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Introduction

In 1981, the Centers for Disease Control (CDC) reported about five men in Los Angeles with 

an idiopathic Pneumocystis carinii pneumonia, which in adults is a rare life-threatening 

opportunistic infection 1. In the same year a report was published about an aggressive form 

of Kaposi’s sarcoma amongst young gay men in New York 2. In retrospect, these two reports 

mark the beginning of the acquired immunodeficiency syndrome (AIDS) epidemic. Initially, 

the disease was called ‘gay-related immune deficiency (GRID) 3,4. When it became clear that 

homosexuals were not exclusively affected, the name of the syndrome was changed into 

‘AIDS’ in 1982 5-7. One year later, it became clear that AIDS was caused by an unknown sexually 

transmitted infectious agent 8,9.

A retrovirus that possibly caused AIDS was discovered in 1983 by Luc Montagnier of the 

Pasteur Institute in France, and was named ‘the lymphadenopathy associated virus (LAV)’ 10. 

In 1984, ‘the human T-cell lymphotropic virus type-3 (HTLV-III)’ was isolated by Robert Gallo 

of the National Cancer Institute in the United States 11. Both viruses were later shown to be 

identical and the virus was renamed ‘human immunodeficiency virus type-1 (HIV-1) 12.

From its initial presentation in the early nineteen eighties until 1996, HIV-1 infection almost 

inevitably led to AIDS, which was a death sentence. Life expectancy after the diagnosis 

was on average only ten months in 1987, and 20 months in 1990 after the introduction 

of zidovudine 13. Because of such a short life expectancy, patients were advised to delay 

pregnancy 14. Couples with one HIV-1-infected partner, i.e. HIV-1-discordant couples, had a high 

risk of infecting the uninfected partner, i.e. horizontal transmission, and HIV-1-infected women 

had a high risk of infecting their child, i.e. vertical transmission 14,15. As a consequence, these 

couples were advised to always use condoms, irrespective of other contraceptives. If women 

nonetheless did become pregnant, they were advised to undergo first-trimester abortion 16. 

To reduce the risk of horizontal HIV-1 transmission, in the era before data on HIV-1 in semen or 

spermatozoa were available, the Italian gynaecologist Semprini started in 1990 with intra uterine 

inseminations (IUI) of HIV negative women with semen from their HIV-1-infected partners 17. 

In the hope to select HIV-1 free motile spermatozoa, Semprini processed semen of HIV-1-

infected men by combining density-gradient centrifugation with swim-up of spermatozoa. 

After HIV testing, the final sperm fraction was used for intra uterine insemination (IUI). 

Unfortunately, the sperm-yield after this type of semen processing was low, and therefore only 

men with good semen qualities qualified for treatment. 
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For more than 10 years, Semprini remained the only clinician providing fertility care for HIV 

couples and he received a lot of criticism from his colleagues 18. Arguments against IUI with 

processed sperm during that era were: (1) the short life expectancy (2) the immunofluorescence 

test with monoclonal antibodies against HIV p17 that was used to detect any residual HIV in 

processed semen before insemination had very low sensitivity and therefore a high chance 

of a false-negative result, and (3) the CDC reported a case of HIV-1 transmission after IUI with 

processed semen in 1990, although in this specific case the semen was not tested for HIV before 

insemination 19.

In 1996, the introduction of highly active antiretroviral therapy (HAART) led to a spectacular 

increase in life expectancy, AIDS-free survival, and quality of life of HIV-1-infected men and 

women with access to this therapy 20. The changes in the AIDS epidemic caused by HAART 

led to the publication of numerous ethical debates in authoritative journals with a plea to 

reconsider the ban on reproduction for HIV-1-infected couples 21-23. The first argument to 

offer HIV-1-infected couples artificial reproductive technologies was “harm minimisation”. IUI 

with processed semen dramatically decreased the chance of horizontal HIV-1 transmission, 

as seroconversions of the treated women or their offspring after IUI with HIV negative sperm 

had never been described 24. Withholding these techniques could lead patients to practice 

unprotected intercourse with an unknown but certainly higher risk of HIV-1 infection. Second, 

in 1998 the US Supreme Court declared that an asymptomatic HIV-1 infection should be 

considered a handicap falling under the protection of the Americans with Disabilities Act 

