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Abstract

Background: The most frequent species of Candida to infect and colonize patients
with neutropenia is still Candida albicans. This study aimed to provide detailed in-
formation on the phenotype, genotype, and mating type of oral C. albicans isolated
from neutropenic pediatric patients, and to investigate how these characteristics are
related.

Methods: Two hundred fifty-four oral samples from patients under 18 years old with
neutropenia and malignancies were collected from January to October 2021. Samples
were cultured on CHROMagar Candida. Isolates of C. albicans were identified with
the germ tube test, chlamydospore production on cornmeal agar, and PCR-RFLP.
Genotyping of C. albicans isolates was carried out by amplifying the 255 rDNA gene
with specific CAINT-L and CA-INT-R primers. MTLal and MTLal primers were used
to identify each mating type. Yeast peptone dextrose supplemented with phloxine B
was used to identify different phenotypes.

Results: Ninety-two (36%) patients were positive for C. albicans. The mean age of
patients was 7.85. Fifty-three (58.9%) isolates demonstrated type A, 15 (16.7%) type
B, 15 (16.7%) types D/E, and 7 (7.7%) type C. Three isolates each (3.3%) were homozy-
gous for MTLa or homozygous for MTLa. All of the MTL-homozygous isolates were
genotype A. There was a significant correlation between patients' underlying disease
and genotype (p = 0.036). There was a significant correlation between mating type
and genotype (p = 0.000).

Conclusion: Most of the isolates exhibited a white phenotype, noted in the literature
as the most virulent. Moreover, heterozygous strains were frequent and may play a

role in Candida colonization.
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1 | INTRODUCTION

Children with neutropenia and malignancies are at an increased
risk of developing oral candidiasis, which may lead to systemic in-
fections.! Candida albicans is still the most common Candida species
infecting and colonizing neutropenic patients,?® and has pathogenic
potential for disseminated infection in immunocompetent hosts.* As
part of the normal human flora it is generally harmless, but in immu-
nosuppressed individuals it can cause serious diseases.® Radiation,
bone marrow failure, chemotherapy, and hematopoietic cell replace-
ment by malignant cells in the bone marrow are potential causes of
neutropenia.®” In patients with acute neutropenia and leukemia, the
digestive tract serves as the primary entry point for Candida species.
The natural anatomical barriers may be damaged, allowing Candida
to enter the bloodstream. In these persons, Candida infections can
manifest as esophagitis, oropharyngeal candidiasis, candidemia, and
acute or chronic disseminated candidiasis.®°

There are several methods for typing C. albicans such as microsatel-
lite length polymorphism'! and multilocus sequence typing.*? Another
approach is based on 25S ribosomal DNA (rDNA). This method is based
on sequence variation of the transcribed spacer locus (255 rRNA gene)
described by McCullough et al., which can be used to categorize differ-
ent strains into five types (A, B, C, D, and E).*® Phenotypic switching and
biofilm formation are one of the virulence factors of C. albicans.X*'* The
white-opaque switch affects the morphology, configuration of gene
expression, physiology, and virulence of C. albicans.*® Correspondingly,
it has been confirmed that a variety of virulence features differ be-
tween cells in the two phases.”‘18 It was reported that strains causing
deep tissue fungal infections switch at higher frequencies, on average,
than strains causing superficial infections.**

Most natural C. albicans isolates are heterozygous for the
mating-type locus. Heterozygous strains are not able to mate.??"??
Homozygous strains can undergo mating and switch from the white
to the opaque phenotype.l‘”21 Earlier studies suggested that MTL-
homozygous strains may take part in colonization.???® One study
demonstrated that C. albicans strains capable of mating exist nat-
urally in patients, and the authors proposed that mating may play a
role in the appearance of diversity in this lethal pathogen.?® Although
our understanding of how these features contribute to infection has
increased significantly in recent years, further studies are necessary
in this area to shed light on some unanswered questions. Is there
any relationship between phenotype switching and genotype, or
between genotype and mating type in clinical isolates? The present
study aimed to provide detailed information on the phenotype, gen-
otype, and mating type of oral C. albicans isolated from neutropenic
pediatric patients with neutropenia, and to investigate how these
characteristics are related.

2 | MATERIALS AND METHODS

The Ethics Committee of Ahvaz Jundishapur University of Medical
Sciences approved this project under reference no. IR.AJUMS.

