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STRUCTURE OF THE THESIS
SECTION A: LITERATURE REVIEW
Chapter 1 provides an overview of seminal constituents including seminal plasma, white
blood cells, reactive oxygen species, bacteria, viruses and the potential negative impact
thereof on the outcome of assisted reproductive treatment. Chapter 2 is a presentation of
semen processing procedures, and in Chapter 3 assisted reproductive treatment for

patients with potential seminal pathogens are addressed.

SECTION B: SEMEN PROCESSING WITH SUPPLEMENTS AND THE
IMPACT THEREOF ON SPERM PARAMETERS

The addition of trypsin to upper density layers could improve the effectiveness of semen
decontamination. The effect of semen processing with trypsin and trypsin inhibitor on
sperm parameters was evaluated and results are described in Chapters 4 and 5,

respectively.

SECTION C: EFFECTIVENESS OF SEMEN PROCESSING FOR THE
ELIMINATION OF PATHOGENS

Semen processing by discontinuous density gradient centrifugation in combination with a
centrifuge tube insert was evaluated. The method’s effectiveness for the elimination of in
vitro derived bacteria and white blood cells as well as in vivo derived human
immunodeficiency virus from semen was evaluated; the results are presented in Chapters

6, 7 and 8, respectively.

SECTION D: CONCLUSIONS
Conclusions from the study are summarized in Chapter 9. Recommendations for the
improvement of risk reduction procedures to be followed during assisted reproductive

treatment for patients with seminal pathogens are given.

SECTION E: ANNEXURES

Annexure A consists of diagrammatic layouts of experiments performed during this
research. Annexure B is a summary of the sperm parameters of participating donors.
Published articles and presented posters originating from this work are given in

Annexure C.
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STUDY OBJECTIVES

Effective semen decontamination prior to therapeutic assisted reproductive treatment is
critical, specifically in countries such as South Africa with a high prevalence of seminal

pathogens. The objectives of this study were therefore to determine the:

1) Impact of trypsin and trypsin inhibitor on sperm parameters obtained from HIV-1
sero-negative donors.

i) Prevalence of various bacteria in the semen of males seeking assisted reproductive
treatment at the Reproductive and Endocrine Unit at Steve Biko Academic
Hospital.

iii) Effectiveness of discontinuous density gradient centrifugation in combination with
a centrifuge tube insert for the removal of the following from semen:

a. invitro derived commonly found seminal bacteria,
b. in vitro derived white blood cells and

c. invivo derived HIV-1.

XV
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SUMMARY

The presence of pathogens in semen can compromise the outcome of assisted
reproductive treatment, together with the possibility of the female partner or offspring
becoming infected. This is cause for concern, especially in South Africa with a high
prevalence of HIV-1. Most of these infected individuals are in their reproductive years
with the desire to have their own genetically related children. Therefore, assisted
reproductive treatment with effective risk reduction procedures, such as semen processing

for the elimination of these pathogens is crucial.

However, during sperm preparation by standard discontinuous density gradient
centrifugation, the supernatant is aspirated to allow access to the purified sperm pellet.
Pathogens from the upper layers can adhere to the inside surface of the test tube and flow
down to re-infect the purified sperm sample. The use of a centrifuge tube insert may
prevent the re-contamination of sperm samples after discontinuous density gradient
centrifugation. Furthermore, seminal pathogens can bind specifically or non-specifically
to spermatozoa, rendering semen decontamination procedures ineffective.  Serine
proteases, such as trypsin, have been demonstrated to effectively inactivate viruses and to
break pathogen-sperm bonds. However, the addition of a protease to density gradient
layers during semen processing could have a negative impact on sperm parameters. This

research was therefore aimed towards the determination of:

i) The effect of semen processing with trypsin and trypsin inhibitor on sperm
parameters.

i) The prevalence of various bacteria in semen samples from men attending the
Reproductive and Endocrine Unit at Steve Biko Academic Hospital.

i) The effectiveness of semen processing by discontinuous density gradient
centrifugation with a centrifuge tube insert, for the elimination of some of the
most prevalent bacteria, white blood cells and in vivo derived HIV-1.

Evaluation of sperm parameters after semen processing indicated that trypsin and trypsin
inhibitor did not have an impact on sperm mitochondrial membrane potential, vitality,
motility and zona binding potential, or acrosin activity, respectively. Seminal bacteria
were highly prevalent in patients wishing to participate in the Unit’s assisted reproductive

program, with 49.5% of semen samples presenting with positive bacterial cultures.

XVi
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Semen processing by means of discontinuous density gradient centrifugation with the
tube insert, eliminated significantly more in vitro derived (spiked) bacteria and white
blood cells from semen compared to processing without the insert. Furthermore, the
semen decontamination procedure was effective in removing HIV-1 RNA from 100% of
samples and proviral DNA from 98.1% of semen samples from HIV-1 sero-positive

patients.

The effectiveness of discontinuous density gradient centrifugation for the elimination of
seminal pathogens could, therefore, be improved by the addition of trypsin to the upper
density layer, without supplementing the bottom layer with trypsin inhibitor.
Additionally, semen decontamination efficiency could also be improved by the
prevention of re-contamination of processed sperm samples by the utilization of a tube

insert during discontinuous density gradient centrifugation.

Keywords: Assisted Reproductive Treatment — Density Gradient Centrifugation — HIV-1 —
Micro-organisms — Prolnsert™ — Risk Reduction — Semen Decontamination — Sperm

Parameters — Trypsin — Trypsin inhibitor
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CHAPTER 1

SEMINAL CONSTITUENTS

1.1 INTRODUCTION

The initiation of life in an assisted reproductive laboratory carries with it an advanced
responsibility to protect, and prevent any detriment to co-workers, patients and
potential offspring during procedures. From an embryologist’s viewpoint it could be
said that the protection of potential human life should begin with the human gamete.
The safeguarding of a semen sample could include: i) the proper handling of the
sample depending on the specific application thereof and ii) the elimination of
substances that could have a negative impact on spermatozoa, the embryo or the
potential offspring. The aim of the present study was to validate current semen

decontamination procedures in a human assisted reproduction program.

