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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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Abstract

Human immunodeficiency virus type-1 (HIV-1) affects mostly men and women in their reproductive 

years. For those who have access to highly active antiretroviral therapy (HAART), the course of 

HIV-1 infection has shifted from a lethal to a chronic disease. As a result of this, many patients with 

HIV-1 consider having offspring, as do other patients of reproductive age with chronic illnesses. 

This article summarizes the current knowledge on the presence of HIV in the male and female 

genital tract, the effects of HIV-1 infection and HAART on male and female fertility and the results 

of various assisted reproduction techniques (ART) in HIV-1-infected men and women who wish 

to have offspring.
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Introduction

At present, over 40 million people are infected with the human immunodeficiency virus 

type-1 (HIV-1). Most HIV-1 infected men and women are of reproductive age [Joint United 

Nations Programme on HIV/AIDS (UNAIDS), 2005]. For those who have access to highly active 

antiretroviral therapy (HAART), the course of HIV-1 has shifted from a lethal to a chronic 

disease 1,2. As a result of this, many patients with HIV-1 infection consider having offspring, as 

do other patients of reproductive age with chronic illnesses 3. 

In couples with one HIV-1-infected partner, that is serodiscordant couples, the uninfected 

partner is at risk of becoming HIV-1 infected, if trying to conceive naturally. Sexual HIV-1 

transmission from men to women seems more likely than vice versa 4, although some studies 

claim similar transmission rates 5. It is therefore generally accepted to advise serodiscordant 

couples to avoid unprotected intercourse at all times. This artificial sterility implies that 

serodiscordant couples with an HIV-1-infected man have to rely on assisted reproduction 

techniques (ART), and serodiscordant couples with an HIV-1-infected woman have to 

practise self-insemination, if they wish to achieve parenthood. 

The purpose of this article is to summarize the current knowledge on HIV in the male and 

female genital tract, to review the effects of HIV-1 and HAART on male and female fertility 

and to outline the results of various ART in HIV-infected men and women who wish to have 

offspring. 

HIV in the male genital tract

The exact origin of HIV-1 in the male genital tract is at present unclear. Histological 

studies show a loss of testicular germ cells and maturation arrest of spermatozoa during 

spermatogenesis 6,7. However, because these studies were performed in men who died of 

acquired immune deficiency syndrome (AIDS), these data may not be representative for 

asymptomatic HIV-1 infection. 

HIV-1 is present in the semen of asymptomatic HIV-1-infected men as free HIV-1 RNA 

particles in seminal plasma and as cell-associated virus in non-spermatozoal cells (NSC) such 

as lymphocytes and macrophages 8. Most HIV-1 RNA seems to originate from the seminal 

vesicles and prostate, given that a vasectomy did not influence the concentration of HIV-1 
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RNA in semen 9,10. The detection of distinct HIV-1 populations in the epididymis and prostate 

suggests that HIV-1 particles can be produced locally in the male genital tract 11-13. 

Early studies claimed that HIV-1 DNA was present in spermatozoa and spermatogonial stem 

cells 14-17, but later studies have contradicted these findings 18-20. In addition, the presence of 

HIV-1 (co)-receptors CD4, CXCR4, and CCR5, necessary for cellular entry of HIV-1, has not been 

demonstrated on the spermatozoal surface 21. Therefore, it seems unlikely that spermatozoa 

are directly infected with HIV-1 18-20.

Intermittent shedding of HIV-1 RNA is the most common pattern of HIV-1 presence in semen. 

There are two explanations for this phenomenon. First, the composition of the ejaculate  

varies between men as well as over time within the same individual. Second, local inflamma-

tion may increase HIV-1 RNA levels in semen, independent of HIV-1 RNA concentrations in  

blood 22,23.

In untreated HIV-1 infection, the concentration of HIV-1 RNA in semen is on average ~10-

fold lower than that in blood plasma. Nevertheless, in some individuals, the HIV-1-RNA 

concentration in seminal plasma is higher than that in blood plasma 8. Most antiretrovirals 

penetrate well into the male genital tract, except for some protease inhibitors 8,24, and in 

general, HIV-1 RNA concentrations in blood and seminal plasma show a parallel decrease in 

response to HAART 25-27. 

However, intermittent shedding leads to occasional discrepancies between HIV-1 RNA in 

blood and seminal plasma. HIV-1 RNA can be detected in seminal plasma despite adequate 

suppression of HIV-1 RNA in blood, and HIV-1 RNA can be detected on and off in semen 

despite stable levels or even undetectable levels of HIV-1 RNA in blood 21,28-33. 

Thus, although of undefined origin, HIV-1 is clearly present in the male genital tract albeit at 

variable concentration and frequency. 

HIV and male fertility 

From cross-sectional and case control studies, it appears that, in general, semen parameters 

are not impaired by asymptomatic HIV-infection 34-36, although occasionally a reduction in 

sperm motility and a decrease in the percentage of spermatozoa with normal morphology has 

been observed 37,38. The fact that men with and without antiretroviral therapy were analysed 
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as one group in these studies limits these conclusions. It is therefore unclear whether the 

observed changes are caused by the HIV-1 infection itself or by the antiretroviral therapy. 

A decrease in semen volume and sperm motility was observed in a single semen donor, of 

whom multiple semen samples were available before and after seroconversion for HIV-1 39. 

Obviously, such observations are not available for larger patient numbers. 

We have recently completed a longitudinal study describing semen parameters during 

natural HIV-1 infection, with a follow-up period of 2 years [Pre-congress course on ART and 

HIV, annual meeting of the European Society of Human Reproduction and Embryology, 

Prague, Czech Republic, 2006]. The longitudinal study design allowed us to evaluate the 

effect of ongoing HIV-1 infection on semen parameters. None of the semen parameters 

changed significantly during a follow-up period of 96 weeks. However, progressive motility 

was low at all time points, and semen volume was in the lower normal range according to 

World Health Organization criteria 40, in agreement with the above-mentioned semen donor. 

Above 200 cells/mm3 CD4 counts were not associated with any of the semen parameters 

studied. Because concern for long-term side effects of antiretroviral therapy has led to 

postponing start of antiretroviral therapy until CD4 counts drop to 200-350 cells/mm3 41, the 

data of this longitudinal study are reassuring in so far that postponing treatment does not 

appear to negatively affect semen parameters. 

HAART and male fertility

Data on semen parameters before and after antiretroviral therapy are limited to two studies: 

semen parameters were normal according to WHO criteria and remained stable after 

administration of zidovudine (AZT) monotherapy in 5 HIV-1-infected men 35 but improved in 

20 men after 4 or 12 weeks of HAART 42. The observed improvement in the latter study may 

be because of an improved general health resulting from HAART. The follow-up in this study 

was too short to evaluate any potential detrimental impact of HAART on spermatogenesis, 

because a full round of spermatogenesis takes ~ 70 days.

Mitochondria are abundant in spermatozoa and necessary for progressive motility. Deletions 

in mitochondrial DNA of spermatozoa have been described as a result of antiretroviral 

therapy 43. Unfortunately, semen quality parameters were not analysed in this study. 

Theoretically, penetration of nucleoside reverse transcriptase inhibitors into spermatozoa 
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or their precursors could result in mitochondrial toxicity and thereby may lead to impaired 

progressive motility. This hypothesis however remains to be proved.

HIV in the female genital tract

HIV-1 can be detected in both vaginal and cervical secretions as cell-free virus and also as 

cell-associated virus 44,45. Most HIV-1 in the female genital tract arises from the cervix 13. Blood 

plasma HIV-1 RNA concentration is the most important predictor for HIV-1 genital shedding 46,  

but the use of oral contraceptives, vitamin A deficiency, Candida albicans infection and 

gonorrhoea cervicitis are associated with increased vaginal or cervical shedding of HIV-1 47,48.  

Analogous to the male genital tract, HAART results in decreased shedding of HIV-1 in the 

female genital tract. Despite HAART, HIV-1 RNA was still detected in the genital secretions of 

33% of women in whom the blood plasma HIV-1 RNA concentration was <500 copies/ml 46 

and in 25% of women with <50 copies/ml. This may explain why the risk of sexual and vertical 

transmission can be reduced by HAART but never completely eliminated. As a consequence, 

even during successful HAART, unprotected intercourse should be discouraged at all times. 

HIV and female fertility

Polymenorrhea and oligomenorrhea, that is very short menstrual cycles or long menstrual 

cycles, which are associated with subfertility, are equally prevalent in asymptomatic HIV-1- 

infected women and in HIV-1-negative controls 49,50, although more advanced immuno-

deficiency is associated with menstrual dysfunction 50. Cohort studies have demonstrated 

a high prevalence of sexually transmitted diseases (STD) in HIV-1-infected women. These 

women may therefore also be at risk for tubal infertility 51,52. Results on the ovarian reserve of 

HIV-1-infected women are conflicting. Some describe a normal ovarian reserve 53,54, whereas 

others claim a higher incidence of severe ovarian dysfunction, that is premature ovarian 

failure 55,56.

Case control studies have suggested lower pregnancy rates in HIV-1-infected women when 

compared with women without HIV-1 infection, irrespective of past or current additional 

STD 57,58. Progression of HIV-1 disease resulted in a dramatic decline in pregnancy and live 

birth rates 59. 

One should realize that most data were generated by studies carried out in Africa, and these 

data may not reflect the situation elsewhere 54.
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HAART and female fertility

Data on HAART and fertility in women are limited to one case report 60. No conclusions are 

possible at present.

ART

The purpose of ART in case of HIV-1 infection varies from merely an HIV-1-transmission 

reduction strategy to a treatment for co-existing subfertility or a combination of both (Table 

I). Which type of ART to use depends on whether the man is HIV-1 infected or the woman or 

both.

In serodiscordant couples in which the male partner is HIV-1 infected, high- technology ART 

is necessary to prevent sexual transmission. This type of ART involves semen processing in 

such a way that an HIV-1-free spermatozoal fraction is obtained. This HIV-1-free spermatozoal 

fraction can then be used for intrauterine insemination (IUI), in vitro fertilisation (IVF) or intra 

cytoplasmatic sperm injection (ICSI). 

HIV-1-infected women with an HIV-1 seronegative male partner can practise self-insemination 

around the time of ovulation at home to conceive without any risk of sexual transmission. 

If conception does not occur, IUI, IVF or ICSI can be effective to overcome their subfertility, 

again without any risk of sexual transmission.

When both partners are HIV-1 infected, the reason for ART could be either preventing 

transmission of discordant HIV-1 strains or subfertility treatment after unsuccessful attempts 

to conceive normally.

Since the first report on ART and HIV in 1992 61, it is increasingly accepted that it is unethical to 

deny such treatment to HIV-1-infected patients 62-65. A survey in the United Kingdom revealed 

that the demand for fertility care in HIV-1-infected couples is high and set to increase 3.

Recently, a non-profit organization (CREAThE) was founded by European centres providing 

reproductive assistance to couples with HIV, to obtain a network of hospitals that guarantee 

the careful evaluation and treatment of couples with HIV-1. Such initiatives will help to 

formulate guidelines for ART in HIV-1 serodiscordant and seroconcordant couples.
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Serodiscordant couples with an HIV-1-infected male partner

There is no agreement on the optimal method of semen processing in case of an HIV-1-

infected man. The goal of semen processing is to separate the spermatozoa from all other 

semen components and thereby to obtain an HIV-1-free spermatozoal fraction that contains 

a sufficient amount of morphologically normal spermatozoa with progressive motility. 

After semen processing, the spermatozoal fraction is tested for the presence of HIV-1 by 

PCR-based methods. This is a crucial step, because the spermatozoal fraction could still be 

contaminated with seminal plasma, NSC containing HIV-1 or free virus. 

Successful semen processing is defined as a spermatozoal fraction that contains sufficient 

spermatozoa with a negative (undetectable), valid HIV-1 test. The semen quality, the HIV-

1 RNA concentration in semen before processing and the applied laboratory technique 

determine the success of semen processing 31,32,66. 

HIV-1 could not be detected by PCR in the spermatozoal fraction in 98% of samples of men 

using HAART and in 82% of men without antiretroviral therapy after semen processing 32.  

