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Abstract 
 
In recent years, microbial infections have become increasingly difficult to treat. Classical treatments, which involve the 
use of antibiotics in various pharmaceutical compounds with antimicrobial activity, shows the problems difficult to be 
solved. For this purpose, researchers are looking for a solution and therefore possible alternative treatments to treat 
microbial infections. Favorable results are obtained from the use of probiotics, a lot of in vitro and in vivo studies 
demonstrating the ability of certain probiotics, in particular lactic acid bacteria, to inhibit the growth of pathogenic 
microorganisms. Probiotics are a class of bacteria similar to those existing in specific human microflora, with 
beneficial role on human health. Real problems came from endemic fungal infections of humans who, in their favorable 
conditions, proliferate and lead to the appearance of serious diseases. An example and also a cause of many diseases is 
the genus Candida. The review presents the main findings related to the response of different Candida species to in 
vitro and in vivo treatments with different probiotics. 
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INTRODUCTION 
 
Human microbiota is complex and includes 
both commensal microorganisms, and 
pathogenic or facultative pathogenic 
microorganisms. Candida species is an 
example of microorganisms present in human 
microbiota which, in terms of balance of 
microflora of the human individual, it doesn’t 
pose any health problems. However, in cases of 
proliferation, the genus Candida can produce 
some mucous infections, such as oral or vaginal 
infections, but also spread infections 
throughout the body, called candidemia. The 
main trigger of candidiasis is Candida albicans 
(Silva M. P. et al., 2016), followed by Candida 
glabrata, Candida tropicalis, Candida 
parapsilosis and Candida krusei, representing 
over 90% of cases of invasive infections caused 
by the genus Candida (Sardi J. C. O. et al., 
2013; Pappas P. G. et al., 2015). According to 
the CDC (Centers for Diseases Control and 
Prevention) and the National Health Care 
Safety Network, genus Candida is in the fifth 
place in the above hospital-acquired and in 
fourth place in the case of bloodstream 
infections (Yapar N., 2014). However, a high 
percentage of 36.5% was reported in 
community-acquired candidemia, within North 
America (USA and Latin America) percentage 

rising to 68.8% of reported cases of candidemia 
and in Europe the percentage it was 22.4% 
(Pfaller M. A., 2011).  According to the clinical 
data of the 2019 patients with candidemia 
between July 1, 2004 and March 5, 2008 from 
Prospective Antifungal Therapy (PATH) 
Alliance database, presented in 2009 by Horn 
D. L. et al, the main organism in the incidence 
of candidemia is Candida albicans, with a rate 
of 45.6%. After 12 weeks of monitoring, 711 of 
the 2019 patients died (35.2%), 704 were alive 
(34.9%), while in the case of the 604 patients 
monitoring was lost. The highest mortality was 
in the case of Candida krusei infections 
(52.9%), and lowest in the case of Candida 
parapsilosis (23.7%). Other more recent 
sources indicate a mortality of up to 50% in the 
case of systemic Candida infections acquired in 
U. S. A. hospitals (Silva M. P. et al., 2016) or, 
according to the European Society of 
Anesthesia (ESA) Intensive scientific 
subcommittee, up to 70% (Pamela Oleary R.-A. 
et al., 2017). Classic treatments and most used 
as well in treatment of candidiasis are 
antifungal medicines, such as type of azoles 
fluconazole or ketoconazole, the type, such as 
echinocandins micafungin, caspofungin or type 
polyenes, like amphotericin B or nucleoside 
analogues, such as type flucytosine 
(Spampinato C. et Leonardi D., 2013). But in 
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recent years, genus Candida acquires resistance 
to antifungal therapy, resulting in a real 
problem for treating different types of 
candidiasis (Sanguinetti M. et al., 2015). For 
this reason, it is absolute necessity to search 
and develop alternative therapies for the 
treatment of candidiasis. Probiotics are part of 
the new trends in world medicine, and their 
successful use as alternative treatments would 
be a real gain in human battle with 
microorganisms, in this case the most 
dangerous species of Candida. 
In 2001, probiotics have been defined by the 
Food and Agriculture Organization of the 
United Nations (FAO) and World Health 
Organization (WHO) as "live Microorganisms 
Which When Administered in Adequate trace 
confer a health benefit on the host", definition 
accepted and adopted almost completely 
globally (Hill C. et al., 2014). There are 
numerous studies in the literature describing 
the benefits, not few in number, of probiotics 
on human health. Of these, should be 
mentioned the following: treatment of 
infections caused by microorganisms or 
viruses, combating diarrhea caused by 
antibiotic treatment, alleviating inflammatory 
chronic bowel disease, decreased risk of 
developing allergies, restoring the balance of 
intestinal microflora, strengthening the immune 
system, decreased cancer risk colon (Saad N. et 
al., 2013) or their use in treatments against 
other cancers (Chen K. et Khismatullin D.B., 
2014). Moreover, they can increase nutrient 
uptake and due to their antimicrobial properties 
indirectly decrease the need to administer 
antibiotics (X.-H. Guo et al., 2010; Angmo K. 
et al., 2016). Another remarkable effect is that 
probiotics lower the serum cholesterol (X.-H. 
Guo et al., 2010; C.-F. Guo et al., 2015; Lee 
N.-K. et al., 2015; Angmo K. et al., 2016), and 
their use in the treatment of diabetes, is also 
important (G. Giraffa, 2012; Chen P. et al., 
2014; Lee N.-K. et al., 2015). Microorganisms 
used as probiotics are worthily mentioned 
Lactobacillus sp., Bifidobacterium sp., Bacillus 
sp., Saccharomyces sp. (Silva M.P. et al., 2016) 
and genetically modified bacteria which 
naturally are facultative pathogen or pathogen, 
for example Escherichia coli (Silva M.P. et al., 
2016; Hwang I.Y. et al., 2017).  

In the presented context the use of probiotics in 
fighting candidiasis may be aviable solution in 
current medical conditions. 
 
