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Abstract
Over the last 2 decades, platelets have been recognized as 
versatile players of innate immunity. The interaction of plate-
lets with fungal pathogens and subsequent processes may 
critically influence the clinical outcome of invasive mycoses. 
Since the role of platelets in Candida infections is poorly 
characterized and controversially discussed, we studied in-
teractions of human platelets with yeast cells, (pseudo-)hy-
phae, biofilms and secretory products of human pathogenic 
Candida species applying platelet rich plasma and a whole 
blood model. Incubation of Candida with platelets resulted 
in moderate mutual interaction with some variation be-
tween different species. The rate of platelets binding to 
Candida (pseudo-) hyphae and candidal biofilm was compa-
rably low as that to the yeast form. Candida-derived secre-

tory products did not affect platelet activity – neither stimu-
latory nor inhibitory. The small subset of platelets that bound 
to Candida morphotypes was consequently activated. How-
ever, this did not result in reduced growth or viability of the 
different Candida species. A whole blood model simulating 
in vivo conditions confirmed platelet activation in the sub-
population of Candida-bound platelets. Thus, the inability of 
platelets to efficiently react on Candida presence might fa-
vor fungal survival in the blood and contribute to high mor-
bidity of Candida sepsis. © 2018 The Author(s) 

Published by S. Karger AG, Basel

Introduction

Candidaemia is still a serious condition with high inci-
dence particularly in intensive care units and is associated 
with high morbidity and mortality, prolonged hospital 
stay and considerable healthcare costs [1, 2]. Recent stud-
ies showed an increasing burden of invasive candidiasis 
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(IC) in some centers in US and Europe especially observed 
in the elderly, and this might also be related to debilitated 
or immunosuppressed patients surviving formerly fatal 
diseases [1]. Although fluconazole is still active against 
most of the Candida species, the ongoing trend to rising 
resistance led to the recommendation of echinocandins as 
first-line treatment [3, 4]. Candida (C.) albicans still ac-
counts for approximately half of the IC cases, but in most 
parts of the world, a progressing shift to non-albicans spe-
cies such as C. glabrata, C. parapsilosis, C. krusei and C. 
tropicalis is observed, probably resulting from the in-
creased exposure to azoles [1, 3]. Moreover, C. auris has 
emerged as a new threat in recent years, a species with 
multiple intrinsic resistances against common antifungals 
[5]. Despite improved therapeutical treatment and new 
antimycotic drugs, the mortality rate of IC remains high 
(≥30%) [1], which highlights the urgent need for a better 
understanding of interactions between Candida spp. and 
the various elements of the immune system.

Platelets are primarily known for their crucial role in 
hemostatic processes but are also versatile players of the 
immune network, participate in inflammatory processes 
and can support the defense against infections. As a part 
of innate immunity, they express receptors for foreign 
structures, undergo activation and subsequently release 
antimicrobial peptides and a variety of bioactive media-
tors including cytokines and chemokines, which interact 
with other elements of the innate and acquired immune 
network [6–9]. 

There are only few data available on the interactions of 
platelets and fungi [10, 11]. Relevance of platelets for an-
tifungal defenses can be deduced by the fact that throm-
bocytopenia represents a highly significant risk factor for 
fungal infections [12–14]. Decreased numbers of platelets 
are frequently found in candidaemia patients, but it re-
mains unclear whether this may result from interactions 
of platelets with the fungus, as thrombocytopenia is also 
described as an adverse effect of antimycotics or was pres-
ent ahead of infection. However, in former studies, we 
observed that platelets that are exposed to Aspergilli or 
secreted fungal factors undergo activation [15–17]. As-
pergilli exposed to platelets showed delayed germination, 
impaired hyphal elongation, and downregulated genes of 
cell wall synthesis [15, 16, 18]. 

