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ARTICLE INFO ABSTRACT

Keywords: Objective: Oral candidiasis is the most common fungal infection and can be attributed in part to dysbiosis, an
Candidiasis imbalance in the resident oral microflora. Therefore, probiotics, which counter pathogenic microorganisms
meta-analysis through competitive, antagonistic, and immunological effects, have been used by some clinicians. To date, the
Probiotic

effect of probiotics in preventing oral candidiasis in the elderly is controversial. A systematic review that
summarizes and critically appraises the available clinical trials is therefore necessary.

Design: Electronic searches were performed using the Pubmed, Embase, and Cochrane databases. Only rando-
mized controlled trials were included. The Mantel-Haenszel test was used to appraise the odds ratio for single
studies and an overall combined odds ratio for all studies combined.

Results: Three studies matched the inclusion criteria and were homogeneous. The data from one study that
estimated candida growth from plaque and saliva were subdivided, thus a total of four studies with 595 people
were included. The overall combined odds ratio was 0.54 (95% CI: 0.38-0.77). Three studies provided that
active treatment reduced the risk of oral candidiasis more than placebo: Hatakka et al. (OR 0.51, 95% CI 0.26 to
0.97; 192 participants, plaque); Kraft-Bodi et al. (OR 0.46, 95% CI 0.24 to 0.86; 174 participants, palatal); Kraft-
Bodi et al. (OR 0.50, 95% CI 0.26 to 0.98; 174 participants, plaque), while one study provided reverse result:

Ishikawa et al. (OR 1.24, 95% CI 0.48 to 3.58; 55 participants, saliva).
Conclusion: Probiotics have a preventative effect on oral candidiasis in the elderly.

1. Introduction

The incidence of oral candidiasis, caused by a commensal and op-
portunistic pathogenic fungus, called candida, has escalated markedly
in recent years, especially in the elderly population (Williams & Lewis,
2011). Oral candidiasis, which is attributed in part to dysbiosis, ac-
counts for a major proportion of fungal infections found in the oral
cavity (Coronado-Castellote & Jimenez-Soriano, 2013). A review of
different techniques for diagnosis of oral candidiasis reported a dys-
biosis prevalence in at least 87% of oral candidiasis cases (Coronado-
Castellote & Jimenez-Soriano, 2013). Oral dysbiosis mostly results from
the use of medicine, such as broad-spectrum antibiotics and im-
munosuppressive agents, while systemic disease, such as diabetes and
malignancies, age (children or the elderly), and AIDS are other systemic
factors (Lalla, Patton, & Dongari-Bagtzoglou, 2013; Patil, Rao,
Majumdar, & Anil, 2015). Overgrowth of candida in the oral cavity can
lead to local discomfort, such as burning pain and altered taste
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sensation. More seriously, if the infection spreads through the blood-
stream or upper gastrointestinal tract in immune-compromised pa-
tients, infection can lead to significant morbidity and mortality
(Akpan & Morgan, 2002).

To date, systemic and local antifungal agents have proven to be
successful in preventing mucosal and invasive fungal infections.
However, antifungal drugs have marked side effects, such as hepatic
and renal toxicity, nausea, vomiting, and diarrhea (Oliver, Dhaliwal,
Theaker, & Pemberton, 2004). The unpleasant taste of nystatin is also a
drawback. Furthermore, the increased number of resistant strains and
antifungal prophylaxis remains problematic (Sardi, Almeida, & Mendes
Giannini, 2011; Sardi, Scorzoni, Bernardi, Fusco-Almeida, & Mendes
Giannini, 2013). As elderly individuals are usually weak and wear
dentures, oral candidiasis frequently recurs or is chronic. Thus, agents
with low toxicity or no side effects, and effective against candida are
needed (Pfaller, 2012).