DATA COLLECTION 
Online research was conducted using PubMed, 
ScienceDirect, Cochrane, and Embase data. 
Also, were included several studies published 
in InTech and Hindawi databases. In vitro and 
in vivo tests were generally selected, as well as 
some reviews published between 2009 and 
2017, in which promising results of probiotics 
were presented in the treatment of various types 
of candidiasis.  
The words or clusters of keywords that were 
searched for in this research were: "Candida 
genus", "Candida species", "candidiasis", 
"candidemia", " oral candidiasis", "vaginal 
candidiasis", "invasive candidiasis", 
"esophageal candidiasis", "cutaneous 
candidiasis", "probiotic and candidiasis", 
"probiotic anti-Candida", "candidiasis 
treatment", "candida treatment", "Lactobacillus 
Candida", "Bifidobacterium Candida", 
"Bacillus Candida", "clinical trial candidiasis", 
"in vivo candidiasis", "in vitro candidiasis". 
 
DATA FINDINGS 
The collected data has approached both in vivo 
and in vitro studies related to main Candida 
species to different probiotic groups (Table1). 
 
(1) In vitro studies and possible mechanisms 
by which probiotics act against Candida 
The first step in studying the properties and 
effects of probiotics against various types of 
candidiasis is the analysis of the data from in 
vitro tests, which can analyze both the 
mechanisms of probiotics acting against the 
Candida genus, but also the actual effect of 
some probiotic strains against Candida strains.  
Some active probiotic compounds, such as 
capric acid of Saccharomyces boulardii, may 
reduce filamentous growth and biofilm 
formation or Candida albicans adhesion 
(Murzyn A. et al., 2010). The effect on 
Candida filamentous growth, biofilm formation 
and adhesion to the cellular substrate and the 
immune response of C. albicans to the 
production of cytokines has been studied; 
promising results were obtained using L. 
rhamnosus, L. reuteri and L. crispatus 
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(Martinez R. C. R. et al., 2009; Rizzo A. et al., 
2013). There are reported cases in which strains 
of L. casei and L. rhamnosus can produce 
antifungal peptides as a viable alternative to the 
prevention and treatment of Candida stomatitis 
(Song Y.-G. and Lee S.H., 2017). They are not 
excluded from use for prevention or against 
Candida infections neither combinations of 
probiotics with prebiotics such as arabinose, 
xylose and xylitol. Combinations of 
Lactobacillus species with prebiotics had an 
inhibitory effect on the growth of Candida 
albicans and Porphyromonas gingivalis, but 
also on the production of insoluble glucan by 
Streptococcus mutans (Kojima Y. et al., 2015).  
Decreasing pH by producing lactic acid by the 
Lactobacillus genus can also inhibit the growth 
of the Candida species (Köhler GA etal., 2012; 
Chew SY et al., 2015), while the production of 
H2O2 could inhibit C. albicans (Köhler GA et 
al., 2012), but not C. glabrata (Chew SY et al., 
2015). The inhibitory effect on Candida sp. by 
lowering the pH by the accumulation of organic 
acids such as lactic or acetic, secreted by lactic 
species in the gastrointestinal tract was also 
evidenced by Shokryazdan P. and collaborators 
in 2014.  
The effectiveness of the Lactobacillus genus 
against Candida was also analyzed by the 
action of a filtered culture, LAB supernatant, 
demonstrating the anti-Candida activity of L. 
acidophilus (Vilela S. F. et al., 2015). 
Seneviratne C.J. and al. succeeded in 2016 
fractionation and purification of the cell-free 
LAB supernatant. Of the 41 fractions, 8 
completely inhibited the growth of Candida 
albicans after a 24 h incubation, 4 of the 8 
inclusive after 48 h, and 2 fractions had a total 
inhibitory effect after 72 h of incubation. 
In a study published in 2010, Hasslöf et al. 
have studied the antifungal activity of 8 strains 
of Lactobacillus (L. plantarum 299v, L. 
plantarum 931, L. rhamnosus GG ATCC 
53103, L. rhamnosus LB21, L. reuteri PTA 
5289, L. reuteri ATCC 55730, L. acidophilus 
La5 and L. paracasei) against 2 Candida 
albicans reference strains (ATCC 28366 and 
ATCC 10231) and 3 clinically isolated strains 
(C. albicans 1957, C. albicans 3339 and C. 
albicans GDM8). The test included 4 probiotic 
concentrations (109, 107, 105 and 103 CFU / ml) 
and overlay interference tests. Depending on 

the concentration, most of Lactobacillus strains 
inhibited the growth of Candida strains. 
Antimicrobial activity can also be enhanced by 
enriching cell cultures of probiotics with some 
minerals. If the use of supernatant probiotics 
such as L. plantarum and L. johnsonii does not 
influence the growth of C. albicans, the 
enrichment of supernatants with selenium 
nanoparticles strongly inhibits the growth of C. 
albicans cells (Kheradmand E. et al., 2014).  
Studies published in 2014 (Coman MM et al., 
Verdenelli MC et al., Jiang Q. et al.) have 
analyzed the inhibition of Candida strains 
growth (C. albicans, C. glabrata, C. krusei, C. 
parapsilosis, C. tropicalis) on culture media or 
vaginal epithelial cells. The lactic species 
included in the research were L. rhamnosus, L. 
paracasei, L. brevis, L. casei, L. plantarum or 
L. fermentum. All lactobacilli strains have had 
the ability to inhibit all Candida strains but to 
varying degrees. A very strong inhibition effect 
was obtained by combination of two strains, L. 
rhamnosus IMC 501 and L. paracasei IMC 
502, called SYNBIO®. 
The inhibitory action of probiotics against 
Candida albicans may also be due to the 
proliferation of probiotics by nutrient depletion 
in the culture medium (Ujaoney S. et al., 2014).  
There have also been reports of non-probiotic 
bacteria without direct fungicidal activity 
(Streptococcus salivarius) inhibiting Candida 
substrate adhesion (Ishijima S.A. et al., 2012). 
 
