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SUMMARY

Objective: To analyze possible cases of infection by Saccharomyces boulardii worldwide from 2018 to
2023. Methodology: An integrative review was conducted using the Virtual Health Library, PubMed,
and ScienceDirect databases, with the descriptors “probiotics”, “Saccharomyces boulardii”, and “fun-
gemia,” resulting in 11 articles. Results: A total of 69 cases of fungemia were identified in patients aged
3.5 to 93 years, with a mean age of 62 years and a male predominance. The main risk factors included
antibiotic use, central venous catheterization, cancer, enteral nutrition, intensive care unit admission,
and intubation. The most used antifungal was fluconazole. The fatality rate was 36.2%. Conclusion:
Although probiotics containing Saccharomyces boulardii are generally used for their beneficial effects, it
was found that, under certain circumstances, they may cause adverse events in some individuals. There-

fore, the risk-benefit ratio should be carefully evaluated in each case.

Keywords: Invasive fungal infections; probiotic; fungemia.

RESUMO
Saccharomyces boulardii como agente de infeccdo sistémica: uma revisao integrativa

Objetivo: Analisar possiveis casos de infeccdo por Saccharomyces boulardii no mundo, no periodo de
2018 a 2023. Metodologia: Realizou-se uma revisao integrativa, nas bases de dados Biblioteca Virtual
em Saude, PubMed e ScienceDirect, usando os descritores “probiotics”, “Saccharomyces boulardii” e “fun-
gemia”, incluindo ao final 11 artigos. Resultados: Observaram-se 69 casos de fungemia em pacientes
com idades de 3 anos e meio a 93 anos, com média de 62 anos, e prevaléncia para o sexo masculino. Os
principais fatores de risco foram: uso de antibidticos, uso de cateter venoso central, cancer, em nutri¢ao
enteral, estar em unidade de terapia intensiva e intubados. O antifiingico mais utilizado foi o fluconazol.
A taxa de letalidade foi 36,2%. Conclusao: Embora os probioticos contendo Saccharomyces boulardii sejam
utilizados por seus efeitos benéficos, averiguou-se que, sob determinadas circunstancias, podem ocasi-
onar eventos adversos a alguns individuos, devendo o risco-beneficio ser avaliado em cada caso.

Palavras-chave: InfecgGes fingicas invasivas; probiotico; fungemia.
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RESUMEN
Saccharomyces boulardii como agente de infeccion sistémica: una revisioén integradora

Objetivo: Analizar los posibles casos de infeccion por Saccharomyces boulardii anivel mundial, entre 2018
y 2023. Metodologia: Se realizé una revision integrativa en las bases de datos Biblioteca Virtual en Sa-
lud, PubMed y ScienceDirect, utilizando los descriptores «probidticos», «Saccharomyces boulardii» y
«fungemia», incluyendo finalmente 11 articulos. Resultados: Se observaron 69 casos de fungemia en
pacientes de entre 3,5 y 93 afos, con una edad media de 62 afios y una mayor prevalencia en hombres.
Los principales factores de riesgo fueron: uso de antibiéticos, catéter venoso central, cancer, nutricién
enteral, ingreso en la unidad de cuidados intensivos e intubacion. El antifingico mas utilizado fue el
fluconazol. La tasa de letalidad fue del 36,2 %. Conclusién: Si bien los probidticos que contienen Sac-
charomyces boulardii se utilizan por sus efectos beneficiosos, se ha descubierto que, en determinadas cir-
cunstancias, pueden causar efectos adversos en algunas personas, y la relacion riesgo-beneficio debe
evaluarse caso por caso.

Palabras clave: Infecciones fiingicas invasivas; probidtico; fungemia.

1. INTRODUCTION

The normal human intestinal microbiota comprises a diverse group of microorganisms that
inhabit the gastrointestinal tract, playing a crucial role in maintaining gastrointestinal health
and providing systemic benefits to the body through various important functions, including
immune modulation. This microbiota is established at birth and evolves throughout an indi-
vidual’s life, with its composition influenced by several factors, including medical conditions
[1-3].

Maintaining balance in the composition of the intestinal microbiota, in terms of quantity
and quality, is of utmost importance to avoid situations such as dysbiosis and systemic reper-
cussions. This microbiota comprises a diverse array of microorganisms, including bacteria,
archaea, protozoa, viruses, and fungi. Since they make up this ecosystem, some of these mi-
crobes are ingested in the form of probiotics for health benefits [1-3]. The term "probiotic" re-
fers to products that contain live microorganisms that, when administered appropriately, can
help restore the intestinal microbiota. The consumption of probiotics dates to ancient times,
primarily through fermented foods [4, 5].