Probiotics, the vast numbers of microorganisms dwelling in the
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mucous membrane of the host, are safe and beneficial to the host
(Cremonini et al., 2002). The definition of probiotics in this study was
somewhat vague, since it comprises different species with different
characteristics. The most commonly used probiotic material is yogurt
(Fisberg & Machado, 2015), which is generally used in daily life
(Sanders, 2008). Lactobacilli (L. rhamnosus HS 111, L. acidophilus
HS101) and bifidobacteria, termed “bifidus”, are the species most
commonly used as probiotics (Saarela, Mogensen, Fonden,
Matto, & Mattila-Sandholm, 2000). To a lesser extent, Enterococci,
Streptococci, Propionibacterium, Lactococcus and Saccharomyces spp. have
also been used (Saarela et al., 2000). Previous studies have reported the
positive effects of probiotics in systemic diseases, such as candida va-
ginitis (De Seta et al., 2014), dermatophytosis (Kumar,
Mahajan, & Kamra, 2014), gastrointestinal infection (Hayama et al.,
2014), and colon carcinoma (Wang, Zhang, & Shan, 2015; Zitvogel
et al., 2015). Additionally, probiotics may assist the regulation of blood
pressure (Khalesi, Sun, Buys, & Jayasinghe, 2014) and cholesterol levels
(Jones, Tomaro-Duchesneau, Martoni, & Prakash, 2013). In dentistry,
probiotics were first used for caries prevention, gingivitis, and period-
ontal conditions (Twetman, 2012). However, to date, the effect of
probiotic agents on preventing oral candidiasis in the elderly popula-
tion is conflicting (Hatakka et al., 2007; Ishikawa et al., 2015; Kraft-
Bodi, Jorgensen, Keller, Kragelund, & Twetman, 2015). Probiotics may
be effective in preventing candida-associated stomatitis in the elderly
population according to Hatakka et al. and Kraft-Bodi et al., but adverse
effects are also reported by Ishikawa et al. It is therefore essential to
conduct a systematic review to summarize and critically appraise the
available trials.

Hence, we here performed a meta-analysis and systematic review of
the literature to assess the efficacy of probiotics in preventing candida-
associated stomatitis in the elderly population.

2. Methods
2.1. Search strategy

This meta-analysis was conducted according to Reporting Items for
Systematic Reviews and Meta-analyses recommendations (David
Moher, Jennifer, Douglas, & the PRISMA Group, 2009), and was regis-
tered through the international prospective systematic review register
system (registration number: CRD42016035863). A computer-based
search of PubMed/Medline, EMBASE, and the Cochrane Library data-
base was performed to obtain titles and abstracts of studies using the
following search strategy: (((((((((((((Thrush[Title/Abstract]) OR Can-
didiases, Oral[Title/Abstract]) OR Oral Candidiases[Title/Abstract])
OR Oral Candidiasis[Title/Abstract]) OR Moniliasis, Oral[Title/Ab-
stract]) OR Moniliases, Oral[Title/Abstract]) OR Oral Moniliases[Title/
Abstract]) OR Oral Moniliasis[Title/Abstract])) OR “Candidiasis, Or-
al”[Mesh])) AND ((elderly[Title/Abstract]) OR “Aged”[Mesh])) AND
((probiotic[Title/Abstract]) OR “Probiotics”[Mesh])) AND ((rando-
mized controlled trial[publication type] OR controlled clinical trial
[publication type] OR randomized|[title/abstract] OR placeboltitle/
abstract] OR randomly/[title/abstract] OR trail[title/abstract] OR
groups[title/abstract])) (PubMed), (‘candidiasis'/exp OR ‘candidas' OR
‘monilia' OR ‘monilias' OR ‘torulopsis utilis' OR ‘candida utilis') AND
('probiotic agent'/exp OR ‘probiotic' OR ‘probiotics'’) AND (‘aged'/exp
OR ‘elderly)AND (‘randomized controlled trial'/exp)(EMBASE), and
([candida] OR candidiasis: ti,ab,kw OR Candidiases: ti,ab,kw OR
Thrush: ti,ab,kw OR Moniliasis: ti,ab,kw OR Moniliases: ti,ab,kw) AND
([probiotics] OR probiotics: ti,abkw) AND ([Aged]OR elderly:
ti,ab,kw). (Cochrane Library). We also conducted manual searches of
the reference lists of the identified papers as an adjunctive search. The
search was limited to papers published in English from January 2004 to
January 2017.
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2.2. Study selection criteria

The inclusion criteria were as follows. (1) Randomized controlled
trials that compared probiotics (at any dosage and in any form) with a
placebo. (2) Subjects who were independent “healthy” elderly, aged
60-102 years, without restriction on patients’ sex or race. (3) Studies
with a substantive interventional aim of preventing oral candida in-
fection by using probiotics, and reported on candidiasis that was as-
sessed using the reference standard (i.e., by evaluating the viable counts
of candida). (4) Studies that allowed the construction of at least one
2 x 2 table of test performance by extracting data from the study. (5)
Studies that included more than 30 patients. Studies were excluded if
the subjects included patients who infected with human im-
munodeficiency virus, had recently undergone organ transplants, or
had heart disease.