Semen consists of two fractions namely a fluid and a cellular fraction. The cell
fraction comprises of mature spermatozoa, germ and non-sperm cells (“epithelial
cells, CD4+ T lymphocytes, monocytes, polynuclear leukocytes and macrophages™)
(Bielanski, 2007). The liquid fraction, also known as seminal plasma, is a protein rich
fluid (Southern, 2013) and includes various secretions from the accessory sex glands.
All seminal constituents are potential vectors for the introduction of pathogens into
the female reproductive tract during sexual intercourse, or intra-uterine insemination
(IUI). These seminal pathogens may also be introduced into embryo culture systems
whereby the outcome of assisted reproductive treatment (ART) may be compromised.

Seminal constituents that are relevant to ART will be presented in this chapter.

~2~
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Chapter 1 Section A: Literature review

1.2 SEMINAL CONSTITUENTS

1.2.1 Spermatozoa

Spermatozoa consist of a sperm head containing the paternal deoxyribonucleic acid

(DNA), a midpiece containing mitochondria supplying energy for sperm movement,

and a tail which provides motility (Hoogendijk, Kruger & Menkveld, 2007). The

leading purpose of the haploid spermatozoon is to fertilize an oocyte where after a

zygote is formed (Birkhead, 1999). Spermatozoa are produced from spermatogonia

during spermatogenesis in the seminiferous tubules within the testes (Holstein,

Schulze & Davidoff, 2003). The process consists of the following different stages:

)] Spermatocytogenesis is a phase of an exponential increase in the number of
spermatogonia by mitotic division. Followed by differentiation of the cloned
spermoatogonia into primary spermatocytes (Johnson et al., 2000).

i)  The primary spermatocytes then undergo two meiotic divisions yielding the
haploid spermatids (Tanaka et al., 2003).

iii)  During spermiogenesis the round spermatids are transformed to testicular
spermatids that are still attached to the Sertoli cells (Tachibana et al., 2005).

iv)  Excess cytoplasm is absorbed and the sperm are released from the Sertoli cells
during the process of spermiation (Holstein, Schulze & Davidoff, 2003).

Spermatozoa are transported to the epidymis where the cells remain until ejaculation,

after final maturation in the cauda epididymis (Hinrichsen & Blaquier, 1980).

Various factors can impact on the quality of a sperm sample. The reference values

for a normal sperm sample as described by the World Health Organization (WHO,

2010) are presented in Annexure B, page 223.

1.2.2 Seminal plasma

During ejaculation spermatozoa are suspended in seminal plasma consisting of
secretions from the testes, epididymides and accessory sex glands, including the
seminal vesicles, prostate and bulbourethral glands (Rossato et al., 2002). Apart from
serving as a suspension medium, seminal plasma contains compounds that are
required for sperm metabolism, motility and fertilization (Lay et al., 2001). In
addition, seminal plasma also contains coagulation and liquefaction factors (Lay et

al., 2001). Other compounds found in seminal plasma support sperm vitality, inhibit

~3~
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Chapter 1 Section A: Literature review

the uterine immune response against sperm, and prepare the endometrium for

implantation of the embryo (Robertson, 2005).

Prior to fertilization sperm should undergo capacitation and hyperactivation where
after binding to the zona pellucida and the acrosome reaction will follow (De
Lamirande, Leclerc & Gagnon, 1997). Hyperactivation is however associated with
poor progressive motility, capacitation should therefore not commence too long
before the oocyte is reached. Decapacitation factors present in seminal plasma will
prevent capacitation until sperm migrates out of seminal plasma and into the female
reproductive tract (Begley & Quinn, 1982). However, according to Rogers et al.
(1983), prolonged exposure of sperm to the decapacitation factors present in seminal
plasma, could have a permanent negative impact on sperm fertilizing potential in
vitro. The World Health Organization recommends that sperm should be isolated
from seminal plasma within an hour after ejaculation (WHO, 2010). The inhibition of
sperm capacitation by decapacitation factors present in seminal plasma could not be
reversed by the processing of semen samples, or by incubation of the sperm in
capacitating medium (Rogers et al., 1983). Levay et al. (1995) found that
contaminating seminal plasma at a concentration of 50.0% in insemination medium
decreased sperm-zona pellucida binding by 70.0%. Moreover, the presence of even
low concentrations of seminal plasma in processed sperm samples may negatively
impact, or even totally inhibit sperm fertilizing ability and should be prevented
(Kanwar et al., 1979; Mortimer, 2000). Spermatozoa intended for use during ART
must be processed and isolated from the seminal plasma as effectively as possible,
directly after liquefaction (Mortimer & Mortimer, 1992; Mortimer, 2000).

1.2.3 White blood cells

White blood cells (WBCs), predominantly polymorphonuclear neutrophils, can be
found in all sections of the male reproductive tract and is present in most human
semen samples (EI-Demiry et al., 1987; Englert et al., 2004; Yilmaz et al., 2005;
WHO, 2010). Anderson et al. (1991) stated that the concentrations of WBCs in the
semen samples from vasectomised patients are 85.0% to 90.0% less than the
concentrations of WBCs found in semen samples from non-vasectomised patients.

Keck and co-workers (1998) are of the opinion that the decreased WBC

~4 o~
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concentrations in the semen samples of vasectomised men, suggest that most seminal
WBCs originate from the testes and the epididymides and not the accessory sex

glands.

Seminal round cell counts consisting of WBCs, spermatids and epithelial cells
(Johanisson et al., 2000) are determined during standard semen analyses. White
blood cell validation requires the ability to distinguish between spermatids,
lymphocytes,  macrophages and the  peroxidase-positive  inflammatory
polymorphonuclear neutrophils. Peroxidase positive cells change to a brownish
colour after staining with ortho-toluidine, as described in the WHO (2010) guidelines,
making these cells easily identifiable. The WHO classified seminal peroxidase-
positive cell counts of more than 1 x 10° cells/ml as leukocytospermia.
Leukocytospermia has been reported to be prevalent in 15.0% to 60.7% of semen
samples from men attending infertility centres (Arata de Bellabarba et al., 2000;
Lackner et al., 2006; Moretti et al., 2009).

