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ABSTRACT
Purpose: Female genital candidiasis is a common gynecological complaint. Studies demonstrated its negative impact 
on sperm motility. In the current study we aimed at determining the effect of vaginally extracted Candida albicans on 
different semen parameters.
Study Design: Vaginal swabs were obtained from 25 females suffering from vaginitis and semen samples from 18 
normozoospermia healthy males. Semen samples were inoculated with different concentrations of vaginal isolates of 
Candida albicans (0 (control), 20000, 60000 and 100000 cfus/0.5ml) for two incubation periods (5 and 15 hours). Semen 
was tested for sperm motility, vitality, morphology, and fertilizing capacity as well as seminal fructose, seminal level of 
reactive oxygen species (ROS) and pH.
Results: Significant concentration and duration dependent decrease in sperm motility, vitality, normality and sperm 
fertilizing capacity was observed following incubation with candida. The drop in the percent of normal forms was within 
the acceptable range for normal semen. Level of ROS decreased significantly only at high candida concentration (100000 
cfus/0.5 ml) and duration of incubation (15 hours). Seminal fructose was mainly affected by candida concentration while 
pH decreased only at low incubation time. However, the observed change in pH was still within the normal semen pH 
range.
Relation between patient’s results and types of graft used showed no statistically significant differences between them.
Conclusion: Vaginally extracted Candida albicans may have negative impact on different semen parameters affecting 
mainly sperm motility, vitality as well as sperm fertilizing capacity. To what extent this effect may influence couple 
fertility needs further studies.
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INTRODUCTION                                                                 

Infertility is an ongoing health problem that affects 
as many as 9% -15% of the population worldwide [1,2]. 
Etiology is variably shared between the male and female 
partners, besides a vague category which is unexplained 
infertility [3]. Genital infections have a major impact on 
fertility and contribute to more than 10% of gynecologic 
outpatient consultations [4,5]. It has been observed that 
sperm damaging microorganisms may indwell in the 
genital tract of asymptomatic females and contribute to 
infertility [6].

Genital Candidiasis is a common cause of female 
genital infections. It has been estimated that 75% of females 
may have experienced at least one episode of fungal 
genital infection, and that 40-45% have had recurrent 
attacks during their reproductive life [7,8]. Candida is a 
normal commensal of the genitourinary tract. However, 

under certain conditions of disturbed local biological host 
defense mechanisms, it becomes virulent and pathological 
[9]. Male genital candidiasis may contribute to male 
infertility through its detrimental effect on sperm quality 
and function [10-12].

During its journey in the female genital tract, sperms 
are exposed to various chemicals in the vagina and 
seminal fluid that negatively influence semen parameters 
and sperm functions [13]. In-vivo studies on the effect 
of female genital Candida isolates on semen parameters 
and sperm function are lacking [6]. The current study is 
one of few studies using Candida isolates extracted from 
female vagina to examine the impact of genital candidiasis 
on different semen parameters, sperm fertilizing capacity 
as well as the microenvironment surrounding the sperm 
through evaluation of reactive oxygen species (ROS), 
fructose and pH levels.
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PATIENTS AND METHODS:                                                                               

This study was conducted at the outpatient gynecology 
clinic of Cairo University Hospital and Kamal Shaeer 
infertility Centre, Egypt. Ethical approval was obtained 
before conducting the study and all patients gave informed 
consents.

Isolation and identification of bacteria and Candida 
Albicans:

High vaginal swabs were obtained from 25 women 
presenting with vaginitis, but otherwise healthy. Swabs 
were placed in sterile tubes containing normal saline to 
maintain the swabs moist until being transported to the 
laboratory for culture. Each specimen was then inoculated 
on blood agar, nutrient agar, chocolate agar, Hicrom 
agar and MacConkey׳s plates. All plates were incubated 
aerobically at 37°C for 24 - 48 hours.

The isolation and identification of bacterial 
opportunistic pathogens in patients’ vaginal swabs 
were performed in three steps:

1-Colony morphology of bacterial isolates.

2-Microscopic examination with Gram stain.

3-Biochemical tests.

Candida albicans was isolated and grown on 
Sabouraud's dextrose agar at 37°C (Oxoid, Milan, Italy). 
Specimens were left overnight under aerobic conditions 
and Candida was identified by API20 test system 
(Biomerieux/France). 