2.3. Data extraction

Initially, two investigators independently selected and evaluated the
abstracts that were found to meet the inclusion and exclusion criteria
approximately. Once an investigator regarded the reference as eligible,
the full-text article was obtained for a complete assessment. Secondly,
two investigators independently evaluated the eligibility and quality of
the full-text articles according to the inclusion and exclusion criteria.
Another reviewer resolved discrepancies between these two reviewers
based on the screening procedures. After excluding studies with serious
design flaws, three articles encompassing four parameters were col-
lected for the initial analysis (Fig. 1).

2.4. Risk of bias of the included studies

Two reviewers evaluated the risk of bias of the individual studies
independently. The approach we used for assessing risk of bias in in-
cluded studies was recommended by Cochrane reviews. According to
Cochrane handbook a bias is a systematic error in results or inferences,
which means that multiple replication of the same study would reach
the wrong answer on average(Higgins, Deeks, Altman, & on behalf of
the Cochrane Statistical Methods Group, 2011). The biases that were
considered were as follows: (1) random sequence generation (selection
bias), (2) allocation concealment (selection bias), (3) blinding of par-
ticipants and personnel (performance bias), (4) blinding of outcome
assessment (detection bias), (5) incomplete outcome data (attrition
bias), (6) selective reporting (reporting bias) (Fig. 2).

2.5. Data synthesis and analysis

Review manager 5.2 (Cochrane IMS, Oxford, UK) was used to
analyze reports and the odds ratios (ORs) were determined.

2.6. Statistical analysis

The data in each trial were extracted, and 2 x 2 tables (e.g., pro-
biotics/comparison vs. high/low counts of candida) were constructed to
calculate the relation between the viable counts of candida and the use
of probiotics. We estimated the beneficial effect of using probiotics on
oral candidiasis by means of OR and their respective 95% confidence
intervals (CIs). Then, these estimates were combined using the
Mantel-Haenszel method. Heterogeneity across trials was quantified
with the I2 metric. Since less than 10 studies were included, a funnel
scatterplot was not used to estimate possible publication bias
(Ioannidis, 2008).
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11 records indentified through database searching

(pubmed:3, embase:6 cochrane:2)
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No additional records identified through other sources

A 4

7 records included after removal of duplicated

)
J

( 1.Proceedings from the 8th Probiotics, Prebiotics and New Foods for Microbiota and Human Health.(Not RCT) )
2.Effect of Probiotics Bacteria on Oral Candida in Frail Elderly
3.Efficacy and safety of probiotics in the treatment of Candida-associated stomatitis (Precaution not included)
4. Improvement of digestive health and reduction in proteobacterial population in the gut microbiota of cyctic
fibrosis patients using a Lactobacillus reuteri probiotic preparation: Adouble blind prospective study (Not aged)
5.Helicobacter pyloriinfection in clinical practice:Probiotics and a Combination of
Probiotics Lactoferrin improve Compliance, But Not Eradication, in Sequential Therapy (Not aged)
6.Probiotics reduce the prevalence of oral candida in the elderly-a randomized controlled trial

\ 7.Amultispecies probiotic reduces oral Candida colonization in denture wearers

A4

3 full-text articles assessed for eligibility
(4 full-text articles excluded
Not RCT: 1
Not aged: 2
Precaution not included: 1)

1.Effect of Probiotics Bacteria on Oral Candida in Frail Elderly
2.Probiotics reduce the prevalence of oral candida in the elderly-a randomized controlled trial
3.Amultispecies probiotic reduces oral Candida colonization in denture wearers

(meta-analysis)

Atotal of 3 studies with 4 trials included in quantitative synthesis

J

Fig. 1. Evidence search and exclusion process.

