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Abstract

Introduction: Candida albicans is the leading cause of opportunistic microbial infections in patients with cancer. Acute Lym-
phocytic Leukemia patients undergoing chemotherapy have high risk of candidiasis due to immunosuppression and weak-
ened epithelial barriers. Systemic antifungal drugs’ usage is limited by the greater risk of side effects and developing resistant
strains, yet currently available topical antifungal drugs are still considered ineffective for immunosuppressed patients including
chemotherapy patients.Several studies provide evidence for the feasibility of probiotic Lactobacillus casei to act as alternative
antifungal in various human organ systems.

Objectives: To analyze the effects of probiotics on the number of C. albicans in oral cavity of children with leukemia during
chemotherapy.

Materials and Methods: Saliva samples were taken from 11 children with leukemia during chemotherapy. Subjects were
instructed to do mouth rinse with probiotics contained Lactobacillus casei for 60s, twice daily, over the course of 14 days.
Unstimulated saliva samples were collected sequentially at 3 time points (baseline, 7 days, and 14 days). The number of C.
albicans was quantified by qPCR.

Results: Statiscally significant differences were found between the number of C. albicans at baseline (494.363+180.737 CFU/
ml), after 7 days (276.653+69.903 CFU/ml), and after 14 days (229.286+50.883 CFU/ml) mouth rinsing with probiotics.
Significant lower number was found both after 7 and 14 days rinsing with probiotics (p<0.05).

Conclusion: Probiotics has reducing effects on the number of C. albicans in oral cavity of children with leukemia during
chemotherapy.
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Introduction also to normal cells. While damaging cancer cells, chemotherapy
also gives damage to cells that divide rapidly under normal cit-
cumstances, such as digestive tract lining cells including oral epi-

thelium.[4, 5]

Cancer is a leading cause of death in children throughout the
world. About 300,000 children aged 0-19 years are diagnosed with
cancer each year with leukemia as the most common type [1, 2]

Chemotherapy is one of the basic and most widely used treat-
ment modalities for cancer. Paediatric hematologic cancer, specifi-
cally acute lymphoblastic leukemia (ALLL), was taken as terminal
disease several decades ago. Now, it is known that with a course
of combination chemotherapy, 75-80% of children with ALL are
cured.[3] Chemotherapy works by giving a group of drugs that
can inhibit growth or kill cancer cells. However, all chemothera-
peutic drugs are cytotoxic by nature not only to cancer cells but
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At present, oral mucositis is considered to be the most severe-
and most common non-haematological side effect associated
with chemotherapy.[6, 7| Younger cancer patients who undergo
chemotherapy are more at risk of oral mucositis due to the high
mitotic rate of oral mucosal epithelial cells. Oral mucositis occur
in up to 90% of chemotherapy patients under 12 years old.|7, 8]
Destruction of epithelial barriers, which are the host’s first line of
defence against microorganisms invasions, will increase the sus-
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ceptibility for microbial infections to occur, including systemic
microbial infections that can be highly life-threatening in immu-
nosuppressed patients.|9| Candida albicansis the main cause of op-
portunistic microbial infections in patients with cancer. Cancer
patients have high risk of fungal infections primarily due to the
depression of host immune cells and weakened epithelial barriers
induced by chemotherapy.[10]

In normal circumstances, Candida albicans coexists as a fungal
commensal with other microorganisms from normal oral flora
and does not cause infection. However, changes in the oral and/
or systemic environment can result in imbalance of this species
causing infection. Changes in the oral and systemic environment
of cancer patients undergoing chemotherapy such as disruption
to epithelial barriers and immunosuppression result in overgrowth
of Candida thereby facilitating fungal infection.|[10] For decades,
systemic antifungal drugs have been used to prevent Candida in-
fections. However, due to drug side effects (nausea, vomiting, and
diarrhea) and the potential for emergence of resistant strains, sys-
temic antifungal has not been considered to be fully successful.
The toxicity and emergence of resistance from antifungal drugs
that are currently available are of concern in the health sector, and
thus alternative therapies are urgently needed.[11]

Probiotics are defined as living microorganisms, which when giv-
en or consumed in sufficient quantities, provide health benefits to
the host.[12]| Lactobacillus organisms have been used as probiot-
ics for decades and previous studies show evidence of Lactobacil-
lus strains’ feasibility to act as alternative biological approaches to
combating pathogenic fungi in various human organ systems, in-
cluding the oral cavity.|13-15] There is no study that shows effects
of probiotic on the number of Candida albicansin the oral cav-
ity of children with leukemia who are undergoing chemotherapy.
This study was considered as a preliminary study with the aim to
investigate the effects of probiotics on the quantitative levels of
Candida albicans in the oral cavity of children with leukemia during
chemotherapy.