Therefore, semen processing seems more effective in men using HAART than in men 

without HAART, but even in men with full suppression of HIV-1 RNA in blood, HIV-1 RNA 

has been measured in the spermatozoal fraction after semen processing 32. Double gradient 

centrifugation followed by swim up is more effective in removing HIV-1 RNA than double 

gradient centrifugation alone (Table II). Double tube gradient centrifugation seems to be 

a promising innovation, especially effective in removing high HIV-1 RNA concentrations in 

semen, but these tubes are not commercially available yet 67. Most centres use PCR tests 

that are adapted from commercial PCR kits designed to test for HIV-1 DNA and HIV-1 RNA in 

blood. Because none of the DNA and RNA tests have been developed solely to test for the 

presence of HIV in purified spermatozoa, results may differ from one centre to another 68.

Table I. High technology assisted reproduction techniques (ART) in human immunodeficiency 

virus type-1 (HIV-1) serodiscordant and seroconcordant couples

Man Woman Risk for (super)infection 
partner

HIV semen processing Primary goal treatment

HIV+ HIV- Yes Yes Prevent HIV-1 transmission

HIV- HIV+ No No Overcome subfertility

HIV+ HIV+ No No Overcome subfertility

HIV+ HIV+ Yes Yes Prevent HIV-1 transmission
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There are several important issues to be considered in PCR testing. First, some test for HIV-1 

DNA and HIV-1 RNA, whereas others test only for HIV-1 RNA. An argument against testing for 

HIV-1 DNA may be that HIV-1 DNA does not necessarily represent infectious virus. HIV-1 DNA 

may be integrated in the host DNA of a lymphocyte, without the capacity of HIV-1 replication. 

Second, some groups only test once for the presence of HIV-1 RNA, presuming the presence 

or absence of HIV-1 RNA in semen is constant over time. Knowing that intermittent shedding 

of HIV-1 RNA in semen is the most common pattern, this strategy should be advised against. 

Third, the sensitivity of HIV testing varies from 1 copy HIV-1 RNA to 400 copies and is 

expressed as either copies per millilitre or copies per 1 x 106 spermatozoa (Table II). HIV-1-

Table II. Detection of human immunodeficiency virus type-1 (HIV-1) RNA and HIV-1 DNA in 

processed semen 

Publication Swim 
up

HIV-1 RNA lower 
detection limit

HIV-1 DNA lower 
detection limit

HIV-1 RNA 
present

HIV-1 DNA 
present

Marina et al. (1998)85 No 200 copies/ml 10 cells NM 6/107 (6%)

Leruez-Ville et al. 
(2002)32

No 5 copies/ 1 x 106 
spermatozoa

5 copies/ 1 x 106 
spermatozoa

8/125 (6%) 2/125 (2%)

Semprini et al. 
(1992)61

Yes NM ND NM ND

Lasheeb et al. 
(1997)86

Yes 1 copy/NM 1 copy/NM 0/6 0/6

Chrystie et al. 
(1998)87

Yes 400 copies/ml ND 4/10 (40%) ND

Marina et al. (1998)88 Yes 200 copies/ml 10 cells 0/1 0/1

Kim et al. (1999)21 Yes 40 copies/ 1 x 
106spermatozoa

1-10 copies 0/11 0/11

Hanabusa et al. 
(2000)89

Yes 50 copies/ml 50 copies/ml 0/12 0/12

Pasquier et al. 
(2000)90

Yes NM NM 0/51 0/51

Gilmour et al. 
(2001)98

Yes 400 copies/ 1 x 106 

spermatozoa
1-10 cells 1/60 (2%) ND

Weigel et al. (2001)82 Yes NM 10 copies/ml 3/80 (4%) 0/80

Bujan et al. (2002)31 Yes NM NM 0/6 0/6

Meseguer et al. 
(2002)91

Yes 1 copy/NM 1 copy/NM 2/41 (5%) 5/41 (12%)

Kato et al. (2006)92 Yes 1 copy/ 8 x 
106spermatozoa

1 copy/ 8 x 
106spermatozoa

0/73 0/73

ND, not done; NM, not mentioned.



CHAPTER 2

26

spiking experiments, that is adding a known amount of HIV-1 virus to spermatozoal fractions 

containing a variable amount of spermatozoa, revealed that the sensitivity of the HIV-1 PCR 

depends on the number of spermatozoa in the fraction (unpublished data). Therefore, the test 

result should preferably be expressed as HIV-1 copies per constant number of spermatozoa 

instead of per millilitre. Fourth, it is unclear what should be done in the presence of a severe 

oligozoospermia or azoospermia, when a testicular biopsy is needed. In this case, the number 

of tested cells may be too limited to guarantee a reliable test result. 

Initially, IUI was the favoured ART after semen processing. No seroconversions have been 

reported since the start of using these techniques (Table III). However, as the natural risk 

Table III. Results of assisted reproduction techniques (ART) in human immunodeficiency 

virus type-1 (HIV-1) serodiscordant couples with an HIV-1-infected male partner 

Reference No couples IUI cycles IVF cycles ICSI cycles Pregnancies Babies born

Semprini et al. (1992)61 29* 59* - - 17* 10*

Semprini et al. (1997)93 350* 1000* - - 200* NM

Marina et al. (1998)85 63 101 - - 31 37

Marina et al. (1998)88 1 - - 1 1 NM

Tur et al. (1999)94 97 155 - - 32 34

Semprini et al. (1999)95 43 - 48 - 13 7

Semprini (2000)96 623 1954 - - 272 242

Loutradis et al. (2001)97 2 - - 2 2 2

Gilmour et al. (2001)98 23 56 - 1 11 3

Weigel et al. (2001)82 54 101 10 21 30 24

Sauer en Chang (2002)70 34* - - 55* 25* 25*

Pena et al. (2002)99 1 - - 2 2 2

Ohl et al. (2003)74 47 5 - 49 20 14

Pena et al. (2003)100 61 - - 100 35 39

Bujan et al. (2004)101 56 213 - - 37 33

Nicopoullos et al. (2004)38 105 133 - - 25 NM

van Leeuwen et al. 
(2005)73

20 76 - - 8 10

Kato et al. (2006)92 43 - 31 12 20 27

Total 1239 2794 89 188 539 474

IUI, intrauterine insemination; NM, not mentioned.
*Not considered for the total numbers, because Semprini (2000)96 and Pena et al. (2003)100 are cumulative 
reports.



HIV-1 AND REPRODUCTION

27

of seroconversion is low, very large numbers are necessary to prove the ultimate safety 

of these techniques. In fact, the Centers for Disease Control is now running a program to 

locate women who have undergone any kind of ART with HIV-1 processed semen in the 

past [Symposium on assisted reproduction of HIV-discordant couples, Annual meeting of 

the American Society of Reproductive Medicine (ASRM) 2005, no abstract available]. 

Although IUI with processed and PCR-tested semen is currently still the preferred method 

in many countries 69, several groups advocate the use of ICSI instead of IUI 70,71. Physicians 

in favour of ICSI argue that by using ICSI one in fact limits the risk of infection, because 

the amount of semen exposed to the oocyte is extremely low, that is one spermatozoon. 

However, it is unknown what will happen if one accidentally injects a viral particle directly 

into a human oocyte. Theoretically, this could result in a new endogenous retrovirus, and/or 

active production of HIV from the embryo. Scientific data supporting this hypothesis are 

currently lacking. It is because of this uncertainty that in some countries ICSI is forbidden in 

HIV-1-infected couples. As a result of the prohibition to use ICSI in case of HIV-1 infection in 

the Netherlands, more than one-third of the HIV-1-infected men who report to our clinic for 

ART cannot be treated, because their semen quality is so low that they would require ICSI to 

achieve pregnancy.

All couples should practise safe sex while being treated with ART, and clinicians should 

actively enquire about condom accidents. After a reported condom accident, ART should be 

delayed for 6 months to cover the window of seroconversion for HIV-1 72.

Women should have HIV-1 testing after unsuccessful ART and at 4, 12 and 24 weeks 

amenorrhea, to detect an iatrogenic infection. It is a wise precaution to advise women to 

have HIV-1 testing throughout the whole pregnancy and post-partum period to detect 

possible sexual transmission of HIV-1. Although an HIV-1-infected man cannot infect a child 

directly, in some programs, the child is also tested for HIV-1 after birth 73. 

Serodiscordant couples with an HIV-1-infected female partner

In these couples, pregnancy can be achieved without the risk of sexual transmission by self-

insemination. IUI, IVF or ICSI are indicated to overcome subfertility in such a couple. The 

important question arises whether the ICSI procedure itself increases vertical transmission 

rates. IUI and IVF seem safe procedures to perform in these women. Although receptors 

for HIV-1 have not been demonstrated on the surface of the oocyte itself, HIV-1 has been 
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detected in ovarian follicles. Theoretically, a viral particle could be injected into a human 

oocyte during an ICSI biopsy, analogous to the situation in an HIV-1-infected man. 

There are few data on success rates of IVF/ICSI in HIV-1-infected women. Initially, reduced 

pregnancy rates were observed after IVF/ICSI in HIV-1-infected women when compared 

with non-HIV-1-infected women. However, the HIV-1-infected women in these studies were 

significantly older and had higher FSH levels, indicative of decreased ovarian reserve 74. The 

most recent studies report clinical pregnancy rates per initiated cycle varying from 11% to 

21% in HIV-1 infected women after IVF or ICSI, compared with 26% clinical pregnancies in 

matched controls (Table IV). 

A lower CD4 count and a high amount of gonadotrophins during ovarian hyperstimulation 

were negatively associated with reproductive outcome in one of these studies 75. Because the 

number of reported IVF and ICSI cycles in HIV-1-infected women is very small, no ultimate 

conclusion can be drawn from these data (Table IV). 

The highest risk of vertical transmission from mother to child is during the third trimester of 

pregnancy, during delivery and lactation. The vertical transmission risk can be reduced to 

<1%, with the right precautions and interventions 76. There is consensus on some measures 

that have to be taken during pregnancy and post-partum. First, all HIV-1-positive pregnant 

women are treated with HAART, with the goal to reach undetectable blood plasma HIV-1 

RNA levels at the time of delivery. Second, breastfeeding is prohibited, because the HIV-

1 transmission risk during lactation is 7-22% 77. Third, all newborns receive antiretroviral 

Table IV. IVF/ICSI in human immunodeficiency virus type I (HIV-1)-infected women 

Reference IVF/ICSI HIV+ 
women 
(n)

HIV- 
women 
(n)

Cycles 
HIV+ (n)

Cycles 
HIV-(n)

HIV+ clinical 
pregnancies 
[n(%)]

HIV- clinical 
pregnancies 
[n(%)]

Ohl et al. (2005)102 IVF/ICSI 36 ND 62 ND 13 (21) ND

Terriou et al. (2005)103 ICSI 29 NM 66 NM 9 (14) (20)*

Coll et al. (2006)75 IVF 35 82 50 100  6 (12) 30 (30)†

Martinet et al. (2006)54 IVF/ICSI 27 77 27 77 3 (11) 16 (21)

Total 127 159 205 ND 13 (21) ND

ND, not done; NM, not mentioned.
*Pregnancy rate per embryo transfer.
†Significant result.
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treatment for several weeks as a post-exposure prophylaxis. However, some other 

interventions are still under debate. Most countries have the policy to avoid interventions 

like an amniocentesis or an instrumental delivery, although others feel that the use of early 

invasive techniques may be safe 78,79. In addition, a Caesarean section is advised irrespective 

of the blood plasma HIV-1 RNA concentration in most industrialized countries 80, but there is 

a tendency to accept a vaginal delivery under successful HAART 81.

There is no consensus on the inclusion criteria for ART in HIV-1-infected women. The inclusion 

criteria used in the Academic Medical Centre in Amsterdam are summarized in Table V. 

Women who are offered ART should be in good clinical condition and need careful 

evaluation in a centre specialized in HIV, preferably in a team consisting of a gynaecologist, 

an embryologist, a virologist, an HIV specialist and a social worker. A singleton pregnancy is 

preferred, because prematurity and other obstetric complications in twins enhance the risk 

of vertical transmission 82. HIV testing of the HIV-1 seronegative man is performed during the 

ART treatment, to confirm his negative HIV-1 sero-status. HIV-1 testing of the man during 

follow-up is not necessary, because HIV-1 infection can never be the result of ART.

Table V. Inclusion criteria for assisted reproduction techniques (ART) in human immunode-

ficiency virus type 1 (HIV-1)-infected women in the Academic Medical Centre in Amsterdam

Age <43 years

An irregular menstruation cycle or unsuccessful self-insemination after 1 year in a regular 
menstruation cycle

Health care insurance

HAART

At least 6 months CD4 >300 cells/mm3 and blood plasma HIV-1 RNA <50 copies/ml 

At least 12 months no CDC-C events 

No teratogenic medication

No HAART (because of sufficient clinical condition)

At least 6 months CD4 counts >350 cells/mm3 irrespective of blood plasma HIV-1 RNA 
concentration

HAART, highly active antiretroviral therapy.