Candida isolates were then divided into different 
concentrations 0(control sample), 20000, 60000 and 
100000 cfus/0.5ml. Candida concentrations were 
confirmed by spectrophotometry.

Semen Preparation:

Semen samples were collected from eighteen healthy 
and recently fertile men, after 3-5 days of abstinence. 
Only normal semen samples were used as per WHO 
criteria 2010 [14]. Samples showing evidence of 
leukocytospermia (leukocyte concentration more than 
1×106 /ml) were excluded.

Semen Candida Interaction:

Each sample was divided into four equal aliquots 
each containing 15 × 106 spermatozoa and incubated with 
different concentrations of Candida 0 (control sample), 
20000, 60000 and 100000 cfus/0.5ml) for 15 hours. 
Samples were then evaluated after 5 hours and at the end 
of the incubation period (15 hours). 

At the end of incubation time, semen samples 
incubated with Candida isolates were tested for sperm 
motility, morphology, vitality, hypo-osmotic swelling 
test (HOS), acrosin assay (A.A), reactive oxygen species 
(ROS), fructose concentration and pH.

STATISTICAL ANALYSIS:                                                                               

Statistical analysis was performed using SPSS software 
version 22. Normal Distribution was tested by Shapiro-
Wilk test. Data were analyzed by multivariate regression 
analysis and ANOVA followed by post hoc comparisons 
by Tucker's test. Null hypothesis was rejected when 
p-value was less than 0.05. Data were expressed as mean 
± standard deviation (SD).

RESULTS:                                                                          

Twenty-five vaginal swabs were collected from which 
18 showed positive cultures. Micro-organisms isolated 
included Staphylococcus sciuri (27.7%), Staphylococcus 
hemolyticus (22.2%), Candida albicans (22.2%), 
Esherichia coli (16.6%) and Acromobacter  xylosoxidans 
(11.1%). Only Candida was further evaluated for its 
effect on semen.

At five hours incubation time, semen aliquots 
co-incubated with Candida showed a concentration 
dependent, statistically significant, progressive decrease 
in sperm motility, vitality, normal forms, HOS, AA, 
seminal fructose and pH compared to control. ROS 
concentration showed minimal change with little rise at 
100000 cfu/ml candida concentration, however this was 
non – significant (Table 1).

Increasing incubation time to 15 hours resulted in 
a concentration-dependent, progressive, statistically 
significant drop in all semen parameters, except for pH 
which was non-significant (Table 2).

A highly significant inverse correlation was observed 
between rising Candida concentration and sperm motility, 
vitality, normality, HOS, AA and fructose concentration 
(r = -0.676, - 0.507, - 0.540, -0.486, -0.379 and -0.696 
respectively, P < 0.001). Candida concentration showed 
non-significant inverse correlation with ROS (r = - 0.002, 
P 0.989) and non-significant direct correlation with pH 
(r= 0.027, P 0.808).

On increasing the duration of incubation from 5 to 
15 hours significant reduction in sperm motility, vitality, 
HOS and AA was observed regardless the concentration 
of Candida. The drop detected in fructose and ROS 
levels was only significant at high Candida concentration 
(100000 cfu/ml). Other semen parameters did not show 
significant change (Table 3).
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Table 1: Changes in semen parameters at 5 hours incubation time with different concentrations of Candida

Variable 0 20000 cfu/ml 60000 cfu/ml 100000 cfu/ml P value
Motility % 48 ± 7.2 44.67 ± 6.1 43.33 ± 8.8 27 ± 11.1 0.007
Vitality % 66.67 ± 5.7 64.33 ± 3.7 63 ± 6.2 52.73 ± 4.8 0.001

Normal forms % 27.67 ± 6.4 27 ± 6.9 25.33 ± 7.5 16.27 ± 5.5 <0.001
HOS % 58 ± 1.7 55 ± 2 52.33 ± 2.5 45.36 ± 4.4 0.014

AA µIU/ml 27.33 ± 1.1 26 ± 1 25 ± 1 22.6 ± 2.2 0.005
Fructose mg/ml 437 ± 82.0 384.67 ± 47.1 351.6 ± 52.9 164.6 ± 97.6 <0.001

ROS 0.783 ± 0.2 0.770 ± 0.1 0.730 ± 0.2 0.878 ± 0.1 NS
pH 8 ± 0.0 7.90 ± 0.1 7.76 ± 0.0 7.70 ± 0.1 0.004

Values are means ± SD. NS = not significant
HOS, Hypo-osmotic swelling test, AA, Acrosomal Assay, ROS, Reactive oxygen species.