Most researchers agree that leukocytospermia is correlated with male reproductive
tract infections (Trum et al., 1998; Comhaire et al., 1999; Arata de Bellabarba et al.,
2000), but Barrat and co-workers (1990) were unable to demonstrate an association
between the concentration of seminal peroxidase-positive cells and male genital tract
infections.  The authors recommended that seminal WBCs should be further
differentiated by using monoclonal antibodies. Antibiotic treatment of patients
presenting with leukocytospermia reduced bacterial counts, but not the number of
seminal leukocytes (Krause et al., 2003). This, as well as the absence of raised
leukocyte concentrations in the semen samples from men with known reproductive
tract infections (Zinzendorf et al., 2008), indicate that increased seminal leukocyte
counts are not solely due to genital tract infections. A lower ejaculation frequency
(Anderson & Politch, 1996) and other external environmental influences such as the
consumption of alcohol and the smoking of cigarettes and marijuana, could also result
in increased seminal leukocyte concentrations (Close, Roberts & Berger, 1990).
Various factors could, therefore, contribute to the occurrence of leukocytes in semen
samples and the presence thereof could impact negatively on sperm parameters and
the outcome of ART.

~5~
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Sperm progressive motility rates of patients with leukocytospermia can be
significantly compromised (Yilmaz et al., 2005), whereby fertilization and pregnancy
rates could be reduced (Donnely et al., 1998). Alvarez et al. (2002) reported a
significant increase in DNA fragmentation of spermatozoa originating from
leukocytospermic semen samples. Contaminating leukocytes have been reported to
be a source of reactive oxygen species in processed sperm samples (Aitken, 1995;
Fraczek et al., 2007), resulting in inhibited sperm function due to oxidative stress
(Aitken et al., 1996). The effective removal of leukocytes from semen by processing
reduced the effects of oxidative stress on sperm and resulted in increased rates of
sperm-oocyte fusion (Aitken, 1995).

White blood cells are the predominant target cells of human immunodeficiency virus
(HIV) and increases in the concentration of seminal WBCs in HIV-1 sero-positive
patients correspond with increases in seminal HIV-1 load (Bujan et al., 2002).
Englert et al. (2004) stated that the existence of leukocytes and macrophages in
processed sperm samples from HIV-1 sero-positive male patients, could result in the
transmission of the virus during ART. Therefore, sperm cells that are successfully
isolated from seminal plasma and HIV-1-permissive leukocytes that are present in the
semen samples from HIV-1 sero-positive patients, should be free of HIV-1 and safe to
use during ART (Bujan et al., 2002; Nicopoullos et al., 2004). The effectiveness of
discontinues density gradient centrifugation in combination with a centrifuge tube
insert, for the elimination of in vitro added WBCs, was evaluated and the results are

reported in Chapter 7.

1.2.4 Reactive Oxygen Species

“Reactive oxygen species, defined as including oxygen ions, free radicals and
peroxides” (Tremellen, 2008), cause damage to sperm resulting in male infertility by
oxidative stress (Hammadeh et al., 2006; Tremellen, 2008). Increased concentrations
of reactive oxygen species in semen will result in peroxidation of the cell membrane
phospholipids and ultimately over time, in cell death (De Lamirande & Gagnon 1995;
Fraczek et al., 2007).

~6~
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Fisher & Aitken (1997) reported that male germ cells in various stages of
development can potentially produce reactive oxygen species. However, the
production of reactive oxygen species is the highest by sperm cells that are immature,
containing cytoplasmic droplets and presenting with abnormal head morphology (Gil-
Guzman et al., 2001). Even though sperm cells are capable of generating reactive
oxygen species, the contribution of sperm to seminal reactive oxygen species is low
(Whittington & Ford, 1999). The principal source of reactive oxygen species in
semen is leukocytes (Whittington & Ford, 1999; Henkel, 2005). Seminal bacteria,
could also directly and indirectly through increased leukocyte concentrations, induce

the production of reactive oxygen species (Fraczek et al., 2007).

When the level of seminal reactive oxygen species surpasses the seminal antioxidant
activity, sperm and consequently male fertility, will be impacted negatively
(Tremellen, 2008). Sperm motility is decreased within one hour of contact with
reactive oxygen species by the depletion of intra-cellular adenosine triphosphate (De
Lamirande & Gagnon, 1992). Reactive oxygen species are also known to induce
DNA fragmentation and to decrease sperm fertilizing potential (Hammadeh et al.,
2006). Sperm DNA fragmentation could have deleterious effects on the outcome of
ART (Tesarik, Greco & Mendoza, 2004) and is also associated with early
spontaneous abortion (Zini et al., 2008).

Antioxidant supplementation in vivo could have a therapeutic effect (Aitken, Jones &
Robertson, 2012). Sperm cells are partially protected against the negative impact of
reactive oxygen species, by the antioxidant factors present in human seminal plasma
(Aitken, 1995; Adeel et al., 2012). However, spermatozoa are removed from the
seminal plasma and isolated from the protective anti-oxidants during semen
processing. It is therefore critical that the semen processing method employed for the
removal of seminal plasma is effective in the removal of all reactive oxygen species

and reactive oxygen species producing non-sperm and immature sperm cells.

1.2.5 Biomolecules

Various organic and inorganic compounds vital for several sperm functions are found

in semen. The purpose of free amino acids present in seminal plasma is mainly
~7 ~
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unidentified, however, a reduction in L-carnitine is correlated with poor sperm
motility (Lenzi et al., 2004) and Tyrosine serves as a seminal antioxidant (Cervoni et
al., 1992). Human seminal plasma proteins bind to sperm plasma membranes and
play a role in sperm motility and sperm-oocyte binding (Vickram, Ramesh Pathy &
Sridharan, 2012). Other proteins potentially found in seminal plasma after breaking
of the sperm-testis barrier, are anti-sperm antibodies that could result in male
infertility (Chamley & Clarke, 2007). The identification of thousands of proteins in
seminal plasma by the utilization of proteomics could become a useful tool for the

evaluation of male fertility in the future (Milardi et al., 2012).

Cholesterol is secreted by the prostate gland (Kravets et al., 2000) and is involved in
the capacitation process, a prerequisite for successful fertilization (De Jonge, 2005),
and also stabilizes sperm plasma membranes (Cross, 1998). Seminal trace elements
include zinc and selenium acting as antioxidants (Sheweita, Tilmisany & Al-Sawaf,
2005; Atig et al.,, 2012). Zinc is a primary element involved during DNA
transcription (Ebisch et al., 2007) and is correlated with sperm motility and
concentration (Atig et al., 2012). Potassium and sodium are involved in the sperm
acrosome reaction, a requirement for fertilization (Vickram, Ramesh Pathy &
Sridharan, 2012).