3. Results
3.1. Characteristics of included studies

Since Kraft-Bodi et al. (2015) measured candida counts in both
saliva and plaque samples, we regarded this article as two studies. The
total number of elderly in the included studies was 595. The baseline
characteristics of the patients, the probiotics species, variations in the
methods used, and therapy duration of the studies included in our
systematic analysis are summarized in Table 1. The included studies
allowed classification of candida levels according to counts, using
colony-forming units (cfu) counted as =10* cfu/ml as a cut-off to de-
fine this as a binomial (low/high) variable. The threshold for attrition
rate in therapy duration was 32%.

3.2. Quality of included studies

The trials differed in regard to background, ethnicity, and education
level of the study population. The definition of oral candidiasis and the
probiotics used in the selected studies also differed. For uniformity, we
defined oral candidiasis by a high candida count and included all spe-
cies with documented use as probiotics. The risk of bias in the included
studies was performed as shown in Fig. 2.

189

3.3. Effects of probiotics on preventing candidiasis

The total number of the participants was 595. The therapy duration
ranged from 5 to 16 weeks in these trials. The studies containing the
largest samples were those by Hatakka et al. (2007) and Kraft-Bodi
et al. (2015), and subjects in these studies were followed up for 16
weeks and 12 weeks, respectively. The study with the smallest sample
size was that by Ishikawa et al. (2015), and subjects were followed up
for 5 weeks.

A test for heterogeneity yielded %> = 2.69 with three degrees of
freedom, with P = 0.44, and with I> = 0%, indicating high homo-
geneity (Higgins, Thompson, Deeks, & Altman, 2003). Since the in-
cluded trials revealed clinically important effects with similar magni-
tude, the result of our meta-analyses was particularly clear (Higgins
et al., 2003). No sub-group analyses for study quality were conducted
for this reason. The ORs of the individual and pooled main outcomes
are shown in Fig. 3. The four trials reported in the three articles yielded
significant results, with an OR and CI lower than 1.0. The combined OR,
as analyzed using the Mantel-Haenszel approach, was 0.54 (95% CI:
0.38-0.77) (Fig. 3). Thus, taken together, probiotic products were an
effective means of decreasing the prevalence of high counts of oral
yeasts measured as a binomial (high/low) variable.

In the trial by Hatakka et al. (2007), 192 eligible elderly individuals,
from old-age homes and sheltered housing units, received 50 g of Em-
mental-type probiotic cheese (containing 15% fat) as a new precau-
tionary measure; after adjusting for 13 independent risk factors for



R. Aietal

Blinding of outcome assessment (detection bias)
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Fig. 2. Risk of bias summary. Review of authors’ judgments about
each risk of bias item for each included study and presented as per-
centages across all included studies.

- | Allocation concealment (selection bias)

Hatakka, K. 2007

=~

-~ ' Random sequence generation (selection bias)

Ishikawa, K. H. 2015

~J
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Kraft-Bodi, plaque. 2015

‘ . ' ‘ Blinding of participants and personnel (performance bias)

Kraft-Bodi, saliva. 2015

=~

. . . ' Selective reporting (reporting bias)
. . . ‘ Other bias

25%
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. Low risk of bias D Unclear risk of bias
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candidiasis, probiotics were found to have a significantly preventative
effect (OR: 0.51; 95% CI 0.26-0.97) (Hatakka et al., 2007).

In addition, Ishikawa et al. (2015) reported on a study that in-
vestigated the effect of probiotics as a precautionary measure against
candidiasis in patients seeking dental treatment (complete dentures). L.
rhamnosus HS111, L. acidophilus HS101, and Bifidobacterium bifidum
were used in equal amounts; thus, subjects consumed a capsule con-
taining 10® cfu (3.3 x 107 cfu of each) probiotics or placebo. Of the 55
volunteers enrolled, C. albicans was present in 52.1% of the patients at
the beginning of the study. However, at the end of the follow-up, only
three of 13 patients in the probiotic group still harbored C. albicans.
Although there was no significant difference between the probiotics and
placebo groups (OR: 1.24; 95% CI: 0.43-3.58), suggesting that pro-
biotics were not protective against candida, the reduction in the in-
cidence of oral candidiasis provided evidence to the contrary (Ishikawa
et al., 2015).