(ADA) 25. As discrimination of people with any handicap under the ADA is unlawful, it was 

felt that the categorical exclusion of people with a HIV infection from assisted reproductive 

technology programs was also unlawful 26. The third moral argument was that medical 

interventions should not be discriminatory. Couples with HIV infection were not essentially 

different from couples with other chronic diseases or couples with an increased chance of 

having offspring with anomalies. Assisted reproductive technologies were already offered 

to couples with for example diabetes, and to women in their forties who have an increased 

chance of having a child with Down’s syndrome. The final argument was that a doctor had to 

respect a patient’s autonomy when the risks seemed acceptable, even if the patient’s values, 

preferences and decisions conflicted with those of his own.

It were these debates that gradually changed the initial unwillingness to accept HIV-1-infected 

couples into assisted reproductive technologies programs. In addition, far more sensitive 

polymerase chain reaction-based methods to detect the presence of HIV-1 not only in blood 
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but also in other body fluids including semen had become available since 1996 27. Following 

this mindshift, Semprini’s method has been copied and refined by many others 28,29.

While IUI and other reproductive technologies like in vitro fertilization (IVF) and intra 

cytoplasmatic sperm injection (ICSI) for HIV-1-infected patients were carefully being 

introduced in clinical practice, there was an important change in HIV-1 treatment policy 

caused by concerns for long-term side effects of HAART. These concerns resulted in 2002 in 

new guidelines for the treatment of HIV, which advised to postpone antiretroviral therapy until 

CD4 levels around 200 cells/mm3 were reached 30.

Background of the research described in this thesis

When we started the studies described in this thesis, possible implications of delaying HAART 

treatment in HIV-1-infected patients, thus lengthening exposure to untreated infection, on 

semen qualities were unknown. Longitudinal data concerning any potentially detrimental 

effects of HAART on semen quality were also very limited 31. These data were urgently 

needed, because a negative effect of either HIV-1 infection or HAART on semen quality 

would exclude many men from this technique, as the sperm-yield after semen processing is 

low 17,32. An important goal of our research therefore was to evaluate the effects of both the 

natural course of HIV-1 infection and of HAART on semen quality in HIV-1-infected men. 

Some of the long-term side effects of HAART, including, but not limited to, lipid abnormalities, 

insulin resistance, premature atherosclerosis, neuropathy and lipodystrophy may at least 

partially be mediated by mitochondrial toxicity 33-37. Mitochondrial toxicity could theoretically 

also affect spermatozoa, thereby leading to their functional impairment, i.e. reducing their 

motility and fertilization potential. We therefore also set out to try and explore possible 

mitochondrial toxicity of HAART against spermatozoa.

In order to exhibit toxic effects on spermatozoa, antiretroviral agents have to penetrate into 

the male genital tract 38. Data on penetration in seminal plasma were not available for all 

antiretroviral drugs, particularly the more recently introduced ones. Therefore, we evaluated 

drug concentrations of didanosine alone or when combined with tenofovir in seminal plasma 

and concentrations of atazanavir in seminal plasma. 

It has been suggested that the male genital tract is a sanctuary site for HIV-1, which is defined 

an anatomical site that is highly impermeable to (some) antiretroviral drugs, and in which 
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viral replication may continue during systemic treatment, thus allowing the local selection of 

drug-resistant strains 38. Absence of adequate local drug concentrations and the presence of 

cells that are susceptible to HIV-1 are two prerequisites for defining a viral sanctuary site. As 

no data existed on HIV-1 susceptible cells in the male genital tract, we evaluated the presence 

of HIV-1 susceptible cells in semen.