MEDICINE.REC. 1399.037. Moreover, all researchers involved in
the study complied with the current version of the World Medical
Association's Declaration of Helsinki in accordance with the
January 1997 Note for Guidance on Good Clinical Practice (CPMP/
ICH/135/95).

2.1 | Samples and identification
Two hundred fifty-four oral samples from patients under 18years
old with neutropenia and malignancies were collected from January
to October 2021. Samples were cultured on CHROMagar Candida
(CHROMagar, France), and positive cultures were purified on
Sabouraud dextrose agar (Liofilchem). Candida albicans isolates
were identified with the germ tube test, chlamydospore produc-
tion on cornmeal agar (HIMEDIA, India) supplemented with Tween
80 (Merck, Germany), growth at 43°C and PCR-RFLP according to
Mirhendi et al.?* using ITS1 and ITS4 primers.?®

DNA was extracted according to Look et al.?® One or two fresh
purified colonies were transferred to a tube containing 100l 0.2 M
lithium acetate (Central Drug House) and 1% SDS (CinnaGen). Each
tube was incubated for 5 min in a 70°C water bath. Then absolute
ethanol was added and each tube was gently vortexed. The tubes
were centrifuged for 2 min at 18,000 g, after which the supernatants
were discarded. Then 300ul 70% ethanol was added to the pellet
and the tubes were centrifuged at 18,0004 for 2 min. The superna-
tant was removed, and tubes were air-dried at room temperature.
Then 100yl sterile distilled water was added to each tube, and the
tubes were gently vortexed and centrifuged for 2 min at 18,000g.
Lastly, the supernatant containing DNA was transferred to a new
tube and stored at 20°C.

2.2 | ABC genotyping

Genotyping of C. albicans isolates was carried out by amplifying the
25S rDNA gene with specific primers CAINT-L (5'-ATAAGGGAAGT
CGGCAAAATAGATCCGTAA-3') and CA-INT-R (5-CCTTGGCTGT
GGTTTCGCTAGATAGTAGAT-3') 13. Briefly, Tag DNA Polymerase
2x Master Mix RED with 1.5mM MgCl, (Ampligon), 0.5 uM of each
primer, and 2 pl genomic DNA in a total volume of 25ul. PCR prod-
ucts were amplified under the following conditions: 97°C for 7 min,
35cycles at 94°C for 305, 60°C for 30s, 72°C for 40s, and 72°C for
5 min as the final extension. The PCR products were visualized on
1.5% agarose gel. A 450bp band represented type A, 840bp type B,
450 and 840bp type C, 1040bp type D, and 1080bp type E. Types
D and E correspond to C. dubliniensis.

2.3 | Matingtype

MTLal (forward: 5'-TAAGAATGAAGACAACGAGG-3’' and re-
verse: 5'-CGTGTTTTTCTGCTATCAATTCC-3') and MTLal (forward:
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TABLE 1 Phenotypic characteristics of

each genotype
g yp Genotype

A (53/58.9%)

B (15/16.7%)
C(7/7.7%)

D/E (15/16.7%)

50 bp
DNA ladder

FIGURE 1 Genotyping of Candida albicans isolates. Lane 1: type
A (450bp), lane 2: type B (840bp), lane 3: type C (450 and 840bp),
lane 4: type D/E (1040bp)

5'-TACATTCTGGTCGCGATGCTC and reverse: 5'-GTAATCCAA
AGCCTCGCATAA-3') primers were used to identify the mating type
of each isolate.?’ Multiplex PCR assays were carried out with 1x
Tag DNA Polymerase 2x Master Mix RED 1.5mM MgCl, (Ampligon,
Denmark), 0.5 uM of each primer, and 3 pl genomic DNA in a total vol-
ume of 25pl. PCR products were amplified under the following condi-
tions: 94°C for 10 min, 30cycles at 94°C for 60s, 57°C for 455, 72°C
for 45s, and 72°C for 7 min as the final extension. The PCR products
were visualized on 1.5% agarose gel. A 535bp band represented type
a, and a 423 bp band represented type a. Heterozygous strains exhib-
ited both bands.