For Candida albicans, it is known that this species in-
teracts with platelets in vitro [19, 20], and high numbers 
of microparticles shed from activated platelets are detect-
ed in patients with severe Candida sepsis [21]. Candida 
albicans strains that are susceptible in vitro to platelet-
derived microbicidal peptides (PMP) show decreased vir-

ulence in a rabbit model [22]. In vitro data imply that 
PMP enhance the fungicidal effect of fluconazole, a first-
line candidastatic agent [23]. The mycotoxin gliotoxin, 
which is produced by Aspergillus and Candida species, 
inhibits platelet functionality and thus might contribute 
to yeast survival in the bloodstream during sepsis [24]. 
However, most of these analyses were done with labora-
tory strains; moreover, the studies were restricted to the 
species C. albicans and concentrated on the yeast form. 

For these reasons, we tested clinical Candida isolates 
from different species in vitro and evaluated their capac-
ity to stimulate platelets. Our results show that only a mi-
nor part of the platelets bound to Candida yeast cells and 
underwent activation, with some minor variation be-
tween the species. Similar results were obtained with hy-
phae and biofilms, whereas platelets did not react to Can-
dida-derived secretory products. In accordance with the 
lack of efficient platelet activation, no platelet-derived an-
tifungal effect on Candida could be observed. Taken to-
gether, the limited direct reaction of platelets to different 
Candida morphotypes and secretory products might fa-
vor fungal survival in the blood and crucially contribute 
to lethal outcome of disseminated Candida infections. 

Materials and Methods

Antibodies and Chemicals
All antibodies were purchased from BioLegend, thrombin and 

RPMI medium from Sigma-Aldrich and Concanavalin A from 
LifeTechnologies/Thermo Fisher Scientific. Calcofluor white 
(Fungi-FluorTM Kit) was purchased from Polysciences Inc. and 
skim milk from Becton Dickinson.

Fungal Isolates, Cultivation and Staining
Different Candida strains, isolated from clinical specimens of 

candidaemia patients with various underlying diseases (mainly 
leukemia), were used (Table 1). For comparison, two C. albicans 
reference strains (SC5314 and SN152) [25, 26] as well as a clinical 
isolate of Aspergillus fumigatus were used in some experiments.

Fungi were grown on Sabouraud Dextrose Agar (BD Diagnos-
tic Systems). For the experiments with yeast cells, Candida colo-
nies from the plates were resuspended in RPMI medium and add-
ed to the experimental assays. To induce hyphae formation, yeast 
cells of the different Candida species were cultivated overnight in 
RPMI at 37  ° C. For microscopy, hyphae were attached to polyly-
sine-coated coverslips, unbound fungi were removed by washing 
with PBS. For biofilm formation, Candida yeast cells were incu-
bated for 2 days on polylysine-coated cover slips. 

Calcofluor stain of fungi was used for flow cytometry, micro-
scopic analysis and fungal biomass quantification. The staining 
solution was added in a dilution of 1: 10 (v/v) to the fungus and 
incubated for 3 min, followed by washing with PBS. Biofilms were 
additionally stained with 200 µg/ml fluorescein-conjugated Con-
canavalin A for 30 min and subsequently washed with PBS.
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Preparation of Fungal Supernatants and Quantification  
of Fungal Growth
To obtain fungal supernatants (SN), 104 Candida cells or co-

nidia of A. fumigatus were inoculated in RPMI medium and incu-
bated at 37  ° C. After 2 days, fungal cells were removed by centrifu-
gation and filtration through Spin-X filters (Corning Life Scienc-
es). The fungal supernatant was frozen at –20  ° C for further use.

To analyze the platelet effect on fungal growth, Candida yeast 
cells were incubated for 18 h with platelets or platelet lysate in varying 
concentrations. The respective volume of platelet-poor plasma (PPP) 
was added to control samples. Quantification of fungal biomass was 
performed by calcofluor staining and subsequent measurement with 
a fluorescence plate reader (TECAN Infinite M200 Pro). For killing 
assays, 5 µg/mL propidium iodide were added to each well; fluores-
cence was determined with the fluorescence plate reader.