Materials and Methods

This study was approved by the Dental Research Ethics Commit-
tee, Faculty of Dentistry Universitas Indonesia. Clinical experi-
mental study was performed to evaluate the quantitative levels of
Candida albicans in the oral cavity through saliva samples.

The subjects were consisted of 11 children with leukemia of ages
ranging from 3 to 17 years old who were admitted to Dharmais
Cancer Hospital and Kramat 128 Hospital in Jakarta. Patients
who had been diagnosed with leukemia by a pediatrician, were
entered induction or consolidation phase of chemotherapy, were
able to follow instructions for gargling, and had no habitual use
of probiotic nor mouthwash met the inclusion criteria. Once the
purpose of the study was explained to the parents and guardians,
they all signed a document indicating their informed consent. Pa-
tients were instructed to rinse with a bottle of probiotics for 60
seconds, 2 times a day, within 14 days. One bottle of probiotics
contained 65 ml liquid at a dose of 6.5x10° Lactobacillus casei
CFU/ml

Oral sample was saliva collected from subjects according to cri-
teria. Saliva samples were taken at baseline that is before rinsing
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with probiotics, then follow-up registrations and samplings were
conducted 7 and 14 days after baseline or rinsing with probiotics.
Minimum 2mlL. of non-stimulated saliva was collected in a sterile
tube and was immediately cold-transported to the Oral Biology
Laboratory Universitas Indonesia. Saliva sample was centrifuged
for 5 min with 3000RPM then the supernatant was transferred to
another sterile tube and stored at —80°C until used.

Real-time PCR (qPCR) was used for quantification of Candida
albicans. Fungal genomic DNA was obtained using Genezol rea-
gent concentration and the concentration and quality of the ob-
tained DNA was determined by by Qubit assay reagents (Invitro-
gen, Carlsbad, CA). The genomic DNA samples were dissolved in
Tris-EDTA(TE) buffer and stored at -20°C until processed. Fur-
ther, the DNA samples were quantified through a qPCR reaction
Candida albicans specific primers (Table 1). For PCR-quantifica-
tion, each sample was run in duplicate on an ABI StepOnePlus
Real-Time PCR System, where a SYBR Green PCR Master Mix
(Applied Biosystems, Foster City, CA, USA) was used according
to the manufacturer’s protocol.

The PCR conditions was set in a final reaction volume of 10 pl,
composed of 50 ng of sample DNA and 1 uM of Candida albi-
cans specific primers, with thermal cycling condition consisted
of a 10 min initial denaturation at 95°C, followed by 40 cycles
of denaturation at 95°C for 15 s, annealing at 60°C for 60 s, and
elongation at 95°C for 15 s. The qPCR product was visualized as
melting curve (95°C for 15 s, 60°C for 60 s, and 95°C for 15 s),
and cycle threshold value (Ct) were determined automatically by
the qPCR machine.

The estimating amount of Candida albicans genomic DNA was
determined by constructing a standard curve with r2 values for
organism tested as shown in Figure 1. To do this, a 5-fold se-
rial dilution of extracted C. albicans(ATCC 10231) was used. The
fungus number (CFU/ml) was assessed by plating culture dilu-
tions on Sabouraud agar, and the same strain was used as positive
control while running the qPCR. Therefore, the quantification of
Candida albicans from saliva samples was achieved by plotting the
Ct values against the log of the respective standard curve.

A comparison of the results was done using SPSS version 20.0.
Repeated Measure ANOVA was used to perform statistical analy-
sis to compare the quantification of Candida albicansat baseline,
after 7 days, and after 14 days mouth rinsing with probiotics. P-
value < 0.05 was considered significant.

Results

A standard curve was used to determine the number of Candida
albicans, while melt curve were used to evaluate the amplicon’s
specificity using saliva samples (Figure 2).

In this study, the data showed that Candida albicans was pres-
ence in all saliva samples. The number or quantification of Can-
dida albicans after converted from its Ct value into CFU (colo-
ny forming unit) using standard curveis shown in Figure 3. In
general, it was observed that in saliva samples of children with
leukemia,decreased number of CFU was found sequentially from
baseline (494.363 + 180.737 CFU/ml), to after 7 days (276.653 +
69.903 CFU/ml), and after 14 days (229.286 + 50.883 CFU/ml)
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Table 1. Primers used in this study.

Primer name Sequences References
_ Forward:5-CACGACGGAGTTTCACAAGA -3’
C.albicans 25
Reverse: 5-CGATGGAAGTTTGAGGCAAT-3

Figure 1. Standard curve of Candida albicans.