2.4 | Phenotyping on phloxine B medium

Yeast peptone dextrose (YPD) agar containing 20g glucose (PanReac),
10 g yeast extract (Merck), 20g peptone (Difco), and 10 g agar (Conda)
supplemented with 5 mg/L phloxine B was used to determine the
phenotype of each isolate (Merck).?® Fresh yeast cells were diluted in
sterile distilled water and spread at a density of 30-50CFU/ml on YPD
agar plates, which were thenincubated at 30°C for 4-5days.

Colorin Germ tube Chlamydospore Growth
CHROMagar test production at 43°C
Green Positive Positive Positive
Green Positive Positive Positive
Green Positive Positive Positive
Green Positive Positive Negative
2.5 | Statistical analysis

The data were analyzed with SPSS software version.?? Descriptive
statistics and chi-squared tests were used to summarize the results.
The findings were considered statistically significant at the p<0.05
level.

3 | RESULTS

A total of 254 oral samples were collected, and 92 (36%) patients
were positive for C. albicans. Also, 52 non-Candida albicans isolates
were identified including 10 C. glabrata, 10 C. parapsilosis complex,
8 C. kefyr, 7 C. tropicalis, 7 C. krusei and 10 isolates of other spe-
cies. The mean age of patients was 7.85years, and the age range
was 1-18years. Also, 56.5% of patients were male and 40% were
female. The most common underlying conditions among patients
with positive culture for C. albicans were acute lymphoblastic
leukemia (30.93%), brain tumor (8.25%), Ewing sarcoma (6.19%),
anemia (6.19%), rhabdomyosarcoma (5.15%), immune thrombocyto-
penia (ITP) (4.12%), Burkitt lymphoma (4.12%), Wilms tumor (4.12%),
acute myeloid leukemia (4.12%), neuroblastoma (3.09%), lymphoma
(3.09%), Hodgkin's lymphoma (3.09%), sarcoma (3.09%), tumor
(3.09%), medulloblastoma (2.07%), abdominal mass (2.07%), osteo-
sarcoma (2.07%), germcell tumor (1.03%), lymphoblastic lymphoma
(1.03%), thrombocytopenia (1.03%), pancytopenia (1.03%) and par-
oxysmal nocturnal hemoglobinuria (PNH) (1.03%).

Ninety-two positive cultures for C. albicans complex were de-
tected. Fifty-three isolates demonstrated type A, 15 type B, 15
types D/E, and 7 type C (Table 1 and Figure 1). In two isolates am-
plification was not successful, and these samples were excluded
from the study. The frequency of each phenotype according to
color (Figure 2) and shape (Figure 3) among different genotypes
is shown in Tables 2 and 3. Most of the C. albicans isolates were
MTL-heterozygous (69, 92%). Three isolates (4%) were homozygous
for MTLa and 3 isolates (4%) were homozygous for MTLa. All MTL-
homozygous isolates were genotype A. There was no significant
correlation between the mating type and phenotype (p = 0.310).
Also, there was no significant correlation between patients' under-
lying disease and mating type (p = 0.452). There was a significant
correlation between patients' underlying disease and genotype
(p = 0.036). There was a significant correlation between mating
type and genotype (p = 0.000).
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4 | DISCUSSION

Children are more likely than adults to develop oral difficulties such
as dry mouth, bleeding, oral mucositis, and infections due to chemo-
therapy and radiotherapy.?’ Oral health is severely impaired by can-
cer and cancer therapy. Oral candidiasis is a problem because it can
lead to systemic infection, which may be life-threatening in pediatric
patients.3%3! Preventative prophylaxis before starting chemotherapy
can help to reduce the incidence of oral candidiasis in children with
cancer. In the present study, we examined 254 oral swabs and 36%
of them were positive for C. albicans. Badiee et al. examined 118 pa-
tients and found a prevalence of C. albicans in oral samples of 44.9%3

FIGURE 2 Different phenotypes
observed according to colony color

FIGURE 3 Different phenotypes
observed according to colony shape. (A)
Smooth colonies, (B) Irregular colonies, (C)
Stippled colonies, (D) Fuzzy colonies