Finally, we aimed to evaluate the effectiveness of our clinical practice of IUI with processed 

semen of HIV-1-infected men in the Netherlands, and tried to investigate which risks the 

couples undergoing IUI were willing to accept in order to conceive, and to explore anxiety for 

HIV-1 transmission amongst these couples. 

Outline of the thesis

In CHAPTER 2 we give an overview of the presence of HIV-1 in the male and female genital 

tract and the effect of HIV-1 and HAART on male and female fertility. We report available 

data concerning artificial reproductive technologies for HIV-1 positive men and women and 

introduce an algorithm for the reproductive treatment of couples of which both partners are 

infected with HIV-1. 

In CHAPTER 3 we report the unique case of a semen donor who became HIV-1 infected and 

describe this man’s semen quality before acquiring HIV-1 infection, during the stage of primary 

HIV-1 infection, and finally during chronic stage of infection.

In CHAPTER 4 we describe the course of semen quality during 96 weeks of observation of 

untreated HIV-1 infection. A cohort of 55 men with variable prior duration of HIV-1 infection, 

but without previous or current antiretroviral therapy, underwent biannual blood and 

semen analyses. We examined the changes in semen parameters over time using a repeated 

measurements mixed-effects model.

In CHAPTER 5 we describe the course of semen quality during 48 weeks of highly active 

antiretroviral therapy (HAART). We hypothesized that HAART may result in lower semen 

quality, possibly because of mitochondrial toxic effects of HAART on spermatozoa. Thirty-four 

men with different estimated duration of HIV-1 infection, who were about to start various 

combinations of HAART, underwent blood and semen analyses before the start of HAART 

and 4, 12, 24, 36 and 48 weeks thereafter. The effect of HAART on semen parameters was 

examined by a repeated measurements procedure using a mixed-effects model. 
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In CHAPTER 6 the effect of HAART on mitochondrial DNA (mtDNA) content in spermatozoa as 

a possible marker for mitochondrial dysfunction is described in a subgroup of 10 patients of 

our HAART-treated cohort described in CHAPTER 5. A quantitative real-time duplex nucleic 

acid-based amplification assay was used to determine mtDNA content longitudinally before, 

and 4, 12, 24, 36 and 48 weeks after start of HAART. Using the same method mtDNA content 

was also measured in spermatozoa from a semen donor with documented seroconverion 

for HIV-1.

In CHAPTER 7 and CHAPTER 8 we measured concentrations of didanosine (ddI), tenofovir 

(TFV) and atazanavir (ATV) in seminal plasma and compared these to concentrations in 

blood plasma.

In CHAPTER 9 we quantified the presence of HIV-1 susceptible cells in semen of HIV-1-infected 

men using HAART, HIV-1-infected therapy-naïve men, and HIV seronegative men. Paired 

seminal and blood lymphocytes were stained with monoclonal antibodies against CD45, 

HLA-DR and CD38, and analyzed using flow cytometry. Lymphocytes with CD45, HLA-DR 

and CD38 expression were considered to be susceptible to HIV-1 infection.

In CHAPTER 10 we describe our first experiences in the Netherlands with IUI for HIV-1 discordant 

couples of whom the male is HIV-1 infected.

In CHAPTER 11 we evaluated anxiety for HIV-1 transmission and the willingness to undergo 

assisted reproductive technologies in 50 HIV-1 discordant couples of whom the male is HIV-

1-infected. We used the State-Trait Anxiety Inventory to assess anxiety. A hypothetical 

transmission risk of HIV-1 to the woman was systematically increased from 0.5% to 3%, to 

assess the willingness to undergo assisted reproductive technologies. For each patient, we 

sought to obtain the transmission risk at which they would switch from “choose ART” to an 

”unacceptable HIV-1 transmission risk by ART”. 

In CHAPTER 12 we provide a general discussion of the results of the studies presented in this 

thesis, and suggest their implications for future work in HIV-1 and fertility research. 

In CHAPTER 13 we give a summary of the data presented in this thesis.
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