Table 2: Changes in semen parameters at 15 hours incubation time with different concentrations of Candida

Variable 0 20000 cfu/ml 60000 cfu/ml 100000 cfu/ml P value
Motility % 30.33 ± 4.619 26 ± 6.5 18 ± 2.6 3.33 ± 6.2 < 0.001
Vitality % 47.33 ± 4.619 38.6 ± 8.1 40.33 ± 4.7 21.92 ± 10.7 0.001

Normal forms % 27.67 ± 3.055 25 ± 4.3 19.67 ± 2.8 13.83 ± 5.5 0.001
HOS % 39.33 ± 4.933 34 ± 5.2 32.33 ± 2.5 18.25 ± 10.8 0.005

AA µIU/ml 20 ± 2.645 18 ± 2.6 17.33 ± 1.1 8.875 ± 6.1 0.005
Fructose mg/ml 398.33 ± 44.814 294.33 ± 79.5 250 ± 90.1 65.83 ± 66.5 < 0.001

ROS 0.913 ± 0.110 0.846 ± 0.2 0.760 ± 0.1 0.562 ± 0.0 < 0.001
pH 8 ± 0.00 5.496 ± 4.0 7.733 ± 0.8 7.63 ± 0.1 NS

Values are means ± SD. NS = not significant
HOS, Hypo-osmotic swelling test, AA, Acrosomal Assay, ROS, Reactive oxygen species.

Table 3: Changes in semen parameters at fixed Candida concentrations and different durations of incubation

20000 cfu/ml 60000 cfu/ml 100000 cfu/ml

Variable 5 15 P value 5 15 P value 5 15 P value
Motility% 44.67±6.11 26±6.5 0.04 43.33±8.8 18±2.6 0.012 27.09±11.1 3.33±6.2 < 0.001
Vitality% 64.33±3.78 38.6±8.1 0.01 63±6.2 40.33±4.7 0.013 52.73±4.8 21.92±10.7 < 0.001
Normal 
forms%

27±6.9 25±4.3 NS 25.33±7.5 19.67±2.8 NS 16.27±5.5 13.83±5.5 NS

HOS% 55±2 34±5.2 0.003 52.33±2.5 32.33±2.5 <0.001 45.36±4.4 18.25±10.8 < 0.001
AA 
µIU/ml

26±1 18±2.6 0.004 25±1 17.33±1.1 0.004 22.6±2.2 8.875±6.1 < 0.001

Fructose 
mg/ml

384.67±47.1 294.3±79.5 NS 351.6±52.9 250±90.1 NS 164.6±97.6 65.83±66.5 0.018

ROS 0.770±0.19 0.846±0.2 NS 0.730±0.2 0.760±0.1 NS 0.878±0.1 0.562±0.0 0.001
pH 7.90±0.1 5.496±4.0 NS 7.766±0.0 7.733±0.8 NS 7.7±0.1 7.63±0.1 NS

Values are means ± SD. NS = not significant
HOS, Hypo-osmotic swelling test, AA, Acrosomal Assay, ROS, Reactive oxygen species.
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DISCUSSION                                                                  

One of the most common causes of infertility 
globally is genital infections. Many micro-organisms 
are involved through various mechanisms [15]. 
Candida albicans  is one of those organisms [10]. 

The current study showed strong inverse correlation 
between Candida concentration and sperm motility, 
vitality and sperm fertilizing capacity (HOS and 
AA). Concentration and duration-dependent decrease 
in these parameters was observed. Several studies 
reported significant decrease in sperm motility under 
the effect of experimentally induced Candida albicans 
infection, which was attributed to an increase in sperm 
agglutination as well as structural abnormalities, 
mainly tail abnormalities [10,11]. Vander et al, reported 
that intravaginal inoculation of female mice by sperm 
immobilizing Candida albicans  strains rendered them 
infertile without any observed clinical or pathological 
changes in their reproductive organs apart from the 
deleterious effect on semen [6].

