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Abstract 
Background: Candida spp. causes semen candidiasis, the most important sexually 
transmitted fungal infection; this microorganism affects male fertility potential and 
could alter oocyte fertilization. The in vitro effects of the yeasts Candida albicans 
and Candida glabrata and their soluble factors of fungal metabolism on semen qua-
lity were studied.  
Methods: Candida strains (2, 0.5 and 0.05 McF) and their soluble factors were in-
cubated for 3 hr with selected spermatozoa. Conventional (Viability and motility) 
and functional parameters (Mitochondrial membrane potential, membrane integrity, 
detection of reactive oxygen species and DNA fragmentation) were quantified in 35 
semen samples. In addition, human spermatozoa were incubated under capacitating 
conditions with Candida spp. and soluble factors. Finally, spermatozoa were incu-
bated with mannose before incubation with either yeast to block sperm and yeast in-
teraction. Data was analyzed using Friedman test, and p<0.05 was considered signif-
icant. 
Results: The conventional sperm parameters were statistically affected by the two 
yeast strains after 3 hr and their effect was maintained until the 24 hr incubation. 
However, the functional parameters were altered, this change was not statistically 
significant. Pretreatment of spermatozoa with mannose decreased the effect of Can-
dida spp.  
Conclusion: The presence of C. albicans or C. glabrata affects seminal parameters. 
The effect is related to incubation time and yeast concentration, it can be supposed 
that the yeast sperm interaction is mediated through the mannose sperm receptor.  
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Introduction 
ale fertility potential is related to the quality 
of the sperm present in the ejaculate. During 
ejaculation, semen is produced from a con- 
 

centrated suspension of spermatozoa (~10%) stored 
in the paired epididymides, vas deferens and fluid 
secretions from the accessory sex organs (1). 
Seminal fluid can hold and transport bacteria, 
fungi, parasites and viruses that provide adequate 
conditions for microorganism survival in seminal 
plasma (2-5). 

The male urogenital tract is colonized by these 
etiological agents that sometimes interference 
 

 
 
 
 
with sperm functions and cause infertility (6). The 
effect of viral and bacterial infections is common-
ly evaluated, while those caused by fungi are un-
dervalued (7, 8). Candida spp., Aspergillus spp., 
Cryptococcus spp., and Coccidioides spp. account 
for more than 90% of the systemic mycoses re-
ported and are caused by fungi. In the male repro-
ductive tract, fungus causes urethritis, balanopos-
thitis, ulcers, pseudotumor, orchitis and prostatitis 
(7, 9, 10). Candidiasis is considered as the only 
sexually transmitted yeast infection; it is caused 
by Candida spp., Candida albicans and C. glab-
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rata as the most prevalent species (11), and this 
infection is much more common in women than in 
men (2, 11). However, men can act as infection 
reservoir. Contact of C. albicans, or the soluble 
factor of fungal metabolism with seminal plasma 
alters sperm quality, either in the male reproduc-
tive tract (before ejaculation) or in the female re-
productive tract (after ejaculation or sperm capaci-
tation) (8, 12, 13). 

Some in vitro studies report decreased motility 
and sperm viability, increased sperm DNA frag-
mentation, and alteration of the mitochondrial 
membrane affecting the potential of male fertility 
and nonspecific agglutinations (8, 12, 13). Con-
versely, the effects of C. glabrata on sperm cells 
are still unknown. 

Burrello et al. (8, 14) reported that failure in the 
assisted reproductive program could occur in pa-
tients with C. albicans infections due to the in-
crease of DNA fragmentation and apoptosis, but 
without affecting conventional sperm parameters. 
Even gradient methodologies commonly used in 
in semen processing reproductive programs can-
not remove C. albicans contamination (8, 14). In 
addition, Tian et al. (13) demonstrated that C. 
albicans infection affects sperm motility and 
damages the ultrastructure of sperm cells. 

Based on the previous demonstrations, within 
the diagnosis of yeast infection, it is mandatory to: 
i) determine the effect of C. albicans and C. glab-
rata on functional sperm parameters; ii) determine 
the possible receptor involved in the sperm and 
Candida spp. interaction, since this is important 
for medical and reproductive programs. These 
results will demonstrate further knowledge about 
Candida spp. infections and appropriate treat-
ments to prevent possible negative results in the 
procedure of assisted reproduction. 