However, these products are not regulated and tested with the same rigor as allopathic
medications, resulting in inconsistencies in their mechanisms of action and safety profiles. In
terms of composition, these products are manufactured using various bacterial strains, with
Lactobacillus being the most utilized. The most prevalent fungal strain found in these products
is the yeast Saccharomyces boulardii [3-7].

Saccharomyces boulardii is a unicellular eukaryotic microorganism, commonly known as
"baker's yeast" or "brewer's yeast," due to its historical use in sugar fermentation for food and
beverage production. This fungus can colonize various body sites, including the skin, vaginal
mucosa, respiratory tract, and digestive tract [8-10].

In the pharmaceutical industry, it is used as an ingredient to produce probiotics, which
are ingested to prevent and treat various diarrheal disorders. They are widely used by elderly
patients, children, and especially in Intensive Care Units (ICUs) [9-12].

Microorganisms that are part of the human microbiota, such as yeasts of the genus Can-
dida, under certain circumstances like immunosuppression, whether due to chemotherapy, or-
gan transplants, or HIV infection, can develop pathogenic potential, causing various infectious
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conditions, ranging from vulvovaginal and oral candidiasis to systemic candidiasis. In this
regard, this research aimed to analyze possible cases of infection by Saccharomyces boulardii
worldwide from 2018 to 2023 [13].

2. METHODOLOGY

This study is an integrative literature review designed to compile and analyze data from pub-
lications spanning 2018 to 2023, to address the following guiding questions: What are the doc-
umented occurrences of systemic infection by Saccharomyces boulardii? What risk factors are
associated with Saccharomyces boulardii infection? What is the lethality rate among affected in-
dividuals?

The literature search was conducted from November to December 2023 across the scien-
tific databases PubMed, ScienceDirect, and the Virtual Health Library (BVS). Articles pub-
lished in English, Spanish, and Portuguese were selected using the keywords "probiotics,"
"Saccharomyces boulardii," and "fungemia." The Boolean operator "AND" was applied in the fol-
lowing combination: Probiotics AND Saccharomyces boulardii AND Fungemia.

The selection of articles for this study was conducted in three stages. First, titles were re-
viewed to identify relevant studies. In the second stage, abstracts were read, and studies not
addressing the proposed research questions were excluded. Finally, a thorough reading of the
selected articles was conducted for data extraction. Studies without free full-text access or
those cataloged repeatedly across databases were excluded from the final sample.

3. RESULTS AND DISCUSSION

After searching for works in the BVS, PubMed, and Science Direct databases, a thorough anal-
ysis of the literature found was conducted, resulting in 93 verified works. Initially, 14 studies
were excluded due to duplication, resulting in 79 records for analysis.

Subsequently, of the 79 records, 61 studies were excluded after reviewing titles and ab-
stracts, as well as removing publications that required payment for full-text access. This left 18
studies eligible for further assessment; however, 7 of these did not address the study's guiding
question and were therefore excluded. As a result, 11 studies were included in this review.
Figure 1 details the number of publications analyzed, and the databases used.
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Figure 1.

Flowchart illustrating the identification, screening, eligibility, and inclusion process
for studies on cases of fungemia caused by Saccharomyces cerevisiae var. boulardii worldwide
from 2018 to 2023.

Analysis of the articles selected in this integrative review enabled the collection of data to syn-
thesize and deepen the understanding of the subject. This facilitated the acquisition of infor-
mation regarding the clinical profile of individuals affected by fungemia caused by Saccharo-
myces cerevisiae var. boulardii worldwide from 2018 to 2023, as summarized in Table 1. The table
compiles information from the selected studies, including publication year, title, study coun-
try, patient demographics (sex and age), associated risk factors, clinical presentation, diagnos-
tic tests, and mortality. All 11 included studies were published in English. Most studies origi-
nated from India (three studies), followed by Turkey and the United States, with two studies
each. Most publications were from 2019.
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Table 1. Cases of fungemia caused by Saccharomyces cerevisiae var. boulardii worldwide from 2018 to

2023.
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During the study period, 69 cases of patients with Saccharomyces cerevisiae var. boulardii identi-
fied in blood or catheter tip cultures were reported, as shown in Table 1. According to the
distribution of the reported cases, the patients ranged in age from 3.5 to 93 years, with an
average age of 62 for both sexes. Regarding gender, 43(62%) of the patients were male. In the
study by Rannikko et al. (2021) [12], which included a group of 46 individuals, comprising
adults and the elderly of both sexes aged between 30 and 93 years, this higher frequency was
also observed, with the majority being male (63%) as the most affected by fungemia. Likewise,
Poncelet et al. (2021) [11] reported a higher proportion of cases in men, with an average age of
58 years, comparable to the present findings. Further studies are needed to evaluate a potential
relationship between fungemia, gender, and age.

