
Vol.: (0123456789)

Mycopathologia          (2026) 191:55  
https://doi.org/10.1007/s11046-026-01080-7

ORIGINAL ARTICLE

Clinical and Microbiological Characteristics of Sterile‑Site 
Saccharomyces cerevisiae Infections in a Tertiary‑Care 
Centre

Andrea Harmath · Lilla Tünde Vass · Ágnes Jakab · Zoltán Tóth · 
Aliz Bozó · László Majoros · Walter P. Pfliegler · Renátó Kovács 

Received: 3 February 2026 / Accepted: 7 May 2026 
© The Author(s) 2026

of all patients with S. cerevisiae isolated from ster-
ile body sites between January 2019 and December 
2025. Demographic data, underlying conditions, pro-
biotic exposure, antifungal therapy, and outcomes 
were collected, and antifungal susceptibility testing 
was performed. Among 196 patients with S. cerevi-
siae isolates, 30 (15%) had sterile-site infections. The 
mean age was 47.2  years, and 23% were paediatric 
cases. Bloodstream infections were the most com-
mon source (n = 7, 23%), followed by intra-abdom-
inal abscess aspirates and drained intra-abdominal 
wounds (each n = 5, 17%). Intensive care unit (ICU) 
admission occurred in 33%, prior gastrointestinal sur-
gery in 63%, central venous catheter usage in all fatal 
cases, and prior probiotic exposure in 30%. Overall, 
30-day mortality was 27%. In multivariable analysis, 
increasing age (adjusted OR 1.11 per year, 95% CI 
1.02–1.37; p = 0.008) and ICU admission (adjusted 
OR 10.09, 95% CI 1.23–259.6; p = 0.03) were inde-
pendent predictors of mortality. Fluconazole showed 
variable activity, whereas amphotericin B and echi-
nocandins demonstrated low minimal inhibitory con-
centrations. Rare sterile-site S. cerevisiae infections 
are associated with high mortality related to host fac-
tors such as age and critical illness, supporting cau-
tious probiotic use and first-line amphotericin B or 
echinocandins.

Keywords  Saccharomyces cerevisiae · Probiotics · 
Fungemia · Intensive care unit · Epidemiology

Abstract  Saccharomyces cerevisiae has increas-
ingly been recognized as an opportunistic pathogen. 
Sterile-site infections remain rare but are associated 
with substantial morbidity and mortality, especially 
in critically ill patients. This study aimed to char-
acterize the epidemiological, clinical, and micro-
biological characteristics of sterile-site S. cerevisiae 
infections. We performed a retrospective analysis 
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Introduction

Saccharomyces cerevisiae, commonly known as bak-
er’s or brewer’s yeast, is widely used in everyday life 
and has long been used as a probiotic microorganism 
in various healthcare settings [1, 2]. For decades, it 
was considered a generally harmless commensal 
yeast, capable of transient colonization of the skin, 
oral cavity, and the respiratory and gastrointestinal 
tracts of healthy individuals [3]. In recent decades, 
however, S. cerevisiae has increasingly been recog-
nized as an opportunistic pathogen, with the poten-
tial to cause invasive infections, particularly among 
immunocompromised and critically ill patients, most 
commonly documented through isolation from nor-
mally sterile body sites [4, 5].

The mid-twentieth century introduction of S. cer-
evisiae var. ‘boulardii’ or simply S. ‘boulardii’—a 
subtype of S. cerevisiae—as a therapeutic probiotic, 
followed by its widespread use for the prevention and 
treatment of antibiotic-associated diarrhoea, includ-
ing Clostridioides difficile infection, may have influ-
enced the epidemiology of S. cerevisiae infections 
[6]. The European Confederation of Medical Mycol-
ogy’s (ECMM) global guideline on rare yeast infec-
tions highlights S. cerevisiae as an emerging fungal 
pathogen, emphasizing the need for clinical vigilance 
comparable to that applied to other uncommon yeasts, 
such as Kodamaea, Saprochaete, and Magnusiomyces 
species [7].

Predisposing factors for invasive S. cerevisiae 
infection substantially overlap with those associated 
with candidaemia, including intensive care unit (ICU) 
admission, total parenteral nutrition, central venous 
catheterization, gastrointestinal surgery, and neutro-
penia [4, 5]. Transmission appears to be multifacto-
rial, involving endogenous translocation from the 
gastrointestinal tract as well as colonization of central 
venous catheters [4, 5, 8–10]. In addition, environ-
mental sources or person-to-person transmission have 
also been reported [11, 12]. Most published data con-
sist of single case reports or small case series; con-
sequently, the true incidence of invasive Saccharomy-
ces spp. infections documented from normally sterile 
body sites in hospital settings remains poorly defined. 
Available estimates suggest an incidence ranging 
from 0.1 to 5% [4, 5, 11, 12].

Clinically, invasive disease most frequently mani-
fests as fungaemia, endocarditis, or peritonitis, 

although involvement of other organ systems has also 
been described [4, 5]. Management typically includes 
discontinuation of probiotic yeast therapy when appli-
cable, removal of indwelling intravascular devices, 
and initiation of systemic antifungal treatment [13]. 
Current treatment recommendations are based on 
limited evidence, partly because standardized clinical 
breakpoints and epidemiological cut-off values are 
not well established. However, ECMM/International 
Society for Human and Animal Mycology (ISHAM)/
American Society for Microbiology (ASM) guide-
lines recommend amphotericin B as first-line therapy 
and echinocandins as an alternative for severe inva-
sive S. cerevisiae infections. [7, 14, 15].