Gonzalez et al. reported 69.35% of their patients were positive for oral
candidiasis with C. albicans.®? Also, Aslani et al. isolated 162 yeasts
and yeast-like fungi from oral samples of adult patients with cancer,
and C. albicans was reported as the most frequent isolate (50.6%).%
Candida albicans is still the most common yeast isolated in the oral cav-
ity of patients with cancer, and may lead to more serious infections.
Kinifar and coworkers studied C. albicans strains isolated from
healthy individuals. In consonance with our results, genotype A was
the frequent genotype (41.7%)%* but the frequency rate was higher
in children with neutropenia (57.6%). These results were also in line
with our previous study in patients with esophageal candidiasis.?®
However, genotype A was the most prevalent type in oral isolates
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TABLE 2 Incidence of each phenotype according to colony color
in different genotypes

ABC genotype

Colony color A B © D/E Total
White & Gray 24 6 3 4 37
Gray 8 4 1 6 19
White 10 2 2 1 15
White & Gray & Pink 6 2 1 2 11
White & Pink 3 1 0 0

Pink & Gray 2 0 0 2

Total 53 15 7 15 90

TABLE 3 Incidence of each phenotype according to colony
shape in different genotypes

ABC genotype
Colony shape A B (o D/E Total
Smooth 32 10 4 11 57
Stippled 0 1 1
Fuzzy 0 1 1
Smooth & Irregular 21 8 2 31
Total 53 15 7 15 90

or strains related to the gastrointestinal tract. Regarding other
genotypes, Kinifar et al. found higher frequencies of genotypes C
(34%) and B (20.4%).2% In contrast, the frequency of genotype D was
higher in the present study (16.7%). Sardi et al.®® reported genotype
B (51.6%) as the major genotype, and Gharaghani et al. reported
genotype C (83.5%) as the predominant genotype in vulvovaginal
samples.36 Also, about 16% of isolates in the present study were
genotype B. Chaves et al.®’ stated that C. albicans isolates with gen-
otype B have a high propensity to cause invasive infections. These
infections may increase the mortality rate in immunocompromised
children. Rosca et al. studied isolates from various clinical samples
and did not find any significant correlation between the genotype
and the site of infection.>® We observed a significant correlation be-
tween patients' underlying disease and genotype (p = 0.036). This
finding may be related to the specific treatment procedure or the
disease, but due to the low frequency of some underlying diseases
and genotypes, additional studies are required.

Candida albicans is one of the most adaptable organisms, with
the ability to switch between morphological phenotypes in re-
sponse to environmental stimuli, which is critical for its survival as
a commensal or pathogenic organism.>**° It is a diploid organism.
Homozygosity and heterozygosity were investigated in genes like
hyphal wall protein 1 gene locus (hwp1) previously and no significant
statistical differences in virulence factors between the homozygous
and heterozygous strains were reported.41 In the present study, 70%

of isolates exhibited the white phenotype (pure or in combination

WI LEYM

with other colonies), which may be more virulent according to re-
search by Tao et al.*?> They reported white colonies to be more
virulent than gray and opaque phenotypes. Moreover, switching
between the white phenotype and the opaque phenotype is re-
quired for the yeast to mate. Previously, it was assumed that only
MTL-homozygous strains could switch to the opaque phenotype. Xie
et al.?? demonstrated that about one-third of heterozygous strains
isolated from hosts underwent white-opaque switching at low fre-
quencies when cultured on medium containing N-acetylglucosamine
(25°C and 5% CO2).22 These strains play an important role in colo-
nization. Most of the strains isolated in the present study were het-
erozygous, although it should be recalled that harmless colonized
isolates can turn into dangerous pathogens in susceptible hosts. In

this connection, Kvaal et al.?®

showed that homozygous strains that
switched to the opaque form can affect the ability to colonize skin;
this change may play a role in transmission from patients' skin to
healthcare workers, and subsequently to immunocompromised pa-
tients. Norma et al.*® reported that mating rarely occurred during
oropharyngeal candidiasis in immunosuppressed mice. Ramirez-
Zavala et al.** found that white-opaque switching can be induced
in the mouse gastrointestinal tract. In a related outcome, we
found a significant correlation between mating type and genotype
(p = 0.000). This relationship may be due to the lower frequency of
some types, and further research is thus needed.

In summary, we observed a significant correlation between
patients' underlying disease and C. albicans genotype. A higher
frequency of genotype D was observed in pediatric patients with
neutropenia. Most of the isolates exhibited the white phenotype,
which has been suggested to be the most virulent phenotype in ear-
lier research. Moreover, heterozygous strains were highly frequent,
and may play a role in Candida colonization and transmission.