Platelet Isolation and Platelet Lysates
All studies were approved by the local Ethics Committee. Blood 

was obtained with informed consent from healthy volunteers. Hu-
man platelets were prepared as concentrates by thrombocytapher-
esis with Amicus cell separator (Baxter) by the Department of Im-
munology and Blood Transfusion (Medical  University of Inns-
bruck). Alternatively, venous blood was withdrawn with a 
trisodium citrate blood collection system (Sarstedt). For whole 
blood as platelet source, it was used within 1 h after collection to 
prevent loss of platelet function. Platelet-rich plasma (PRP) was 
prepared by centrifugation at 135 g for 15 min at room tempera-
ture. To obtain PPP, the concentrate or PRP was centrifuged at 
1,500 g for 15 min to remove platelets.

To obtain platelet lysate, platelet concentrate was frozen at 
–20  ° C and immediately thawed at 37  ° C for 3 consecutive cycles; 
platelet membranes were removed by centrifugation at 4,000 g for 
30 min. 

Platelet Interaction, Activity and Viability
To quantify platelet interaction with Candida yeast cells, PRP 

was stained with a PE-conjugated CD41-antibody, and a fivefold 
number (in relation to platelets) of calcofluor-labelled yeast cells 
was added. After 60 min, sample was fixed with 1% formalin, and 

CD41-positive platelets also positive for calcofluor were quantified 
by flow cytometry (FACSCanto flow cytometer, BD Diagnostics). 

To monitor platelet activation, PRP was incubated in RPMI 
with thrombin (0.1 U), calcofluor-labelled Candida yeast cells, or 
Candida supernatant, respectively, for 90 min. Platelet activity was 
examined by detection of platelet activation markers CD62P and 
CD63 using conjugated antibodies by flow cytometry. 

To assess a potential influence of other blood cells, platelet 
binding and activation experiments were alternatively performed 
using whole blood (trisodium citrate, see above) instead of PRP. 
The numbers of platelets corresponded to those of the experiments 
with PRP, and also the experimental procedures using whole blood 
complied with those for PRP (see above). 

To measure platelet viability, an amine-reactive dye (LIVE/
DEAD® Fixable Violet Dead Cell stain kit; Thermo Fisher Scientific) 
was used according to manufacturer’s instructions. The dye was add-
ed to the platelets previously labelled with fluorescent α-CD41 anti-
body, and incubated for 30 min. The samples were washed with PBS, 
fixed with 1% formalin and analyzed by flow cytometry. 

Fluorescence Microscopy, Confocal and Scanning  
Electron Microscopy
For fluorescence microscopy, human platelets stained with PE-

labelled α-CD41 antibody were added to Candida yeast cells, (pseu-
do-)hyphae or a biofilm. After 90 min, the samples were washed and 
embedded in mounting medium containing 4′, 6-Diamidino-
2-phenylindole dihydrochloride (DAPI; Sigma-Aldrich). For com-
parison, platelets were incubated with Aspergillus fumigatus conidia.

For electron microscopy, fungal conidia or hyphae were incu-
bated with platelets for 90 min. The samples were washed, fixed in 
2.5% glutaraldehyde, gradually dehydrated with ethanol, followed 
by critical point drying (CPD 030, Bal-Tec), sputter-coating with 
10 nm Au/Pd (Bal-Tec), and examination with a field-emission 
scanning electron microscope (Gemini 982; Zeiss).

Confocal microscopy was performed with a spinning disc con-
focal microscopic system (Ultra VIEW VoX; Perkin Elmer) con-
nected to a Zeiss AxioObserver Z1 inverted microscope (Zeiss). 

Statistical Analysis
All experiments were performed in triplicates and repeated at 

least 3 times with different platelet donors. Results presented are 
the mean ± SE from one representative experiment. Statistical 
analyses were performed using one-way analysis of variance 
(Graph-prism software). Values of p < 0.05 were considered statis-
tically significant.