(2) In vivo studies on animals 
The general way in which both the human body 
and the animal respond to Candida infections is 
the immune system. Improving the immune 
response to infections caused by C. albicans 
has been successfully obtained following 
treatments with probiotics in animals. The L. 
casei diet of malnourished mice resulted in the 
proliferation of pro-inflammatory cytokines, 
the activation of phagocytic cells, and the 
increase in IL-10 levels that could help prevent 
damage caused by the inflammatory response 
to Candida infections (Villena J. et al., 2011).  
Stimulation of the immune system with 
probiotics had promising results from the data 
of two recent studies in which Galleria 
mellonella was treated with L. rhamnosus 
(Ribeiro F. de C. et al., 2016) and L. paracasei 
(Rossoni R.D. et al., 2017).  



162

Table 1. Reported probiotics with anti- Candida effects 

Pathogen Probiotic (Genera/Species) Reference 
Candida 
albicans 

Lactobacillus sp. 
L. rhamnosus, L. paracasei, L. plantarum , L. 
acidophilus, L. reuteri, L. casei, L. brevis, L. 
bulgaricus, L. johnsonii, L. animalis, L. salivarius, 
L. murinus, L. fermentum, L. gasseri, L. crispatus, 
L. delbrueckii ssp. bulgaricus 

Coman M.M. et al., 2014; Hasslöf P. et al., 2010; 
Kheradmand E. et al., 2014; Köhler G.A. et al., 2012; 
Kojima Y. et al., 2015; Kovachev S.M. & Vatcheva-
Dobrevska R.S., 2014; Kumar S. et al., 2013; Jiang Q. et 
al., 2014; Martinez R.C.R et al., 2009; Matsubara V.H. et 
al., 2012; Mendonça F.H.B.P. et al., 2012; Ribeiro F.de 
C. et al., 2016; Rizzo A. et al., 2013; Romeo M. J. et al., 
2011; Rossoni R.D. et al., 2017; Roy A. et al., 2014; 
Song Y.-G. & Lee S.-H., 2016; Ujaoney S. et al., 2014; 
Verdenelli M.C. et al., 2014; Vicariotto F. et al., 2012; 
Vilela S.F. et al., 2015; Villena J. et al., 2011; 

Streptococcus sp. 
S. salivarius, S. thermophiles 
 

Kovachev S.M. & Vatcheva-Dobrevska R.S., 2014; 
Ujaoney S. et al., 2014; Song Y.-G. and Lee S.-H., 2016; 
Ishijima S.A. et al., 2012 

Bifidobacterium sp. 
B. longum, B. bifidum, B. breve, B.lactis, B. infantis 

Kumar S. et al., 2013; Mendonça F.H.B.P. et al., 2012; 
Roy A. et al., 2014; Song Y.-G. &bLee S.-H., 2016; 
Ujaoney S. et al., 2014; 

Saccharomyces sp. 
S.boulardi, S.thermophilus 

Murzyn A. et al., 2010; Kumar S. et al., 2013 

Bacillus sp. 
B. coagulans 

Ujaoney S. et al., 2014 

Candida 
glabrata 

 
 
 

Lactobacillus sp. 
L. rhamnosus; L. reuteri, L. paracasei, L. 
fermentum, L. plantarum, L. casei, L. brevis, L. 
bulgaricus, L. acidophilus 

Chew S.Y. et al., 2015; Coman M.M. et al., 2014; Jiang 
Q. et al., 2014;  
Mendonça F.H.B.P. et al., 2012; Roy A. et al., 2014; 
Verdenelli M.C. et al., 2014; Vicariotto F. et al., 2012; 

Bifidobacterium sp. 
B. breve, B. longum, B. bifidum, B. lactis 

Mendonça F.H.B.P. et al., 2012;Roy A. et al., 2014 
 

Candida 
 krusei 

Lactobacillus sp. 
L. rhamnosus, L paracasei, L. casei, L. reuteri, L. 
brevis, L. casei, L. reuteri, L. brevis, L.bulgaricus, 
L. acidophilus, L. fermentum, L. plantarum 

Coman M.M. et al., 2014; Jiang Q. et al., 2014; 
Mendonça F.H.B.P. et al., 2012; Roy A. et al., 2014; 
Verdenelli M.C. et al., 2014; 
 Vicariotto F. et al., 2012; 

Bifidobacterium sp. 
B. breve, B. bifidum, B. longum, B. lactis 

Mendonça F.H.B.P. et al., 2012; 
 Roy A. et al., 2014 

Candida 
parapsilosis 

Lactobacillus sp. 
L. rhamnosus, L. paracasei, L.casei, L.reuteri, L. 
plantarum, L. acidophilus, L. fermentum 

Romeo M. J. et al., 2011; Coman M.M. et al., 2014; 
Mendonça F.H.B.P. et al., 2012; Roy A. et al., 2014; 
Verdenelli M.C. et al., 2014; Vicariotto F. et al., 2012;  
 

Bifidobacterium sp. 
B. breve, B. longum, B. bifidum, B. lactis 

Mendonça F.H.B.P. et al., 2012; Roy A. et al., 2014 

Candida 
tropicalis 

Lactobacillus sp. 
L. rhamnosus, L paracasei. L. acidophilus, L. casei, 
L. plantarum, L. fermentum 

Kumar S. et al., 2013; Coman M.M. et al., 2014; 
Mendonça F.H.B.P. et al., 2012; Verdenelli M.C. et al., 
2014 

Bifidobacterium sp. 
B. longum, B. bifidum, B. breve 

Kumar S. et al., 2013; Mendonça F.H.B.P. et al., 2012 
 

Saccharomyces sp. 
S. boulardi, S. thermophilus 

Kumar S. et al., 2013 
 

Candida  
kefyr 

Lactobacillus casei, Mendonça F.H.B.P. et al., 2012 
 

Candida 
lipolytica 

Bifidobacterium breve Mendonça F.H.B.P. et al., 2012 

Candida 
guillermondii 
 

Lactobacillus sp. 
L. casei, L. rhamnosus, L. reuteri 

Mendonça F.H.B.P. et al., 2012; Romeo M. J. et al., 
2011 

Bifidobacterium breve Mendonça F.H.B.P. et al., 2012 
 
In both cases, treatment with lactobacilli 
resulted in a significant increase in hemocytes 
and, implicitly, in a much stronger immune 
response against C. albicans.  
The efficacy of probiotics was also analyzed in 
relation to classical treatments against oral 
candidiasis.  