To date, only a limited number of studies have 
systematically examined invasive S. cerevisiae infec-
tions, leaving important epidemiological and clini-
cal aspects insufficiently characterized. Against this 
background, the present study aims to address this 
knowledge gap by providing the first comprehensive 
assessment of S. cerevisiae infections documented 
from normally sterile sites at our university tertiary-
care centre. By delineating their epidemiological pat-
terns and clinical features, this work offers essential 
evidence to support a more complete understanding 
of this underrecognized pathogen.

Materials and Methods

Patients and Definitions

This study was conducted at the Clinical Centre of 
the University of Debrecen (Great Forest Campus), 
a tertiary-care institution with more than 1,700 beds, 
in Hungary. All patients with at least one episode of 
S. cerevisiae isolation from normally sterile body 
sites between January 2019 and December 2025 were 
assessed (n = 30), and all identified cases fulfilled 
the predefined criteria for sterile-site infection and 
were therefore included in the final analysis. Sterile 
specimens were defined as samples obtained from 
body sites that are normally free of microorganisms, 
including blood, cerebrospinal fluid, pleural, pericar-
dial, peritoneal, synovial and amniotic fluids. In addi-
tion, bile, bone marrow, vitreous or aqueous humour, 
abscess aspirates, intraoperatively obtained deep 
tissue or organ specimens (e.g. liver, kidney, lymph 
nodes), bone samples, and surgically removed heart 
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valves or vascular grafts were considered sterile. 
For specimens originating from deep wounds, burn 
wounds, abscesses or intra-abdominal compartments, 
only intraoperatively collected specimens or mate-
rial obtained by percutaneous drainage under sterile 
conditions were involved. Classification as sterile-site 
infection required compatible clinical findings (e.g. 
peritonitis, abscess formation, sepsis) in addition to 
microbiological isolation. Radiological imaging and 
histological examination were not uniformly avail-
able in all cases and therefore were not required as 
mandatory inclusion criteria. In patients with multi-
ple episodes of invasive S. cerevisiae infection, only 
the first episode was included in the detailed analy-
sis. Data on patient demographics, underlying medi-
cal conditions, and details of antimicrobial therapy 
were retrieved retrospectively from medical records. 
Severe neutropenia was defined as an absolute neu-
trophil count < 500 cells/µL at the time of isolation of 
S. cerevisiae. Length of hospital stay was calculated 
from hospital admission to discharge or death. Gas-
trointestinal tract surgery referred to any abdominal 
surgical intervention involving opening of the gastro-
intestinal lumen within 30 days prior to isolation of S. 
cerevisiae. Clinical outcomes were assessed from the 
first S. cerevisiae positive episode until 30 days there-
after or death.

Saccharomyces cerevisiae Identification and 
Susceptibility Testing

S. cerevisiae isolates were identified using matrix-
assisted laser desorption ionisation/time-of-flight 
(MALDI/TOF) analysis as described previously 
[16, 17]. Briefly, identification was performed 
using a Bruker Biotyper Microflex LT instrument 
(Bruker Corporation, Billerica, MA, USA) follow-
ing standard formic acid extraction and α-cyano-4-
hydroxycinnamic acid treatment. Log(score) val-
ues ≥ 2.0 were considered acceptable for species-level 
identification. After the identification, all isolates 
were stored in liquid bouillon with 15% glycerine 
at − 20  °C until they were tested. All stored S. cer-
evisiae isolates were enriched in liquid Sabouraud 
dextrose agar (SDA) and plated on SDA for anti-
fungal-susceptibility testing. The susceptibility of 
different isolates to fluconazole, amphotericin B, 
anidulafungin, caspofungin, and micafungin (all anti-
fungals were from Merck, Budapest, Hungary) was 

determined using the broth microdilution method in 
RPMI-1640 (with L-glutamine and without bicar-
bonate, pH 7.0 with [3-(N- morpholino) propane-
sulfonic acid] buffer; Merck, Budapest, Hungary), 
using the Clinical and Laboratory Standards Institute 
(CLSI) standard M27-A3 guideline [18]. The work-
ing concentrations of the antifungals tested were 
0.064–32  µg/mL, 0.015–8  µg/mL, and 0.004–2  µg/
mL for fluconazole, amphotericin B, and the three 
echinocandins, respectively. As CLSI clinical break-
points are not currently available for all antifungal 
agents, the CLSI M57/Sed4 document was used to 
interpret the minimum inhibitory concentrations 
(MICs), and isolates were categorized as wild type 
or non–wild type based on the corresponding ECVs 
[19]. When a MIC value exceeded the highest con-
centration tested (off-scale), one dilution above the 
upper limit was assigned for analytical purposes, as 
commonly applied in MIC distribution studies. All 
isolates were tested in three independent experiments, 
and the median MIC values were used for subsequent 
analyses to ensure reproducibility. Quality control 
was performed in each experiment using Candida 
parapsilosis ATCC 22019 and C. krusei ATCC 6258. 
MICs were visually determined after 24 h of incuba-
tion at 35 °C, following CLSI recommendations [18]. 
For fluconazole and the tested echinocandins, the par-
tial-inhibition endpoint (≥ 50% reduction in growth 
compared with the positive control) was applied, in 
accordance with CLSI guidelines. For amphotericin 
B, the complete inhibition criterion (100% growth 
reduction relative to the positive control) was used, as 
recommended for polyene antifungals.