Results

Interaction of Human Platelets with Candida  
Yeast Cells 
Quantification of human platelets binding to C. albi-

cans by flow cytometry showed that only 0.3–1% of the 
platelets adhered to fungal cells of the different isolates, 
although a fivefold excess of the yeast cell had been added 
(Fig. 1a). No significant difference was observed between 
the clinical isolates (CA1, CA3) and the reference strains 

Table 1. Fungal isolates used in the study

Species Source Internal 
nomenclature

Candida albicans Reference strain SC5314
(ATCC MYA-2876)

Candida albicans Reference strain SN152
Candida albicans Blood culture CA1
Candida albicans Tissue biopsy CA3
Candida auris Blood culture CAU1
Candida glabrata Blood culture CG1
Candida krusei Blood culture CK1
Candida lusitaniae Blood culture CL1
Candida parapsilosis CSF CP1
Candida rugosa Blood culture CR1
Candida tropicalis Blood culture CT1
Aspergillus fumigatus Lung biopsy A22

http://dx.doi.org/10.1159%2F000491030


Candida and Platelet Interactions 55J Innate Immun 2019;11:52–62
DOI: 10.1159/000491030

(SC5314, SN152). A comparison with other pathogenic 
Candida species revealed low variance; only C. glabrata 
and C. auris displayed a higher platelet interaction (2 and 
3.8%, respectively) rate, whereas less than 0.1% of platelets 
bound to C. rugosa and C. tropicalis (Fig. 1a). The precise 
percentages varied between different donors, but the ten-
dency was similar. Confocal microscopy confirmed the 
limited physical interactions between platelets and Can-
dida as shown for C. albicans and C. tropicalis as examples 
(Fig. 1b, upper row). More detailed viewing visualized that 
the few bound platelets undergo a firm attachment to the 
fungal surface with their pseudopodia (Fig. 1b, lower row).

Platelet Activation by Candida Yeast Cells as a 
Function of Interaction
Incubation with Candida yeast cells of all tested fungal 

species did not induce general platelet activation, as shown 
by flow cytometry quantification of CD62P, a marker for 

release of alpha granules (Fig. 2a). In the small subpopula-
tion of Candida-bound platelets, however, the direct con-
tact to the Candida surface did induce an increase of the 
activation marker CD62P. Interestingly, there was a ten-
dency towards an inverse correlation between the species-
specific rate of platelet binding and activation; species 
with low binding affinities, such as C. tropicalis, C. rugosa 
and C. krusei demonstrated rather high platelet activation 
capacity, whereas platelets adhered to C. glabrata or C. 
auris exhibited only low stimulation levels (Fig. 2a). 

Activation of the subset of yeast-bound platelets 
was  also confirmed by confocal microscopy analysis. 
Both appearance of pseudopodia formation, which is 
characteristic for activated platelets, and increase of 
CD62P signal could be demonstrated (Fig.  1b, 2b). 
Similar results were achieved with CD63, a platelet 
marker for the activation-induced release of the second 
platelet granule type, the dense granules: While no in-
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Fig. 1. Interactions of platelets with Can-
dida yeast cells. a Platelets were stained 
with an FITC-labelled α-CD41 antibody, 
followed by the incubation for 90 min with 
a fivefold excess of calcofluor-stained yeast 
cells of clinical isolates of C. albicans (CA1, 
CA3), C. glabrata (CG1), C. auris (CAU1), 
C. krusei (CK1), C. lusitaniae (CL1), C. 
parapsilosis (CP1), C. rugosa (CR1) or C. 
tropicalis (CT1). C. albicans isolates SC5314 
and SN152 were used as reference strains. 
Percentage of platelets bound to the differ-
ent Candida species was evaluated by flow 
cytometry. b Candida-platelet interactions 
were visualized by confocal microscopy; 
representative results are shown for Can-
dida albicans (CA1, CA3), tropicalis (CT1), 
and parapsilosis (CP1). Calcofluor staining 
was used for the fungi (blue), platelets were 
marked with an FITC-labelled α-CD41 an-
tibody (green). Binding experiments were 
performed in triplicates and repeated at 
least 3 times with different platelet donors; 
representative results are shown here.
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crease could be measured when analysing the whole 
platelet population, the CD63 mean was significantly 
higher in the subset of yeast-bound platelets (data not 
shown). 