The aim of the trial conducted by Kraft-Bodi et al. was to assess the
effect of daily intake 2 lozenges containing a minimum of 108 cfu
probiotic on the prevalence and counts of oral candida. He detected
high candida counts in the saliva and plaque samples collected from
patients (92% wearing maxilla dentures and 64% wearing mandibular

Table 1
Design of the included randomized, placebo-controlled trials.

dentures). At the end of treatment, high counts of candida in plaque
samples were found in 24 of 82 individuals in the probiotic group, and
42 of 90 individuals in the placebo group. The corresponding values in
saliva samples were similar, 19 of 84 individuals in the probiotic group
and 33 of 90 individuals in the placebo group, respectively, indicating a
positive preventative effect of probiotics (Kraft-Bodi et al., 2015).

In summary, probiotic agents were an effective factor in elderly
patients, and decreased the prevalence of high counts of oral yeasts, as
measured as a binomial (high/low) variable.

4. Discussion

The occurrence of oral candidiasis can be attributed in part to
dysbiosis, an imbalance in the resident oral microflora. Probiotics are
living microorganisms that can, when administered in adequate
amounts, beneficially affect health (Sanders, 2008). Probiotic agents,
which may defend against pathogenic microorganisms through com-
petitive, antagonistic, and immunological effects, have been used to
prevent candida-associated stomatitis by some clinicians. Multiple
probiotic species have been used in clinical practice; these include
Lactobacillus spp., Bifidobacterium spp. and many others (Cremonini

References Sample  Country of trial ~ No. of patients  Age range (years) Probiotic species Therapy duration
Hatakka et al. (2007) Plaque Finland 192 70-100 Lactococcus, Lactobacillus, Propionibacterium 16-week
Ishikawa et al. (2015) Palatal Brazil 55 Elderly individuals L. rhamnosus HS111, L. acidophilus HS101, Bifidobacterium  5-week
Kraft-Bodi et al. (2015)  Plaque Sweden 174 60-102 Lactobacillus 12-week
Kraft-Bodi et al. (2015)  Saliva Sweden 174 60-102 Lactobacillus 12-week
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Hatakka, K. 2007 19 92 34 100 30.2% 0.51[0.26, 0.97] ——

Ishikawa, K. H. 2015 13 25 14 30 71% 1.24 [0.43, 3.58] R L

Kraft-Bodi, plaque. 2015 24 84 42 90 33.8% 0.46 [0.24, 0.86] ——

Kraft-Bodi, saliva. 2015 19 84 33 90 28.8% 0.50[0.26, 0.98] ——

Total (95% ClI) 285 310 100.0% 0.54 [0.38, 0.77] ‘

Total events 75 123

Heterogeneity: Chi? = 2.69, df = 3 (P = 0.44); I = 0% 1

Test for overall effect: Z = 3.43 (P = 0.0006)

; |
10 100

Favours [control]

L 1
I T

0.01 0.1 1
Favours [experimental]

Fig. 3. Odds ratio and confidence intervals from individual studies. Forest diagrams showing crude and combined odds ratio for eligible studies. M-H, Mantel Haenszel. Probiotics vs

placebo, outcome: high counts of candida (events).

et al., 2002). However, clinical data for the use of probiotic supple-
ments for candidiasis are disappointingly few and conflicting. In this
study, we included three articles reporting double-blind randomized
placebo-controlled studies rather than a large number of uncontrolled
studies, improving the validity of our analysis. We found that probiotic
agents were an effective means for decreasing the prevalence of high
counts of oral yeasts in elderly individuals.

Christian Jobin of the University of Florida College of Medicine in
Gainesville stated “Different drugs, different bugs, but the same end-
point” (Leslie, 2015); however, the mechanisms by which different
species exert their effects vary (Hasslof, Hedberg, Twetman, & Stecksen-
Blicks, 2010a). Firstly, probiotics, as living microorganisms, can com-
pete for binding sites, available substrates, and nutrients
(Allaker & Douglas, 2009; Matsuzaki, Takagi, Ikemura,
Matsuguchi, & Yokokura, 2007; Meurman, 2005; Sobel, 2007). In ad-
dition, based on a number of contemporary studies, it has been shown
that probiotics (e.g., Lactobacillus species) hamper the growth of can-
dida, based on antagonism in agar diffusion assays (Hasslof, Hedberg,
Twetman, & Stecksen-Blicks, 2010b; Ujaoney et al., 2014). The same as
bacteria (Chew, Cheah, Seow, Sandai, & Than, 2015). Additional stu-
dies have revealed mechanisms potentially involved in producing tox-
icant-like hydrogen peroxide (H,0,) (Strus et al., 2005; Verdenelli
et al., 2014), acid, low-molecular-weight antimicrobial components,
bacteriocins, and adhesins, which can all prevent the overgrowth of
candida (Allaker & Douglas, 2009; Sobel, 2007). Furthermore, im-
munostimulation is a key means of fighting candida (Saarela et al.,
2000). Such mechanisms can be explained by suppression of candida
filamentation and mycelial development by active compounds, as
evaluated using adhesion assays and observing hyphae formation
(Ishijima et al., 2012; Murzyn, Krasowska, Stefanowicz,
Dziadkowiec, & Lukaszewicz, 2010). Further studies are needed to test
the functionality, safety, and efficacy in compromised patients prior to
using them as therapeutic agents as well as for supplementation in
health.

