolated
from two of healthy (3.8%) but none from the HIV-positive
children, there was no meaningful difference (p¼1.000).

C. dubliniensis is most commonly isolated from the
oral cavity of HIV-positive patients with reported rates of
1.2 to 48%,25mainly in adults. The few studies in pediatric

Table 3 Distribution of samples with mixed yeast growth according to the patients and control group

Mixed yeast cultures HIV-infected
group (n¼22)

Control
group (n¼52)

p-Values

Distribution of the species Oral
specimen n (%)

Feces
n (%)

Oral
specimen n (%)

Feces
n (%)

Oral
specimen

Feces

C. albicansþNAC 2 (9.1) 2 (9.1) 2 (3.8) 6 (11.6) 0.630 1.000

C. albicansþC. famata 1 (4.5) – – – NE –

C. albicansþC. parapsilosis – – 1 (1.9) 1 (1.9) NE NE

C. albicansþC. chodatii – – 1 (1.9) – NE –

C. albicansþC. dubliniensis 1 (4.5) – – – NE –

C. albicansþC. glabrata – 1 (4.5) – 1 (1.9) – NE

C. albicansþC. kefyr – – – 2 (3.8) – NE

C. albicansþC. krusei – – – 1 (1.9) – NE

C. albicansþC. valida – – – 1 (1.9) – NE

C. albicansþC. insconspicua – 1 (4.5) – – – NE

C. albicans þnon-Candida yeast – – 1 (1.9) 3 (5.8) NE 0.550

C. albicansþ Rhodotorula spp. – – – 2 (3.8) – NE

C. albicansþ T. asahii – – – 1 (1.9) – NE

C. albicansþHypopichia burtonii – – 1 (1.9) – NE –

NACþ non-Candida yeast – – – 3 (5.8) – 0.550

C. parapsilosisþ Rhodotorula spp. – – – 1 (1.9) – NE

C. kefyrþ Rhodotorula spp. – – – 1 (1.9) – NE

C. globosa þ
Schwanniomyces etschelsii

– – – 1 (1.9) – NE

C. albicansþNAC þ
non-Candida yeast

– 1 (4.5) – 2 (3.8) – 1.000

C. albicansþC. lambicaþC. parapsilosis
þ Rhodotorula spp.

– – – 1 (1.9) – NE

C. albicansþC. kefyrþ Saccharomyces
cerevisea

– – – 1 (1.9) – NE

C. albicans þ
C. glabrataþC. krusei
þ Rhodotorula spp.

– 1 (4.5) – – – NE

NACþNAC 1 (4.5) 2 (9.1) – 1 (1.9) 0.297 0.209

C. colliculosaþC. dubliniensis 1 (4.5) – – – NE –

C. lusitaniaeþ C. lambica – – – 1 (1.9) – NE

C. rugosaþ C. parapsilosis – 1 (4.5) – – – NE

C. kruseiþC. tropicalis – 1 (4.5) – – – NE

Total 3 (13.6) 5 (22.7) 3 (5.7) 15 (28.9) 0.354 0.776

Abbreviations: HIV, human immunodeficiency virus; NAC, non-albicans Candida.
Note: NE: Could not be evaluated due to the low number.
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HIV-positive patients have reported isolation rates of 0 to
17.24%.5,7,14,15,19,20,26–28 This yeast shows increased adher-
ence to human buccal epithelial cells.28 Also, this species can
rapidly develop resistancewhen exposed to fluconazole, and
fluconazole-resistant strains have been identified in HIV
patients receiving antifungal agents.29 It is often difficult
to distinguish C. dubliniensis from C. albicans, which is the
most frequently isolated species in routine laboratory since
many phenotypic and morphological features are similar.25