The aim of this study was to evaluate the in vitro 
effects of C. albicans, C. glabrata and their solu-
ble factors of fungal metabolism on sperm quality. 
 

Methods 
Yeast: C. albicans and C. glabrata strains (kindly 

donated by the Institución Universitaria Colegio 
Mayor de Antioquia. Medellín, Colombia) were 
conserved on Sabouraud agar (Thermo Fisher 
Scientific, Waltham, MA, USA) at 4°C. Two days 
before use, each strain was reactivated in brain 
heart infusion (BHI, Thermo Fisher Scientific, 
Eugene, OR, USA) at 37°C. 

 

Sperm samples: Thirty-five semen samples were 
donated by apparently healthy volunteers, aged 

between 18 and 32 years, collected by masturba-
tion after a sexual abstinence period of 3 to 5 days 
and analyzed during the first hour after sample 
collection at the Reproduction Group, Medical 
School of the University of Antioquia. The con-
ventional seminal parameters were determined in 
each semen sample following the guidelines es-
tablished in the semen processing manual of the 
World Health Organization (WHO), and sperm 
concentrations were determined using a Makler 
chamber (Sefi-Medical Instruments). All the sam-
ples had seminal parameters equal to or above the 
lower reference limits established by WHO in 
2010. Exclusion criteria for study participation 
were any history of urogenital surgery and leuko-
cytospermia as well as self-reported illnesses or 
use of medication in the three months immediate-
ly preceding the study. 

 

Sperm selection: Motile sperm were selected us-
ing the gradient technique (PureSperm® Nidacon, 
Gothenburg, Sweden). Briefly, in a 15 ml conical 
tube, 500 μl of the denser phase (PureSperm® 
80), 500 μl of the less dense phase (PureSperm® 
40) and 1000 μl of semen over both phases were 
added, and the mixture was centrifuged 20 min at 
300 g. Finally, the supernatant was removed and 
the motile sperm was re-suspended in 1 ml Ham’s-
F10 medium (Gibco Life Technologies, Breda, 
Netherlands). 

 

Yeast inoculum and soluble factor of fungal me-
tabolism: 2, 0.5 (1-5x106 yeast/ml) and 0.05 Mc 
Farland (McF) yeast inoculums in phosphate-
buffered saline (PBS, Gibco Life Technologies, 
Grand Island, NY, USA) were incubated with 
three different relation between motile sperm and 
Candida spp. Candida and sperm ratios were 1 to 
1 (0.5 McF), 1 to 10 (0.05 McF) and 4 to 1 (2 
McF). The 0.05 McF inoculum was prepared from 
a 1:10 dilution of 0.5 McF.  

Soluble factors of fungal metabolism (SFFM) of 
C. albicans and C. glabrata were obtained after a 
0.5 McF PBS (Gibco Life Technologies) incuba-
tion for 1 hr at 37°C. Next, the medium was cen-
trifuged for 5 min at 2300 g and subsequently fil-
tered through a 0.2 µm membrane (Advantec In-
dustries, Yinzhou District, Ningbo, China). The 
filtrate was aliquoted and stored at -20°C until 
used. 

 

Evaluation of the effect of C. albicans, C. glabrata 
and SFFM on conventional sperm parameters: Three 
concentrations (2, 0.5 and 0.05 McF) of each 
yeast strain and 0,5 McF SFFM were incubated 
with five million selected sperm and the effect of 
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incubation over conventional sperm parameters 
was determined after 0, 1, 2 and 3 hr of incuba-
tion at 37°C following intervals previously de-
scribed (8, 13). The results are expressed as the 
percentage of change in viability and progressive 
sperm motility relative to the control (Spermato-
zoa incubated in PBS). 