1.2.6 Seminal bacteria

The prevalence of bacteriospermia amongst patients seeking ART ranges between
54.0% and 57.0% (Cottell et al., 2000; Gdoura et al., 2008; Kiessling et al., 2008).
The occurrence of seminal bacteria could be due to urogenital tract infections, or due
to contamination of ejaculated semen samples (Bielanski, 2007). During ART, the
female reproductive tract’s immunological defences are circumvented by the direct
transfer of gametes or embryos into the uterus (Cottell et al., 1997; Krissi et al.,
2004). Bacteria may therefore be inoculated into the uterus, or the in vitro culturing
system, resulting in a potential negative impact on the outcome of ART due to poor
quality embryos, or failed fertilization (Huyser et al., 1991; Cottell et al., 1997,
Cottell et al., 2000; Kastrop et al., 2007).

~8~
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Uterine infections post-1Ul have been reported to be 0.01% (Broder, Sims &
Rothman, 2007) and infections of embryo culture media, ranges between 0.4% and
6.7% (Cottell et al., 1996; Kastrop et al., 2007). Microbial infections of the culture
system during intra-cytoplasmic sperm injection cycles appear to be limited,
suggesting that most of the infections in embryo culture systems are due to bacteria
being introduced into the culture system by contaminated sperm used for in vitro
fertilization (IVF) (Kastrop et al., 2007). Seminal bacteria are inducers of oxidative
stress by the generation of reactive oxygen species (Fraczek et al., 2007) and
producers of toxins during metabolic processes (Moretti et al., 2009). Incubation of
bacteria with sperm in vitro may immobilize sperm cells by adhesion and/or
agglutination, may cause apoptosis and can impair sperm-oocyte interaction (Keck et
al., 1998; Villegas et al., 2005).

Patients with positive pathogenic micro-organism semen cultures should receive
antibiotic treatment to clear the infection prior to ART. However, the treatment of
patients with antibiotics will be unsuccessful in the removal of seminal skin
contaminants. Huyser & co-workers (1991) reported that semen washing with an
extra swim-up step, was superior in the elimination of seminal bacteria when
compared to the treatment of patients with antibiotics. Effective semen processing
procedures for the elimination of seminal bacteria prior to ART are therefore required,
and are discussed in Chapter 3 and the effectiveness reported on in Chapter 6.
Bacteria that are relevant to ART will be discussed in the following section, in the

order of size and complexity as described by Elder & co-workers (2004).

1.2.6.1 Intra-cellular and non-culturable micro-organisms
The diagnosis of genital tract infections with bacteria from this group is problematic,
because there is currently no in vitro method to isolate and identify these bacteria
using standard microbiology culture techniques. Polymerase chain reaction analyses
of semen samples even though costly is, therefore, the most viable method for
detecting these bacteria in semen samples of men seeking ART (Hosseinzadeh, Eley
& Pacey, 2004).

(i) Chlamydia trachomatis, Chlamydophila pneumoniae and Chlamydophila

psittaci are Gram-negative species from the group, Chlamydiae, that infects
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humans (Kuo et al., 1995). The subtypes L1-L3 and D-K of C. trachomatis
are sexually transmitted and can cause sexually transmitted diseases (Keck et
al., 1998; Elder, Baker & Ribes, 2004; Eley et al., 2005). The prevalence of
the bacterium depends on the patient population and ranges between 4.9% in
Europe (Hosseinzadeh et al., 2001) to 41.4% in North Africa (Gdoura et al.,
2008). The main negative impact of infection with the bacterium is female
infertility due to inflammation and blocking of the fallopian tubes (Eggert-
Kruse et al., 1996; Keck et al., 1998). Chlamydia trachomatis causes sperm
DNA damage and is accountable for 50.0% of non-gonococcal and most of

gonococcal urethritis (Gallegos et al., 2008).

Chlamydia trachomatis can be found in seminal plasma as a metabolically
inactive elementary body, or as an intra-cellular metabolically active
replicating reticulate body (Hosseinzadeh et al., 2001). Elementary bodies
attach to and will penetrate sperm whereby the bacterium will be transported
into the female reproductive tract (Erbengi, 1993). Hosseinzadeh et al. (2001)
suggested that sperm could be exposed to elementary bodies during ejaculation
and sperm viability might only be affected during the hours after ejaculation
due to the delayed formation of reticulate bodies. The negative impact of C.
trachomatis on spermatozoa parameters may consequently be overlooked.
Furthermore, due to the penetration of the bacterium into sperm, semen
decontamination procedures will be ineffective for the removal of this
pathogenic micro-organism prior to ART. Patients should thus be screened for
the chlamydial infections and if needed treated prior to ART (Paavonen &
Eggert-Kruse, 1999).

1.2.6.2 Cell wall deficient micro-organisms

Bacteria from the family Mycoplasmataceae (Kilic et al., 2004) are cell-wall deficient
and include the mycoplasmas and ureaplasmas that are naturally found in the male
reproductive tract (Gdoura et al., 2007). These bacteria could, however, result in
genitourinary tract infections (Gdoura et al., 2007). The most prevalent of the genital
mycoplasmas are M. hominis and U. urealyticum which are found in 9.6% to 23.8%
(Gdoura et al., 2008; Zinzendorf et al., 2008) and 9.0% to 39.0% (Knox et al., 2003;
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Zinzendorf et al., 2008; De Francesco et al., 2011) of semen samples from men

attending infertility centres, respectively. Ureaplasma parvum and M. genitalium are

less prevalent and is found in 3.0% and 5.0% of semen samples from men attending

infertility units, respectively (Gdoura et al., 2008). Mycoplasma hominis and

U. urealyticum will be presented in the following section:

(i)

(i)

Mycoplasma hominis attaches to and penetrates sperm (Diaz-Garcia et al.,
2006), resulting in the possible transport of the pathogen into the female
reproductive tract, or through density layers during density gradient
centrifugation. Colonization of the female reproductive tract with M. homonis
is increased among sexually active women with multiple sexual partners,

illustrating the sexual route of transmission (Gupta et al., 2009).