Regarding age, the group with the highest incidence of Saccharomyces fungemia cases was
those over 60 years, representing 59.4% of affected individuals. Several studies indicate that
the microbiota of this specific population differs from that of adults, as over time, there is a
decrease in bacteria classified as beneficial and an increase in potentially pathogenic entero-
bacteria [14]. Moreover, excessive antibiotic use, whether combined with or independent of
the aging process, can impact the homeostasis of the gut microbiota. As a result, functional
foods, especially probiotics, are increasingly used by the elderly population [14]. According to
Rannikko et al. (2021) [12], in hospitals in the United States, the probiotic containing Saccharo-
myces cerevisiae var. boulardii is commonly used, particularly among elderly patients.

The advantage of using a probiotic containing Saccharomyces cerevisiae var. boulardii is that
it functions as an antidiarrheal biotherapeutic agent with proven benefits in various patholog-
ical conditions, particularly acute or chronic diarrhea. Unlike antibiotics, it does not alter in-
testinal morphology or microbiota and shows comparable efficacy to medications used for
treating diarrhea. It inhibits the growth of enteric pathogens, can be used concurrently with
antibiotics, and helps restore the natural balance of intestinal microbiota [15].

There is a report of a 74-year-old male patient who was admitted to the emergency room
with symptoms of abdominal pain, chills, nausea, and vomiting. On the first day of hospitali-
zation, the patient began antibiotic treatment, but no improvement was observed, making in-
tubation and the insertion of a central venous catheter necessary. Blood cultures from days 1
and 2 showed Saccharomyces growth, although the patient had not used the probiotic contain-
ing Saccharomyces boulardii in the hospital. However, the patient reported prolonged use of the
probiotic for 7 years before admission [9]. Regarding the use of the probiotic containing this
yeast, it was observed that 81.2% of the patients who developed fungemia had used the pro-
biotic. Of these, 29 reported using it at home, in nursing homes, outpatient clinics, or in the
Intensive Care Unit (ICU). Among them, 25 individuals were using probiotics in the hospital
when their blood cultures tested positive for Saccharomyces. Additionally, 48% did not specify
where they had used the probiotic, and in one case, the patient had not used it at all.

In the last cited case, a 6-year-old male child was admitted to the ICU on the fourteenth
day post-surgery due to respiratory discomfort, with an atypical rhabdoid/teratoid tumor. He
was receiving antibiotics, intubated, and had a Central Venous Catheter (CVC). Although he
did not use Saccharomyces cerevisiae var. boulardii, the culture from the catheter tip tested posi-
tive for the fungus on the twenty-fifth day of hospitalization in the ICU [5]. It was noted that
this child had a spiky fever the day after a neighboring patient used the probiotic. This raised
the possibility that transmission may have occurred through the hands of the ICU staff colo-
nized with the strain.

In the case of the 6-year-old male child, hospitalized on the fourteenth postoperative day
in the ICU, as reported by Giin et al. (2022) [5], several accounts describe cases of Saccharomyces
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fungemia in hospitalized individuals who shared a room with patients using the yeast-con-
taining probiotic. Gonsalez et al. (2023) [16] reports a potential risk associated with handling
sachets and capsules containing the probiotic Saccharomyces boulardii in environments where
patients are present, regardless of probiotic use. Studies have shown that viable strains can be
detected up to one meter from the handling site and remain on surfaces for up to two hours.
Thus, it is recommended that, for safety, probiotics be handled in a location distant from pa-
tients.

Reports indicate that this yeast can be found in the hands of individuals handling it with-
out gloves, even after thorough handwashing. This presents a potential pathway for infection,
which can occur through two primary mechanisms: contamination of the central venous cath-
eter via the hands of healthcare professionals who handled the yeast or through airborne dis-
persion of strains following the handling of capsules or sachets. Additionally, infection may
arise from the intestinal translocation of the ingested microorganism across the enteral or oral
mucosa, with evidence suggesting that the risk of intestinal translocation is higher in elderly
patients [5, 11, 16].