 

Evaluation of the effect of C. albicans, C. glabrata 
and SFFM on capacitated spermatozoa: Five million 
selected sperm were incubated in four different 
conditions: i) Capacitation medium (MC, Ham's 
F10-Gibco Life Technologies- with 35 mg/ml bo-
vine serum albumin (Sigma-Aldrich, St. Louis, 
MO, USA)), ii) Non-capacitation medium (Ham's 
F10-NC), iii) Capacitation medium with 0.5 McF 
SFFM (MC-FS), and iv) Capacitation medium 
with Candida spp., 0.05 McF (MC-0.05 McF). 
Finally, the progressive motility in the initial time 
(0 hr), and 6, 18 and 24 hr post capacitation was 
evaluated. 

 

Evaluation of the effect of the SFFM of C. albicans 
and C. glabrata on the functional parameters: Fif-
teen million previously selected sperm were incu-
bated with 0.5 McF SFFM of Candida spp. in a 
ratio of 1:1 v/v, for 3 hr at 37°C. The control was 
15 million spermatozoa incubated with PBS. The 
following functional tests were evaluated, analyz-
ing a total of 10000 events for each sample ac-
cording to previously established protocols (15-
22). 

 

Mitochondrial membrane potential (∆Ψm): One 
million sperm were incubated with 3,3′-dihexyl-
oxacarbocyanine iodide DIOC6 (final concentra-
tion 10 nM, Molecular Probes Inc., Thermo Fisher 
Scientific) and propidium iodide (PI, final concen-
tration 12 µM, Molecular Probes Inc., Thermo 
Fisher Scientific) in the dark (30 min, 25°C). The 
samples were washed in PBS, centrifuged at 180 g 
for 5 min, and the pellets re-suspended in PBS and 
subjected to flow cytometry. Data were acquired 
as the percentage of living spermatozoa showing 
high (∆Ψm 

high) or low (∆Ψm 
low) green fluores-

cence, and dead spermatozoa-red fluorescence 
(19, 21). 

 

Evaluation of plasma membrane integrity: One 
million sperm were incubated in Sybr-14 and PI 
(Final concentrations of 1 μM and 12 µM, respec-
tively, The LIVE/DEAD® Sperm Viability Kit, 
Molecular Probes Inc., Thermo Fisher Scientific) 
in the dark (30 min, 25°C), washed once and re-
suspended in PBS prior to flow cytometry analy-

sis. The data are expressed as the percentage of 
viable spermatozoa (19, 21). 

 

Lipid peroxidation assay: One million sperm were 
incubated in the dark (30 min, 25°C) with 
BODIPY C11 (Final concentration 6.6 µM, Mo-
lecular Probes Inc., Thermo Fisher Scientific), 
washed and re-suspended in PBS before flow 
cytometry analysis. The results are expressed as 
the percentage of spermatozoa exhibiting a green 
fluorescence response (15). 

 

Production of intracellular reactive oxygen species: 
One million sperm were incubated with PI (final 
concentration 12 µM) and 2’,7’-dichlorodihydro-
fluorescein diacetate (DCFH-DA, Sigma-Aldrich, 
St Louis, MO, USA, final concentration 1 μM) in 
the dark for 5 min, at 25ºC, washed three times 
with PBS (180 g, 5 min) and the pellets re-
suspended in PBS before being analyzed by flow 
cytometry. The results are expressed as the per-
centage of spermatozoa exhibiting the green fluo-
rescence response (23-25). 

 

Sperm chromatin structure assay: Five million sperm 
were suspended in 200 µl of TNE buffer (Tris-
HCl, NaCl and EDTA, pH=7.4). Before reading 
on the cytometer, 200 ml of acid detergent solu-
tion (HCl, NaCl, Triton X-100, water, pH=1.2) 
was added and 30 s after, the sperm were stained 
with 600 µl of acridine orange (Sigma-Aldrich) 
staining solution (6 µg/ml). The ratio of single 
stranded DNA (red) to single plus double stranded 
DNA (green) media fluorescence intensity (MFI) 
is expressed as the DNA fragmentation index 
(DFI) (19, 21). 