To evaluate the influence of other blood-derived 
cellular and soluble immune elements on Candida-

platelet interaction, further experiments were per-
formed using whole blood instead of PRP. The percent-
age of platelets binding to C. albicans in whole blood 
was comparable to PRP of the same donor (data not 
shown). Similar to PRP, C. albicans induced no or only 
marginal overall platelet activation in whole-blood, but 
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Fig. 2. Platelet activation by Candida yeast cells. a Platelets (plts) 
were stained with an FITC-labelled α-CD41 antibody, followed by 
the incubation for 90 min with medium, thrombin, or a 5-fold excess 
of calcofluor-stained yeast cells of C. albicans (CA1, CA3), C. gla-
brata (CG1), C. auris (CAU1), C. krusei (CK1), C. lusitaniae (CL1), 
C. parapsilosis (CP1), C. rugosa (CR1) or C. tropicalis (CT1). C. al-
bicans isolates SC5314 and SN152 were used as reference strains. 
Exposure of the platelet activation marker CD62P was assessed by 
flow cytometry and expressed as mean fluorescence intensity 
(mean). b Platelet activation was confirmed by confocal microscopy 
using PE-labelled α-CD62P antibody for activated platelets (red); 
platelet presence is shown in upper image (green), activity in the 

middle, and overlay in bottom image. c Whole blood was incubated 
in RPMI medium alone or additionally with ADP as a positive con-
trol, or calcofluor-labelled C. albicans (CA1) yeast cells (fivefold ex-
cess over platelet number), respectively, for 90 min. Activity was 
evaluated by flow cytometry analysis of CD62P. For both PRP and 
whole blood, activation of all platelets (CD41+ events) was com-
pared with the subpopulation of Candida-bound platelets (calco-
fluor+ and CD41+ events). All experiments were performed in trip-
licates and repeated at least 3 times with different platelet donors; 
representative results are shown here. Activity of samples with Can-
dida were compared to medium control by one-way analysis of vari-
ance; * p < 0.05; ** p < 0.01; *** p < 0.005; **** p < 0.001.
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was able to significantly activate the platelet subpopula-
tion that physically interacted with the yeast cells 
(Fig. 2c). 

Platelet Activation by Different Candida Morphotypes 
We also evaluated for selected Candida species wheth-

er platelet adhesion and activation was more pronounced 
after contact with Candida pseudohyphae or hyphae of 
selected Candida species. Since no flow cytometry analy-
sis is possible with these fungal structures, we focused on 

confocal microscopy. Figure 3a shows that only few plate-
lets attached to C. albicans filaments. Again, those plate-
lets that interacted with the hyphal structures were stimu-
lated, as shown by strong presence of the activation mark-
er CD62P on the platelet surface. A similar result could 
be achieved by the incubation of C. albicans biofilms with 
platelets (Fig. 3b).

Interestingly, no clear difference was visible for bind-
ing to (pseudo-)hyphae from different Candida species. 
Comparable amounts of platelets were found to adhere to 

ba

Fig. 3. Activity of platelets incubated with Candida (pseudo-)hy-
phae and biofilms. Confocal microscopy analysis of binding and 
activity of platelets incubated with Candida albicans (pseudo-)hy-
phae (a) and biofilm (b) was performed using calcofluor staining 
for the fungi (purple), FITC-labelled α-CD41 antibody staining for 

all platelets (green, upper row), PE-labelled α-CD62P antibody for 
activated platelets (red, middle row) and concanavalin A for bio-
film polysaccharides (blue). Images in the bottom row show an 
overlay of all colours. 
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C. albicans and C. tropicalis and, similarly, only minor 
platelet binding was visible using biofilms of C. albicans 
and C. glabrata (data not shown).