Some studies outline risk factors for Saccharomyces fungemia, noting patients in Intensive
Care Units (ICUs) with central venous catheters, on mechanical ventilation, intubated, receiv-
ing total parenteral nutrition, using gastrostomy tubes, immunosuppressed due to medication
or disease, with uncontrolled diabetes, cancer, prolonged hospital stays, undergoing broad-
spectrum antibiotic treatment, or using the probiotic themselves or near other patients in the
same unit who are also using it. Reports of Saccharomyces fungemia in previously healthy pa-
tients remain rare [10, 16-18].

Regarding the use of antibiotics, it was observed that 67% of patients were on these med-
ications, 28% used Central Venous Catheters (CVC), 20% had some cancer, 17% were on en-
teral nutrition, 12% reported being in the ICU, 11% were intubated, and 6% were receiving
total parenteral nutrition. Each of these factors, prolonged hospitalization, mechanical venti-
lation, HIV, and diabetes, accounted for 3%, while the use of probiotics by neighboring pa-
tients was reported in 1.5% of cases.

Saccharomyces should be considered a potential cause of nosocomial infection, as they
share similar risk factors with other Healthcare-Associated Infections. These include antimi-
crobials, failure to adhere to basic control measures, inadequate hand hygiene, immunocom-
promised hospitalized patients, age over 60, prolonged hospitalization, and invasive medical
devices such as central venous catheters, intubation, and mechanical ventilation [16-19].

Probiotics containing Saccharomyces cerevisiae var. boulardii, whether for treatment or
prophylaxis, should be evaluated as a potential risk factor for nosocomial bloodstream infec-
tions in individuals with predispositions [16, 20, 21].

Additionally, some patients had prolonged use of the probiotic, including a 3.5-month-
old infant who used it for 10 days, an 82-year-old patient who used it for 6 months, and a 74-
year-old patient who used it for 7 years. According to a consultation with the electronic for-
mulary of the Brazilian National Health Surveillance Agency (ANVISA), a duration of two to
three days is sufficient for treatment. If symptoms persist after 5 days, reevaluation of the di-
agnosis and modification of therapy are recommended [8, 9, 17, 22].

The total number of deaths is illustrated in Figure 2, which indicates that 36.2% of patients
affected by fungemia due to Saccharomyces cerevisiae var. boulardii died. Among these, 52%
were men, with an average age of 72 years. The age group with the highest number of deaths
was 60 years and older. When examining the number of deaths by sex and age group, among
patients aged 19 to 59 years, 4 out of 7 death cases were female. In contrast, among patients
aged 60 years and above, 10 out of 18 death cases were male.
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Figure 2. Number of deaths due to fungemia caused by Saccharomyces cerevisiae var. boulardii
worldwide, categorized by age group, from 2018 to 2023.

As individuals’ age and life expectancy increases, the immune system undergoes changes that
increase susceptibility to various diseases, particularly after age 60. This process of immunose-
nescence has clinical implications, including increased susceptibility to infections, which con-
tributes to higher morbidity and mortality rates in this population [23].

The occurrence and risk of infectious diseases are significant factors contributing to hos-
pitalization and mortality, particularly in conjunction with advanced age. Furthermore, hos-
pital-acquired infections represent a major cause of morbidity and mortality in the elderly
population. A study involving a sample of 322 hospitalized individuals aged 60 years and
older reported a mortality rate of 22.9% among patients with hospital-acquired infections [24].
According to the results presented in Figure 3, the distribution of fungemia cases by country
varied significantly, with differing numbers of reports over various periods. Initially, Argen-
tina and Spain had the lowest reported cases, with each country documenting only 1 case.
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1 el

Figure 3. Geographic distribution of fungemia cases by Saccharomyces cerevisiae var. boulardii
worldwide.

This is followed by the United States and Greece, which reported two cases each; Turkey with
three cases; India with four reported cases; Belgium with ten occurrences between January
2005 and June 2017; and lastly, with the highest number of affected individuals, Finland with
46 cases of fungemia between January 2009 and December 2018.

The geographic distribution of cases has been explored in only a few studies that consider
the number of countries worldwide. It is important to note that many additional cases may be
occurring globally across various nations; however, due to a lack of diagnosis or misdiagnosis,
this infection is likely underreported. Conversely, when cases are eventually identified, they
may not reach the attention of researchers, who could subsequently disseminate such infor-
mation through scientific publications on the topic.