CHAPTER 2

30

Seroconcordant HIV-positive couples

Seroconcordant couples are treated in some centres, but these data have not been 

evaluated separately from those of the serodiscordant couples with an HIV-1-infected 

woman. The ESHRE advises against ART in case of HIV-1 infection of both partners, because 

of the possibility of an untimely death from HIV disease of both future parents, leaving an 

orphaned child 83. Not everyone agrees with this viewpoint, but at least these issues should 

be discussed with the couple.

Therefore, it is important to realize that most seroconcordant couples can practice self-

insemination, but HIV-1 superinfection of the woman might occur and can possibly enhance 

disease progression, although data are scarce 84. For this reason, some clinics, including 

ours, do offer ART to these couples regardless of the ESHRE guidelines 54. An algorithm was 

designed in our clinic to warrant the careful evaluation of seroconcordant couples (Figure I). 

In this algorithm, three assumptions were made: possible health loss in case of superinfection 

with a discordant HIV-1 strain is less harmful than a seronegative woman becoming HIV-1 

infected, no precautions are necessary when both partners are infected with the same viral 

strain and both do not receive treatment, and the risk of HIV-1 superinfection is low at blood 

plasma HIV-1 RNA levels in the male partner below 50 copies/ml. Regular determination of 

blood plasma HIV-1 RNA concentration in a male treated partner is necessary to ensure that 

no resistant strains develop that will make semen processing necessary. Semen processing 

is always advised when resistant virus is present, because HAART options could be limited if 

this virus is transmitted. Formally, self-insemination will be the advice instead of unprotected 

intercourse, because this eliminates the risk of superinfection of the man.

The female partner on HAART also undergoes regular determination of the blood plasma 

HIV-1 RNA concentration, to ensure that antiretroviral resistance does not develop during 

conception or early pregnancy.

Conclusion

In infected individuals, HIV-1 is intermittently present in the male and female genital tract at 

variable concentrations.

Semen parameters are stable in asymptomatic HIV-1-infected men without antiretroviral 

therapy, but spontaneous pregnancy rates seem to be reduced in HIV-1-infected women 
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when compared with HIV-1-negative women. The long-term effects of antiretroviral therapy 

on male and female fertility are unknown.

HIV-1-infected patients desiring offspring can opt for several modes of reproduction, 

including various ART. Although ART with semen processing is effective by means of 

generating pregnancies and has been performed in HIV-1-infected couples since the early 

1990s without any reported seroconversion, more data are needed to prove its ultimate 

safety. Data on ART in HIV-infected women are scarce. More data should be generated on 

ART in HIV-infected women and prognostic factors on ART outcome of both HIV-1-infected 

men and women need to be identified. 
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Abstract

Semen samples from a donor who seroconverted for human immunodeficiency virus type 1 (HIV-

1) during the period that he was donating at our clinic were stored before and after infection. 

Semen analysis was done on all of these samples before cryopreservation. Retrospectively, both 

qualitative and quantitative HIV-1 testing was performed on the cryopreserved semen samples to 

determine the time of primary HIV-1 infection. After HIV-1 infection, semen volume, sperm motility 

and the percentage of spermatozoa with normal morphology were reduced compared with the 

same parameters before HIV-1 infection. HIV-1 RNA was intermittently detectable in semen. HIV-1 

infection led to a reduction in semen volume, sperm motility and normal sperm morphology in 

this donor. However, the clinical significance of these findings is unclear. A longitudinal cohort 

study on the effects of HIV-1 infection on semen quality is necessary to confirm these findings. 
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Introduction

During the last decade, the effect of a human immunodeficiency virus type 1 ( HIV-1) infection 

on semen quality has been evaluated in several studies 1-5. Most data suggest that semen 

quality is not altered in early HIV-1 infection 1,3,4. A drawback of these studies, however, is that 

all men were already HIV-1 infected when the first semen analysis was performed. Therefore, 

no comparison can be made between semen parameters before and after infection with 

HIV-1.

Here we report a unique case of one man who participated in a semen donation programme 

and became infected with HIV-1, thereby allowing for, what we believe to be, the first time 

the comparison of semen parameters before and after infection in the same individual. 

Case Report

Our patient was a Caucasian man, participating in a semen donation programme of the 

semen bank of the Center for Reproductive Medicine of the Academic Medical Center from 

1994 until 1998. He was 44 years old when he entered the programme in 1994. His history 

revealed a hepatitis A and a gonorrhoea infection in 1981 and a hepatitis B infection in 1982. 

He denied having homosexual contacts at that time. After an interval of 2 years, he started 

donating semen again in September 2000, because of requests for second children from 

this donor by successfully treated couples. At this time, he was found to be HIV negative, 

but urine ligase chain reaction (LCR) revealed a chlamydia infection that was treated with 

azithromycin. Subsequently, chlamydial DNA was undetectable in November 2000. 

In total, 12 semen samples were collected between September 2000 and June 2001. According 

to protocol, the donor was screened approximately every 6 months for HIV, hepatitis B/C and 

chlamydia. Semen was cryopreserved and quarantined, which implies that it is not used for 

any fertility treatment until a negative test, at least 6 months after the donation, is available. 

In June 2001, the HIV-1 test was positive. For this reason, semen donation was stopped. For 

research purposes, he was asked to donate semen again in January 2003.

The donor had acquired the HIV-1 infection through unsafe homosexual contact. The HIV-1 

infection was classified as category A1, according to the Centers for Disease Control and 

Prevention (CDC) classification system of 1993 6. Therefore, he did not receive any antiretroviral 

therapy and was still therapy naive at the end of July 2004. Blood HIV-1 viral load increased 
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from 2192 copies/ml in July 2001 to 97 057 copies/ml in November 2003. CD4 counts were 

stable over this period, between 540 and 940 cells/mm³. His blood measurements showed 

antibodies against hepatitis A, hepatitis B, cytomegalovirus (CMV), Epstein–Barr virus (EBV) 

and toxoplasmosis, with no signs of recent infections. Physical and genital examination 

revealed no abnormalities. 

Table I shows the results of the retrospective HIV-1 testing of the 12 cryopreserved semen 

samples, which were collected between the last negative HIV-1 test in September 2000 and 

the first positive HIV-1 test in June 2001. 

Qualitative HIV-1 RNA screening was done by nested PCR on the cryopreserved semen. The 

lower detection limit of this test was determined by spiking 2 x 106 spermatozoa from the 

September 2000 sample with 1 – 100 000 HIV particles using HIV reference virus stock 7. After 

isolation and amplification, 10 HIV-1 RNA molecules could be detected in the background 

of 400 000 spermatozoa. The whole isolation and amplification process was repeated once, 

with the same results. All samples were tested in duplicate.

The qualitative HIV-1 test was positive for the first time in the semen sample of November 9, 

2000. The test remained positive until January 2001, but from February 2001 until April 2001, 

HIV-1 RNA could not be detected. In May 2001, one of the duplicate tests became positive 

and both tests were positive again in June 2001. 

Table I. Qualitative HIV-1 RNA detection by nested PCR and quantitative HIV-1 RNA detection 

on the cryopreserved semen between the last negative and first positive HIV test

2000 2001

28-9 2-10 26-10 9-11 23-11 21-12 18-1 22-2 22-3 19-4 17-5 27-6

Flu like symptoms + + +

HIV serology - ND ND ND ND ND ND ND ND ND ND +

Spermatozoa (x 105 ) 
per straw

195 100 83 110 223 170 163 163 175 170 190 113

NSCs (x 105 ) per 
straw

4 8 12 6 9 10 7 3 4 6 9 4

HIV testing - - - + + + + - - - + +

HIV-1 RNA copies per 
105 spermatozoa

<5 <5 <5 5 315 5 <5 <5 <5 <5 <5 <5

ND = not done
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A quantitative real-time HIV-1 RNA assay, developed on an ABI Prism® 7000, was then used 

to determine the amount of HIV-1 RNA. The lower detection limit of this assay was five copies 

of HIV-1 RNA molecules per 100 000 spermatozoa. At most time points, undetectable viral 

loads were observed. Very low viral loads were observed from November until December 

2000. During the same period, the donor reported flu-like symptoms. In view of the data 

summarized in Table I, we conclude that the primary HIV-1 infection occurred at the 

beginning of November 2000. 

In Table II, semen variables before and after HIV-1 infection are presented. 

According to our protocol for semen donors, all semen samples were produced after 2–5 

days of sexual abstinence. After HIV-1 infection, semen volume, sperm motility and the 

percentage of spermatozoa with normal morphology were reduced compared with before 

HIV-1 infection. Although spermatozoa concentration increased after HIV-1 infection, semen 

total count (TC) and total motile count (TMC) did not change. 

Discussion

In the donor described in this case report, semen volume, sperm motility and the percentage 

of spermatozoa with normal morphology were reduced after acquisition of HIV-1. Since 

no statistical test exists for repeated measurements in one person, these findings cannot 

be tested statistically. Whether the described changes truly reflect an effect of HIV-1 on 

Table II. Semen variables before and after HIV-1 infection

Mean semen variables Before HIV-1 infection After HIV-1 infection

June 1994-October 2000 
(n=64)

November 2000-November 2003 
(n=13)

Volume (ml) 3,5 (0,12) 2,5 (0,13)

Concentration (x 106/ml) 74 (3,5) 110 (11,1)

% Motility 49 (1,1) 41 (2,3)

% Normal morphology 55 (1,5) 46 (2,6)

TC (x 106) 263 (15,0) 264 (24,8)

TMC (x 106) 131 (8,1) 105 (9,4)

NSCs (x 106/ml) 3 (0,3) 4 (0,6)

Results are expressed as mean (SE).
TC = total count; TMC = total motile count; NSCs = non-sperm cells.
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testicular function remains unclear, since only one person was involved. Semen parameters 

are known to be variable on repeated sampling in one man, and the effects of HIV-infection 

on testicular function might differ between individuals. 

Nevertheless, the decrease in semen volume could be indicative of dysfunction of the 

accessory glands; the prostate and seminal vesicles. Dysfunction of the accessory glands 

could also be an explanation for the more viscous sperm that is often found in HIV-1 infected 

subjects 2,3. A reduction in sperm motility in HIV-1-infected men has been described before 2,5, 

although an explanation for this finding is lacking. A decrease in the percentage of 

spermatozoa with normal morphology has been reported in one other study 8, while others 

reported normal values for sperm morphology 1,4,5. In this donor, the semen TC and TMC 

remained stable. The observed increase in semen concentration appeared to be caused by a 

decrease in semen volume in this donor. 

Consistent with most other studies on semen quality of asymptomatic HIV-1-infected men, 

nearly all semen parameters matched the World Health Organization criteria for normal 

human semen at all time points in this donor 1-3,9.

On PCR testing, the amount of virus was expressed per 105 spermatozoa. The spermatozoa 

were counted and a constant input of 105 spermatozoa was used for PCR testing. Each straw 

also contained a low variable number of non-sperm cells (NSCs). The NSCs were calculated 

using the original concentration of NSCs and a known dilution factor (Table I). The small 

number of NSCs in the sample most probably had no influence on the sensitivity of the PCR 

test since the spermatozoa were always by far the majority of cells in the test. 

HIV-1 is most probably present as cell-free virus in seminal plasma and as cell-associated virus 

in seminal NSCs, such as lymphocytes, monocytes and macrophages 10. It seems unlikely 

that spermatozoa themselves can become infected with HIV-1, since there are no HIV-1 CD4 

receptors or co-receptors present on spermatozoa and vasectomy does not influence the 

amount of cell-free virus in semen 11,12. 

In retrospect, HIV-1 was detectable in semen at the same time the patient suffered from flu-

like symptoms, indicative of a primary HIV-1 infection. This is consistent with two other case 

reports where HIV-1 RNA was present in semen during primary HIV-1 infection 13,14. 
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On qualitative screening, HIV-1 RNA was intermittently detectable in the semen samples. This 

pattern of intermittent shedding is often found in HIV-1-positive men 15-17. It is hypothesized 

that a fluctuation of viral transcription from infected cells in the prostate is the cause of this 

intermittent shedding of HIV-1 in semen 15. Also local factors such as inflammation of the 

male genital tract can increase the amount of HIV-1 RNA in semen, probably by an increase 

of lymphocytes and macrophages 18.