 

Detection of membrane phosphatidylserine exposure: 
An aliquot of 2x106 spermatozoa was re-sus-
pended in binding buffer, labeled with Annexin-
FITC plus PI, incubated for 15 min in the dark, 
followed by the addition of binding buffer (10x: 
0.1 M Hepes pH=7.4, 1.4 M NaCl; 25 mm CaCl2) 
and then immediately transferred to a flow cytom-
eter and analyzed according to the manufacturer’s 
instructions (eBioscience Apoptosis Detection Kit 
FITC; BD, Thermo Fisher Scientific). The results 
are expressed as percentage of cells for each popu-
lation of interest, phosphatidylserine exposure and 
PI positive (23). 
 

Blockage of the mannose receptor: Sperm cells were 
incubated with mannose (Sigma-Aldrich, St. Lou-
is, MO, USA, 100 M) for 1 hr and subsequently, 
the sperm cells were incubated with each yeast 
(0.5 McF). The results are expressed as the per- 
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centage change in progressive sperm motility rela-
tive to the control (spermatozoa incubated in PBS) 
at 0 and 3 hr.  
 

Statistical analysis: The flow cytometry results of 
each functional parameter were processed using 
the FlowJo program 7.6 (TreeStar, San Carlos, CA, 
USA). Descriptive statistics were applied (Median 
and range). For the analysis of the conventional 
and functional parameters, a non-parametric Fri-
edman was performed (Friedman test) considering 
a statistical significance of p<0.05. The assump-
tion of normality was checked by Kolmogorov-
Smirnov, Shapiro-Wilk test and D’Agostino-Pear-
son using Prism 5.0 (GraphPad Software, San Di-
ego, CA) statistical software. 
 

Results 
The effect of C. albicans, C. glabrata strains and 

their 0.5 McF SFFM on sperm viability is shown 
in figure 1. C. albicans progressively decreased 
sperm viability to 45% (2 McF, p<0.0001) and 
their SFFM to 18% (p< 0.0001) based on the con-
trol (Figure 1A), whereas C. glabrata strain 
achieved a maximum reduction of 42% (2 McF, 
p<0.0001) and their SFFM of 15% (p<0.01) with 
respect to the control (Figure 1B). 

The effect of the strains of C. albicans, C. glab-
rata and their SFFM on progressive sperm motili-
ty is presented in figure 2. Immediately, when 
incubation began, both strains significantly de-
creased sperm motility, and increasing the time of 
incubation increased the negative effect, although 
this was higher when C. albicans strains (81%, 
p<0.0001) or their SFFM were incubated (58%, 
p<0.001) with respect to the control.  

During the capacitation assays, the greatest ef-
fect was demonstrated with the strain of C. 
albicans that reduced motility to 94% (MCA-0.05 
McF, p<0.0001) while C. glabrata reduced it to 
89% (MCG-0.05 McF p<0.001) (Figure 3). 

The effect of 0.5 McF SFFM of the two yeast 
strains on the sperm functional parameters did not 
show statistical differences. However, C. albicans 
decreased early apoptotic cells by 14%, but in-
creased late apoptosis cells by 67%, necrotic cells 
by 4% and DNA fragmentation index by 4.3%. As 
for C. glabrata, it increased early apoptosis cells 
by 69% and late apoptosis to 37%, but it de-
creased necrotic cells to 17% and DNA fragmen-
tation index to 19% (Table 1). 

Finally, the effect of C. albicans and C. glabrata 

Figure 2. Effect of Candida spp. on sperm motility. C. 
albicans (a) and C. glabrata (b) at three different concentra-
tions (0.05, 0.5 and 2.0 McF) and their SFFM on the motility 
of progressive sperm at 0, 1, 2 and 3 hr of incubation. The 
data are presented as median and a range of seven (C. 
albicans) or three (C. glabrata) independent experiments 
with duplicate determinations.  
*: p<0,05; **: p<0,01; ***: p< 0,001, ****: p<0,0001. 
SFFM: Soluble factors of fungal metabolism 

Figure 1. Effect of Candida spp. on sperm viability. C. 
albicans (a), C. glabrata (b) at three concentrations (0.05, 0.5 
and 2.0 McF) and their SFFM on sperm viability at 0, 1, 2 
and 3 hr of incubation. The data are presented as median and 
a range of seven (C. albicans) or three (C. glabrata) inde-
pendent experiments with duplicate determinations.  
*: p<0,05; **: p<0,01; ***: p<0,001, ****: p<0,0001. SFFM: 
Soluble factors of fungal metabolism 