 
In 2012, Matsubara VH and colleagues tested 
two strains of lactobacilli (L. acidophilus and 
L. rhamnosus) and nystatin, a widely used drug 
for treating oral candidiasis, to reduce C. 
albicans infection in the oral mucosa. In this 
case, the subjects were groups of mice infected 
with C. albicans on which nystatin treatment 
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did not have the expected effect, but the use of 
probiotics, particularly L. rhamnosus, 
significantly reduced colonization of C. 
albicans. In the treatment of oral candidiasis, 
probiotics that are not fungicidal, but still 
prevent the adhesion of Candida to the 
substrate can also be used. In a study published 
in 2012, Ishijima S.A. and coworkers, working 
on mice, concluded that Streptococcus 
salivarius, although not having antifungal 
properties, can be used to treat oral candidiasis 
because of its properties to compete with 
Candida albicans for oral mucosal adhesion. 
 
(3) Human clinical trials 
Due to the major problems in recent years of 
treating human patients against candidiasis, the 
efficacy of probiotics as alternative treatments 
is impetuously needed to be proven in clinical 
trials. 
A major and extremely common problem, 
especially of the elderly, is oral candidiasis. 
There are numerous clinical studies in which 
probiotics have been tested in treating this 
candidiasis. A simple way to prevent or treat 
oral candidiasis could be to consume food 
containing probiotics. The products of a dairy 
company have been tested several times. In the 
case of the product containing only 
Lactobacillus casei Shirota, there were no 
obvious reductions in Candida colonization at 
the oral level after a 28 days daily consumption 
(Sutula J. et al., 2012; Sutula J. et al., 2013 ). 
However, in the variant of Bifidobacterium 
breve and Lactobacillus casei, reductions in the 
presence of various Candida strains at the 
buccal level were reported. In 2009, a study by 
Dos Santos A. L. and collaborators was 
published in which 111 people were tested. The 
results concluded that daily consumption, over 
a 20-day period, significantly reduces the 
Candida population. Consumption-friendly 
results of this product were reconfirmed in 
2012 with the onset of a clinical trial by 
Mendonça F. and colleagues. 
If treating candida with food enriched with 
probiotics does not always have the expected 
results, formulating probiotics in the form of 
tablets, capsules or even paste and 
administering them for a while may yield 
optimal results. Applying a paste containing 
Lactobacillus bulgaricus, Bifidobacterium 

longum and Streptococcus thermophilus at the 
buccal level 3 times a day for 4 weeks can 
significantly reduce the population of various 
types of Candida in the elderly (Li D. et al., 
2014). Similar results were obtained by daily 
administration of capsules containing L. 
rhamnosus, L. acidophilus and B. bifidum for 5 
weeks (Ishikawa KH et al., 2014) or by 
treatment with tablets containing L. reuteri 
strains (Kraft- Bodi E. et al., 2015). 
 
Urogenital candidiasis is also very common, 
especially among women. Treating them with 
classical agents, such as fluconazole, is still the 
primary way to treat vaginal candidiasis. 
However, supplementing classical treatment 
with probiotics (Lactobacillus rhamnosus, 
Lactobacillus reuteri, Lactobacillus 
acidophilus, Lactobacillus delbrueckii subsp. 
bulgaricus, Streptococcus thermophilus) can 
reduce, besides Candida species, the symptoms 
associated with this type of candidiasis, such as 
vaginal discharge, burning vaginal feeling, 
dyspareunia or dysuria (Martinez R.C.R. et al., 
2009), or even to reduce the negative local 
changes caused by Candida-enhanced 
population on vaginal fluorine, vaginal tissue 
changes and pH (Kovachev S.M. and 
Vatcheva-Dobrevska R.S., 2015).  
Also, consumption of yogurt enriched with 
Bifido bacterium and Lactobacillus strains can 
reduce colonization of the urogenital tract in 
HIV-infected individuals (Hu H. et al., 2013). 
The effects of vaginal candidiasis and its 
relapse can be drastically reduced by treatment 
with products of latobacillus (L. acidophilus 
and L. fermentum) and prebiotics 
(arabinogalactan and fructooligosaccharides). 
After 28 days, the symptoms associated with 
candidiasis disappeared in 86.6% of patients, 
and 11.5% of patients were recurrent in the 
following month (Vicariotto F. et al., 2012). 
In cases of gastrointestinal candidiasis, there 
are numerous deficiencies in treating them due 
to some factors present in these cases: the 
presence of diseases such as ulcerative colitis 
or Crohn's disease or the need to treat infants or 
very young children. In case of treatment for 
newborns or children, milk products enriched 
with probiotics or other probiotic preparations 
as a powder may be used. These preparations 
contain strains of L. reuteri, L. rhamnosus, L. 
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acidophilus, S. boulardii, S. thermophilus, B. 
longum, B. bifidum, B. lactis, and prebiotics 
(fructooligosaccharides) which, after 
administration, reduce the Candida 
populations, even in cases of candidemia 
(Romeo MG et al., 2011, Demirel G. et al., 
2013, Kumar S. et al., 2013, Roy A. et al., 
2014). The administration of probiotics 
together with a prebiotic complex can improve 
the health of patients diagnosed with Crohn's 
disease by improving the immune system 
(Steed H. et al., 2010). In the case of remission 
or moderate ulcerative colitis, after the 
administration of probiotics and prebiotics, the 
improvement of the patient's health status was 
revealed, a major role in the improvement of 
the immune system being due to the growth of 
microflora of lactobacilli and bifidobacteria 
and the increase of IL- 10 (Miele E. et al., 
2009; Fujimori S. et al., 2009; Hegazy S. K. 
and El-Bedewy M. M., 2010; Tursi A. et al., 
2010; Wildt S. et al., 2011;  D'Incà R. et al., 
2011; Ishikawa H. et al., 2011; Oliva S. et al., 
2012). 
 