Quantitative testing of HIV-1 RNA revealed a very low copy number of HIV-1 RNA during 

primary infection and an undetectable viral load in semen at all other time points. Because 

the qualitative test is more sensitive than the quantitative test, it was not always possible 

to quantify HIV-1 RNA precisely, despite a positive qualitative test. In these samples the 

quantity is presumably < 5 copies per 100 000 spermatozoa. The highest amount of HIV-

1 RNA in semen was detected during primary HIV-1 infection, when blood viral load was 

probably very high. This observation supports our recently published hypothesis that HIV-1 

RNA in semen could be spill-over from blood 19.

To our knowledge, we are the first to describe semen parameters before and after acquiring 

HIV-1 in the same individual. In all other studies published, men were already HIV-1 infected 

by the time the first semen analysis was performed. However, our results show that HIV-1 

infection may lead to a reduction in semen volume, sperm motility and the percentage of 

spermatozoa with normal morphology. The clinical significance of these findings is not clear. 

Larger longitudinal studies on the effects of HIV-1 on semen quality will have to be carried 

out to confirm our findings. 
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Abstract

Objective: To evaluate semen parameters during the natural course of asymptomatic human 

immunodeficiency virus-1 (HIV-1) infection. 

Design: A longitudinal cohort study.

Setting: HIV outpatient clinic of the Academic Medical Center in Amsterdam, the Netherlands.

Patient(s): 55 men infected with HIV-1, with infection of variable duration but without previous 

or current antiretroviral therapy.

Intervention(s): Biannual blood and semen analyses.

Main Outcome Measure(s): We examined the changes in semen parameters over time using a 

repeated measurements mixed-effects model.

Result(s): The mean follow-up period was 77 weeks (interquartile range: 39 to 111 weeks). The 

mean CD4 cell count showed a statistically significant decline from 480 to 400 cells/mm3, and the 

mean blood plasma HIV-1 RNA concentration showed a statistically significant increase from 4.1 

to 4.3 log
10

 copies/mL. None of the semen parameters showed any statistically significant change 

over time. 

Conclusion(s): Prolonged exposure to asymptomatic, untreated HIV-1 infection does not affect 

semen quality. These findings should be reassuring for untreated men infected with HIV-1 

who wish to father a child, and they also provide relevant background information for studies 

investigating the potential effect of antiretroviral therapy on semen quality.
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Introduction

The introduction of highly active antiretroviral therapy (HAART) in the mid-1990s has 

resulted in a spectacular increase in life expectancy in the industrialized world for men 

and women infected with human immunodeficiency virus-1 (HIV-1) 1. With this increased 

life expectancy, more couples with HIV-1 infection now wish to have children, as do other 

couples in which one partner has a chronic illness 2,3. In general, HIV-1 RNA concentrations 

in blood and seminal plasma decrease in response to HAART 4-6, but occasionally HIV-1 RNA 

can be detected in seminal plasma despite adequate suppression of HIV-1 RNA in blood 7-12. 

As a result assisted reproductive technology (ART) involving semen processing is always 

necessary to allow serodiscordant couples with an HIV-1-infected man to have offspring 

while minimizing the risk of infecting the seronegative woman 13. 

During the natural course of HIV-1 infection, CD4-positive lymphocytes (CD4 cells) decline, 

and the blood plasma HIV-1 RNA concentration increases 14. At present, the moment of 

starting HAART is often postponed until the CD4 cell count has decreased to a level between 

200 and 350 cells/mm3. Usually, HAART is not started in patients with earlier disease because 

of concerns regarding the long-term side effects of the treatment, which is a combination of 

antiretroviral drugs that needs to be taken for life 15. Due to considerable interperson variability 

in the rate of disease progression, the duration of untreated HIV-1 infection is variable, and 

many men remain off therapy for a lengthy period. 

This raises the question whether the ongoing HIV-1 infection in these men will negatively 

affect their semen quality. However, to date, no longitudinal data on semen quality in HIV-

1-infected men are available. Thus, it is unknown whether prolonged exposure to HIV-1 

compromises a man’s chance to start a family.

Thus, we performed a longitudinal cohort study to describe semen parameters over time 

during the natural course of untreated HIV-1 infection to determine whether chronic HIV-1 

infection is associated with lower semen quality. 

Materials and Methods

Patients

Between February 2003 and October 2005, asymptomatic HIV-1-positive men were 

recruited from the HIV outpatient clinic of the Academic Medical Center in Amsterdam, the 

Netherlands. Exclusion criteria were current and prior use of antiretroviral therapy and known 
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causes of male infertility, including a vasectomy, a history of mumps orchitis, or a history of 

chemotherapy or radiotherapy. The study was approved by the institutional review board of 

the Academic Medical Center, and all patients gave written informed consent.

Study Procedures

Baseline was considered to be the time of study entry. Follow-up visits were scheduled 24, 

48, 72, 96 and 120 weeks after the first visit, allowing for a window of up to 12 weeks before 

and 12 weeks after the scheduled date. Men who entered the study at a later time point had 

a shorter duration of follow-up evaluation. 

At the first visit and at each follow-up visit, a semen analysis was performed, and blood 

samples were obtained to determine CD4 cell counts, CD8 cell counts, and blood plasma 

HIV-1 RNA concentration. If no blood sample was drawn on the day of semen analysis, CD4 

cell counts and blood plasma HIV-1 RNA concentration measured within a 2-week window 

period were used. During the first visit, a standardized study questionnaire was completed, 

and an andrologic examination, hormonal screening, urine analysis for Chlamydia trachomatis 

infection, and serological screening for active viral hepatitis were performed. The study 

questionnaire covered demographic data, reproductive history, reproduction wishes, 

sexual preference, date of the first known positive HIV test, history of sexually transmitted 

diseases, and history of andrologic disorders such as cryptorchidism or inguinal hernia. 

Data were also collected on other diseases, medication use, smoking history and alcohol 

intake. Testicular volume was estimated using Prader’s orchidometer. Abnormalities such as 

bilateral congenital absence of the vas deferens, varicocele, hydrocele or epididymal cysts 

were recorded. The hormone screening consisted of measurement of plasma concentrations 

of luteinizing hormone (LH), follicular stimulating hormone (FSH), prolactin, sex hormone-

binding globulin (SHBG), testosterone, and D4 androstendione. A ligase chain reaction 

assay (LCR; Abbott Diagnostics, Abbott Park, IL) was performed on first-void urine to detect 

Chlamydia trachomatis infection 16. Data concerning the presence of hepatitis B virus surface 

and e-antigen in serum and hepatitis B and C viral antibodies were also recorded. If these 

suggested an active infection, hepatitis B DNA and/or hepatitis C RNA concentration was 

determined in blood plasma by polymerase chain reaction (PCR). 

Semen Analysis

All semen analyses were performed by a single trained person (EvL) according to the World 

Health Organization (WHO) criteria for routine semen analysis 17. All men were instructed 

to have at least 2 days of sexual abstinence, and the number of days of abstinence was 
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recorded. The ejaculate was produced by masturbation and collected in a sterile container. 

All semen analyses were carried out within 1 hour of ejaculation. After liquefaction at 

37°C, the semen volume was measured. A semen sample was considered hyperviscous if 

a 4-cm semen thread could be drawn 17. The concentration of spermatozoa and motility of 

spermatozoa were assessed using a disposable counting chamber (Léjà Products B.V., Nieuw 

Vennep, the Netherlands). At least 100 spermatozoa were counted for motility analysis. 

Motility was scored as progressive (grade a), slow (grade b plus c) or immotile (grade d). 

The percentage of spermatozoa with normal morphologic characteristics was determined 

on a semen smear by counting 100 spermatozoa stained with Diff Quick (Dade Behring, 

Dudingen, Switzerland). 

Statistical Analysis

We examined the effect of time on semen parameters by a repeated measurements 

procedure using mixed-effects models (SAS PROC MIXED 8.02; SAS Institute, Cary, NC). 

Mixed-effects models allow for analyses of longitudinal data in which there are correlations 

between observations, and they provide a valid statistical estimate of the mean effect. In this 

analysis, the span of data and the frequency of missing data were unbalanced (i.e., varied by 

individual). Mixed-effects models are robust with respect to the effects of common variation 

on parameter estimation. 

The CD4 cell count and blood plasma HIV-1 RNA concentration were entered into the 

models as time-updated variables. Age, smoking, number of days of sexual abstinence, 

semen hyperviscosity, and baseline FSH levels, parameters that are known to correlate with 

semen parameters, were evaluated as covariables. The outcomes of semen parameters 

were adjusted for the covariables that significantly correlated with the semen parameters 

studied. P<.05 (two-sided level) was considered statistically significant. If a patient had to 

start HAART during the study period, only data obtained before the start of HAART were 

used for statistical analysis. 

Results

Sixty-nine patients were included of whom 14 provided only a single semen sample and 

had no follow-up evaluation. Fifty-five patients provided at least two semen samples. During 

the entire study period, 16 men started HAART because their CD4 cells reached values of 

around 350 cells/mm3. None of these men had developed symptomatic HIV-1 infection or 

AIDS before starting treatment.
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The baseline characteristics of all 55 patients are shown in Table 1. One man had a chronic 

hepatitis B virus infection, as indicated by the detectable blood plasma DNA; three men had 

chronic hepatitis C virus infection by virtue of having the detectable blood plasma RNA. 

None of the patients had an active Chlamydia trachomatis infection. 

Mean CD4 cell counts decreased statistically significantly from 480 to 400 cells/mm3 

(P=.003), and the mean blood plasma log
10

 HIV-1 RNA concentrations increased statistically 

significantly from 4.1 to 4.3 log
10

 copies/mL during the follow-up period (P=.021). 

In total, 196 semen samples were analyzed. The median follow-up period was 77 weeks (inter 

quartile range [IQR] 39 to 111 weeks). Only the follow-up visits up to 96 weeks were used in 

this analysis because only five samples for 120 weeks were available. 

The effect of time and covariables on semen parameters is shown in Table 2. Time, reflecting 

96 weeks of untreated HIV-1 infection, had no effect on any of the semen parameters 

studied. The model revealed that, for instance, smokers had 9.3% less progressively motile 

spermatozoa than nonsmokers, and every unit increase in FSH decreased total motile sperm 

count, with 5.2 cells x 106/mL (see Table 2). Hyperviscosity of the semen was not statistically 

significantly correlated with any of the parameters studied. The CD4 count was not statistically 

significantly associated with any of the investigated semen parameters. Blood plasma HIV-1 

RNA levels were found to be positively associated with the concentration of spermatozoa.

The observed semen parameters during the 96-week follow-up period are shown in Figure 

1. The lines were adjusted for the covariables that statistically significantly correlated with 

the semen parameters in the mixed-effects model. All semen parameters were in the lower-

normal to normal range according to WHO criteria 17.

Discussion

We demonstrated that there was no detectable change in semen quality in 55 men during 

a period of 96 weeks of untreated asymptomatic HIV-1 infection, in which there was a 

statistically significant decrease in CD4 cell counts and a statistically significant increase in 

blood plasma HIV-1 RNA. 
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Table 1. Baseline characteristics 
Variable Outcome
Number of evaluable patients 55
Age (years) 38 (33-42)
Desire to conceive 19 (35)
Children 7 (13)
Sexual orientation

Homosexual 39 (71)
Heterosexual 8 (15)
Bisexual 8 (15)

Acquisition of HIV
Homosexual 48 (87)
Heterosexual 7 (13)

Years (known) HIV positive 1.8 (0.7-3.9)
STD history

Gonorrhea 26 (47)
Chlamydia 22 (40)
Syphilis 14 (26)

Other diseases
Kidney disease 1 (2)
Urinary tract infection in past 7 (13)
Tuberculosis in past 2 (4)

Chronic medication use 17 (31)
Sleeping pills 3
Antihypertensive drugs 3
Selective serotonin re-uptake inhibitors 2
Pneumocystis carinii prophylaxis 2
Other drugs 7

Smoking 20 (36)
Alcohol >20 units a week 6 (11)
Genital examination

Testicular volume right (mL) 22 (17-25)
Testicular volume left (mL) 22 (18-25)
Varicocele, hydrocele 6 (11)

HIV-1
Blood plasma HIV-1 RNA levels (log copies HIV-1 RNA/mL) 4.5 (3.8-4.7)
CD4+ T cells (cells/mm3) 480 (370-600)
CD8+ T cells (cells/mm3) 1060 (810-1330)

Endocrinology
LH (U/L), n= 0.1-10 3.9 (2.7-5.8)
FSH (U/L), n=0.1-15 5.3 (3.7-7.2)
Prolactin (µg/L), n= 0-15 10 (9-16)
Testosterone (nmol/L), n=11-35 19 (16-24)
SHBG (nmol/L), n=12-75 34 (26-45)
D4 Androstendione (nmol/L), n=1-10 7.6 (6.6-9.7)
FAI, n=20-90 53 (42-76)

Semen parameters
Semen volume (mL) 2.3 (1.46)
Concentration of spermatozoa (cells x 106/mL) 96 (89.1)
Progressively motile spermatozoa (%) 25 (16.7)
Slowly motile spermatozoa (%) 14 (7.4)
Immotile spermatozoa (%) 61 (17.4)
Normal-shaped spermatozoa (%) 44 (16.7)
Total sperm count (spermatozoa x 106) 193.6 (180.63)
Total motile sperm count (spermatozoa x 106) 56.8 (90.15)

Note: FAI, free androgen index; FSH, follicle-stimulating hormone; LH, luteinizing hormone; SHBG, sex 
hormone-binding globulin; STD, sexually transmitted disease.
Semen parameters are expressed as mean (SD); other variables are expressed as median (IQR) or n (%)
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Our study has a number of strengths. First, the longitudinal study design allowed us to study 

the effect of progressive HIV-1 infection on semen quality using individual men as their own 

controls. Second, all semen analyses were performed by a single trained person. As a result, 

interobserver bias, which is common in the evaluation of semen parameters, was ruled out 18.  