Statistical Analysis

All statistical analyses were performed using R (ver-
sion 4.3.0). Continuous variables were summarised as 
medians with interquartile ranges, while categorical 
variables were expressed as counts and percentages. 
Variables originally recorded as binary integers (0/1) 
were recorded as categorical factors labeled as “No” 
and “Yes”. Clinical outcome was dichotomised as 
favourable (0) or death (1). Associations between cat-
egorical variables were assessed using Fisher’s exact 
test, given the small sample size and the presence 
of sparse cell counts. Differences in length of hos-
pital stay between two groups were evaluated using 
the Wilcoxon rank–sum test, whereas comparisons 
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across multiple infection sites were performed using 
the Kruskal–Wallis test. To identify independent 
predictors of mortality, a Firth penalised logistic 
regression model was fitted using the logistfpackage, 
which provides bias-reduced estimates suitable for 
rare events and small sample sizes. To minimise the 
risk of overfitting, the multivariable model included 
three clinically relevant covariates: age (continuous), 
ICU stay (yes/no), and bloodstream infection (yes/
no). Odds ratios (ORs) with 95% confidence intervals 
(CIs) were derived by exponentiating the penalised 
regression coefficients and the corresponding profile 
penalised likelihood bounds. All statistical tests were 
two-sided, and p-values < 0.05 were considered statis-
tically significant.

Results

Between January 1, 2019 and December 31, 2025, 
S. cerevisiae was identified from samples of 196 dif-
ferent patients, of which 30 cases (15%) represented 
isolates obtained from sterile body sites. A total of 
30 patients with sterile-site S. cerevisiae infections 
were analyzed. The cohort consisted of 16 females 
and 14 males, with a mean age of 47.2 years (range: 
0–84  years). Notably, seven patients (23%) were 
under 18  years of age and categorized as pediatric 
cases. Bloodstream infections were the most com-
mon source (n = 7, 23%), followed by intra-abdom-
inal abscess aspirates and drained intra-abdominal 
wounds (each n = 5, 17%), and intra-operative colon 
wound samples (n = 4, 13%). Drained pleural fluid 
and drained wound exudate accounted for two sam-
ples each (7%), while all other sources (burn wound, 
lung abscess aspirate, drained peritoneal fluid, retro-
peritoneal abscess aspirate, drained colon abscess) 
were rare (each n = 1, 3%). Concomitant bacterial 
pathogens were identified in 21/30 cases (70%), as 
detailed in Table  1, most commonly Acinetobac-
ter spp., Klebsiella pneumoniae, Enterococcus spp., 
and Pseudomonas aeruginosa. However, in 9 cases 
(30%), S. cerevisiae was the sole pathogen. Peritonitis 
was the most common underlying condition, affect-
ing 23% of patients (n = 7), and solid tumors were 
found in an equal proportion of cases (23%, n = 7). 
Prior gastrointestinal surgery was documented in 
63% of patients (n = 19). Hospitalization was often 
prolonged, with a median length of stay of 23.5 days 

(IQR: 8.25–50.75  days). In addition, ten patients 
(33%) required admission to the ICU, and nine 
patients (30%) had a history of S. ‘boulardii’ probi-
otic exposure (Table 1).

Antifungal therapy was administered to 19 
patients, with fluconazole (n = 12, 63%) and anidu-
lafungin (n = 7, 37%) being the most frequently 
prescribed agents. In contrast, no antifungal treat-
ment was documented in 11 of the 30 cases (37%). 
Overall, 22 patients (73%) achieved a favourable 
outcome, whereas mortality occurred in eight cases, 
corresponding to an all-cause mortality rate of 27%. 
Mortality analyses revealed several relevant asso-
ciations. ICU admission was strongly associated 
with death (Table  1). Patients requiring critical care 
had a significantly higher risk of mortality compared 
with non-ICU patients (Fisher’s exact test p = 0.007; 
OR = 11.98, 95% CI 1.49–165). The presence of a 
central venous catheter also correlated significantly 
with mortality (p = 0.002). No significant differences 
in mortality were detected with respect to severe neu-
tropenia (p = 1.00), polymicrobial versus monomi-
crobial infection (p = 1.00), S. ‘boulardii’ probiotic 
exposure (p = 0.676), or the presence of bloodstream 
infection (p = 1.00). Length of hospital stay did not 
differ significantly between survivors and non-survi-
vors (Wilcoxon test p = 0.742). Similarly, length of 
hospital stay did not differ considerably according 
to ICU admission status (p = 0.552) or across differ-
ent sites of isolation (Kruskal–Wallis p = 0.148), sug-
gesting that neither anatomical source of infection 
nor critical care requirement substantially influenced 
duration of hospitalisation within this small cohort.

To evaluate independent predictors of mortality, 
a Firth penalised logistic regression model was fit-
ted using age, ICU stay, and bloodstream infection 
as covariates. Increasing patient age was indepen-
dently associated with higher odds of death (adjusted 
OR = 1.11, 95% CI 1.02–1.37, p = 0.008). ICU admis-
sion remained a significant predictor after adjustment 
(adjusted OR = 10.09, 95% CI 1.23–259.6, p = 0.03), 
underscoring the role of critical illness severity in 
outcomes of sterile-site Saccharomyces spp. infec-
tions. In contrast, bloodstream infection was not inde-
pendently associated with mortality in the adjusted 
model (adjusted OR = 0.27, 95% CI 0.0079–2.56, 
p = 0.273). Finally, although patients exposed to S. 
‘boulardii’ exhibited a numerically higher rate of 
bloodstream infection (44% vs. 14%), this difference 
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did not reach statistical significance (Fisher’s exact 
test p = 0.153; OR = 4.8, 95% CI 0.91–22.84).