Platelets Are Not Affected by Candida-Derived  
Soluble Factors
Since Aspergillus fumigatus was described to secrete 

compounds that activate platelets [17], we evaluated if a 
soluble Candida-secreted compound is capable to stim-
ulate platelets. Incubation of human platelets with in-
creasing concentrations of C. albicans culture superna-
tant did not result in enhanced exposure of the activa-
tion marker CD62P (Fig.  4a, left). Similarly, the 
supernatants of the C. albicans reference isolate SC5314 
or of other non-albicans Candida species did not acti-
vate the platelets (Fig. 4a, right). To further investigate 
the striking difference between the secretory products of 
A. fumigatus and Candida, we tested whether superna-
tants affected platelet viability. While the A. fumigatus 
supernatant did not only activate but also considerably 
damaged the platelets, even the highest concentrations 
of C. albicans supernatant did not induce any cellular 
damage (Fig. 4b, left); this result could be confirmed by 
testing the other C. albicans and non-albicans superna-
tants (Fig. 4b, right). Furthermore, Candida spp. super-
natants showed no inhibitory effect on platelets, as their 
ability to be activated by thrombin remained unchanged 
in presence of the Candida-derived soluble factors 
(Fig. 4c). 

Platelet Binding and Activation Has No Effect on 
Candida Growth and Viability
Further experiments aimed to study the effect of plate-

let binding and subsequent activation on fungal growth 
and viability. For that purpose, the different Candida spe-
cies were incubated for 18 h in RPMI medium with in-
creasing numbers of platelets. Fungal growth was mea-
sured by quantification of biomass by calcofluor staining; 
incubation with the corresponding amount of PPP was 
used as control.

No growth reduction was visible, even with a 10,000-
fold excess of platelets (Fig. 5a). In some samples, fungal 
growth was even higher than in the controls, presumably 
due to the higher nutrient content provided by the plate-
let preparation.

To confirm these results, the fungal cells were stained 
with propidium iodide, which does not diffuse into living 
cells, but only stains dead cells. No increased propidium 
iodide staining of the fungal cells was visible after incuba-
tion with the platelets (Fig. 5b).

The inability of platelets to affect fungal viability and 
growth could be due to the limited platelet activation, 
which in turn would lead to limited release of platelet-
derived antimicrobial substances. To determine whether 
these antimicrobial substances have the potential to dam-
age Candida, we used lysed platelets where all antimicro-
bial granule content was set free. However, the platelet 
lysate was also not able to reduce fungal biomass or in-
crease fungal damage compared to the PPP control 
(Fig. 5c, d).

Discussion

Platelets were recently identified to contribute to im-
mune response against invading pathogens, which may 
lead to multifaceted antimicrobial effects [27], but also to 
excessive inflammation and thrombosis [28]. To investi-
gate the interaction of platelets with Candida spp. and 
putative consequences thereof might gain new insights 
into the pathogenesis of invasive Candida infections. For 
that reason, the present study focused on clinical Candida 
isolates of pathogenic species, and on the investigation of 
different morphotypes (yeast cells, hyphae, biofilm) as 
well as secreted factors.

Platelets moderately adhered to yeast cells of all test-
ed Candida species. C. auris and C. glabrata were com-
paratively high platelet binders, whereas platelets rarely 
attached to C. tropicalis and C. rugosa. These results are 
consistent with the results of previous reports: Maisch 
and Calderone reported that Candida spp. were able to 
adhere to aggegated platelets, and mentioned the high-
est binding rate for C. albicans (C. glabrata was not test-
ed), while C. tropicalis and C. krusei displayed a much 
lower adherence [29, 30]. In contrast, Robert et al. [11] 
demonstrated rapid adherence of all tested Candida 
species (albicans, glabrata, tropicalis, parapsilosis) to 
platelets in a murine model, with only marginal differ-
ences between the strains. A difference between human 
and murine platelets might be a reason for this discrep-
ancy. 

Platelets were also able to bind to Candida (pseudo-)
hyphae, with no striking differences between the tested 
Candida species. In biofilms, the fungus is surrounded by 
an extracellular matrix that decreases penetration of some 
host immune factors and reduced phagocytic activity 
against Candida [31, 32]. However, in our experiments, 
platelets attached to biofilms of all tested species. 