Third, we ruled out Chlamydia trachomatis infection at baseline, and urethral gonorrhea was 

diagnosed in none of the study participants during the study period. 

Table 2. Results of the mixed-effects models

Semen Parameters Estimate P value

Semen volume (mL)

 Time – .37

Concentration of spermatozoa (cells x 106/mL)

 Time – .86

Baseline FSH (IU/L) –8.1 .003

Blood viral load (log
10

 copies/mL) 28 .01

Days’ sexual abstinence 9.7 .007

Progressively motile spermatozoa (%)

 Time – .70

Age (per year) –0.5 .02

Smoking –9.3 .02

Slowly motile spermatozoa (%)

 Time – .39

Immotile spermatozoa (%)

 Time – .99

Normal-shaped spermatozoa (%)

 Time – .50

Total count (spermatozoa x 106)

 Time – .62

Baseline FSH (IU/L) –11 .02

Days’ sexual abstinence 40 <.0001

Smoking –80 .03

Total Motile Count (spermatozoa x 106)

 Time – .93

Baseline FSH (IU/L) –5.2 .02

Days’ sexual abstinence 11.7 .004
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Figure 1. Semen parameters during 96 weeks of untreated HIV-1 infection. The dotted lines 

in the graphs display the lower normal values according to the World Health Organization 

criteria. The P values represent the change over time. For statistical analyses, repeated 

measurements mixed-effects models were used. 
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The inverse correlation of FSH with the concentration of spermatozoa, total sperm count, and 

total motile sperm count; the positive correlation between the duration of sexual abstinence 

and the concentration of spermatozoa, total sperm count, and total motile sperm count; and, 

finally, the finding that smoking decreased the percentage of spermatozoa with progressive 

motility and total sperm count are in line with previous data, and they support the validity 

of the obtained results 19-23. 

We were unable to study any potential detrimental effects of more advanced immuno-

deficiency on semen quality, as none of the men reached a CD4 cell count below 200 cells/

mm3, or developed AIDS during the follow-up period. However, we cannot rule out any 

acute effects on semen quality resulting from acquisition of HIV-1 infection, as all of the men 

were already chronically infected with HIV-1 when they entered into the study, with varying 

durations of infection. Of note in this context is that we had previously described a decrease 

in semen volume and a decrease in the percentage of spermatozoa with progressive motility 

shortly after HIV seroconversion in a single semen donor 24. Our observation that both semen 

volume and the percentage of spermatozoa with progressive motility at baseline were in the 

lower-normal range seems to be consistent with this finding 17. Unexpectedly, blood plasma 

HIV-1 RNA concentration positively correlated with the concentration of spermatozoa; there 

was no correlation with any of the other semen parameters. There is no obvious biological 

explanation for this correlation. 

Our study has also some limitations. First, our follow-up period was limited to 96 weeks, 

making it impossible to draw conclusions about the effects of longer exposure to HIV-1. 

Second, our study group consisted of only 55 men. 

In 55 untreated asymptomatic HIV-1 infected men, semen quality remained stable over a 

period of approximately 2 years. As semen quality is one of the key factors in determining 

reproductive success—not only in spontaneous conception but also in the assisted 

reproductive techniques that are generally advised to HIV-discordant couples with an HIV-

1-infected man—these findings are reassuring and may be of use when counseling patients 

infected with HIV-1 who wish to father a child. Moreover, these results provide relevant 

background information for studies investigating any potential effect of antiretroviral 

therapy on semen quality.
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Abstract

Objective: To evaluate the effect of combination antiretroviral therapy (cART) on semen quality.

Design: A longitudinal cohort study.

Setting: The HIV outpatient clinic of the Academic Medical Centre in Amsterdam, the 

Netherlands.

Subjects: A cohort of 34 male patients with different estimated duration of HIV-1 infection, who 

were about to start various combinations of cART.

Intervention(s): Blood and semen analyses before the start of cART and 4, 12, 24, 36 and 48 

weeks thereafter.

Main outcome measure(s): We examined the effect of cART on semen parameters by a repeated 

measurements procedure using a mixed-effects model.

Results: The median period of follow-up was 48 weeks (interquartile range 33–52 weeks). Five 

patients used thymidine analogue-containing cART, 23 used tenofovir-based cART, six used other 

regimens. At all timepoints the percentage of progressively motile spermatozoa was low according 

to WHO criteria, and it decreased significantly from 28 to 17% during follow-up (P=0.02). All other 

semen parameters were in the normal range and remained stable.

Conclusions: cART negatively affected the percentage of progressively motile spermatozoa. 

Whether this reduced motility affects the chances of fathering a child or leads to an increased 

need for artificial reproductive techniques is at present unknown.
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Introduction

Potent combination antiretroviral therapy (cART) has increased the life expectancy of patients 

infected with HIV-1 1. These drugs have to be taken lifelong, and doctors and patients are 

now faced with the long-term adverse effects of cART, including lipid abnormalities, insulin 

resistance, premature atherosclerosis, neuropathy and lipodystrophy 2-5.

Most antiretroviral drugs show good penetration in the male genital tract and may therefore 

affect spermatogenesis 6. The possible effect of cART on semen quality is of interest because 

semen quality is a key factor for reproductive success 7,8.

Data on semen parameters before and after the start of antiretroviral therapy are limited to 

two studies. In one study involving five HIV-1-infected male patients semen parameters were 

normal according to WHO criteria 9, and remained stable after zidovudine monotherapy with 

variable duration 10. In contrast, another study reported on 20 HIV-1-infected male patients 

and showed that a number of semen parameters, including the percentage of progressively 

motile spermatozoa and the percentage of spermatozoa with a normal morphology, were 

low according to WHO criteria but improved after 4–12 weeks of cART 11. The outcomes of 

those studies are not conclusive, as a result of the low numbers of patients in the first study, 

and the short period of follow-up in the second study, considering that spermatogenesis 

takes approximately 70 days.

We therefore performed a prospective longitudinal cohort study describing semen 

parameters before and during the first 48 weeks of cART.

Materials and methods

Patients

Between February 2003 and October 2005, HIV-1-positive male patients, in whom the 

decision was made to start cART, were recruited from the HIV outpatient clinic of the 

Academic Medical Centre in Amsterdam, the Netherlands. Exclusion criteria were current 

use of antiretroviral drugs and previous use of antiretroviral drugs for a period longer than 8 

weeks. Other exclusion criteria were known causes of male infertility in the medical history, 

including vasectomy, mumps orchitis, orchidopexy and previous exposure to chemotherapy 

or radiotherapy. The study was approved by the Institutional Review Board of the Academic 

Medical Centre and all patients gave written informed consent.
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Study procedures

The baseline visit was defined as the last clinic visit before the start of cART. Follow-up visits 

were scheduled 4, 12, 24, 36 and 48 weeks after starting cART.

At baseline and at each follow-up visit a semen analysis was performed and blood was 

obtained to determine CD4 and CD8 cell counts and blood plasma HIV-1-RNA levels. In 

addition, at baseline a standardized study questionnaire was completed, and an andrological 

examination, hormonal screening, urine analysis for Chlamydia trachomatis infection, and 

serological screening for active viral hepatitis B and C were performed.

All semen analyses were performed by a single trained researcher (EvL) according to the WHO 

manual for routine semen analysis 9. All participants were instructed to have at least 2 days of 

sexual abstinence and the exact number of days of abstinence was recorded. The ejaculate 

was produced by masturbation and collected in a sterile container. All semen analyses were 

carried out within one hour of ejaculation. After liquefaction at 37°C, semen volume was 

measured and semen pH was determined. The concentration of spermatozoa and motility of 

spermatozoa were assessed and at least 100 spermatozoa were counted for motility analysis. 

Motility was scored as progressive (grade a), slow (grade b plus c) or immotile (grade d). The 

percentage of spermatozoa with a normal morphology was determined on a semen smear 

by counting 100 Diff Quick (Dade Behring, Dudingen, Switzerland) stained spermatozoa. 

Subsequently, the total sperm count and the total motile sperm count were calculated.

Statistical analysis

We examined the effect of cART on semen parameters by a repeated measurements procedure 

using mixed-effects models (SAS Proc Mixed 8.02; SAS Institute, Cary, North Carolina, USA). 

Mixed-effects models allow for analyses of longitudinal data in which there are correlations 

between observations, and provide a valid statistical estimate of the mean effect. In our 

analysis the span of data and the frequency of missing data were unbalanced, i.e. varied by 

individual. Mixed-effects models are robust with respect to the effects of common variation 

on parameter estimation.

The CD4 cell count and blood plasma HIV-1-RNA level were entered into the models as 

time-updated variables. Parameters that are known to correlate with semen parameters, 

i.e. age, smoking, number of days of sexual abstinence, semen hyperviscosity and baseline 

follicle-stimulating hormone levels were evaluated as covariables. The outcomes of semen 
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parameters were adjusted for the covariables that significantly correlated with the semen 

parameters studied. Statistical significance was set at a two-sided level of P<0.05.

Results

The baseline characteristics of the 34 patients included in the study are shown in Table 1. 

Two of these patients had previously used antiretroviral drugs, each during a short period 

of 8 weeks, 2 and 3 years before entering our study, respectively. One patient had used 

lamivudine, stavudine, indinavir and ritonavir because of an acute HIV-1 infection in 2000 

and stopped of his own accord. The other patient had used zidovudine/lamivudine and 

efavirenz and stopped because of headaches. None of the patients had genital abnormalities 

on targeted andrological examination. Two patients had chronic hepatitis B infection as 

indicated by detectable blood plasma hepatitis B virus DNA, and one had chronic hepatitis 

C infection by virtue of having detectable blood plasma hepatitis C virus RNA. None of the 

patients had active C. trachomatis infection.

Five patients started a thymidine analogue-containing first-line cART combination, and 

29 patients started cART without thymidine analogues. Within the thymidine analogue-

containing cART group, all patients used zidovudine-based cART, none used stavudine. 

Within the group of patients without thymidine analogues, 23 used tenofovir-based cART, 

one used abacavir-based cART and five used nucleoside/nucleotide analogue-sparing cART. 

Five patients (15%) changed their antiretroviral therapy regimen within the first 14 weeks 

because of side effects or simplification of therapy. Two patients stopped lopinavir, one 

stopped nevirapine and one efavirenz. In these four patients no new antiretroviral agent was 

started, because they were still on effective cART. One patient switched from lamivudine, 

nevirapine, lopinavir and ritonavir to lamivudine, nevirapine and tenofovir after 14 weeks 

because of diarrhoea.

The median period of follow-up was 48 weeks (interquartile range 33–52 weeks). During 

follow-up mean CD4 counts increased from 276 to 428 cells/μl (P<0.0001), and mean blood 

plasma HIV-1-RNA levels decreased from 5.0 to 2.1 log
10

 copies/ml (P<0.0001). At 48 weeks, 

74% of the patients had a blood plasma HIV-1-RNA concentration below the lower limit of 

detection of 50 copies/ml.