Based on the available ECVs, all isolates were 
classified as wild type for micafungin, anidulafungin, 
and caspofungin (Table  2). In contrast, two isolates 
were categorized as non–wild type for fluconazole, 
one of which also exhibited a non–wild type pheno-
type for amphotericin B. The detailed antifungal sus-
ceptibility profile revealed considerable variability. 
Fluconazole showed a median MIC of 8 µg/mL, with 
a wide distribution from 0.125 to 128 µg/mL, indicat-
ing frequent reduced susceptibility (Table 2). Ampho-
tericin B demonstrated lower MIC values with a 
median of 0.25 µg/mL (range 0.016–4 µg/mL). Echi-
nocandins retained the greatest potency, with anidu-
lafungin showing a median MIC of 0.008  µg/mL 
(range 0.008–0.016  µg/mL), caspofungin 0.125  µg/
mL (range 0.064–0.25  µg/mL), and micafungin 
0.064  µg/mL (range 0.008–0.25  µg/mL) (Table  2). 
These findings highlight that although echinocan-
dins and amphotericin B generally maintained strong 
activity against clinical isolates of S. cerevisiae, 
decreased fluconazole efficacy was frequent and may 
have contributed to the variable clinical outcomes 
observed.

Discussion

Although sterile-site infections caused by S. cerevi-
siae remain rare, published data over the past two 
decades indicate an increasing recognition of such 
cases, particularly in association with probiotic use 
[5, 20–24]. Sterile-site disease caused by S. cerevi-
siae is thought to occur via two main routes, namely 
translocation from the gastrointestinal lumen or 
breaches in the skin barrier, primarily in the con-
text of intravascular devices [5]. During the seven-
year study period, a total of 196 clinical cases with 

isolation of S. cerevisiae were identified at our insti-
tution. Of these, 30 cases (15%) fulfilled the prede-
fined criteria for sterile-site infection. Although the 
number of cases presented may appear high com-
pared with earlier case series, our institution is a 
large tertiary-care centre with extensive surgical and 
intensive care activity, and we included sterile-site 
infections from multiple normally sterile anatomi-
cal sites rather than bloodstream infections alone. 
Importantly, the reported 15% reflects the propor-
tion of sterile-site cases among all patients with S. 
cerevisiae isolation at our clinical centre and should 
not be interpreted as a population-based incidence. 
This proportion is consistent with previously pub-
lished reports and further supports the recognition 
of S. cerevisiae as an emerging opportunistic fungal 
pathogen. Our findings are in line with recommen-
dations issued by the ECMM, in collaboration with 
the ISHAM and the ASM, which emphasize the 
clinical relevance of invasive infections caused by 
this microorganism [7, 8].

The demographic and clinical characteristics of our 
population are largely consistent with those reported 
in previously published epidemiological studies [4, 
5, 8, 12, 26, 28]. The study cohort predominantly 
consisted of middle-aged adults, with a substantial 
proportion of paediatric patients, and was character-
ized by high rates of gastrointestinal surgical inter-
ventions, ICU admission, and central venous catheter 
use. The gastrointestinal tract is considered a major 
reservoir from which S. cerevisiae can translocate 
due to mucosal barrier disruption, abdominal surgical 
intervention, or dysbiosis [5]. This pathophysiologi-
cal mechanism is supported by both experimental and 
clinical evidence, including epidemiological studies 
demonstrating genetic identity between endogenous 
gastrointestinal strains and bloodstream isolates [4]. 
In our study, the high proportion of patients with 
prior gastrointestinal surgery further supports the 

Table 2   Distribution 
of minimal inhibitory 
concentrations (MICs) of 
antifungal agents against 
clinical Saccharomyces 
cerevisiae isolates (n = 30)

1  MIC: Minimal Inhibitory 
Concentration

Antifungals MIC1 range (µg/mL) Median MIC 
(µg/mL)

MIC50 (µg/mL) MIC90 (µg/mL)

Fluconazole 0.125–128 8 4 32
Amphotericin B 0.016–4 0.25 0.25 0.5
Anidulafungin 0.008–0.016 0.008 0.008 0.016
Caspofungin 0.064–0.25 0.125 0.125 0.25
Micafungin 0.008–0.25 0.064 0.064 0.064
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strong association between abdominal interventions 
and sterile-site S. cerevisiae infections.

A substantial proportion of the available literature 
on invasive Saccharomyces spp. infections focuses on 
fungemia; and these data constitute the primary ref-
erence framework [8, 12, 13, 20, 25–27]. In a com-
prehensive review, Muñoz et al. reported that 60% of 
patients with Saccharomyces spp. fungaemia were 
admitted to the ICU, and the majority received total 
parenteral nutrition [26]. In our examined population, 
ICU admission accounted for 33% of all sterile-site 
cases; however, when fungaemic episodes were ana-
lyzed separately, ICU involvement was observed in 
71% of cases. Similarly, total parenteral nutrition was 
administered in 50% of our patients.

A recent systematic review analysing 108 cases 
of Saccharomyces spp. bloodstream infection 
reported that 68% occurred in patients who had 
received S. cerevisiae var. ‘boulardii’ probiotic 
therapy [8]. The most frequently identified risk 
factors included ICU admission (32%), total par-
enteral nutrition (30%), gastrointestinal symptoms 
(21%), and diabetes mellitus (13%). Prior use of the 
S. ‘boulardii’ probiotic shows a strong association 
with the development of fungemia. In a case–con-
trol study, patients with S. cerevisiae fungaemia 
had a markedly increased odds of prior probiotic 
use (OR 14, 95% CI 4–44) compared with patients 
with bacteraemia or candidaemia [21]. This Finnish 
nationwide 10-year survey showed 46 cases of Sac-
charomyces spp. fungemia, of which 43% occurred 
in patients receiving probiotics [21]. Poncelet et al. 
described ten cases of S. cerevisiae fungaemia, the 
majority of which were associated with probiotic 
formulations containing S. cerevisiae var. ‘boular-
dii’ [20]. Similarly, Roy et al. reported seven cases 
from two tertiary-care hospitals, with molecular 
confirmation of clonal identity between blood iso-
lates and the administered probiotic strains [12]. 
A large retrospective analysis from the United 
States identified fungemia in 18 probiotic recipi-
ents, and a further systematic review confirmed 
probiotic exposure in 68% of reported cases world-
wide [27]. In patients without prior probiotic use, 
immunosuppression, gastrointestinal surgery, and 
intravenous drug usage were the most frequently 
identified predisposing factors [27]. In our study, 
patients exposed to probiotics exhibited a numeri-
cally higher rate of bloodstream infection compared 