CONCLUSION AND FUTURE 
PERSPECTIVES 
Data from clinical trials, from animal studies or 
from in vitro studies indicates that the 
probiotics can be used with favorable outcomes 
in treating different types of candidiasis. Of 
course, it is still necessary to test the efficacy of 
probiotics in the treatment of candidiasis on 
different age groups or different states of 
severity of the disease. It is necessary to 
understand the mechanisms whereby probiotics 
work, the long-term effects of their 
administration and sought solutions for optimal 
treatment, fast and without adverse effects. 
 
REFERENCES 
 
Angmo K., Savitri K. A., Bhalla T. C., 2015, Probiotic 

characterization of lactic acid bacteria isolated from 
fermented foods and beverage of Ladakh, LWT - 
Food Science and Technology, vol. 66, pages 428-
435. 

Chen C., Khismatullin D. B., 2013, Lipopolysaccharide 
induces the interactions of breast cancer and 
endothelial cells via activated monocytes, Cancer 
Letters, vol. 345, pages 75–84. 

Chen P., Zhang Q., Dang H., Liu X., Tian F., Zhao J., 
Chen Y., Zhang H., Chen W., 2013, Screening for 
potential new probiotic based on probiotic properties 

and a-glucosidase inhibitory activity, Food Control, 
vol. 35, pages 65-72. 

Chew S.Y., Cheah Y.K., Seow H.F., Sandai D., Than 
T.L., 2015, Probiotic Lactobacillus rhamnosus GR-1 
and Lactobacillus euteri RC-14 exhibit strong 
antifungal effects against ulvovaginal candidiasis-
causing Candida glabrata isolates, Journal of 
Applied Microbiology, vol 118, no. 5, pages 1180-
1190. 

Coman  M. M., Verdenelli M. C., Cecchini C., Silvi S., 
Orpianesi C., Boyko N., Cresci A., 2014, In vitro 
evaluation of antimicrobial activity of Lactobacillus 
rhamnosus IMC 501®, Lactobacillus paracasei IMC 
502® andSYNBIO® against pathogens, Journal of 
Applied Microbiology, vol. 117, no. 2, pages 518–
527.  

Demirel G., Celik I. H., Erdeve O., Saygan S., Dilmen 
U., Canpolat F. E., 2013, Prophylactic 
Saccharomyces boulardii versus nystatinfor the 
prevention of fungal colonization and invasive fungal 
infection in premature infants, European Journal of 
Pediatrics, vol. 172, no. 10, pages 1321–1326. 

D'Incà R., Scarpa M., Barollo M., Sturniolo G., 2011, 
Rectal Administration of Lactobacillus casei DG 
Modifies Flora Composition and Toll-Like Receptor 
Expression in Colonic Mucosa of Patients with Mild 
Ulcerative Colitis, Digestive Diseases and Sciences, 
vol. 56, no. 4, pages 1178-1187. 

dos Santos A. L., Jorge A. O. C.; dos Santos S. S. F.; e 
Silva C. R. G.; Leão M. V. P., 2009, Influence of 
probiotics on Candida presence and IgA anti-
Candida in the oral cavity, Brazilian Journal of 
Microbiology, vol. 40, no. 4, pages 960-964. 

Fujimori S., Gudis K., Mitsui K., Seo T., Yonezawa M., 
Tanaka S., Tatsuguchi A., Sakamoto C., 2008, A 
randomized controlled trial on the efficacy of 
symbiotic versus probiotic or prebiotic treatment to 
improve the quality of life in patients with ulcerative 
colitis, Nutrition, vol. 25, no. 5, pages 520–525. 

Giraffa G., 2012, Selection and design of lactic acid 
bacteria probiotic cultures, Engineering in Life 
Sciences, vol. 12, no. 4, pages 391–398. 

Guo C.-F., Zhang S., Yuan Y.-H., Yue T.-L., Li J.-Y., 
2015, Comparison of lactobacilli isolated from 
Chinese suan-tsai and koumiss for their probiotic and 
functional properties, Journal of Functional Foods, 
vol. 12, pages 294-302. 

Guo X.-H., Kim J.-M., Namb H.-M., Park S.-Y., Kim J.-
M., 2010, Screening lactic acid bacteria from swine 
origins for multistrain probiotics based on in vitro 
functional properties, Anaerobe, vol. 16, pages 321-
326. 

Hasslöf P., Hedberg M., Twetman S., Stecksén-Blicks 
C., 2010, Growth inhibition of oral mutans 
streptococci and Candida by commercial probiotic 
lactobacilli - an in vitro study, BMC Oral Health, 
http://www.biomedcentral.com/1472-6831/10/18; 

Hegazy S. K. and El-Bedewy M. M., 2010, Effect of 
probiotics on pro-inflammatory cytokines and NF-
kappaB activation in ulcerative colitis, The World 
Journal of Gastroenterology, vol. 16, no. 33, pages 
4145-4151. 



165

Hill C., Guarner F., Reid G., Gibson G. R., Merenstein 
D. J., Pot B., Morelli L., Canani R. B., Flint H. J., 
Salminen S., Calder P. C., Sanders M. E., 2014, 
Expert consensus document: The International 
Scientific Association for Probiotics and Prebiotics 
consensus statement on the scope and appropriate use 
of the term probiotic, Nature Reviews 
Gastroenterology & Hepatology vol. 11, pages 506–
514. 