CAC is helpful to distinguish these two species in primary
culture due to different pigmentation.25,30 In the present
study, C. dubliniensiswas isolated from the oral cavity of four
(18.2%) HIV-positive and none from the control patients. It
was found that the difference between these two groups was
significant in terms of C. dubliniensis isolation (p¼0.006).
This is the first report of the isolation of C. dubliniensis from
pediatric HIV-positive patients in our country. Sahand et al12

reported CHROM-Pal medium was more sensitive in the
distinction of C. albicans and C. dubliniensis than CAC with
100% accuracy. They determined 18.5%prevalence of this
species in adult HIV-positive individuals. In the present
study, CHROM-pal agar was used in addition to CHROM-
agar and an isolation rate (18.2%) similar to that of Sahand
et al was obtained.12 However, using only CHROM-agar,
Blignaut5 reported a similar isolation rate (17.24%). These
findings indicate that, besides themedium used, geographic-
and population-dependent factors are also important.

Some researchers have investigated whether oral Candida
colonizationwas associatedwith viral load or CD4 cell count,
again generally in adult patients. It is thought that increased
HIV-1 level may cause increased Candida colonization by
suppressing the immune response, and that increased local
HIV replication has a direct effect on Candida colonization.31

Some researchers reported that oral Candida colonization
significantly correlatedwith the increase in viral load and the
decrease in the number of CD4 cells.24,28 De Brito Costa
et al32 found that oral C. albicans colonization correlatedwith
a decrease in CD4 cell count in their study of HIV-positive
children. In the present study, Candida colonization was not
detected in oral samples of five HIV-positive children with
CD4 count of � 200 cells/mm3 but was found in 65 of those
with CD4 count >200 cells/mm3. This apparent inverse
relationship is likely due to the low number of patients
with CD4 counts �200 cells/mm3, making statistical evalua-
tion impossible. If oral Candida colonizationwas compared in
children with viral loads of �45 and >45 copies (61.5 and
33.3%, respectively), no relationshipwas found between viral
load and oral Candida colonization (p¼0.387) in the present
study.

Candida spp. are considered as gastrointestinal opportu-
nistic pathogens and some authors blame them for the
onset of diarrhea.33,34 Diarrhea is among the important
clinical manifestations of AIDS and may cause malnutrition,
growth retardation, and death especially in young chil-
dren.35 Most of the research on this subject has been
done in adults and patients with diarrhea. Fecal C. albicans
isolation in HIV-positive and diarrheal patients from differ-
ent countries has been reported to vary between 7.6 and

39.1%.35,36 In the present study, the isolation rate of C.
albicans from feces of HIV-infected children was 31.8%.
However, unlike the aforementioned studies, none of the
patients in the present study had diarrhea. We also noted a
significant difference between patients aged �120 and
�121 months in terms of C. parapsilosis colonization in
feces, with a higher rate in the younger age group
(p¼0.036).

We found no previous reports of detection of C. dublin-
iensis in the feces of pediatric HIV patients. In the present
study, although C. dubliniensis was not found in the feces of
healthy children, it was isolated from two (9.1%) HIV-posi-
tive children (p¼0.086). Additionally, this species was iso-
lated from both the oral wash and the feces samples of one of
these patients. There are also limited data on this subject
with respect to adults. Awoyeni et al8 reported in their study
of 154 HIV-infected patients aged 18 to 72 years that the
isolation rate of C. dubliniensis from feces was 13.1%.

In conclusion, the presence of C. dubliniensis in oral and
fecal samples in pediatric HIV patients was shown for the
first time in Türkiye in the present study. Since this species is
the most frequently isolated NAC species in Turkish patients
and was found to be significantly more common in the
mouths of HIV-positive children than healthy individuals,
clinicians should be mindful of the risk of selecting for
fluconazole-resistant Candida spp. while choosing antifun-
gals as treatment or prophylaxis. We also recommend the
use of chromogenic agar to detect C. dubliniensis in cultures
for suspected fungal infection in these patients. Since
C. parapsilosis is found to be significantly higher in feces
samples of patients aged 10 years or younger, treatment
should be arranged considering this species capable of
forming biofilms in catheters especially in case of fungemia.
Additional studies should be conducted in relation to oral
and fecal Candida colonization in children, and additional
predisposing factors should be investigated.
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