We note important limitations in this study arising from the
Covid-19 pandemic. Nonetheless, we recommend further research
into the relationships between mating type and virulence factors in
C. albicans isolates.

AUTHOR CONTRIBUTIONS

AZM, AAA, AKH: Study design, supervision, data interpretation, and
manuscript editing. HJ: Experimentation, data collection, analysis,
literature search, and manuscript writing. MG: Experimentation,
data collection, analysis.

ACKNOWLEDGEMENT

We are thankful to the Ahvaz Jundishapur University of Medical
Sciences, Ahvaz, Iran for providing the funds for this study through
grant no. OG-9948. We also thank K. Shashok (AuthorAlID in the
Eastern Mediterranean) for improving the use of English in the
manuscript.

CONFLICT OF INTEREST
The authors state that there is no competitive concern of any nature

with this manuscript.



JAFARIAN ET AL.

60f7
7 | WiILEY

DATA AVAILABILITY STATEMENT
All derived data supporting the findings of this study are available

from the corresponding author Ali Zarei Mahmoudabadi on request.

INFORMED CONSENT
Informed consent was obtained from all individual participants in-
cluded in the study.

ORCID
Hadis Jafarian "= https://orcid.org/0000-0002-8959-6482
Maral Gharaghani " https://orcid.org/0000-0002-0144-3407

Ali Amin Asnafi
Amir Kamal Hardani

https://orcid.org/0000-0002-0730-4360
https://orcid.org/0000-0002-7734-4181
Ali Zarei-Mahmoudabadi "= https://orcid.
org/0000-0002-5347-2082

REFERENCES

1. Epstein JB, Hancock PJ, Nantel S. Oral candidiasis in hematopoietic
cell transplantation patients: an outcome-based analysis. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod. 2003;96(2):154-163.

2. Hamzavi SS, Amanati A, Badiee P, et al. Changing face of Candida
colonization pattern in pediatric patients with hematological ma-
lignancy during repeated hospitalizations, results of a prospective
observational study (2016-2017) in shiraz, Iran. BMC Infect Dis.
2019;19(1):759.

3. Haddadi P, Zareifar S, Badiee P, et al. Yeast colonization and drug
susceptibility pattern in the pediatric patients with neutropenia.
Jundishapur J Microbiol. 2014;7(9).e11858.

4. Fakhim H, Vaezi A, Dannaoui E, et al. Comparative virulence
of Candida auris with Candida haemulonii, Candida glabrata and
Candida albicans in a murine model. Mycoses. 2018;61(6):377-382.

5. Akpan A, Morgan R. Oral candidiasis. Postgrad Med J.
2002;78(922):455-459.

6. Bow EJ. Neutropenic fever syndromes in patients undergoing cy-
totoxic therapy for acute leukemia and myelodysplastic syndromes.
Semin Hematol. 2009;46(3):259-268.

7. Sipsas NV, Bodey GP, Kontoyiannis DP. Perspectives for the man-
agement of febrile neutropenic patients with cancer in the 21st
century. Cancer. 2005;103(6):1103-1113.

8. Walsh TJ, Gamaletsou MN. Treatment of fungal disease in the set-
ting of neutropenia. Hematology Am Soc Hematol Educ Program.
2013;2013(1):423-427.

9. Miceli MH, Diaz JA, Lee SA. Emerging opportunistic yeast infec-
tions. Lancet Infect Dis. 2011;11(2):142-151.

10. W.iederhold NP, Najvar LK, Bocanegra R, Kirkpatrick WR, Patterson
TF. Comparison of anidulafungin's and fluconazole's in vivo activity
in neutropenic and non-neutropenic models of invasive candidiasis.
Clin Microbiol Infect. 2012;18(2):E20-E23.

11. Sampaio P, Gusmao L, Alves C, Pina-Vaz C, Amorim A, Pais C.
Highly polymorphic microsatellite for identification of Candida al-
bicans strains. J Clin Microbiol. 2003;41(2):552-557.

12. Odds FC, Bougnoux M-E, Shaw DJ, et al. Molecular phylogenetics
of Candida albicans. Eukaryot Cell. 2007;6(6):1041-1052.

13. McCullough MJ, Clemons KV, Stevens DA. Molecular and pheno-
typic characterization of genotypic Candida albicans subgroups and
comparison with Candida dubliniensis and Candida stellatoidea. J Clin
Microbiol. 1999;37(2):417-421.