Horn D. L., Neofytos D. Anaissie E. J. , Fishman J. A., 
Steinbach W. J. , Olyaei A. J., Marr K. A. , Pfaller M. 
A., Chang C.-H., Webster K. M., 2009, Epidemiology 
and Outcomes of Candidemia in 2019 Patients: Data 
from the Prospective Antifungal Therapy Alliance 
Registry, Clinical Infectious Diseases, vol. 48, no. 12, 
pages 1695–1703. 

Hu H., Merenstein D. J., Wang C., Hamilton P. R., 
Blackmon M. L., Chen H., Calderone R. A., Li D., 
2013, Impact of eating probiotic yogurt on 
colonization by Candida species of the oral and 
vaginal mucosa in HIV-infected and HIV-uninfected 
women, Mycopathologia, vol. 176, no. 3-4, pages 
175-181. 

Hwang I.Y., Koh E., Wong A., March J.C., Bentley 
W.E., Lee Y.S., Chang M.W., 2017, Engineered 
probiotic Escherichia coli can eliminate and prevent 
Pseudomonas aeruginosa gut infection in animal 
models, Nature Communications,  no.8, pages 1-11. 

Ishijima S. A., Hayama K., Burton J. P., Reid G., Okada 
M., Matsushita Y., Abea S., 2012, Effect of 
Streptococcus salivarius K12 on the In Vitro Growth 
of Candida albicans and Its Protective Effect in an 
Oral Candidiasis Model, Applied and Environmental 
Microbiology, vol. 78, no. 7, pages 2190-2199. 

Ishikawa H., Matsumoto S., Ohashi Y., Imaoka A., 
Setoyama H., Umesaki Y., Tanaka R., Otani T., 2011, 
Beneficial effects of probiotic Bifido bacterium and 
galacto-oligosaccharide in patients with ulcerative 
colitis: a randomized controlled study, Digestion, vol. 
84, no. 2, pages 128-133. 

Ishikawa K.H., Mayer M.P.A., Miyazima T.Y., 
Matsubara V.H., Silva E.G., Paula C.R., Campos 
T.T., Nakamae A.E.M., 2014, A Multispecies 
Probiotic Reduces Oral Candida Colonization in 
Denture Wearers, Journal of Prosthodontics, vol. 24, 
no. 3, pages 194–199. 

Jiang Q., Stamatova I., Kari K., Meurman J. H., 2014, 
Inhibitory activity in vitro of probiotic lactobacilli 
against oral Candida under different fermentation 
conditions, Beneficial Microbes, vol.6, no. 3, pages 
361 – 368. 

Kheradmand E., Rafii F., Yazdi M. H., Sepahi A. 
A.,Shahverdi A. R., Oveisi M. R., 2014, The 
antimicrobial effects of selenium nanoparticle-
enriched probiotics and their fermented broth against 
Candida albicans, DARU Journal of Pharmaceutical 
Sciences, vol. 22, pages 1-6. 

Köhler G. A., Assefa S., Reid G., 2012, Probiotic 
Interference of Lactobacillus rhamnosus GR-1 and 
Lactobacillus reuteri RC-14 with the Opportunistic 
Fungal Pathogen Candida albicans, Infectious 
Diseases in Obstetrics and Gynecology, 
doi:10.1155/2012/636474. 

Kojima Y., Ohshima T., Seneviratne C. J., Maeda N., 
2016, Combining prebiotics and probiotics to develop 
novel synbiotics that suppress oral pathogens, Journal 
of Oral Biosciences, vol. 58, no. 1, pages 27-32. 

Kovachev S. M., Vatcheva-Dobrevska R. S., 2014, Local 
Probiotic Therapy for Vaginal Candida albicans 
Infections., Probiotics and Antimicrobial Proteins, 
vol. 7, no. 1, pages 38–44. 

Kraft-Bodi E., Jørgensen M.R., Keller M.K., Kragelund 
C., Twetman C., 2015, Effect of Probiotic Bacteria on 
Oral Candida in Frail Elderly, Journal of Dental 
Research, vol. 94, no. 9, pages 181-186. 

Kumar S., Bansal A., Chakrabarti A., Singhi S., 2013, 
Evaluation of Efficacy of Probiotics in Prevention of 
Candida Colonization in a PICU—A Randomized 
Controlled Trial, Pediatric Critical Care, vol. 41, no. 
2, pages 565-572. 

Lee N.-K., Son S.-H., Jeon E. B., Jung G. H., Lee J.-Y., 
Paik H.-D., 2015, The prophylactic effect of probiotic 
Bacillus polyfermenticus KU3 against cancer cells, 
Journal of functional foods, vol. 14, pages 513–518. 

Li D., Li Q., Liu C., Lin M., Li X., Xiao X., Zhu Z., 
Gong Q., Zhou H., 2013, Efficacy and safety of 
probiotics in the treatment of Candida-associated 
stomatitis, Mycoses, vol. 57, no.3, pages 141–146; 

Longoria-García S., Belmares-Cerda R. E., Flores-
Verástegui M. I. M., Contreras-Esquivel J. C., 
Montañez-Sáenz J. C., Cruz-Hernández M. A., 2016, 
Prebiotics, Probiotics, Synbiotics and Functional 
Foods in Control and Treatment of Type II Diabetes 
Mellitus and Colorectal Cancer,  no. 9, pages 1-30. 

Martinez R.C.R., Franceschini S.A., Patta M.C., 
Quintana S.M., Candido R.C., Ferreira J.C., De 
Martinis E.C.P., Reid G., 2008, Improved treatment 
of vulvovaginal candidiasis with fluconazole plus 
probiotic Lactobacillus rhamnosus GR-1and 
Lactobacillus reuteri RC-14, Letters in Applied 
Microbiology, vol. 48, pages 269-274. 