with non-exposed patients (44% vs. 14%); however, 
this difference did not reach statistical significance, 
most likely due to the limited sample size and con-
sequently low statistical power. It is noteworthy that 
literature reviews have shown 40–87% of Saccha-
romyces spp. fungaemia cases are associated with 
prior probiotic administration. Importantly, invasive 
S. cerevisiae infection may also occur in transplant 
recipients in the absence of documented probiotic 
ingestion, most commonly through disruption of the 
gastrointestinal tract barrier or via vascular cathe-
ters [4, 28].

Clinical outcomes in sterile-site Saccharomy-
ces spp. infections appear to be driven predomi-
nantly by host-related factors rather than pathogen-
intrinsic characteristics. Poncelet et  al. reported that 
among the patients, 80% required total parenteral or 
enteral nutrition, 70% had a central venous catheter, 
and 30% were in an ICU [20]. Similar conclusions 
were drawn by Enache-Angoulvant and Hennequin 
in their comprehensive review [5]. Among 84 cases 
with available outcome data, only 69% achieved a 
favourable recovery, indicating that approximately 
one-third of patients either died or failed to improve. 
Notably, mortality rates did not differ significantly 
between immunocompromised and immunocompe-
tent patients, suggesting that adverse outcomes are 
more strongly associated with cumulative critical ill-
ness factors – such as the presence of central venous 
catheters, severe gastrointestinal disease, or ICU 
admission – than with immune status alone [5]. Con-
sistent with these observations, the all-cause 30-day 
mortality rate in our cohort was 27%. Multivariable 
analysis identified increasing age and ICU admission 
as independent predictors of mortality. The overall 
model fit was statistically significant (likelihood ratio 
test p = 0.002), suggesting that the selected predictors 
explained part of the variability in clinical outcomes 
despite the small sample size. Furthermore, the strong 
association between central venous catheter presence 
and fatal outcome in our cohort—where all fatal cases 
occurred in catheterized patients—supports existing 
evidence implicating catheter usage as a major patho-
genic and prognostic determinant in sterile-site Sac-
charomyces spp. disease. This is further corroborated 
by reports documenting a measurable incidence of 
probiotic-associated S. ‘boulardii’ bloodstream infec-
tion of 0.26 cases per 1,000 central-line days [27]. 
Collectively, these findings underscore the central 
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role of intravascular devices in both the emergence 
and outcome of invasive Saccharomyces spp. disease 
[20].

In vitro antifungal susceptibility testing at our 
institution revealed substantial variability in flucona-
zole MICs, ranging from 0.125 to 128  µg/mL, with 
a median MIC of 8  µg/mL, indicating reduced or 
heterogeneous susceptibility. This pattern is consist-
ent with prior studies describing elevated azole MICs 
and variable susceptibility profiles among S. cerevi-
siae isolates [14, 29–31]. In vitro susceptibility test-
ing showed low MIC values for amphotericin B and 
echinocandins, whereas fluconazole MICs were more 
variable consistent with observations from global 
surveillance studies and current guideline recommen-
dations. Current ECMM guidance supports ampho-
tericin B as first-line therapy and echinocandins as 
a first-line alternative for severe invasive Saccharo-
myces spp. infections, reflecting the variable activ-
ity of azoles and the absence of standardized clinical 
breakpoints. [7, 14, 32]. Nearly one-third of patients 
in our cohort did not receive antifungal therapy, most 
commonly due to clinical improvement following 
source control alone. When administered, treatment 
consisted primarily of fluconazole or anidulafungin. 
Antifungal selection in this retrospective cohort 
reflected real clinical decision-making and may have 
been influenced by concerns regarding amphotericin 
B toxicity, patient comorbidities, renal impairment, 
and perceived response to source control, rather 
than strict adherence to guideline-preferred therapy. 
Although successful outcomes have been reported 
with various antifungal agents, effective management 
is generally attributed to a multifaceted approach 
combining antifungal therapy, removal of intravascu-
lar devices, and discontinuation of probiotic adminis-
tration. Our findings further support this strategy, par-
ticularly in critically ill patients. Overall, our data are 
in line with current ECMM recommendations by con-
firming the predominance of gastrointestinal surgery 
and central venous catheter use as major risk factors 
and the favourable in vitro activity of echinocandins 
and amphotericin B against S. cerevisiae isolates [7, 
8].

Despite addressing an important knowledge gap, 
this study has several limitations. It is a retrospec-
tive, single-centre study, which restricts causal 
inference and generalisability. The small number of 
sterile-site S. cerevisiae cases reflects the rarity of 

the condition and limited statistical power, despite 
the use of bias-reduced regression methods. More-
over, microbiological data were derived from rou-
tine clinical diagnostics, and systematic molecular 
typing was not available for all isolates; therefore, 
definitive strain-level linkage between probiotic 
formulations and clinical isolates could not be per-
formed routinely. It is noteworthy that cases were 
classified based on isolation from specimens con-
sidered sterile sites; however, direct microscopy or 
histopathological confirmation was not available for 
all non-blood samples. Consequently, especially in 
deep wound or intra-abdominal specimens obtained 
after gastrointestinal surgery with concomitant bac-
terial species, some episodes may have represented 
colonisation rather than true infection, potentially 
leading to an overestimation of clinically signifi-
cant cases. Further well-designed cohort studies are 
therefore needed to clarify the real etiological role 
of S. cerevisiae in these clinical settings.