14. Jones S, White G, Hunter PR. Increased phenotypic switching in
strains of Candida albicans associated with invasive infections. J Clin
Microbiol. 1994;32(11):2869-2870.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pakshir K, Sheykhi S, Zomorodian K, Nouraei H, Zare SZ.
Evaluation of biofilm formation in the homozygous and heterozy-
gous strains of vaginal Candida albicans isolates. Curr Med Mycol.
2019;5(2):37-40.

Soll DR. Mating-type locus homozygosis, phenotypic switching and
mating: a unique sequence of dependencies in Candida albicans.
Bioessays. 2004;26(1):10-20.

Morrow B, Srikantha T, Soll DR. Transcription of the gene for a pep-
sinogen, PEP1, is regulated by white-opaque switching in Candida
albicans. Mol Cell Biol. 1992;12(7):2997-3005.

Balan I, Alarco AM, Raymond M. The Candida albicans CDR3
gene codes for an opaque-phase ABC transporter. J Bacteriol.
1997;179(23):7210-7218.

Hull CM, Raisner RM, Johnson AD. Evidence for mating of the
"Asexual" yeast Candida albicans in a mammalian host. Science.
2000;289(5477):307-310.

Lockhart SR, Pujol C, Daniels KJ, et al. In Candida albicans, white-
opaque switchers are homozygous for mating type. Genetics.
2002;162(2):737-745.

Magee BB, Magee PT. Induction of mating in Candida albi-
cans by construction of MTL a and MTL a strains. Science.
2000;289(5477):310-313.

Xie J, Tao L, Nobile CJ, et al. White-opaque switching in natural
MTL a/a isolates of Candida albicans: evolutionary implications
for roles in host adaptation, pathogenesis, and sex. PLoS Biol.
2013;11(3):e1001525.

Kvaal C, Lachke SA, Srikantha T, Daniels K, McCoy J, Soll DR.
Misexpression of the opaque-phase-specific gene PEP1 (SAP1)
in the white phase of Candida albicans confers increased viru-
lence in a mouse model of cutaneous infection. Infect Immun.
1999;67(12):6652-6662.

Mirhendi H, Makimura K, Khoramizadeh M, Yamaguchi H. A
one-enzyme PCR-RFLP assay for identification of six medi-
cally important Candida species. Nippon Ishinkin Gakkai Zasshi.
2006;47(3):225-229.

White TJ, Bruns T, Lee S, Taylor J. Amplification and direct se-
quencing of fungal ribosomal RNA genes for phylogenetics. In:
Innis MA, Gelfand DH, Sninsky JJ, White TJ, eds. PCR Protocols:
a Guide to Methods and Applications. Vol 18. Academic Press, Inc;
1990:315-322.

Looke M, Kristjuhan K, Kristjuhan A. Extraction of genomic
DNA from yeasts for PCR-based applications. Biotechniques.
2011;50(5):325-328.

Rustad TR, Stevens DA, Pfaller MA, White TC. Homozygosity at
the Candida albicans MTL locus associated with azole resistance.
Microbiology (Reading). 2002;148(4):1061-1072.

Jafarian H, Gharaghani M, Seyedian SS, Mahmoudabadi AZ.
Genotyping, antifungal susceptibility, enzymatic activity, and phe-
notypic variation in Candida albicans from esophageal candidiasis. J
Clin Lab Anal. 2021;35(7):€23826.

Simon AR, Roberts MW. Management of oral complications asso-
ciated with cancer therapy in pediatric patients. ASDC J Dent Child.
1991;58(5):384-389.

Rojas de Morales T, Zambrano O, Rivera L, et al. Oral-disease pre-
vention in children with cancer: testing preventive protocol effec-
tiveness. Med Oral. 2001;6(5):326-334.

Ahangarkani F, Shokohi T, Rezai MS, et al. Epidemiological features
of nosocomial candidaemia in neonates, infants and children: a mul-
ticentre study in Iran. Mycoses. 2020;63(4):382-394.