The bacterium has been demonstrated to impair the sperm acrosome reaction
and to reduce sperm motility in vitro, possibly indirectly by bacterial
metabolites, as well as directly by its attachment to spermatozoa (Kohn et al.,
1998). The attachment of M. hominis to sperm has been reported to have a
negative impact on sperm morphology by causing midpiece and tail alterations
(Diaz-Garcia et al., 2006).

The variation in the prevalence of U. urealyticum could be explained by the
diversity of the detection methods and due to the fastidious nature and
complicated culture of the bacterium (Gdoura et al., 2007; Gdoura et al.,
2008). Male patients with U. urealyticum infection in the reproductive tract
could be asymptomatic carriers of the micro-organism (22.0%), or some of the
most common symptoms as described by Zdrodowska-Stefanow and co-
workers (2006) could be experienced: “dysuria (68.9%), hypogastric pain
(42.2%) and reddening of the external meatus of the urethra and/or glans penis
(26.7%)”. Ureaplasma urealyticum attaches to and penetrates sperm where it
replicates in situ (Nunez-Calonge et al., 1998) and where, due to the urealytic
activity of the bacterium releases ammonium ions that is toxic to sperm
(Abdulrazzak & Bakr, 2000).
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In vitro incubation of sperm with U. urealyticum resulted in decreased sperm
motility and damage to cell membranes (Nunez-Calonge et al., 1998).
Colonization of the male reproductive tract with U. urealyticum has been
reported to be correlated with reduced sperm concentration, increased seminal
viscosity (Wang et al., 2006) and decreased sperm vitality (Rybar et al., 2012).
Nevertheless, IVF rates do not seem to be influenced by U. urealyticum
(Shalika et al., 1996; Kohn et al., 1998; Kanakas et al., 1999). However,
reported higher abortion rates and reduced implantation rates in U.
urealyticum-positive couples suggest that factors such as endometritis are also
involved in the compromised fertility due to the bacterium (Shalika et al.,
1996; Kanakas et al., 1999).

1.2.6.3 Gram-negative bacilli

Gram-negative bacilli that are relevant to ART include Pseudomonas spp.,
Klebsiella pneumonia, Enterobacter cloacae and Escherichia coli. Escherichia coli
belonging to the family Enterobacteriaceae (Reddy et al., 2007; Tumbarello et al.,
2007), is by far the most prevalent bacterium from this group, with an incidence of
7.0% to 20.0% in semen samples from men attending infertility units (Huyser et al.,
1991; Sanocka-Maciejewska, Ciupinska & Kurpisz, 2005). Escherichia coli is known
to colonize and infect the male reproductive system causing epididymo-orchitis and
chronic prostatitis (Pellati et al., 2008). The bacterium attaches to sperm within
minutes after contact, impacting negatively on sperm motility by causing sperm
defects in the midpiece and tail (Diemer et al., 2000; Diemer et al., 2003).
Furthermore, E. coli may inhibit the initiation of the acrosome reaction whereby
sperm fertilizing potential and the outcome of ART could be compromised (Diemer et
al., 2000; Diemer et al., 2003). The attachment of E. coli to sperm could result in the
micro-organism being transported into the female reproductive tract resulting in

cervical colonization and decreased pregnancy rates after ART (Fanchin et al., 1998).

1.2.6.4 Gram-negative cocci
Neisseria gonorrhoea is a sexually transmitted pathogen belonging to the family
Neisseriaceae (Fredlund et al., 2004). The bacterium predominantly colonizes the

mucous membranes of the urogenital tract in humans (Rhoton-Vlasak, 2000).
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Infection of male patients cause urethritis resulting in compromised male fertility
(Pellati et al., 2008). The micro-organism attaches to sperm within fifteen minutes
after contact in an in vitro culture environment (James-Holmquest et al., 1974).
Immunoelectron microscopy indicated that after attachment the bacterium penetrates
sperm where it replicates within vacuoles in the cytoplasm (Apicella et al., 1996).
The bacterium could, therefore, be transported by sperm into the female reproductive
tract (Gomez et al., 1979) and semen decontamination procedures would be
unsuccessful to separate sperm from the pathogen. Infection in the female
predominantly occurs at the endocervix (Rhoton-Vlasak, 2000; Pellati et al., 2008)
and is mostly asymptomatic. = Therefore, these patients may remain untreated for
prolonged periods of time leading to complications such as gonorrhoeal disease
(Rhoton-Vlasak, 2000). Early detection by selective screening of patient populations
with a high probability of infection (Domes et al., 2012), followed by antibiotic

treatment of infected patients are, therefore, critical (Tapsall, 2005).

1.2.6.5 Gram-positive cocci

The most prevalent seminal Gram-positive cocci among patients attending infertility
centres are listed below and are from the Staphylococcaceae family (Dissemond,
2009):

(i) Staphylococcus aureus is found as part of the normal flora on the skin and in
nasal passages, and is present in 7.0% (Sanocka-Maciejewska, Ciupinska &
Kurpisz, 2005) to 8.0% (Shalika et al., 1996) of semen samples.

(if) Coagulase-negative staphylococci include Staphylococcus epidermidis. This
bacterium is found as part of the normal flora on the skin and it has been
reported to be present in 15.0% (Cottell et al., 2000) to 49.0% of semen
samples (Huyser et al., 1991).

(iii) Enterococcus faecalis is found as part of the normal flora in the
gastrointestinal tract and has been reported to be present in 16.0% of semen
samples from men attending an infertility unit (Huyser et al., 1991).

Most Gram-positive bacteria should be considered as normal flora in the male
reproductive tract (Huyser et al., 1991; Purvis & Christiansen, 1993), that do not
attach to sperm and processing of semen by discontinuous density gradient

centrifugation should be effective to remove these bacteria from semen.
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1.2.7 Seminal viruses

Semen is a major vector for the vertical and horizontal, or nosocomial transmission of
sexually transmitted infections during intercourse and ART (Englert et al., 2004;
Bezold et al., 2007). Healthcare workers assisting patients with ART should be aware
of the prevalence of specific blood borne viruses in the geographical patient
population that they assist. This will allow for a comprehensive and cost-effective
screening program for the detection of a blood borne virus to be established.
However, the identification of a male patient with a sexually transmitted viral
infection should not result in the refusal of ART to the couple (Gilling-Smith et al.,
2005). Depending on the specific virus that is identified, these patients should rather
be referred for counselling, followed by the implementation of proven risk reduction
procedures and ART (Huyser & Fourie, 2010). The effectiveness of semen
decontamination procedures depend on the specific viral infection. Viruses most

relevant to ART will be presented in the following section.