In conclusion, this study expands the currently 
limited institutional data on sterile-site Saccha-
romyces spp. infections by providing a multi-year 
evaluation of epidemiological, clinical, and micro-
biological characteristics in a large Central Euro-
pean tertiary-care hospital. Our findings indicate 
that the epidemiological burden of such infections 
among hospital isolates is non-negligible. Future 
research should therefore focus on establishing 
clinical breakpoints, refining therapeutic recom-
mendations, and developing risk stratification tools 
to better identify patients at risk of serious disease, 
particularly in the context of probiotic exposure.

Author Contribution  Andrea Harmath: Conceptualization; 
methodology; investigation; project administration; visualiza-
tion; writing—original draft. Lilla Tünde Vass: Methodology; 
investigation. Ágnes Jakab: Methodology; investigation; Zoltán 
Tóth: Methodology; investigation; funding acquisition. Aliz 
Bozó: Methodology; investigation; László Majoros: Resources; 
writing—review and editing. Walter P. Pfliegler: Conceptu-
alization; funding acquisition; writing—review and editing. 
Renátó Kovács: Conceptualization; methodology, investiga-
tion; formal analysis, visualization; validation; software; pro-
ject administration; data curation; writing—original draft; writ-
ing—review and editing; formal analysis; supervision

Funding  Open access funding provided by University of 
Debrecen. The research was supported by the NRDI (https://
nkfih.gov.hu/) Fund of Hungary grant FK 138910 [to W.P.P.] 
and Starting 150834 [to Z.T.]. R. K. was supported by the 
Janos Bolyai Research Scholarship of the Hungarian Academy 

https://nkfih.gov.hu/
https://nkfih.gov.hu/


Mycopathologia          (2026) 191:55 	 Page 11 of 12     55 

Vol.: (0123456789)

of Sciences. Z.T. was supported by EKÖP-25–4-II-DE-59 Uni-
versity Research Scholarship Program of the Ministry for Cul-
ture and Innovation from the source of the National Research, 
Development and Innovation Fund.

Data availability  The data that support the findings of this 
study are available from the corresponding authors upon rea-
sonable request.

Declarations 

Conflict of interest  All other authors report no conflicts of 
interest.

Ethical approval  The authors confirm that this study was 
conducted in accordance with the ethical standards outlined in 
the journal’s guidelines for authors and that all applicable ethi-
cal requirements were fulfilled. Ethical approval was obtained 
from the institutional ethics committee of the University of 
Debrecen, Regional and Institutional Research Ethics Commit-
tee (DE RKEB/IKEB) (approval number: 5775–2021).

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Abid R, Waseem H, Ali J, Ghazanfar S, Muhammad 
Ali G, Elasbali AM, et  al. Probiotic yeast Saccharomy-
ces: back to nature to improve human health. J Fungi. 
2022;8:444. https://​doi.​org/​10.​3390/​jof80​50444.

	 2.	 Kil BJ, Pyung YJ, Park H, Kang JW, Yun CH, Huh 
CS. Probiotic potential of Saccharomyces cerevi-
siae GILA with alleviating intestinal inflammation 
in a dextran sulfate sodium induced colitis mouse 
model. Sci Rep. 2023;13:6687. https://​doi.​org/​10.​1038/​
s41598-​023-​33958-7.

	 3.	 Belvoncikova P, Splichalova P, Videnska P, Gardlik 
R. The human mycobiome: colonization, composi-
tion and the role in health and disease. J Fungi (Basel). 
2022;8:1046. https://​doi.​org/​10.​3390/​jof81​01046.

	 4.	 Li LX, Gupta A, Hamill MM, Zhang SX, Manabe YC. 
Disseminated Saccharomyces cerevisiae infection in 
advanced HIV: a literature review. Clin Microbiol Infect. 

2025;31:773–7. https://​doi.​org/​10.​1016/j.​cmi.​2025.​02.​
009.

	 5.	 Enache-Angoulvant A, Hennequin C. Invasive Saccharo-
myces infection: a comprehensive review. Clin Infect Dis. 
2005;41:1559–68. https://​doi.​org/​10.​1086/​497832.

	 6.	 Valdés-Varela L, Gueimonde M, Ruas-Madiedo P. Probi-
otics for prevention and treatment of Clostridium difficile 
infection. In: Adv Exp Med Biol, vol. 1050. 2018. p. 161–
76. https://​doi.​org/​10.​1007/​978-3-​319-​72799-8_​10.

	 7.	 Chen SC, Perfect J, Colombo AL, et al. Global guideline 
for the diagnosis and management of rare yeast infec-
tions: an initiative of the ECMM in cooperation with 
ISHAM and ASM. Lancet Infect Dis. 2021;21:e375–86. 
https://​doi.​org/​10.​1016/​S1473-​3099(21)​00203-6. (Erra‑
tum in: Lancet Infect Dis. 2021;21:e363. doi: 10.1016/
S1473-3099(21)00589-2. Erratum in: Lancet Infect Dis. 
2024;24:e485. doi: 10.1016/S1473-3099(24)00433-X.).

	 8.	 Vinayagamoorthy K, Pentapati KC, Prakash H. Epidemi-
ology of Saccharomyces fungemia: a systematic review. 
Med Mycol. 2023;61:myad014. https://​doi.​org/​10.​1093/​
mmy/​myad0​14.