MartinezR. C. R., SeneyS. L., Summers K. L., 
NomizoA., De MartinisE. C. P., ReidG., 2009, Effect 
of Lactobacillus rhamnosus GR-1 and Lactobacillus 
reuteri RC-14 on the ability of Candida albicans to 
infect cells and induce inflammation, Microbiology 
and Immunology, vol. 53, no. 9, pages 487–495. 

Matsubara V. H., Silva E. G., Paula C. R., Ishikawa K. 
H., Nakamae A. E. M., 2012, Treatment with 
probiotics in experimental oral colonizationby 
Candida albicans in murine model (DBA ⁄ 2), Oral 
Diseases, vol. 18, pages 260–264. 

Mendonca F. H. B. P., Santos S. S. F., Faria I. S., 
Gocalves e Silva C. R., Jorge A. O. C., Leao M. V. 
P., 2012, Effects of Probiotic Bacteria on Candida 
Presenceand IgA Anti-Candida in the Oral Cavity of 
Elderly, Brazilian Dental Journal, vol. 23, no. 5, 
pages 534-538.  

Miele E., Pascarella F., Giannetti E., Quaglietta L., 
Baldassano R. N., Staiano A., 2009, Effect of a 
probiotic preparation (VSL#3) on induction and 
maintenance of remission in children with ulcerative 
colitis, The American Journal of Gastroenterology, 
vol. 104, no. 2, pages 437-443. 

Murzyn A., Krasowska A., Stefanowicz P., Dziadkowiec 
D., Łukaszewicz M., 2010, Capric Acid Secreted by 



166

S. boulardii Inhibits C. albicans Filamentous Growth, 
Adhesion and Biofilm Formation, PLoS One, doi: 
10.1371/journal.pone.0012050; 

OLeary R.-A., Einav S., Leone M., Madách K., Martin 
C., Martin-Loeches I., 2017, Management of Invasive 
Candidiasis and Candidemia in critically ill adults – 
Expert opinion of the European Society of Anesthesia 
(ESA) Intensive Care scientific subcommittee, 
Journal of Hospital Infection, DOI: 
http://dx.doi.org/10.1016/j.jhin.2017.11.020. 

Oliva S., Di Nardo G., Ferrari F., Mallardo S., Rossi P., 
Patrizi G., Cucchiara S., Stronati L., 2012, 
Randomised clinical trial: the effectiveness of 
Lactobacillus reuteri ATCC 55730 rectal enema in 
children with active distal ulcerative colitis, 
Alimentary Pharmacology & Therapeutics, vol. 35, 
no. 3, Pages 327-334. 

Pappas P. G., Kauffman C. A., Andes D. R., Clancy, C. 
J.,  Marr K. A., Ostrosky-Zeichner L., Reboli A. C., 
Schuster  M. G., Vazquez J. A., Walsh T. J., Zaoutis 
T. E., Sobel J. D., 2015, Clinical Practice Guideline 
for the Management of Candidiasis: 2016 Update by 
the Infectious Diseases Society of America, Clinical 
Infectious Diseases, vol. 62, no. 4, pages 1-50. 

Pfaller M. A., Moet G. J., Messer S. A. , Jones R. N., 
Castanheira M., 2011, Candida Bloodstream 
Infections: Comparison of Species Distributions and 
Antifungal Resistance Patterns in Community-Onset 
and Nosocomial Isolates in the SENTRY 
Antimicrobial Surveillance Program, 2008-2009, 
Antimicrobial Agents and Chemotherapy, vol. 55, no. 
2, pages 561–566. 

Ribeiro F. C., Pimentel de Barros P., Rossoni R. D., 
Junqueira J.C., Jorge A. O. C., 2016, Lactobacillus 
rhamnosus inhibits Candida albicans virulence 
factors in vitro andmodulates immune system in 
Galleria mellonella, Journal of Applied 
Microbiology, vol. 122, no. 1, pages 201–211. 

Rizzo A., Losacco A., Carratelli C. R., 2013,  
Lactobacillus crispatus modulates epithelial cell 
defense against Candida albicans through Toll-like 
receptors 2 and 4, interleukin 8 andhuman  _-
defensins 2 and 3, Immunology Letters, vol. 156, no. 
1–2, pages 102-109. 

Romeo M. G., Romeo D. M., Trovato L., Oliveri S., 
Palermo F., Cota F., Betta P., 2010, Role of 
probiotics in the prevention of the enteric 
colonizationby Candida in preterm newborns: 
incidence of late-onset sepsis and neurological 
outcome, Journal of Perinatology, vol. 31, pages 63–
69. 

Rossoni R. D., Fuchs B. B., Pimentel de Barros P., dos 
Santos Velloso M., Jorge A. O. C., Junqueira J. C., 
Mylonakis E., 2017, Lactobacillus paracasei 
modulates the immune system of Galleria mellonella 
and protects against Candida albicans infection, 
PLOS ONE, vol. 2, no.3, pages 1-17.  

Roy A., Chaudhuri J., Sarkar D., Ghosh P., Chakraborty 
S., 2014, Role of Enteric Supplementation of 
Probiotics on Late-onset Sepsis by Candida species 
in Preterm Low Birth Weight Neonates: A 
Randomized, Double Blind, Placebo-controlled Trial, 

North American Journal of Medical Sciences, vol. 6, 
no. 1, pages 50-57. 

Saad N., Delattre C., Urdaci  M., Schmitter J. M., 
Bressollier P., 2013, An overview of the last advances 
in probiotic and prebiotic field, LWT - Food Science 
and Technology, vol. 50, pages 1-16. 

Saez-Lara M. J., Gomez-Llorente C., Plaza-Diaz J., Gil 
A., 2014, The Role of Probiotic Lactic Acid Bacteria 
and Bifidobacteria in the Prevention and Treatment of 
Inflammatory Bowel Disease and Other Related 
Diseases: A Systematic Review of Randomized 
Human Clinical Trials, BioMed Research 
International, vol. 2015, pages 1-15. 