1.2.7.1 Double-stranded deoxyribonucleic acid (DNA) viruses
Double stranded DNA viruses include the family Herpesviridae (Chisholm & Lopez,
2011) [herpes simplex virus (HSV), Epstein-Barr virus (EBV), cytomegalovirus,
human herpes viruses (HHV)], human papillomaviruses (HPV) and hepatitis B virus
(HBV). Viruses belonging to this group cause lifelong latent infections that could
result in reactivation of the viruses followed by disease (Decker et al., 1996; Strickler
et al., 2005; Sinclair & Sissons, 2006; Ikeda, 2013).
() Herpes simplex viruses (HSV) type 1 and 2 are transmissible by sexual contact
and causes incurable, but treatable genital ulcer disease (Bezold et al., 2007;
White et al. 2008). Herpes simplex virus type 1 was originally mostly
associated with oral lesions and was predominantly contracted during
childhood (Elder, Baker & Ribes, 2004). EIl Borai et al. (1998) stated that,
due to an increase in the incidence of HSV-1, genital lesions caused by HSV
type 1 and 2 are equally prevalent. The prevalence of seminal HSV among
men attending infertility centres ranges between 3.7% to 49.5% as was
determined in studies performed in North America (Bezold et al., 2007) and
Greece (Kapranos et al., 2003), respectively. Infection of male patients with

the virus has been reported to decrease sperm concentration and motility
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(Kapranos et al., 2003; Bezold et al., 2007). Furthermore, HSV infection has
been reported to increase the male to female transferral rate of HIV-1 (Butler
et al., 2008), due to increased HIV-1 shedding in semen (Nagot et al., 2007).
A meta-analysis by Wald and Link (2002) indicated that the risk of contracting
HIV-1 is increased twofold among patients that are HSV-2 sero-positive.
Kotronias and Kapranos (1998) demonstrated the attachment of HSV to sperm
and Michou et al. (2012) reported the presence of HSV in 59.38% of
processed sperm samples from men sero-positve for HSV.

(ii) Epstein-Barr virus (EBV) is primarily transferred by salivary contact during
childhood and more than 90.0% of the global population become infected
(Thompson & Kurzrock, 2004). Most individuals are lifelong asymptomatic
carriers of the virus (Thompson & Kurzrock, 2004; Cohen, 2000), though
primary infection during adolescence, or adulthood could result in infectious
mononucleosis, also called glandular fever (Anagnostopoulos et al., 1995).
Furthermore, EBV is associated with malignant lymphomas, namely
Hodgkin’s disease (Glaser et al., 1997), Burkitt’s lymphoma and others
(Thorley-Lawson & Gross, 2004). Epstein-Barr virus is present in 0.4% to
45.0% of semen samples from men attending infertility centres in North
America and Greece, respectively, suggesting a sexual route of transfer
(Bezold et al., 2007; Michou et al., 2012). Attachment of the virus to sperm
has not been demonstrated. Nevertheless, the failure of semen processing
procedures to remove the virus from 22.45% of semen samples (Michou et al.,
2012), could be interpreted as a potential attachment of the virus to sperm.

(iii) The human herpesviruses (HHV) that are relevant to ART include HHV type
6, 7 and 8. Human herpesvirus type 6 and 7 are associated with neurological
disorders (Ward et al., 2005) and are present in 8.2% to 13.5% (Kaspersen,
2012; Michou et al., 2012) and 3.6% to 4.2% (Kaspersen, 2012; Michou et al.,
2012) of semen samples, respectively. Kaspersen et al. (2012) demonstrated
the attachment of HHV-6 to the sperm acrosome by confocal microscopy. The
association of HHV-7 with sperm cells have not been reported. Human

herpesvirus type 8 is less prevalent in semen than HHV-6 and 7 (Diamond et
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al., 1997; Kaspersen, 2012) and is mostly found in oropharyngeal samples
such as saliva (Pauk et al., 2000). The virus is associated with Kaposi’s
sarcoma (Glaser et al., 1997) and has been reported to penetrate sperm
(Bagasra et al., 2005). The attachment to and the penetration of HHV into
sperm cells will result in the failure of semen decontamination procedures to

remove these viruses from sperm prior to ART.

(iv) Cytomegalovirus infections are generally asymptomatic and most adults

(v)

(50.0% to 95.0%) test positive for cytomegalovirus antibodies (Bresson et al.,
2003). Viral shedding into semen results in the virus being present in 8.7% to
43.0% (Bezold et al., 2007; Michou et al., 2012) of semen samples from men
attending infertility centres in North America and Greece, respectively.
Infection of the female partner during pregnancy, or activation of the virus
from the latent state could be detrimental (Berry & Lal, 2012) by causing an
array of clinical outcomes, from spontaneous or therapeutic abortions, intra-
uterine death to multiple congenital abnormalities associated with cytomegalic
inclusion disease, including blindness. Congenitally infected children can also
present with deafness, dental or other developmental delays (Wong et al.,
2000; Luck & Sharland, 2008). Pallier et al. (2002) performed electron
microscopy after the in vitro incubation of cytomegalovirus with sperm. The
researchers stated that 4.0% of sperm had viral particles in close proximity to
the sperm membranes, suggesting the potential for virus-sperm attachment.
Semen processing by discontinuous density gradient centrifugation followed
by a wash step, has been ineffective in the removal of the virus from 89.4% of
semen samples positive for the virus (Michou et al., 2012).