Figure 3. Effect of Candida spp. on sperm capacitation pro-
cess. C. albicans (a) and C. glabrata (b) on progressive mo-
tility during sperm capacitation process. MC: Capacitating 
medium, MC-FS: Capacitating medium and 100 µl SFFM, 
MC-0.05 McF: Capacitating medium and Candida =0.05 
McF, NC: Non-capacitating medium. Data are presented as 
median and a range of ten (C. albicans) or seven (C. 
glabrata) independent experiments with duplicate determina-
tions.  
*: p<0,05; **: p<0,01; ***: p<0,001, ****: p<0,0001. SFFM: 
Soluble factors of fungal metabolism 
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on progressive motility after 1 hr of sperm pre-
incubation with mannose, at 0 and 3 hr with Can-
dida spp. is shown in figure 4. Pre-incubation of 
sperm with mannose reduced the effect of yeast 
on mobility and no statistically significant differ-
ences were observed with control. Treatment with 
C. albicans or C. glabrata and without mannose 
decreased sperm motility in both cases (0 and 3 
hr) (p<0.05) compared to the control. 
 

Discussion 
In the present study, the effect of C. albicans and 

C. glabrata on sperm quality was evaluated. Can-
dida spp. strains and their SFFM negatively affect 
the motility and sperm viability in vitro after 3 
and 24 hr, and although both yeast strains signifi-
cantly affect conventional parameters, C. albicans 
has a greater negative effect due to its virulence 
factors. However, with both strains, the effect is 
associated with yeast concentration and time of 
incubation. Three hours are sufficient to signifi-
cantly modify the percentage of viable and pro-
gressive spermatozoa. These effects suggest that 

the sperm alterations caused by Candida spp. may 
be of greater importance during the fertility con-
sultation.  

Men infertility is associated with a decrease in 
the seminal quality that is frequently affected by 
uropathogenic or commensal microorganisms that 
colonize the male and female urogenital tract. 
Fungal infections are mostly asymptomatic and 
Candida spp. is the most common cause of fungal 
infections. However, this yeast has a high preva-
lence in infections of the female reproductive tract 
which can affect semen quality. Few studies have 
evaluated the effect of Candida spp. on seminal 
quality (8, 12-14). 

 The most frequently examined yeast until 2009 
due to its prevalence was C. albicans (11); among 
the main virulence factors expressed by this mi-
croorganism are the cellular morphology, pheno-
typic change, extracellular enzymatic activity 
(proteases and phosphatases) and adhesion factors 
(11). In vitro studies have shown that yeasts and 
their filtrates or SFFM inhibit sperm motility, and 
this effect has been associated with the concentra-
tion and duration of contact (8, 13). Similarly, in 
the study published by Tuttle et al., C. albicans 
significantly reduced progressive sperm motility 
and form to nonspecific aggregates after 2 and 4 
hr, suggesting that C. albicans affects male fertili-
ty potential (12).  

Likewise, Tian et al. reported that C. albicans 
and its  SFFM affect sperm morphology, causing  
the breakdown of the acrosome, inducing the for-
mation of vacuoles in the head of the spermato-
zoa, damaging the middle piece and altering the 
normal function of mitochondria; in addition, the-
se authors reported the formation of nonspecific 
aggregates (13). Rennemeire et al. reported that 
SFFM from C. albicans induces loss of acrosome 
and sperm viability (24), and Burrello et al. re 
ported that C. albicans sperm interaction increases 
the DNA fragmentation index and inhibits the 

Table 1. Effect of the 0.5 McF soluble factors of Candida spp. on the functional parameters 
 