Sanguinetti M., Posteraro B., Lass-Flörl C., 2015, 
Antifungal drug resistance among Candida species: 
mechanisms and clinical impact, Mycoses, vol. 58, 
no. S2, pages 2–13. 

Sardi J. C. O., Scorzoni L., Bernardi T., Fusco-Almeida 
A. M., Mendes Giannini M. J. S., 2013, Candida 
species: current epidemiology, pathogenicity, biofilm 
formation, natural antifungal products and new 
therapeutic options, Journal of Medical Microbiology, 
vol. 62, pages 10–24. 

Seneviratne C. J., Samaranayake L. P., Ohshima T., 
Maeda N., Jin L.J., 2016, Identification of antifungal 
molecules from novel probiotic Lactobacillus bacteria 
for control of Candida infection, Hong Kong Medical 
Journal, vol. 22, no. 6, pages 34-36. 

Silva M. P., Rossoni R. D., Junqueira J. C., Jorge A. O. 
C., Probiotics for Prevention and Treatment of 
Candidiasis and Other Infectious Diseases: 
Lactobacillus spp. and Other Potential Bacterial 
Species, Probiotics and Prebiotics in Human 
Nutrition and Health, chapter 12, pages 241-262.  

Shokryazdan P., Sieo C. C., Kalavathy R., Liang J. 
B.,Alitheen N. B., Jahromi M. F., Ho Y. W., 2014, 
Probiotic Potential of Lactobacillus Strains with 
Antimicrobial Activity against Some Human 
Pathogenic Strains, BioMed Research International, 
vol. 2014, pages 1-16. 

Song Y.-G., Leea S.-H., 2016, Inhibitory effects of 
Lactobacillus rhamnosus and Lactobacillus casei on 
Candida biofilm of denture surface, Archives of Oral 
Biology, vol. 76, pages 1-6. 

Spampinato C., Leonardi D., 2013, Candida Infections, 
Causes, Targets, and Resistance Mechanisms: 
Traditional and Alternative Antifungal Agents, 
BioMed Research International, vol. 2013, pages 1-
13. 

Steed H., Macfarlane G. T., Blackett K. L., Bahrami B., 
Reynolds N., Walsh S. V., Cummings J. H., 
Macfarlane S., 2010, Clinical trial: the 
microbiological and immunological effects of 
symbiotic consumption - a randomized double-blind 
placebo-controlled study in active Crohn’s diseas, 
Alimentary Pharmacology and Therapeutics, vol. 32, 
no. 7, pages 872–883. 

Sutula J., Coulthwaite L. A., Thomas L. V., Verran J., 
2013, The effect of a commercial probiotic drink 
containing Lactobacillus casei strain Shirota on oral 
health in healthy dentate people, Microbial Ecology 
in Health and Disease, vol. 24, pages 1- 12. 



167

Tursi A., Brandimarte G., Papa A., Giglio A., Elisei W., 
Giorgetti G.M., Forti G., Morini S., Hassan C., 
Pistoia M.A., Modeo M.E., Rodino' S, D'Amico T., 
Sebkova L., Sacca' N, Di Giulio E., Luzza F., Imeneo 
M., Larussa T., Di Rosa S., Annese V., Danese S., 
Gasbarrini A., 2010, Treatment of relapsing mild-to-
moderate ulcerative colitis with the probiotic VSL#3 
as adjunctive to a standard pharmaceutical treatment: 
a double-blind, randomized, placebo-controlled study, 
The American Journal of Gastroenterology, vol. 105, 
no. 10, pages 2218-2227. 

Ujaoney S., Chandra J., Faddoul F., Chane M., Wang J., 
Taifour L., Mamtani M. R., Thakre T. P., Kulkarni 
H., Mukherjee P., Ghannoum M. A., 2014, Journal of 
Dental Hygiene, vol. 88, no. 3, pages 183-189. 

Verdenelli M.C., Coman M.M., Cecchini C., Silvi S., 
Orpianesi C., Cresci A., 2014, Evaluation of 
antipathogenic activity and adherence properties of 
human Lactobacillus strains for vaginal formulations, 
Journal of Applied Microbiology, vol. 116, no. 5, 
pages 1297–1307. 

Vicariotto F., Del Piano M., Mogna L., Mogna G., 2012, 
Effectiveness of the Association of 2 Probiotic Strains 
Formulated in a Slow Release Vaginal Product, in 

Women Affected by Vulvovaginal Candidiasis, J Clin 
Gastroenterol, vol. 46, supp. 1, pages 73-80. 

Vilela S. F., Barbosa J. O., Rossoni R. D., Santos J. D., 
Prata M. C., Anbinder A. L., Jorge A. O., Junqueira J. 
C., 2015, Lactobacillus acidophilus ATCC 4356 
inhibits biofilm formation by C. albicans and 
attenuates the experimental candidiasis in Galleria 
mellonella, Virulence, vol. 6, no. 1, pages 29-39; 

Villena J., Salva S., Aguero G., Alvarez S., 2011, 
Immuno modulatory and protective effect of probiotic 
Lactobacillus casei against Candida albicans 
infection in malnourished mice, Microbiology and 
Immunology, vol. 55, no. 6, pages 434–445. 

Yapar N., 2014, Epidemiology and risk factors for 
invasive candidiasis, Therapeutics and Clinical Risk 
Management, vol.10, pages 95–105. 

Wildt S., Nordgaard I., Hansen U., Brockmann E., J. 
Rumessen J. J., 2011, A randomised double-blind 
placebo-controlled trial with Lactobacillus 
acidophilus La-5 and Bifidobacterium animalis 
subsp. lactis BB-12 for maintenance of remission in 
ulcerative colitis, Journal of Crohn's and Colitis, vol. 
5, no. 2, pages 115–121. 

 
  

 