In addition, Candida can cause significant reduction 
in mitochondrial membrane potential (MMP) and 
membrane phosphatidyl serine (PS) externalization 
that correlated significantly with sperm motility and 
viability [11-16]. MMP and PS externalization are 
considered early signs of apoptosis in somatic cells 
[17]. Candida may cause loss of acrosomal function 
when in contact with sperms through the ultrastructural 
changes induced in the acrosomal membrane that ends 
in acrosomal rupture [10]. Moreover, Candida may 
reduce sperm fertilizing capacity without affecting 
other semen parameters through inducing high DNA 
fragmentation and increasing apoptosis [18]. One 
of the virulence factors of the organism is Farnesol 
(nonsterol isoprenoid). This is a Quorum sensing 
molecule produced by Candida which has detrimental 
effects on sperms through inducing premature 
acrosomal loss and DNA fragmentation even at low 
concentrations. At high concentrations, it reduces 
sperm motility and increases apoptosis [19].

In the current study, Candida did not affect 
sperm morphology to the extent of impairment 
of male fertility. Despite the significant decrease 
in the percent of normal spermatozoa, it was still 
within the acceptable range for normal semen: >4%                                                                                      
(WHO 2010) [14]. Studies have reported that sperm 
ultrastructural lesions induced by Candida mostly 
impaired motility rather than causing gross sperm 
abnormalities [10-20]. 

Fructose is a major nutrient in the seminal fluid on 
which sperms depend as a source of energy for good 
motility [21]. We observed concentration-dependent 

significant drop in fructose levels in tested semen. 
Candida undergoes metabolic adaptation in different 
host environments extracting carbon from different 
sources including fructose. Carbon extracted from 
fructose is an essential element for Candida virulence 
and stress resistance [9]. 

ROS showed non-significant concentration-
dependent rise with significant drop observed as the 
duration of incubation with Candida increased. This 
could be explained by the fact that virulent Candida can 
produce oxidative stress scavenging factors in response 
to environmental stress, as glutathione and trehalose, as 
a mechanism of stress protection. This is much related 
to glucose availability in the host microenvironment on 
which Candida is largely dependent [9]. Thus, at low 
duration of incubation especially with low Candida 
concentration, oxidative stress factors might have 
been produced by concomitant organisms causing rise 
in ROS level. With increasing duration of incubation 
and Candida concentration, Candida starts producing 
stress scavenging factors that results in the observed 
drop in the levels of ROS.

In the current study, Candida caused minimal 
changes in seminal pH. This might be attributed to the 
presence of other microorganisms as Staphylococcus 
sciuri and Staphylococcus hemolyticus that render 
vaginal pH alkaline. Although the pH change was 
within the acceptable range for normal semen, still it is 
the pH range favored by Candida. It is known that the 
female genitourinary tract hosts many microorganisms 
that may synergistically act to create a hostile 
environment for spermatozoa. Bacterial vaginosis 
is a common female genital infection characterized 
by disturbance in the non-pathogenic micro floral 
environment, resulting in a rise in vaginal pH and 
predominance of pathogenic anaerobic and facultative 
organisms which are deleterious to sperms [19-22, 23]. 

It has been observed that postcoital semen exhibits 
strong fungicidal activity, attributed to the presence of 
a potent candidacidal protein that is only active under 
acidic pH which is the normal vaginal pH. Seminal 
plasma having neutral or slightly alkaline pH lacks this 
fungicidal activity. Thus, under conditions where there 
is mixed vaginal infection with other organism that 
may change vaginal pH towards the alkaline side, this 
candidacidal protein becomes inactive and Candida 
becomes virulent, increasing its transmission rate and 
causing infertility through its deleterious effect on 
postcoital semen [24].

CONCLUSION                                                                                            

In conclusion, Candida albicans strains extracted from 
females suffering from genital candidiasis have negative 
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impact on normal semen, affecting mainly sperm motility, 
vitality and sperm fertilizing capacity. Whether these 
findings may impact couple fertility needs further wider 
studies.
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