Regardless of the fungal growth morphology, nearly 
all Candida-bound platelets were activated as confirmed 
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Fig. 4. Influence of Candida culture supernatants on platelet activ-
ity and viability. a, b Human platelets were incubated with medi-
um, thrombin, or culture supernatants (SN) from Aspergillus fu-
migatus (AF), Candida albicans (CA1, SC5314), glabrata (CG1), 
krusei (CK1), lusitaniae (CL1), parapsilosis (CP1), rugosa (CR1) 
tropicalis (CT1) or auris (CAU1) for 90 min. Surface exposure of 
CD62P as a marker for platelet activity (a) and amine binding as 
marker for platelet viability (b) were assessed by flow cytometry. c 
A putative inhibitory influence of Candida supernatants on throm-

bin-induced platelet activation was studied by incubating human 
platelets with both thrombin and culture supernatants from Can-
dida spp. The CD62P signal was quantified by FACS. Each exper-
iment was performed in triplicates and repeated at least 3 times 
with different donors; representative results are shown here. Activ-
ity of samples with Candida were compared to medium control by 
one-way analysis of variance; * p < 0.05; ** p < 0.01; *** p < 0.005; 
**** p < 0.001.
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by shape change and CD62P surface expression; non-
adhered platelets were not activated. The issue of Can-
dida-induced platelet activation is controversially dis-
cussed in literature [19, 24, 33–36]. Similar to our own 
results, Robert et al. [11, 36] described that attachment 
of platelets to Candida spp. yeast cells and germ tubes 
resulted in activation-dependent morphological chang-
es. Other studies confirmed the inability of C. albicans 
to aggregate platelets [33, 35]. However, Willcox et al. 

[19] reported that, with the exception of C. albicans, all 
other tested species (C. tropicalis, C. parapsilosis, C. kru-
sei) were able to induce platelet aggregation. Skerl et al. 
[34] described that pre-incubation with plasma (pre-
sumably as a source of complement factors for opsonisa-
tion) is necessary before cell wall components of C. albi-
cans or C. krusei induce platelet aggregation. These re-
sults could not be confirmed by Klotz et al. [33] who 
reported that cell wall fragments of C. albicans did not 

0

200

400

600

800

CL1CT1CP1CA1
EtO

H
10

2
10

3
10

4

EtO
H

10
2

10
3

10
4

EtO
H

10
2

10
3

10
4

EtO
H

10
2

10
3

10
4

EtO
H

10
2

10
3

10
4

CG1

D
am

ag
ed

 fu
ng

al
 c

el
ls,

 %

Fold excess of lysed platelets

0

100

200

300

400

Fu
ng

al
 b

io
m

as
s, 

%

102

CA1
103 104 102 103 104 102 103 104 102 103 104 102 103 104

CL1CT1CP1CG1
Fold excess of lysed platelets

102 103 104
0

50

100

150

200

Fu
ng

al
 b

io
m

as
s, 

%

Fold excess of lysed platelets
102 103 104

Fu
ng

al
 d

am
ag

e,
 %

Fold excess of lysed platelets

0

200

400

600

EtOH

a

b

c d

Fig. 5. Effects of platelets on proliferation 
and viability of Candida. C. albicans (CA1), 
C. glabrata (CG1), C. parapsilosis (CP1), C. 
tropicalis (CT1) or C. lusitaniae (CL1) were 
incubated with increasing numbers of 
platelets (a, b) or lysed platelets (c, d) for 18 
h. Fungal biomass (a, c) and fungal damage 
(b, d) were assessed by calcofluor or prop-
idium iodide staining, respectively; parallel 
samples incubated with the same amount 
of platelet-poor plasma were set as 100%. 
Ethanol (EtOH)-treated Candida served as 
positive control for the fungal damage as-
says. Each experiment was performed in 
triplicate; representative results are shown 
here. * p < 0.05, ** p < 0.01, *** p < 0.001.
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induce aggregation even after pre-incubation with plas-
ma. Other investigators reported that the presence of C. 
albicans even repressed the thrombin-, ADP- or colla-
gen-induced platelet activation [35], which could not be 
confirmed by our studies. 