	 9.	 Hennequin C, Kauffmann-Lacroix C, Jobert A, Viard JP, 
Ricour C, Jacquemin JL, et al. Possible role of catheters in 
Saccharomyces boulardii fungemia. Eur J Clin Microbiol 
Infect Dis. 2000;19:16–20. https://​doi.​org/​10.​1007/​s1009​
60050​003.

	10.	 Morard M, Pérez-Través L, Perpiñá C, Lairón-Peris M, 
Collado MC, Pérez-Torrado R, et al. Comparative genom-
ics of infective Saccharomyces cerevisiae strains reveals 
their food origin. Sci Rep. 2023;13:10435. https://​doi.​org/​
10.​1038/​s41598-​023-​36857-z.

	11.	 Olver WJ, James SA, Lennard A, Galloway A, Roberts 
IN, Boswell TC, et  al. Nosocomial transmission of Sac-
charomyces cerevisiae in bone marrow transplant patients. 
J Hosp Infect. 2002;52:268–72. https://​doi.​org/​10.​1053/​
jhin.​2002.​1314.

	12.	 Roy U, Jessani LG, Rudramurthy SM, Gopalakrishnan R, 
Dutta S, Chakravarty C, et  al. Seven cases of Saccharo-
myces fungaemia related to use of probiotics. Mycoses. 
2017;60:375–80. https://​doi.​org/​10.​1111/​myc.​12604.

	13.	 Diop C, Descy J, Sacheli R, Meex C, Sinpetrean A, Layios 
N, et  al. Saccharomyces cerevisiae fungemias: how het-
erogenous is their management? Diagn Microbiol Infect 
Dis. 2024;109:116343. https://​doi.​org/​10.​1016/j.​diagm​
icrob​io.​2024.​116343.

	14.	 Górzyńska A, Kondracka K, Korzeniowska-Kowal A, 
Nawrot U. Antifungal susceptibility of Saccharomyces 
cerevisiae isolated from clinical specimens. Pathogens. 
2024;13:248. https://​doi.​org/​10.​3390/​patho​gens1​30302​48.

	15.	 Tóth Z, Forgács L, Locke JB, Kardos G, Nagy F, Kovács 
R, et  al. In  vitro activity of rezafungin against common 
and rare Candida species and Saccharomyces cerevisiae. J 
Antimicrob Chemother. 2019;74:3505–10. https://​doi.​org/​
10.​1093/​jac/​dkz390.

	16.	 Vitális E, Nagy F, Tóth Z, Forgács L, Bozó A, Kardos 
G, et  al. Candida biofilm production is associated with 
higher mortality in patients with candidaemia. Mycoses. 
2020;63:352–60. https://​doi.​org/​10.​1111/​myc.​13049.

	17.	 Kovács F, Balla N, Bozó A, Harmath A, Jakab Á, Tóth Z, 
et al. Epidemiology, clinical characteristics, outcome and 
biofilm forming properties in candidaemia: a single-centre 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jof8050444
https://doi.org/10.1038/s41598-023-33958-7
https://doi.org/10.1038/s41598-023-33958-7
https://doi.org/10.3390/jof8101046
https://doi.org/10.1016/j.cmi.2025.02.009
https://doi.org/10.1016/j.cmi.2025.02.009
https://doi.org/10.1086/497832
https://doi.org/10.1007/978-3-319-72799-8_10
https://doi.org/10.1016/S1473-3099(21)00203-6
https://doi.org/10.1093/mmy/myad014
https://doi.org/10.1093/mmy/myad014
https://doi.org/10.1007/s100960050003
https://doi.org/10.1007/s100960050003
https://doi.org/10.1038/s41598-023-36857-z
https://doi.org/10.1038/s41598-023-36857-z
https://doi.org/10.1053/jhin.2002.1314
https://doi.org/10.1053/jhin.2002.1314
https://doi.org/10.1111/myc.12604
https://doi.org/10.1016/j.diagmicrobio.2024.116343
https://doi.org/10.1016/j.diagmicrobio.2024.116343
https://doi.org/10.3390/pathogens13030248
https://doi.org/10.1093/jac/dkz390
https://doi.org/10.1093/jac/dkz390
https://doi.org/10.1111/myc.13049


	 Mycopathologia          (2026) 191:55    55   Page 12 of 12

Vol:. (1234567890)

retrospective 4-year analysis from Hungary. Mycoses. 
2024;67:e13727. https://​doi.​org/​10.​1111/​myc.​13727.

	18.	 Clinical and Laboratory Standards Institute. Reference 
Method for Broth Dilution Antifungal Susceptibility 
Testing of Yeasts. Approved Standard, 3rd ed.; M27-A3; 
CLSI: Wayne, PA, USA, 2008.

	19.	 Clinical and Laboratory Standards Institute. Epidemiolog-
ical Cutoff Values for Antifungal Susceptibility Testing. 
4th ed. CLSI supplement M57S; CLSI: Wayne, PA, USA, 
2022.

	20.	 Poncelet A, Ruelle L, Konopnicki D, Miendje Deyi VY, 
Dauby N. Saccharomyces cerevisiae fungemia: risk fac-
tors, outcome and links with S. boulardii-containing pro-
biotic administration. Infect Dis Now. 2021;51:293–5. 
https://​doi.​org/​10.​1016/j.​idnow.​2020.​12.​003.

	21.	 Rannikko J, Holmberg V, Karppelin M, et  al. Fungemia 
and other fungal infections associated with use of Saccha-
romyces boulardii probiotic supplements. Emerg Infect 
Dis. 2021;27:2043–51. https://​doi.​org/​10.​3201/​eid27​08.​
210018.