A total of 146 semen samples were analysed. The observed semen parameters during 48 

weeks of cART are shown in Fig. 1. The outcomes were adjusted for the covariables that 
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significantly correlated with the semen parameters in the mixed-effects model. The mean 

percentage of progressively motile spermatozoa was low according to WHO criteria at 

baseline, and decreased from 28% to 17% after 48 weeks cART (P= 0.02). The percentage of 

immotile spermatozoa was high according to WHO criteria at all timepoints. All other semen 

parameters were in the normal range according to WHO criteria and remained stable during 

cART 9.

Table 1: Baseline characteristics

Variable Outcome

No. of evaluable patients 34

Age (years) 41 (37-47)

Duration known HIV seropositivity (years) 2.7 (1.1-3.7)

Current cigarette smoker 11 (32)

HIV-1 status before therapy

Blood plasma HIV-1 RNA (log copies/ml) 5.0 (4.7-5.4)

CD4 T cells (cells/μl) 230 (190-330)

CD8 T cells (cells/μl) 980 (720-1740)

Endocrinology

Luteinizing hormone (U/l) n = 0.1-10 4.5 (3.3-6.2)

Follicle-stimulating hormone (U/l) n =0.1-15 6.7 (5.2-8.7)

Prolactin (µg/l) n = 0-15 10 (7-15)

Testosterone (nmol/l) n =11-35 19 (15-22)

Sex hormone binding globulin (nmol/l) n =12-75 41 (35-51)

D4 Androstendione (nmol/l) n =1-10 7.2 (5.4-8.7)

Free androgen index  n =20-90 44 (35-55)

Semen parameters

Semen volume (ml) WHO 2-6 2.1 (1.3)

Concentration of spermatozoa (cells x106/ml) WHO ≥20 91 (77.5)

Progressively motile spermatozoa (%) WHO ‘A’ ≥20 28 (16.5)

Slowly motile spermatozoa (%) 11 (8.9)

Immotile spermatozoa (%) WHO ‘D’ ≤50 61 (17.7)

Normal-shaped spermatozoa (%) WHO ≥30 43 (17.2)

Total count (spermatozoa x106) WHO ≥40 179.2 (182.6)

Total motile count (spermatozoa x 106) WHO ≥ 10 53.4 (83.5)

Variables are expressed as median and interquartile range (IQR) or n and percentage (%), semen 
parameters are expressed as mean and standard deviation (SD). For hormones normal ranges are 
provided as n. For semen parameters normal values according to WHO criteria are provided 9.
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Figure 1. Semen parameters during 48 weeks of first-line combination antiretroviral therapy. 

Total count (semen volume x concentration of spermatozoa). Total motile count (TMC, % 

progressively motile spermatozoa x total count). The dotted lines in the graphs display the 

lower normal values according to WHO (9). The P values represent the change during 48 

weeks of combination antiretroviral therapy.
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The mixed-effects model also showed correlations between sexual abstinence and the 

concentration of spermatozoa and total count. Inverse correlations were observed between 

follicle-stimulating hormone and the concentration of spermatozoa, total count and total 

motile count, and between age and the percentage of slowly motile spermatozoa and 

the percentage of normal-shaped spermatozoa. The use of thymidine analogues was not 

significantly associated with any of the other semen parameters, in particular not with the 

percentage of progressively motile spermatozoa. CD4 cell counts and blood plasma HIV-1-

RNA levels were not statistically significantly associated with any of the semen parameters.

Discussion

We demonstrated a statistically significant reduction in the percentage of progressively 

motile spermatozoa in 34 patients with HIV-1 infection during treatment with cART for 48 

weeks. All other semen parameters remained stable.

Our study has a number of strengths. First, the longitudinal study design allowed us to study 

the effect of cART on semen quality using individual subjects as their own control. Second, 

all semen analyses were performed by a single trained individual. As a result, inter-observer 

bias, which is common in the evaluation of semen parameters, was ruled out 12. Third, all 

but two of our patients were completely antiretroviral therapy naive, so our results were not 

biased by the effects of previous antiretroviral therapy. These two patients had only been 

very temporarily exposed, that is 8 weeks, 2 and 3 years before entry in the current study, 

making it unlikely that their previous treatment influenced our results.

We previously demonstrated that there was no detectable change in semen quality in 55 

patients during a period of 96 weeks of untreated asymptomatic HIV-1 infection 13. The 

proportion of progressively motile spermatozoa observed in that untreated group was 

similar to that in the current group of patients at baseline, before the start of cART. These 

observations suggest that the reduction in progressively motile spermatozoa, which 

occurred in the current study during treatment, was related to the use of cART and not to 

HIV-1 infection.

There are several possible explanations for the observed decrease in progressively 

motile spermatozoa. Mitochondria are abundant in spermatozoa and provide adenosine 

triphosphate, necessary to maintain progressive motility 14,15.
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Nucleoside analogue reverse transcriptase inhibitors, in particular the thymidine analogues 

zidovudine and stavudine, may affect mitochondrial function by inhibition of the 

mitochondrial DNA replication enzyme polymerase gamma, causing MtDNA depletion, 

or by other mechanisms 16-18. A recent cross-sectional study was not able to detect any 

significant differences in mtDNA content and sperm motility between HIV patients receiving 

cART, HIV patients without cART, or HIV-negative individuals, but they did observe a weak 

negative correlation between the time on didanosine, zalcitabine and stavudine and mtDNA 

content 19.

Protease inhibitors on the other hand are associated with inhibition of apoptosis, which may 

also occur in spermatozoa, leading to cell dysfunction, i.e. asthenozoospermia 20-22.

Our study also has some limitations. First, albeit longer than in previously published 

re-ports 10,11, our follow-up was still limited to one year, making it impossible to draw 

conclusions about the effects of longer exposure to antiretroviral therapy. Second, we 

cannot with certainty distinguish the effects of the different (classes of ) antiretroviral drugs. 

Only five patients used thymidine analogues, and none of our patients were using stavudine, 

the agent with the strongest effect on MtDNA 17. Nevertheless, the statistically significant 

reduction in the percentage of progressively motile spermatozoa we observed in our study 

may have been mediated by mitochondrial dysfunction caused by less toxic nucleoside 

reverse transcriptase inhibitors, such as lamivudine, which was widely used in our study, as a 

result of other mechanisms than MtDNA depletion 23,24.

In summary, in 34 HIV-1-infected patients the percentage of progressively motile spermatozoa 

was reduced after a period of approximately one year of cART, whereas all other indicators of 

semen quality remained stable. These observations may be useful when counselling HIV-1-

infected patients who wish to father a child. Whether the use of cART will result in reduced 

chances to father a child or an increased need for artificial reproductive techniques is at 

present unknown.
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Abstract

Background: The number of motile spermatozoa is decreased in patients with HIV-1 infection. 

In addition, the use of highly active antiretroviral therapy (HAART) has been shown to further 

decrease sperm motility. Spermatozoa contain numerous mitochondria that provide energy for 

their progressive motility. We tested whether reduction in mitochondrial DNA (mtDNA) copy 

number of spermatozoa underlies this decrease in motility.

Objective: To explore the effect of HAART on mtDNA copy numbers in spermatozoa.

Methods: MtDNA copy numbers were determined using a quantitative real-time duplex nucleic 

acid-based amplification assay in spermatozoa of a cohort of ten previously treatment-naïve 

HIV-1-infected patients, before and 4, 12, 24, 36 and 48 weeks after the start of various HAART 

regimens. In addition, mtDNA copy numbers were determined in spermatozoa from a healthy 

semen donor before and after documented seroconversion for HIV-1. 

Results: In the cohort of ten treatment-naïve HIV-1-infected men, age and number of spermatozoa 

were independently associated with mtDNA copy numbers. Adjusting for these variables, the 

mtDNA copy numbers in spermatozoa increased significantly with 0.45 log
10

 copies/cell during 

the first 12 weeks of HAART (P=.001), without significant subsequent changes from 12 to 48 

weeks (P=.34). There was no direct association between the proportion of progressively motile 

spermatozoa and mtDNA copy numbers (P=.39). In the semen donor mtDNA copy numbers in 

spermatozoa declined with 0.39 log
10

 copies/cell following HIV-1 seroconversion (P=.014). 

Conclusions: MtDNA copy numbers increase during the first twelve weeks of first-line HAART, 

which may be preceded by a decrease in mtDNA copy number following primary HIV-1 

infection. 
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Introduction 

Highly active antiretroviral therapy (HAART) can cause serious adverse effects, including, but 

not limited to, lipid metabolism abnormalities, insulin resistance, premature atherosclerosis, 

neuropathy and lipodystrophy 1-4. Some of these adverse effects are thought to be mediated 

through deleterious effects of HAART on mitochondria. The thymidine analogue nucleoside 

reverse transcriptase inhibitor (NRTI)-containing antiretroviral regimens in particular, may 

negatively affect mitochondrial DNA (mtDNA) copy number, mainly through inhibition of the 

mtDNA replication enzyme mtDNA polymerase-gamma, causing mtDNA depletion 5-7. Apart 

from HAART with thymidine analogues, HIV infection itself may result in mtDNA depletion 

in peripheral blood mononuclear cells (PBMC). The mechanism behind this phenomenon is 

so far unknown 8,9. Only recently it was discovered that HAART without thymidine analogues 

restores mtDNA copy numbers in PBMC 10. 

Several antiretroviral drugs show good penetration in the male genital tract and may potentially 

cause local adverse effects 11. Mitochondria are abundant in spermatozoa and provide 

energy to maintain their progressive motility, a key factor for reproductive success 12,13. 

We have previously reported that upon HIV-1 infection, motility was reduced in a semen donor 

following HIV-1 seroconversion 14. In a subsequent cohort study we showed that prolonged 

exposure to untreated HIV-1 infection did not result in a further decline in motility 15.  

In addition, we and others have shown that HAART can also contribute to a decline in 

motility 16,17. Whether this decline in motility after HIV-1 infection and HAART is related to 

mitochondrial copy numbers is unknown.

We therefore explored the effect of HAART on mtDNA copy number of spermatozoa, and 

longitudinally determined mtDNA copy numbers in spermatozoa of ten HIV-1-infected 

patients before and during the first 48 weeks of first-line HAART. In addition, we investigated 

mtDNA copy numbers in spermatozoa before and after primary HIV-1 infection in the same 

semen donor mentioned above. 

Material and Methods

Patients and semen samples

Semen samples were collected from ten previously antiretroviral treatment-naïve HIV-1-

infected men, in whom the decision was made to start HAART, based on having CD4 counts 

between 200 and 350 cells/mm3. All patients were enrolled in a study protocol on the effect 



CHAPTER 6

78

of HAART on semen quality. Purpose of this study was to examine the effect of HAART on 

semen parameters. As reported recently, HAART negatively affected the percentage of 

progressively motile spermatozoa 17. The study was approved by the Institutional Review 

Board of the Academic Medical Center and all patients gave written informed consent. 

Semen samples from the cohort were collected at baseline, defined as the last clinic visit 

before the start of HAART, and at 4, 12, 24, 36 and 48 weeks follow-up, allowing for a window 

of up to 1 week before and 1 week after the scheduled date. At baseline and at each follow-

up visit blood samples were obtained for determination of CD4 cell counts, CD8 cell counts, 

and blood plasma HIV-1-RNA concentration. PBMC were not collected. A complete semen 

analysis was performed within one hour after ejaculation according to the World Health 

Organization (WHO) manual for routine semen analysis 18. 

In addition, semen samples before and after HIV-1 infection were available from a donor, 

participating in a semen donation program of the semen bank of the Center for Reproductive 

Medicine of the Academic Medical Center from 1994 until June 2001. All semen samples 

were cryopreserved using SpermFreeze (FertiPro, Beernum, Belgium) and stored in liquid 

nitrogen. Because HIV-1 blood tests were done approximately every half year, the moment 

of HIV-1 acquisition was retrospectively determined by the presence of HIV-1-RNA in semen 

in November 2000 14. We previously published the changes in semen parameters during this 

observation period 14. Eight frozen semen samples were available before acquisition of HIV-

1, and eight frozen samples were available after acquisition of HIV-1. The donor provided 

four fresh semen samples for research purposes from March 2004 until March 2006, so in 

total twelve semen samples were available after acquisition of HIV-1. In March 2006, the 

donor was still antiretroviral treatment-naïve. 