As shown in Figure 4, the most used antifungal for the treatment of fungemia caused by
Saccharomyces cerevisiae var. boulardii was fluconazole, with a total of 9 patients treated solely
with this antifungal. It was followed by amphotericin B, which was used in 3 cases.

Fluconazole + Micafungin
Voriconazole 5,26% Amphotericin B
5,26% T 15,78%

Amphotericin B +
Flucytosine
5,26%
Caspofungin
5,26%

Caspofungin +
Voriconazole
5,26%

Andinulafungin
5,26%

Fluconazole
47,4%

Anidulafungin +
Fluconazole
5,26%

Figure 4. Antifungal agents utilized in the treatment of systemic infections caused by
Saccharomyces cerevisiae var. boulardii.
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It is important to note that anidulafungin was utilized in two treatments, one of which was
administered concurrently with amphotericin B. Other antifungal combinations included am-
photericin B combined with flucytosine. Voriconazole was also used in two treatments, both
of which involved concurrent administration of another antifungal; in one instance, voricona-
zole was used alongside fluconazole, while in another, the patient received voriconazole in
combination with caspofungin. Additionally, the treatment type for 46 patients was not spec-
ified, and in four cases, individuals did not receive any antifungal therapy, three of whom
died, including two males aged 80 and 82 years.

Fluconazole, the most widely used drug, belongs to the azole class and inhibits ergosterol
biosynthesis. It is indicated for the treatment of infections such as vaginal candidiasis, and
balanitis, as well as for the prophylaxis of recurrent vaginal candidiasis and dermatophytosis
like Tinea pedis, Tinea corporis, Tinea cruris, and Tinea unguium. Additionally, this antifungal has
good pharmacokinetics, being well absorbed in the gastrointestinal tract without interference
from gastric pH, and it has good penetration in all studied body fluids, such as cerebrospinal
fluid, achieving a serum concentration of up to 70% [25, 26]. It is recommended that for the
treatment of bloodstream infections associated with the use of probiotics, the central venous
catheter should be removed, and either amphotericin B at a dose of 1 mg/kg/day or fluconazole
at 10 mg/kg/day should be used, although there have been reports of strains resistant to both
antifungals. Furthermore, studies have shown successful treatment cases of Saccharomyces cere-
visiae var. boulardii with caspofungin [5].

Additionally, caution is advised when administering probiotics to patients with central
venous catheters to prevent potential colonization. Measures such as hand hygiene, use of
gloves, and avoiding probiotic handling near patients are recommended. Cases of fungemia
have been reported in patients with central venous catheters, including those not receiving
Saccharomyces boulardii, presenting with fever, and positive cultures for Saccharomyces [27].

4. CONCLUSION

The microorganisms that make up the human microbiota can exhibit pathogenic potential un-
der certain conditions. Based on the findings of this research, 69 cases of patients affected by
fungemia due to Saccharomyces cerevisiae var. boulardii were identified from 2018 to 2023.

Furthermore, it was possible to assess the clinical, laboratory, and sociodemographic pro-
tile of the affected patients, who had an average age of 62 years, predominantly male. The most
common underlying conditions were related to the cardiovascular system, and the only labor-
atory findings that indicated similar abnormalities in the patients, aside from the positive cul-
tures, were glucose levels, C-reactive protein, and low hemoglobin.

Regarding the observed risk factors, the five most prevalent were antibiotic use, central
venous catheterization, cancer, enteral nutrition, and hospitalization in an Intensive Care Unit
(ICU). The mortality rate was 36.2%, with the majority being male, particularly those over 60
years of age. Considering the risk factors for fungemia due to Saccharomyces cerevisiae var. bou-
lardii, it is recommended to adopt certain precautions to prevent the emergence of complica-
tions. These include exercising caution when using probiotics containing Saccharomyces bou-
lardii in elderly patients, those who are immunocompromised due to disease or medications,
diabetics, cancer patients, individuals on antibiotics, those in intensive care, using central ve-
nous catheters, intubated, on mechanical ventilation, hospitalized for extended periods, re-
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ceiving parenteral nutrition, and those with gastrostomy tubes. Furthermore, capsules and sa-
chets containing the probiotic Saccharomyces boulardii should be handled in a separate environ-
ment, away from patient rooms, with gloves being changed after each manipulation.
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