	22.	 Fadhel M, Patel S, Liu E, Levitt M, Asif A. Saccharo-
myces cerevisiae fungemia in a critically ill patient with 
acute cholangitis and long term probiotic use. Med Mycol 
Case Rep. 2018;23:23–5. https://​doi.​org/​10.​1016/j.​mmcr.​
2018.​11.​003.

	23.	 Waitzberg D, Guarner F, Hojsak I, Ianiro G, Polk DB, 
Sokol H. Can the evidence-based use of probiotics (nota-
bly Saccharomyces boulardii CNCM I-745 and Lactoba-
cillus rhamnosus GG) mitigate the clinical effects of anti-
biotic-associated dysbiosis? Adv Ther. 2024;41:901–14. 
https://​doi.​org/​10.​1007/​s12325-​024-​02783-3.

	24.	 Kloub MN, Hussain M, Marium F, et  al. Baker’s yeast 
might not always be good for everyoneda case of percu-
taneous gastrostomy tube induced Saccharomyces cerevi-
siae peritonitis in an immunocompromised patient. Eur J 
Case Rep Intern Med. 2024;11:004354. https://​doi.​org/​10.​
12890/​2024_​004354.

	25.	 Martin IW, Tonner R, Trivedi J, et  al. Saccharomyces 
boulardii probiotic-associated fungemia: questioning the 
safety of this preventive probiotic’s use. Diagn Micro-
biol Infect Dis. 2017;87:286–8. https://​doi.​org/​10.​1016/j.​
diagm​icrob​io.​2016.​12.​004.

	26.	 Muñoz P, Bouza E, Cuenca-Estrella M, Eiros JM, 
Pérez MJ, Sánchez-Somolinos M, et  al. Saccharomyces 

cerevisiae fungemia: an emerging infectious disease. Clin 
Infect Dis. 2005;40:1625–34. https://​doi.​org/​10.​1086/​
429916.

	27.	 Wombwell E, Bransteitter B, Gillen LR. Incidence of 
Saccharomyces cerevisiae fungemia in hospitalised 
patients administered Saccharomyces boulardii probiotic. 
Mycoses. 2021;64:1521–6. https://​doi.​org/​10.​1111/​myc.​
13375.

	28.	 Popiel KY, Wong P, Lee MJ, Langelier M, Sheppard DC, 
Vinh DC. Invasive Saccharomyces cerevisiae in a liver 
transplant patient: case report and review of infection in 
transplant recipients. Transpl Infect Dis. 2015;17:435–41. 
https://​doi.​org/​10.​1111/​tid.​12384.

	29.	 Yan Z, Fu Y, Tan X, et  al. Isolate distribution and anti-
fungal susceptibility of Saccharomyces cerevisiae 
in the national regional medical center of Southwest 
China for women and children during 2018-2023. 
BMC Microbiol. 2024;24:345. https://​doi.​org/​10.​1186/​
s12866-​024-​03506-y.

	30.	 Harmath A, Németh B, Pócsi I, Majoros L, Pfliegler WP, 
Kovács R. Phylogenomic diversity of clinical Saccharo-
myces cerevisiae and the prevalence of probiotic-derived 
isolates in a tertiary care center in Hungary. Microbiol 
Spectr. 2025;14(1):e0275025. https://​doi.​org/​10.​1128/​
spect​rum.​02750-​25.

	31.	 Zheng L, Dong Y, Wang J, Jia Y, Wang W, Xu Y, et al. 
Understanding adaptation to fluconazole: comparative 
insights into tolerance and resistance in Saccharomyces 
cerevisiae and Candida albicans. Front Cell Infect Micro-
biol. 2025;15:1519323. https://​doi.​org/​10.​3389/​fcimb.​
2025.​15193​23.

	32.	 Arendrup MC, Boekhout T, Akova M, Meis JF, Cor-
nely OA, Lortholary O, et al. ESCMID and ECMM joint 
clinical guidelines for the diagnosis and management 
of rare invasive yeast infections. Clin Microbiol Infect. 
2014;20:76–98. https://​doi.​org/​10.​1111/​1469-​0691.​12360.

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1111/myc.13727
https://doi.org/10.1016/j.idnow.2020.12.003
https://doi.org/10.3201/eid2708.210018
https://doi.org/10.3201/eid2708.210018
https://doi.org/10.1016/j.mmcr.2018.11.003
https://doi.org/10.1016/j.mmcr.2018.11.003
https://doi.org/10.1007/s12325-024-02783-3
https://doi.org/10.12890/2024_004354
https://doi.org/10.12890/2024_004354
https://doi.org/10.1016/j.diagmicrobio.2016.12.004
https://doi.org/10.1016/j.diagmicrobio.2016.12.004
https://doi.org/10.1086/429916
https://doi.org/10.1086/429916
https://doi.org/10.1111/myc.13375
https://doi.org/10.1111/myc.13375
https://doi.org/10.1111/tid.12384
https://doi.org/10.1186/s12866-024-03506-y
https://doi.org/10.1186/s12866-024-03506-y
https://doi.org/10.1128/spectrum.02750-25
https://doi.org/10.1128/spectrum.02750-25
https://doi.org/10.3389/fcimb.2025.1519323
https://doi.org/10.3389/fcimb.2025.1519323
https://doi.org/10.1111/1469-0691.12360

	Clinical and Microbiological Characteristics of Sterile-Site Saccharomyces cerevisiae Infections in a Tertiary-Care Centre
	Abstract 
	Introduction
	Materials and Methods
	Patients and Definitions
	Saccharomyces cerevisiae Identification and Susceptibility Testing
	Statistical Analysis

	Results
	Discussion
	References