Gonzélez Gravina H, Gonzalez de Moran E, Zambrano O, et al. Oral
candidiasis in children and adolescents with cancer: identification
of Candida spp. Med Oral Patol Oral Cir Bucal. 2007;12(6):419-423.
Aslani N, Janbabaei G, Abastabar M, et al. Identification of uncom-
mon oral yeasts from cancer patients by MALDI-TOF mass spec-
trometry. BMC Infect Dis. 2018;18(1):24.


https://orcid.org/0000-0002-8959-6482
https://orcid.org/0000-0002-8959-6482
https://orcid.org/0000-0002-0144-3407
https://orcid.org/0000-0002-0144-3407
https://orcid.org/0000-0002-0730-4360
https://orcid.org/0000-0002-0730-4360
https://orcid.org/0000-0002-7734-4181
https://orcid.org/0000-0002-7734-4181
https://orcid.org/0000-0002-5347-2082
https://orcid.org/0000-0002-5347-2082
https://orcid.org/0000-0002-5347-2082

JAFARIAN ET AL.

WI LEYM

34.

35.

36.

37.

38.

39.

40.

Kianifar S, Rezaei-Matehkolaei A, Zarei-Mahmoudabadi A.
Genotypes analysis of Candida albicans species complex from
healthy individual saliva in Ahvaz, Iran. Lett Appl Microbiol. 2022.
doi: 10.1111/1am.13755. Online ahead of print.

Sardi JC, Duque C, Hofling JF, Goncalves RB. Genetic and pheno-
typic evaluation of Candida albicans strains isolated from subgin-
gival biofilm of diabetic patients with chronic periodontitis. Med
Mycol. 2012;50(5):467-475.

Gharaghani M, Shabanzadeh M, Jafarian H, Zarei Mahmoudabadi
A. ABC typing and extracellular enzyme production of Candida
albicans isolated from Candida vulvovaginitis. J Clin Lab Anal.
2022;36(1):e24117.

Chaves GM, Santos FP, Colombo AL. The persistence of multifo-
cal colonisation by a single ABC genotype of Candida albicans may
predict the transition from commensalism to infection. Mem Inst
Oswaldo Cruz. 2012;107(2):198-204.

Rosca |, Bostanaru AC, Minea B, et al. Phenotypic and genotypic
variations in Candida albicans isolates from Romanian patients. Rev
Rom De Med De Lab. 2018;26(4):405-413.

Huang G. Regulation of phenotypic transitions in the fungal patho-
gen Candida albicans. Virulence. 2012;3(3):251-261.

Pande K, Chen C, Noble SM. Passage through the mammalian gut
triggers a phenotypic switch that promotes Candida albicans com-
mensalism. Nat Genet. 2013;45(9):1088-1091.

41.

42.

43.

44,

Nouraei H, Sheykhi S, ZareShahrabadi Z, Khodadadi H, Zomorodian
K, Pakshir K. Comparative analysis of virulence factors of homozy-
gous and heterozygous strains of Candida albicans vaginal isolates.
Int J Microbiol. 2020;2020:8889224.

Tao L, Du H, Guan G, et al. Discovery of a "White-gray-opaque"
tristable phenotypic switching system in Candida albicans:
roles of non-genetic diversity in host adaptation. PLoS Biol.
2014;12(4):e1001830.

Solis NV, Park Y-N, Swidergall M, Daniels KJ, Filler SG, Soll DR.
Candida albicans white-opaque switching influences virulence
but not mating during oropharyngeal candidiasis. Infect Immun.
2018;86(6):e00774-e00717.

Ramirez-Zavala B, Reul3 O, Park Y-N, Ohlsen K, Morschhauser J.
Environmental induction of white-opaque switching in Candida al-
bicans. PLoS Pathog. 2008;4(6):e1000089.

How to cite this article: Jafarian H, Gharaghani M, Asnafi AA,
Hardani AK, Zarei-Mahmoudabadi A. Phenotype, genotype,
and mating type determination in oral Candida albicans

isolates from pediatric patients with neutropenia. J Clin Lab

Anal. 2022;36:e24664. doi: 10.1002/jcla.24664


https://doi.org/10.1111/lam.13755
https://doi.org/10.1002/jcla.24664

	Phenotype, genotype, and mating type determination in oral Candida albicans isolates from pediatric patients with neutropenia
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Samples and identification
	2.2|ABC genotyping
	2.3|Mating type
	2.4|Phenotyping on phloxine B medium
	2.5|Statistical analysis

	3|RESULTS
	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	INFORMED CONSENT
	REFERENCES