Semen preparation

The fresh semen samples were diluted 1:1 with HTF, supplemented with 15% pasteurized 

plasma solution (GPO; Sanquin, Amsterdam, the Netherlands) and centrifuged for 10 

minutes at 400 x g at room temperature. The supernatant was discarded and the sperm 

pellets were resuspended in 4 ml of HTF and centrifuged at 300 x g for 10 minutes over two 

continuous gradients of two ml of 70% Pure Sperm (Nidacon, Göteborg, Sweden) to exclude 

non-spermatozoal cell contamination. The supernatant was removed and the pellets were 

pooled and resuspended in 4 ml of HTF, and again centrifuged at 400 x g for 10 minutes. 

After removing the supernatant the pellet was resuspended in 1 ml of HTF medium and 

transferred into a tube (Eppendorf, Hamburg, Germany). The number of spermatozoa was 
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counted and the spermatozoal fraction was frozen at -80°C until analysis. All semen samples 

were recoded and blinded before mtDNA analysis. 

For the semen donor, per time point three frozen semen samples were thawed and diluted 

with 4 ml of human tubal fluid medium (HTF) (Lonza, Verviers, Belgium) and then handled 

according to the protocol for the fresh samples from the ten cohort patients. The fresh semen 

samples from the semen donor were processed in a similar way as the fresh samples from 

the ten cohort patients. 

Mitochondrial DNA analysis 

The assay to analyze mtDNA in spermatozoa was adapted from previous published versions 
19,20 and checked upon its performance before use on spermatozoa (unpublished data). 

Spermatozoa were purified from semen by a single trained person (EvL), and total DNA was 

extracted from an amount of 3 x 105 spermatozoa using a silica-based method 21. An amount 

of total nucleic acid equivalent to 3 x 104 spermatozoa was used as input in the amplification 

reactions, which were always performed in duplicate. Each run included a calibration curve. 

MtDNA and nuclear DNA (nDNA) of each isolate were simultaneously amplified in one tube 

by means of real-time duplex nucleic acid sequence based amplification method, which was 

a modification of the Retina Mitox test (Primagen, Amsterdam, the Netherlands). Details 

of the original assay have been described previously 20. To assess the number of mtDNA 

molecules per spermatozoon and to express the number of mtDNA per 1 nDNA instead of 

mtDNA per 2 nDNA as would be relevant for diploid cells, the concentration of each of the 

two mtDNA primers was increased from 0.2 µM to 0.4 µM. The results for each isolate were 

calculated as the mean value of the duplicate measurements. The lower limit of detection 

was 1 copy of mtDNA per spermatozoa. 

Statistical Analysis 

We examined the effect of 48 weeks of HAART on mtDNA by a repeated measurements 

procedure using a linear mixed-effects model (PROC MIXED from SAS 8.02; SAS Institute, 

Cary, NC). Slopes were calculated for the week 0–12 and week 12–48 periods separately. 

The mtDNA copy numbers were entered into the model after log
10

-transformation, because 

of considerable inter-individual variation. Mixed-effects models allow for analyses of 

longitudinal data in which there are correlations between observations, and provide a valid 

statistical estimate of the mean effect. In our analysis the span of data and the frequency of 

missing data were unbalanced, i.e. they varied per individual. Mixed-effects models are robust 

with respect to the effects of common variation on parameter estimation. The concentration 
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of spermatozoa and the percentage of progressively motile spermatozoa were entered into 

the models as time-updated variables. Parameters that are known to correlate with semen 

parameters or parameters that possibly influence the amount of mtDNA, including age, 

smoking, baseline CD4 levels, baseline blood plasma HIV-1 RNA concentration, zidovudine 

use, protease inhibitor use, days of sexual abstinence, and baseline follicle-stimulating 

hormone levels were evaluated as covariables in the model. The outcomes of mtDNA copy 

numbers were adjusted for the covariables that significantly correlated with the semen 

parameters studied. 

Table 1. Baseline characteristics

Variable Outcome

No. of patients 10

Age (years) 40 (37–44)

CD4 cell count (cells/mm3) 265 (200–345)

CD8 cell count (cells/mm3) 820 (663–1295)

Blood plasma HIV-1 RNA concentration (copies/ml) 77741 (48376–161206)

Semen parameters

Volume (ml) WHO 2-6 2.6 (2.0–3.4)

Concentration of spermatozoa (x 106/ml) WHO ≥20 57 (39–130)

Progressively motile spermatozoa (%) WHO ‘A’ ≥20 28 (17–47)

Slowly motile spermatozoa (%) 9 (9–14)

Immotile spermatozoa (%) WHO ‘D’ ≤50 60 (44–70)

Normal shaped spermatozoa (%) WHO ≥30 44 (40–55)

Round cells (%)a 1 (1–2)

Total motile sperm count (x 106 cells) b WHO ≥ 10 51 (17–114)

First-line HAART

lamivudine (emtricitabine) / tenofovir / non-nucleoside RTI 5

lamivudine / tenofovir / protease inhibitor 3

zidovudine / lamivudine / non-nucleoside RTI 1

zidovudine / didanosine / protease inhibitor 1

Variables are expressed as number (n) or as median and interquartile range (IQR). For semen parameters 
normal values according to WHO criteria are provided 18. 
a Total motile sperm count = volume x concentration of spermatozoa x progressively motile 
spermatozoa
b Round cells are non-spermatozoal cells, including lymphocytes and immature spermatozoa
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We compared the log-
10

-transformed mtDNA copy numbers of the spermatozoa from the 

semen donor before and after HIV-1 seroconversion using a generalized linear model with 

time and HIV as independent variables. 

Statistical significance was set at a two-sided level of P<.05. 

Results

The baseline characteristics of the ten men commencing HAART, including the particular 

regimens which were started are shown in Table 1. Two men started a zidovudine-based 

thymidine analogue containing HAART combination, and eight patients started tenofovir-

containing thymidine analogue-sparing HAART. 

The ten HIV-1-infected patients on HAART provided a total of 50 semen samples (Table 2). For 

ten time points no semen samples were available; on eight occasions a semen sample could 

not be produced, and two visits were not within the prespecified window. After preparation 

of the semen sample, spermatozoa were by far the majority of cells in the spermatozoal 

fraction and nearly all other non-spermatozoal cells were removed.

The course of spermatozoal mtDNA copy numbers over 48 weeks for each individual patient 

is shown in Figure 1. Baseline mtDNA copy numbers ranged from 1.5 copies/cell to 269 

copies/cell. The mean number of log
10

 mtDNA copies/cell was 0.77 (SD 0.66) at baseline, 

peaked at week 12 with 1.29 (0.62) and was 1.03 (0.78) at 48 weeks follow-up, respectively. 

In the multivariable model every year increase in age was associated with a 0.057 log
10

 copies/

cell lower mtDNA copy number (P=.003), and every unit (x 106 spermatozoa/ml) increase in 

Table 2. MtDNA copy numbers per cell during 48 weeks of HAART

Week No. of samples  MtDNA log
10

copy number

0 10 0.77 (0.66)

4 7 0.85 (0.84)

12 9 1.29 (0.62)

24 8 0.93 (0.38)

36 9 1.09 (0.50)

48 7 1.03 (0.78)

MtDNA log
10

 copy numbers are expressed as mean and standard deviation (SD).



CHAPTER 6

82

the concentration of spermatozoa in the original semen sample was associated with a 0.002 

log
10

 copies/cell lower mtDNA copy number (P=.01). 

After adjusting for age and number of spermatozoa, the mtDNA copy numbers in 

spermatozoa increased significantly with 0.45 log
10

 copies/cell during the first 12 weeks of 

HAART (P=.001), without significant subsequent changes from 12 to 48 weeks (P=.34). 

The percentage of progressively motile spermatozoa was not statistically significantly 

associated with mtDNA copy number (P=.39). Smoking, CD4 cell count, blood plasma HIV-

1 RNA concentration, zidovudine use, protease inhibitor use, days of sexual abstinence, 

baseline follicle-stimulating hormone levels were also not statistically significantly associated 

with mtDNA copy number. 

    






























        










 



 




 








Figure 1. MtDNA copy numbers in spermatozoa during 48 weeks of highly active antiretroviral 

therapy (HAART) in ten patients. 

The solid line reflects the mean mtDNA log
10

 copies/cell.
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Analysis of mtDNA copy number in spermatozoa from the seroconverting semen donor 

revealed that the mean number of log
10

 mtDNA copies/cell was significantly lower after HIV-

1 seroconversion compared to the period before seroconversion, i.e. 0.43 log
10

 copies/cell 

versus 0.82 log
10

 copies/cell, respectively (P=.014). Within these two periods the mtDNA copy 

number in spermatozoa did not change significantly (P=.95).

Discussion

We demonstrated an increase in the mtDNA copy number of spermatozoa in previously 

treatment-naïve men commencing HAART. The increase was observed during the first 12 

weeks of treatment, with spermatozoal mtDNA copy numbers remaining stable during 

the remainder of the 48 weeks of first-line HAART. The number of progressively motile 

spermatozoa was not associated with mtDNA copy numbers. In addition, we demonstrated 

a significant decrease in mtDNA copy number of spermatozoa in a semen donor after 

seroconverting for HIV-1. 

Our study has several limitations. First, the conclusions of our study are limited by the 

small sample size of our cohort and the fact that we were only able to study one HIV-1-

seroconverting semen donor. Second, only two of our patients used a HAART regimen which 

included a thymidine analogue NRTI (i.e. zidovudine) known to have a more pronounced 

potential for mitochondrial toxicity. Thus, any detrimental effect of such agents as compared 

to other agents cannot be inferred from our study. Finally, no direct parallels can be drawn 

with blood as appropriate blood samples were not available from our patients. 

Other studies have demonstrated an increase in peripheral blood mononuclear cell (PBMC) 

mtDNA copy numbers during the first year of HAART treatment in previously treatment-

naïve patients 7,10. Earlier cross-sectional studies of mtDNA content of spermatozoa have 

yielded conflicting results. One study reported no difference between patients on or off 

HAART, compared to HIV-negative individuals 22, while another study did show a statistically 

higher mtDNA copy number in spermatozoa from 11 HAART-treated men compared with 

eight HIV-1-positive men not on HAART and ten HIV-negative men 23.

Although limited to a single case, our finding concerning mtDNA copy number in spermatozoa 

before and after seroconversion are compatible with those reported earlier for PBMCs from 

individuals with documented HIV-1 seroconversion, in whom PBMC mtDNA copy number 

was shown to have decreased significantly one year after acquisition of infection 24,25. The 
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mechanism by which HIV-1 may affect the mtDNA copy number in spermatozoa remains 

elusive. Spermatozoa themselves do not seem to be susceptible to HIV-1 infection, as they 

do not express CD4 or any of the co-receptors required for entry of HIV-1 into host cells 26. It 

could be that Sertoli cells, the cells within the testis that nourish the developing spermatozoa, 

are affected by HIV, although it is likewise unknown if Sertoli cells are susceptible to HIV-1. 

We observed the increase in spermatozoal mtDNA copy number only during the first 

twelve weeks of HAART. Levels did not increase further during the subsequent 36 weeks of 

observation, and in fact showed a tendency to decline. A potential explanation for this time-

dependent effect may be the difference in duration of exposure of spermatozoa of different 

maturity to both HIV-1 infection and HAART 27. As spermatogenesis takes around 70 days, 

spermatozoa ejaculated during the first 12 weeks of HAART were mostly mature cells already 

present in the testis and epididymis before the start of HAART. In contrast, spermatozoa 

which were ejaculated during the subsequent 36 weeks were cells that were exposed to 

HAART during their complete maturation cycle from spermatogonial stem cell to a mature 

spermatozoon. 

The increase in mtDNA copy number that we observed during the first 12 weeks of HAART 

appears not to be in line with the statistically significantly decrease in the percentage of 

progressively motile spermatozoa that was observed during 48 weeks of first-line HAART 17.  

Moreover, in the current study the mtDNA copy number in spermatozoa was not directly 

associated with the percentage of progressively motile spermatozoa. Although the 

reduction in mtDNA copy number thus does not seem to be associated with a reduction 

in sperm motility, we cannot rule out that the decrease in the percentage of progressively 

motile spermatozoa may result from mechanisms involving mitochondria other than those 

affecting mtDNA copy numbers 28. 

In summary, we demonstrate that commencing HAART is associated with an increase in 

the mtDNA copy number of spermatozoa. The data obtained from our single semen donor 

suggest that this possibly represents a reversal of reduced mtDNA copy numbers induced 

by HIV-1 infection, but clearly additional data will be needed to confirm this. Interestingly, 

the changes which were observed in spermatozoal mtDNA copy numbers after the start of 

HAART did not provide an explanation for the reduction in the percentage of progressively 

motile spermatozoa which we have reported previously 17. Future studies should address 

potential other mechanisms by which HAART may reduce spermatozoal motility which may 
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include other toxic effects on mitochondria such as the induction of mitochondrial DNA 

deletions and changes in mitochondrial membrane potential. 
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Abstract

Data on the concentrations of didanosine (ddI) and tenofovir (TFV) in seminal plasma are sparse. 