Human papillomavirus (HPV) is a member of the Papillomaviridae family (De
Villiers, 2013) with numerous subtypes of which HPV type 16, 18 and 33 are
the predominant sexually transmitted subtypes (Dillner et al., 1996). The virus
infects cutaneous and mucous squamous epithelial cells (Perino et al., 2011)
and is associated with genital warts (Olatunbosun, Deneer & Pierson, 2001) as

well as anogenital cancers (Zur Hausen, 2009).
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The virus was found in 53.0% of semen samples from men with HPV
infections and in 8.0% of semen samples from asymptomatic men, in a
Canadian study (Olatunbosun, Deneer & Pierson, 2001). Flores-Sanchez et al.
(2010) detected HPV-16, HPV-18, or both viruses in 29.6%, 16.1% and 14.1%
of semen samples from men attending an infertility centre in France,
respectively. Richter et al. (2013) reported that HPV-16 and/18 were detected
in 19.5% of women attending public sector primary healthcare clinics in
Gauteng Province, South Africa. Infection of the male partner is mostly
asymptomatic however infection of the female partner, specifically with HPV-
16 and 18, is a major cause of cervical cancer (Harper et al., 2004; Nielson et
al., 2007). Human papillomavirus infection during pregnancy could result in
spontaneous abortion (Hermonat et al., 1997; Perino et al., 2011), or vertical
transmission of the virus to offspring (Cason & Mant, 2005) which could lead
to recurrent respiratory papillomatosis (Rabah et al., 2001). Even though HPV
infection was not correlated with reduced pregnancy rates following ART
(Perino et al., 2011), the virus has been reported to cause male infertility by
reducing sperm motility (Lai et al., 1997; Garolla, 2013). Furthermore HPV
has also been reported to be associated with the formation of antisperm
antibodies that could potentially result in autoimmune infertility (Garolla,
2013). Infection with HPV during ART would therefore, be detrimental to
pregnancy. Lai et al. (1997) and Foresta et al. (2010) reported that HPV
penetrates sperm cells and semen processing has been reported to be

ineffective in the removal of HPV from sperm (Foresta et al., 2011).

(vi) Hepatitis B virus (HBV) is part of the Hepadnaviridae family (Hu et al., 2000)
and a major cause of hepatitis, cirrhosis and hepatocellular carcinoma (Perz et
al., 2006; Oger et al., 2011). In countries with high HBV endemicity (such as
South Africa), perinatal transmission is the major route of transmission, with
horizontal transmission in childhood second (Lavanchy, 2004; Lok &
McMahon, 2009). In areas with low HBV endemicity, sexual contact and
needle sharing amongst high-risk adults are the predominant routes of transfer
(Struve et al., 1990). The chronicity of HBV infection is age dependant with
5.0%, 30.0% and 90.0% of adults, children and neonates developing chronic
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hepatitis B, respectively (Hoofnagle et al., 2007). Hepatitis B virus
vaccination has, therefore, been included in the South African Expanded
Programme of Immunisation since 1995 (Spearman et al., 2013). The virus is
present in 33.0% of semen samples from men with acute hepatitis (Hadchouel
et al., 1985). Infection is correlated with reduced embryo implantation and
pregnancy rates following ART (Pirwany et al., 2004; Oger et al., 2011; Zhou
et al., 2011). Male fertility could be compromised by HBV infection due to
decreased sperm-zona binding and fertilization rates (Pirwany et al., 2004).
Furthermore, infection of male patients is correlated with reduced sperm
concentration, morphology, motility and viability (Lorusso et al., 2010; Zhou
et al.,, 2011). The presence of HBV DNA within sperm cells has been
demonstrated (Hadchouel et al., 1985; Huang et al., 2002), and semen
processing procedures would, therefore, be ineffective in the removal of HBV
from sperm prior to ART. The female partner from an HBV sero-discordant
couple could be vaccinated against HBV, but the virus may still be transferred
into the oocyte by infected sperm resulting in vertical transmission of the virus
(Honeck et al., 2006).

1.2.7.2 Single-stranded ribonucleic acid (RNA) viruses
Viruses belonging to this group include the hepatitis C and D viruses (HCV and
HDV).

(i) Hepatitis C virus (HCV) is part of the Flaviviridae family (Agnello et al.,
1999). Most HCV infected individuals are chronically infected with an
increased risk of chronic liver disease, cirrhosis and liver cancer (Alter, 2007).
The virus is small (~10 000 nucleotides) with no reverse transcriptase activity
and can, therefore, not be integrated into the DNA of host cells (Levy et al.,
2000), allowing for treatment and curability of the virus (Seeff & Hoofnagle,
2002). The effect of HCV infection on sperm parameters is controversial.
Garrido et al. (2005) reported that HCV infection had no negative impact on
sperm parameters, while Moretti et al. (2008) demonstrated decreased sperm
motility parameters as well as increased sperm apoptotic and necrotic statuses
among HCV sero-positive patients. Even though HCV RNA is present in
20.0% to 38.0% of semen samples from HCV sero-positive patients (Leruez-
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Ville et al., 2000; Bourlet et al., 2009), the sexual transmission rate of the
virus is said to be low (Pasquier et al., 2000; Garrido et al., 2004). Rooney &
Gilson (2006) reported that the probability of the sexual partner of a
chronically infected individual to contract the virus is 0% to 3.0%. Most HCV
sero-conversions are due to needle sharing between illegal drug users (Alter &
Moyer, 1998; Kane et al., 1999; Alter, 2007). Therefore, due to the low
probability of sexual transmission of the virus and the inability of the virus to
integrate into the DNA of host cells, semen decontamination procedures
should be effective in the purification of sperm samples from HCV sero-
positive male patients. The effectiveness of semen processing for the

elimination of HCV from semen is discussed in Chapter 3.

(if) The Hepatitis D (HDV) virus contains an extremely small single stranded
RNA genome (~1679 nucleotides) that lacks the ability to self-replicate
(Taylor, 2006; Rizzetto, 2009). The virus is thus considered as defective, is
not classified into a viral family (Howard, 2002) and belongs to its own
separate genus (Deltavirus) (Hughes, Wedemeyer & Harrison, 2011).
Hepatitis D virus is dependent on HBV for the synthesis of proteins relevant to
assembly and propagation, therefore, individuals that are sero-positive for
HDV will be co-infected with HBV (Taylor, 2006). Farci (2003) reported that
5.0% of HBV infected individuals, globally, are co-infected with HDV.
Individuals super-infected with HDV in combination with HBV have a much
greater risk of developing liver failure compared to patients solely infected
with HBV (Taylor, 2006). The virus is present in bodily fluids and can be
transferred via sexual intercourse (Elder, Baker & Ribes, 2004). Due to the
presence of HBV and HDV within spermatozoa, semen decontamination
procedures will be ineffective to remove the virus from sperm samples and
ART for patients infected with HBV and HDV should not be considered.
These patients should rather be counselled on preventing transmission of the

viruses.
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1.2.7.3 Retroviruses
Retroviruses relevant to ART include human immunodeficiency virus (HIV) type 1
and 2 as well as human T-lymphotrophic virus (HTLV) type 1 and 2.