To determine whether probiotics are safe, we have searched elec-
tronic databases for pertinent articles from 2000 to 2017. Various forms
of probiotic administration have been used in humans. None of the
clinical trials have reported side effects that are directly related to
probiotics, suggesting that they are safe.

The articles we have included in this review involved the use of
different species, of which Lactobacillus and Bifidobacterium are most
widely used in the current commercial market (Fuller, 1989). The pri-
mary experimental evidence suggests that the doses have been opti-
mized; the amount of probiotics used in all studies only slightly ex-
ceeded the minimum level present in commercial products. Rybka and
Kailaspathy assumed that probiotic yogurt should be consumed at a
level of 10 cfu/ml as the minimum dose required to decrease the in-
cidence of the disease (Rybka & Kailasapathy, 1995).

Given that different authors used different parameters to register

and measure candidiasis, we used a classification of candidiasis based
on counts, with a high count being a number of =10* cfu/ml, irre-
spective of the clinical symptoms. However, raw data were used for four
trials, which may lead to an incomplete evaluation. We showed overall
prevention of oral candida by means of probiotic preparations in the
trials included.

Publication bias is common in all clinical trials, and needs to be
considered. Probiotics represent a new kind of functional food, raising
concerns; there are no well-established or highly specific pharmaco-
dynamics, to clarify the way to use probiotics in medicine, or that can
describe their chemical and physical properties, or can define the me-
chanism of action (Matsubara, Mayer, & Samaranayake, 2016). There
are also no studies showing side effects, which may not have been
considered in clinical trials (Matsubara et al., 2016). The I? metric is the
most popular measure for detection of heterogeneity in meta-analyses
(loannidis, 2008). According to Cochran, ? ranges from 0% to 100%,
and cut-offs are used to assess whether heterogeneity is present; 50% is
taken as the cut-off for marked heterogeneity, 25% indicates little
heterogeneity (Higgins et al., 2003; loannidis, 2008), and 0% indicates
that there is no heterogeneity. Although we included only a few studies,
we found that 1> was 0%, indicating that the selected studies were
adequate.

It is not clear whether our findings can be generalized to types of
probiotic species other than those that were tested in the studies.
Furthermore, the subjects that were enrolled in the clinical trials in-
cluded in our meta-analysis were elderly patients, and hence, the results
may be applicable to the elderly only. Moreover, although oral candi-
diasis results from local factors as well as systemic factors
(Akpan & Morgan, 2002), an imbalance in the normal microflora re-
mains the main pathogenic determinant (Coronado-
Castellote & Jimenez-Soriano, 2013).

Although our meta-analysis suggests that probiotics play an active
role in preventing oral candidiasis in elderly patients, further studies
are necessary to confirm these findings in a larger-scale, world-wide,
multicenter, prospective context. In addition, an exact standard for the
preparation of probiotics has not been set. It is notable that the effect of
probiotics, used as antimicrobials, is strain-specific and temporally
specific in each patient; thus, it is necessary to select different probiotics
as therapeutics for specific pathogens and to consider that their end-
point may not be the same (Hasslof et al., 2010a). Therefore, clinical
trials performed on sufficient numbers of patients from different socio-
economic backgrounds are needed to develop a standard for probiotic
formulation, dosage, administration schedules for oral candidiasis, re-
verse effects, and biodynamics in human beings. Furthermore, the cost-
benefits should also be analyzed, to ensure easy access, low cost, and
high efficiency.
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