Parameter median (range) Control C. albicans C. glabrata 

Early apoptosis (%) 4 (2,2-9,9) 3,42 (1,7-11) a 6,76 (4,6-7,9) a 

Late apoptosis (%) 7,38 (4,2-25,8) 12,34 (7,6-27,1) a 10,14 (2,2-41,5) a 
Cells with high ∆Ψm (%) 77,65 (53,1-81,4) 74,2 (48,5-76,1) a 77,35 (49,2-79,9) a 
Lipoperoxidation of membrane (%) 60,4 (0,38-98,6) 59,9(0,38-86,8) a 56,1 (0,51-73,6) a 
Cells with intact membrane (%) 73,9 (36,9-84,5) 70,35 (54,8-76,7) a 74,4 (52,9-85,3) a 
Necrotic cells (%) 21,7 (12,9-23,6) 24,7(21,7-25,7) a 17,9 (12,7-26,4) a 
Reactive oxygen species production (%) 70,7 (60,1-81,1) 67 (62-80,7) a 73,9 (47,4-78,6) a 
DNA fragmentation index (%) 30,15 (9,3-52,5) 31,45 (9,3-56,6) a 24,5 (9,5-63,9) a 

 

a: vs control p>0.05 (No statistical significant def.) Mitochondrial membrane potential (∆Ψm) 
 

Figure 4. Mannose receptor mediates sperm cell interaction 
with Candida spp. Effect of C. albicans and C. glabrata on 
progressive motility after sperm pre-incubation with mannose 
for 0 or 3 hr. Data are presented as median and a range of 
three independent experiments with duplicate determinations. 
*: p<0,05 
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fertilization process during assisted reproduction 
techniques (14). Burrello et al. later demonstrated 
alterations in sperm motility, mitochondrial mem-
brane potential and cellular apoptosis after 3 and 
24 hr of incubation with C. albicans (8). In con-
trast, Berktas et al. evaluated the effect of C. albi-
cans on sperm motility at various concentrations, 
but found no influence of this microorganism on 
the seminal parameters (25). 

With respect to sperm DNA damage, it is im-
portant to remark that several studies report that 
sperm incubation at 37C during 3 hr is associated 
with DNA damage (26, 27). In our case, the 
treatment during 3 hr with the SFFM was not dif-
ferent in relation to the control. However, the 
higher result of SCSA test could be originated by 
this incubation.  

On the other hand, no reports examined the ef-
fect of C. glabrata on seminal quality, although C. 
glabrata causes balanitis and orchitis (25). During 
the last three decades, an increase in the number 
of cases of vaginal candidiasis, candidemia and 
systemic fungal infections caused by this species 
of yeast has occurred. It has even been considered 
an emerging pathogen, although it appears less 
virulent than other Candida species, due to the 
absence of pseudohifas, structures that increase 
the adherence and penetration of the fungus into 
tissues and cultures. However, it is known that C. 
glabrata produces proteases and presents hydro-
phobicity on its cell surface, allowing adherence 
similar to that of C. albicans (28). 

Regarding the functional parameters examined 
in the present study, no statistical differences were 
found. However, similar to what was reported in 
the literature (8), SFFM of C. albicans and C. 
glabrata affects some functional parameters. No 
reports regarding how the presence of Candida 
spp. affects reactive oxygen species have ap-
peared and in this study, C. albicans decreases 
while C. glabrata increases them. In addition, C. 
glabrata decreases the lipoperoxidation of the 
sperm membrane.  

On the other hand, during sperm travel to the 
female reproductive tract, sperm cells undergo the 
capacitation process. In the present study, Can-
dida spp. strains, C. albicans and C. glabrata in-
duce changes in the motility of the sperm during 
the capacitation process. If this same process oc- 
curs in vivo, the possibility to fertilize the oocyte 
decreases.  

Candida spp. has mannan in the form of a glyco-
protein that consists mainly of mannose residues 

and spermatozoa have receptors for this carbohy-
drate (29-32); these interactions explain these ag-
gregations that are not present in mannose-pre-
incubated samples. Therefore, in the future, a new 
methodology with blocked mannose receptor 
could be used to decrease the negative effects of 
Candida infection. In addition, there are several 
limitations in this study that should be noted. 
Sperm morphology and reversible effects of Can-
dida spp. were not determined. Therefore, more 
studies are needed to determine the effects of in 
vitro or in vivo Candida spp. on motility, viability 
and sperm morphology. 
 

Conclusion 
The presence of C. albicans, C. glabrata and 

their SFFM affect seminal parameters, and this 
effect is related to incubation time and yeast con-
centration. 
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