According to our results, different experimental set-
tings explain the divergence of results. We show that ana-
lyzing the complete platelet population versus the subset 
of Candida-bound platelets led to opposing results. Oth-
er variants to explain contrasting findings in the literature 
might be the used Candida isolate(s). Since a lack of plate-
let activation might be advantageous for the fungus in IC, 
clinical isolates might be hypothesized to lead to different 
results than laboratory strains. However, we did not find 
significant differences between the clinical isolates that 
we tested here and the 2 laboratory strains Sc5314 and 
SN152.

Complement is another factor that might contribute 
to these divergent findings. This ancient and complex 
system contributes substantially to a multitude of pro-
cesses in the immune network and in cellular homeosta-
sis. It is involved in defense against bacteria, viruses, 
fungi and parasites but can also cause severe tissue dam-
age by excessive inflammatory reactions. Complement 
closely interacts with diverse immune cells including 
platelets, thereby bridging innate and acquired immu-
nity [37, 38]. 

As platelets can intensively crosstalk with other im-
mune cells, the platelet response to contact with C. albi-
cans was also investigated in a whole-blood model, which 
mirrors the in vivo situation more closely than PRP. Ac-
cording to our results, the binding rate to Candida was 
the same as for isolated platelets, and activation was again 
confined to the subset of platelets with direct contact to 
the Candida surface, suggesting that presence of other 
blood cells does not modify the platelet response to C. al-
bicans. 

Not only the fungal surface but also secreted factors 
might modulate platelet activity. Although Candida se-
cretes a variety of soluble factors, Candida culture super-
natants could neither induce platelet activation nor re-
press thrombin-induced platelet stimulation in our ex-
periments. Other reports confirm that the culture 
supernatants of C. albicans do not lead to the inhibition 
of aggregation [35]. This inactivity of secreted com-
pounds toward platelets is in striking contrast to our for-
mer results with A. fumigatus culture supernatants, 
which clearly activated platelets in a dose-dependent 
manner [17]. Diversity in quantity and identity of the 
generated metabolites between the fungal species might 

explain this difference. Again, the lack of platelet activa-
tion by Candida-derived soluble factors could partly ex-
plain fungal survival in blood and the frequency of Can-
dida sepsis.

Activated platelets release various antimicrobial pep-
tides termed PMPs (platelet microbicidal proteins) in-
cluding thrombocidins and kinocidins, which are che-
mokines with direct microbicidal activity. These effec-
tor molecules show in vitro activity against diverse 
bacteria and fungi including Cryptococcus neoformans 
and Candida spp. [39, 40]. However, despite all known 
antimicrobial activities of stimulated platelets, our ex-
periments revealed neither suppression of fungal prolif-
eration nor fungal killing. This cannot be fully explained 
by the low frequency of activated platelets, as it was also 
observed with platelet lysates where all antimicrobial 
granule content was set free. Contrary to our results, 
antifungal activity of PMPs against Candida has been 
reported in several studies [19, 39, 41, 42]. Yeaman et al. 
[42] described differences in susceptibility between dif-
ferent Candida species. C. albicans and C. tropicalis 
were the most sensitive to PMPs, followed by C. glabra-
ta, whereas C. parapsilosis was resistant to PMP-in-
duced killing. It was suggested that PMPs contribute to 
host antifungal defense, since PMP-resistant C. albicans 
strains caused more severe endocarditis in rabbits than 
PMP-sensitive strains [22]. In contrast, Drago et al. [41] 
reported that the supernatant of clotted PRP was capa-
ble to inhibit growth of C. albicans, but fungal viability 
was not affected. Further experiments are necessary to 
clarify the picture and to evaluate Candida species strain 
specificity. 

Taken together, our results suggest that the role of 
platelets in Candida infections must be considered nu-
anced. The comparatively low capacity of platelets to in-
teract with Candida and to attack the invader might cru-
cially affect the outcome of disease. Thus, a platelet-tar-
geted therapy might represent an interesting approach 
for a supportive immunotherapy of IC.
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