Figure 2. Melt curve profile and melting temperature for Candida albicans.

Figure 3. Mean and standard deviation of absolute numbers of Candida albicans (CFU/ml) detected in saliva samples on
baseline, 7 days, and 14 days after rinsing with probiotics. *p<0.05.

rinsing with probiotics.

Statistically significant differences(p<0.05) were found between
quantities of Candida albicansat baseline and at designated time
intervals during and after rinsing with probiotics containing Lac-
tobacillus casei. There were significant differences in the quanti-
ties of Candida albicansat every period which are between base-
line and after 7 days of rinsing with probiotics (p=0.005), baseline
and after 14 days of rinsing with probiotics (p=0.002), as well
as between after 7 days and 14 days of rinsing with probiotics
(p=0.010).

Discussion

Numerous studies|11, 16-18] have braced up the idea of using

probiotics in the battle against oral candidiasis. This study was
undertaken to evaluate the relationship between the amount of
Candida albicans, the most common pathogen of oral candidiasis,
and exposure to probiotic bacteria. Previous studies which also
focused on the same issues had mostly been performed in elderly,
thus this study focused in another group of immunosuppressed
patients that are children with leukemia during the induction and
consolidation phase of chemotherapy, as they have increased risk
of fungal infection.[10] Candida albicans is present as commen-
sal flora in healthy people and becomes the predominant flora in
60% of immunosuppresed people.[19] Chemotherapy, especially
on children, can lead to severe oral candidiasis which has possibil-
ity to spread systematically and become life-threatening, yet there
has not been a sufficient evidence of any antifungal drugs that
may cure fungal infections in the mouth of people with cancer.
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In this present study, the major finding was that there was a de-
crease of the number of Candida albicans in the subjects’ saliva
following rinsing with probiotics containing Lactobacillus caseio-
ver the course of 14 days. The results within this study is in ac-
cordance with results from other studies [15-18], which found that
there was significant reduction of Candida cell quantification after
probiotics administration. Previous study proved that the con-
sumption of probiotic drink containing Lactobacillus casei was
successful in reducing the prevalence of oral Candida and increas-
ing anti-Candida immunoglobulin A levels in healthy individuals.
[18] Compatible with this study, the use of bacteria with genus
Lactobacillus has been deemed worthy as an alternative method
to return disease-inducing microbiota or opportunistic pathogen
to a healthy, symbiotic, stable commensal equilibrium.[11]

For the mechanism on how probiotics enhance this well-balanced
state, from illness to nutrition, a variety of theories have been
suggested, many unproven as yet. Probiotics may compete against
pathogenic microorganisms for nutrients and receptors on the cell
surfaces, thereby preventing adhesion and colonization of patho-
genic microorganisms, such as Candida albicans, on the mucosal
surfaces.[21] Furthermore, probiotics were found to work against
the main virulence factors of Candida. Probiotics can reduce fila-
mentation and biofilm development in Candida albicans causing
candida infection to resolve.|11, 22| By suppressing filamentation,
probiotics could assist the host to fight Candida albicans or path-
ogens more effectively, as the yeast form of Candida albicansis
more susceptible to phagocytosis.|[11]

Apart from the above, it is worth mentioning that the antimi-
crobial activity of probiotic bacteria is strain-specific, thus, the
clinical application of probiotics should be aimed at specific path-
ogens and their beneficial effects cannot be generalized. Differ-
ent microbial probiotic strains could have different effects on the
reduction of Candida albicans.|23] For example, one study stated
that in a mice model, Lactobacillus thamnosus was more effective
than the Lactobacillus acidophilusin reducing the amount of Candida
spp. colonization levels. [24]

Supported by the obtained results in this study, we can approve
that probiotics have a protective role in Candida infection, nota-
bly colonization. As previously mentioned, it is possible to explain
the anti-Candida properties in various way. However, such posi-
tive effects are highly associated with the administration method,
dosage, the strains of probiotics used, and host factors.

This study has limitations, such as asmall number of sample in-
cluded due to difficulty in finding subjects within the inclusive
criteria and short period of evaluation. We recommend that fu-
ture studies with larger sample size and longer treatment duration
to be undertaken to evaluate the real effectiveness of probiotics
treatment in Candida infection.

Conclusion

This study demonstrated the effects of rinsing with probiotics on
the number of Candida albicans on saliva of children with leukemia
during the induction and consolidation phase of chemotherapy.
A statistically significant reduction on the amount of salivary Can-
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dida albicans after 7 days and 14 days of rinsing with probiotis was
shown. The results of this study suggest that researchers should
conduct further studies to investigate the efficacy and long-term
effects of using probiotics as antifungal prophylaxis and treat-
ment.
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