(i) Human immunodeficiency virus (HIV) is the most relevant virus to ART. The
virus can be transferred from mother to child (intra-uterine, intra-partum, or
during breastfeeding), or by needle sharing between drug users (Bruneau et al.,
1997). However, sexual intercourse is the major route of transmission of the
virus and HIV has been detected in 6.6% to 25.0% of semen samples from men
with blood viral loads below the lowest limit of detection (Lambert-Niclot et
al., 2012; Politch et al., 2012). Two types of the virus namely HIV-1 and HIV-
2 belong to the genus Lentiviruses in the family Retroviridae (King, Adams &
Lefkowitz, 2012). These viruses have been documented causing lifelong,
subclinical, asymptomatic infections and ultimately resulting in the
degeneration of organs, cachexia and death (Narayan & Clements, 1989;
Manavi, 2006). The occurrence of HIV-2 is, however, limited to mostly
Western Africa, the virus is less infectious and infection result in less viral
copies in plasma when compared to HIV-1 (Popper et al., 1999; McCutchan,
2006). Human immunodeficiency virus type 1 is categorized into three groups
namely M, O and N, respectively. Group M is the major cause for the HIV-1
pandemic (Vidal et al., 2000; McCutchan, 2006) and is further divided into
different subtypes of which subtype A, C, D, G, H and a circulating
recombinant form (02_AG) are the most prevalent subtypes in Africa (Vidal et
al., 2000; Bikandou et al., 2000; McCutchan, 2006; Hemelaar, 2012). The
prevalence of HIV in South Africa has been reported to be 17.4% and 13.3%
for female and male patients between the ages of 15 to 49, respectively
(Statistics South Africa, 2013). These patients are within their reproductive
years and many of them (29.0%) have the desire to have genetically related
offspring (Myer, Morroni & Rebe, 2007). However, the potential of the virus
to bind to and penetrate sperm is much debated (Baccetti et al., 1994; Quayle et
al., 1998; Pudney et al., 1999; Barboza et al., 2004). Furthermore, the sero-
positivity of patients, specifically in patients with reduced CD4 counts, is
correlated with reduced sperm motility, concentration and outcome of Ul

(Nicopoullos et al., 2004). Treatment of HIV-1 sero-positive male patients
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with highly active antiretroviral therapy should, therefore, precede semen
decontamination procedures and ART when assisting patients with reduced
CD4 counts (<300 copies/ml). Risk reduction procedures during ART for
HIV-1 sero-positive patients are described in Chapter 3 and the effectiveness of
density gradient centrifugation with a centrifuge tube insert was evaluated and

the results are reported in Chapter 8.

(i) Human T-lymphotrophic virus (HTLV) has been classified in the genus
Deltaretrovirus of the Retroviridae family (King, Adams & Lefkowitz, 2012).
Two types of the virus exist namely HTLV-1 and HTLV-2, however, only
HTLV-1 is associated with human diseases (Goncalves, 2010). Even though
90.0% of infected individuals remain asymptomatic lifelong carriers of the
virus (Taylor et al., 1999; Goncalves et al., 2010), infection could result in
adult T-cell leukemia, or neurodegenerative disease (Marriott & Semmes,
2005). The global prevalence of the virus is low, except for specific patient
populations in the south-western parts of Japan with a viral prevalence of
27.0% (Mueller et al., 1996). The South African prevalence of the virus has
been reported to be 0.01% (Du Plessis, Webber & Saayman, 1999). The major
route of vertical transmission of the virus is by breastfeeding (Proietti et al.,
2005). Genital secretions do contain HTLV-1 and the virus can, therefore, be
transferred via sexual contact (Zunt et al., 2002). Epelboin (2011) stated that
the guidelines for patient screening followed by decontamination procedures,
as is performed for HIV sero-positive patients, should also be considered for
HTLV-1 sero-positive patients. However, the impact of HTLV-1 on sperm
parameters and if the virus attaches to sperm cells have not been reported. The
effectiveness of semen processing for the removal of the virus from semen and

the safety of ART for HTLV-1 sero-positive patients is, therefore, not known.
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1.2.7.4 The association of viruses with spermatozoa

The association of viruses with sperm cells is summarized in Table 1.1.

Table 1.1: The association of viruses with sperm cells.

Virus Association with sperm

Reference

Double-stranded DNA viruses

e Herpes simplex virus

Attaches to sperm

e Epstein-Barr virus e Attachment not been demonstrated

e Semen processing failed to remove the virus

from 22.45% of samples

e Human herpes virus e Penetrates sperm

e Cytomegalovirus ¢ Virus potentially attached to sperm

e Semen processing failed to remove the virus

from 89.36% of samples

e Human papillomavirus e Penetrates sperm

e Hepatitis B virus o Penetrates sperm

(Kotronias & Kapranos, 1998)

(Michou et al., 2012)

n

(Glaser et al., 1997)

(Michou et al., 2012)

n

(Laietal., 1997)

(Hadchouel et al., 1985)
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Table 1.1 (Continue): The association of viruses with sperm cells.

Virus

Association with sperm

Reference

Single-stranded RNA viruses

e Hepatitis C virus

e Hepatitis D virus

e Sperm are not target cells for the virus

e Semen processing has been confirmed to be
effective in removal of the virus

e Hepatitis D virus is dependent on Hepatitis B virus

(which has been confirmed to penetrate sperm)

(Briat et al., 2005)
See Table 3.6 (page 88)

(Taylor, 2006)
(Huang et al., 2002)

Retroviruses

e Human immunodeficiency virus

e Human T-cell leukaemia virus

e The attachment and penetration of virus into sperm
is debated

e Association with sperm and effectiveness of semen

processing for removal of the virus is not reported

See Table 3.3 (page 83)
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