Subtherapeutic drug concentrations within the lumen of the male genital tract may have 

implications for selection and transmission of drug-resistant HIV strains. On the other hand, 

sufficient penetration of these drugs into the male genital tract has potential toxic effects on 

the spermatozoa and their precursors. In the current study, the authors obtained paired semen 

and blood samples at variable time points after drug intake from 30 HIV-1-infected patients 

using a ddI (n = 15) or ddI + TFV (n = 15) containing antiretroviral regimen. Didanosine and TFV 

concentrations were measured in seminal and blood plasma and semen quality was assessed. 

Both ddI and TFV penetrated well into seminal plasma. Whereas blood plasma ddI concentrations 

dropped to near or below the lower limit of quantification of 0.017 μg/mL 9 hours after drug intake, 

the ddI concentration in seminal plasma remained detectable during the whole dosing interval 

with a median of 0.20 and 0.21 μg/mL in the ddI and ddI + TFV groups, respectively. Tenofovir was 

detectable during the whole dosing interval in both blood and seminal plasma with a median 

concentration of 0.12 and 0.25 μg/mL, respectively, and a median seminal-to-blood-plasma ratio 

of 3.3. Semen quality was within the normal range according to the criteria of the World Health 

Organization, except for the percentage of progressively motile sperm, which was low in both 

groups of patients. The authors conclude that ddI and TFV penetrate well into seminal plasma and 

that the reduced sperm motility deserves further study.
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Introduction

Not all antiretroviral drugs penetrate sufficiently into the lumen of the male genital tract. 

Subtherapeutic drug concentrations may allow local selection of drug-resistant HIV 1,2. On the 

other hand, sufficient penetration into seminal plasma exposes the spermatozoa and their 

precursors to potentially toxic effects of antiretroviral drugs. In this context, it is of importance 

to note that several antiretroviral drugs, including didanosine (ddI), are associated with 

mitochondrial toxicity 3. Because mitochondria are abundant in spermatozoa, and necessary 

for their progressive motility, these drugs may thus affect sperm motility.

Available data concerning the concentration of ddI and tenofovir (TFV) in seminal plasma 

are sparse. There is only one study that suggests that ddI accumulates in seminal plasma 4.  

Similarly, TFV concentrations have only been studied in four patients using tenofovir 

disoproxil fumarate (TDF); this study suggested accumulation of TFV in seminal plasma 5. 

Didanosine and TDF have a pharmacokinetic interaction that makes it necessary to reduce 

the dose of ddI when it is used in combination with TDF; in patients with a bodyweight of 

60 kg or more, the recommended dose of ddI is 250 mg instead of 400 mg once daily 6,7. No 

studies exist on the effect on seminal plasma drug concentrations when these two drugs are 

used simultaneously.

The purposes of the current cross-sectional study were to assess the penetration of ddI and 

TFV into seminal plasma in patients using a ddI or ddI plus TDF-containing antiretroviral 

regimen and to evaluate semen quality in these patients.

Materials and Methods

Patients were eligible for this study if they used ddI (enteric-coated) or ddI (enteric-coated) 

plus TDF as part of their current potent combination antiretroviral regimen (also called 

highly active antiretroviral therapy) for at least 6 weeks and were adherent to their therapy. 

Exclusion criteria were vasectomy, a genitourinary tract infection (assessed by urinalysis and 

Chlamydia trachomatis ligase chain reaction assay in urine within 8 weeks before semen 

collection, and a negative medical history on the day of semen collection), an intercurrent 

medical condition, and renal insufficiency. The study was approved by the Institutional 

Review Board and all patients gave written informed consent.
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Semen was produced by masturbation after at least 2 days of sexual abstinence. The 

ejaculate was collected in a sterile container and analyzed within 1 hour. All semen analyses 

were performed according to the World Health Organization guidelines for routine semen 

analysis 8. After liquefaction at 37°C, semen volume and pH were measured. Subsequently, 

concentration and motility of spermatozoa were assessed using a counting chamber (Léjà 

products B.V., Nieuw Vennep, The Netherlands) and the percentage of spermatozoa with a 

normal morphology was determined by counting 100 Quick diff-stained spermatozoa.

The whole semen sample was then centrifuged at 1200 g for 10 minutes and the supernatant, 

consisting of seminal plasma, was stored at –20°C until analysis of drug concentrations.

Within 2 hours before or after semen collection, a venous blood sample was collected in 

heparinized tubes for measurement of the blood plasma ddI and TFV concentrations. 

Heparinized blood was centrifuged at 1200 g for 10 minutes and the plasma was stored at 

–20°C.

Time of last intake of the drugs, production of the semen sample, and blood collection were 

recorded. As time point of the seminal-to-blood-plasma-drug ratio, the mean of the interval 

between drug intake and semen or blood collection was taken.

Concentrations of ddI in blood plasma were measured using a previously described validated 

high-performance liquid chromatography method with ultraviolet light detection 9. The  

lower limit of quantification (LLOQ) was 0.017 μg/mL. Concentrations of ddI in seminal 

plasma were determined using the same method with an adapted sample preparation, i.e., 

solid phase extraction was used as described for urine 10. The seminal plasma LLOQ with this 

method was also 0.017 μg/mL and the calibration curve was linear over a range of 0.017 

to 5.19 μg/mL. Recovery after extraction from seminal plasma was 108% and accuracy 

ranged from 101% to 109% whereas intraday and interday precision were 4.3% and 10.1%, 

respectively (data not shown).

Tenofovir blood and seminal plasma concentrations were measured by a previously described 

high-performance liquid chromatography method with fluorimetric detection 11. The LLOQ 

for tenofovir was 0.015 μg/mL for blood plasma and 0.048 μg/mL for seminal plasma. Both 

ddI and TFV assays were externally validated by the Quality Assurance Program for Clinical 

Measurement of Antiretrovirals of the AIDS Clinical Trials Group 12.
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Descriptive statistics were performed using SPSS statistical programs version 11.5.1. (SPSS 

UK, Woking, Surrey, UK).

Results

From January until November 2004, 30 patients were included, 15 using ddI and 15 using 

ddI plus TDF-containing highly active antiretroviral therapy. Baseline characteristics of the 

patients are presented in Table 1. All patients weighed more than 60 kg and their daily dose 

of ddI was 400 mg (ddI-only group) and 250 mg (ddI + TDF group) as recommended. Of the 

patients using ddI only, 14 had a blood plasma HIV-1 RNA concentration (pVL) of less than 

50 copies/mL [Versant HIV-1-RNA (branched-DNA) assay; Bayer Corp., Tarrytown, NY] in the 

8 weeks before semen collection. One patient had a virologic blip of 78 copies/mL 6 weeks 

before semen collection. In the patients using ddI plus TDF, two had a detectable pVL around 

the time of semen collection (1042 and 472 copies/mL, respectively).

Data on drug intake and drug concentrations are shown in Figures 1 through 3. In most 

patients in both groups, the ddI seminal plasma concentrations were higher than the blood 

plasma concentrations (median concentration 0.20 μg/mL versus 0.09 μg/mL in the ddI-only 

group and 0.21 μg/mL versus 0.02 μg/mL in the ddI plus TDF group) (Fig. 1). In both groups, 

the ddI blood plasma concentrations peaked at approximately 2 to 7 hours after drug intake, 

whereas after 14 to 16 hours, the ddI blood plasma concentrations were all below the LLOQ. 

Table 1. Characteristics of patients using didanosine (ddI) or ddI plus tenofovir DF-(TDF) 

containing antiretroviral regimen

All patients ddI ddI + TDF

No. 30 15 15

Age (years) 43 (38-52) 43 (39-53) 42 (37-48)

Body weight (kg) 77 (70-86) 73 (66-84) 78 (75-87)

Present CD4 count (cells/μL) 515 (398-663) 520 (410-620) 510 (360-670)

Number with pVL less than 50 RNA copies/mL 26 14 12

Time on current HAART (months) 18 (11-30) 28 (17-37) 12 (7-18)

Time on HAART (months) 64 (37-95) 53 (34-83) 90 (42-96)

Time on ART (months) 76 (37-122) 61 (34-113) 104 (42-122)

Data are expressed as median and interquartile range where applicable.
HAART, highly active antiretroviral therapy. ART, Antiretroviral therapy (includes non-HAART and HAART 
regimens).
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For seminal plasma, in both groups, the ddI concentration peaked at approximately 12 to 13 

hours after drug intake, whereas after 15 to 18 hours, the ddI concentrations were all in the 

lower range (Fig. 1).

       

In the patients from the ddI-only group and the ddI plus TDF group in whom a seminal-to-

blood-plasma-ddI ratio could be calculated, this ratio clearly increased during the course of 

                        






















   




 








 







Figure 1. Didanosine (ddI) concentrations in blood (bp) and seminal plasma (sp) with 

or without tenofovir-DF (TDF) coadministration. Dotted line indicates lower limit of 

quantification of didanosine in blood and seminal plasma.
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the dosing interval. Because of plasma concentrations less than LLOQ, from 16 hours onward, 

a seminal-to-blood-plasma-ddI ratio could not be calculated (Fig. 3).

Tenofovir was detectable in all blood and seminal plasma samples of the patients using ddI 

plus TDF with a median concentration of 0.12 μg/mL and 0.25 μg/mL, respectively. There was 

                         



















   


 










 







Figure 2. Tenovofir (TFV) concentrations in blood (bp) and seminal plasma (sp). Dotted 

lines indicate lower limit of quantification of tenofovir in blood plasma (0.015) and seminal 

plasma (0.048).
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Figure 3. Seminal plasma (sp) to blood plasma (bp) ratio of didanosine (ddI) and tenofovir 

(TFV). Dotted line indicates ratio = 1.
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a clear relationship between the interval after TDF intake and the TFV concentration in blood 

plasma (correlation coefficient –0.8, P = 0.01) (Fig. 2). 

There was no clear relationship between the interval after TDF intake and the TFV 

concentration in seminal plasma (Fig. 2). In most patients, concentrations of TFV in seminal 

plasma were higher than in blood plasma with a median seminal/blood plasma ratio of 3.3 

(range, 0.9–49.2) (Fig. 3).

Data on semen quality are given in Table 2. The semen volume was on the lower side of 

normal values and the percentage of progressively motile sperm was below World Health 

Organization criteria in both groups 8.

Discussion

This study is the largest on ddI and tenofovir concentrations in seminal plasma and, with 

respect to the combination of ddI and tenofovir, the first published study. In this study, we 

found that both ddI and TFV penetrate well into seminal plasma. In contrast to blood plasma 

ddI concentrations, the ddI concentration in seminal plasma remained detectable during 

a larger part of the dosing interval and compared with blood plasma, the concentration 

peak in seminal plasma was approximately 8 hours later. During the last part of the dosing 

Table 2. Semen quality parameters

ddI ddI + TDF normal values*

No. 15 15

Abstinence (days) 2 (2.0–3.0) 2 (2.0–4.0)

Volume (mL) 2.5 (1.40–3.00) 2.2 (1.70–4.00) >2

PH 7.5 (7.2–7.5) 7.5 (7.5–7.5) >7.2

Spermatozoa concentration (x 106/mL) 50 (40.0–73.0) 65 (50.0–108.0) >20

Spermatozoa motility (%)

Progressive (grade a) (%) 22 (15.0–46.0) 26 (16.0–47.0) >50

Slow (grade b + c) (%) 15 (11.0–25.0) 9 (7.0–15.0)

Immotile (grade d) (%) 53 (42.0–72.0) 59 (45.0–70.0)

Spermatozoa with normal morphology (%) 34 (26.0–41.0) 41 (35.0–64.5) >30

Data are expressed as median and interquartile ranges.
*Reference 8.
ddI, didanosine; TDF, tenofovir disoproxil fumarate. 
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interval also, the ddI concentrations in seminal plasma drop to low levels. So, with some 

delay, the ddI concentrations in seminal plasma parallel those of blood plasma, explaining 

the increasing seminal-to-blood-plasma-ddI ratios during the course of the dosing interval 

(Figs. 1 and 3). For indinavir not boosted with ritonavir and stavudine, both also antiretroviral 

drugs with a short blood plasma half-life (approximately 1.5 hours), the same delay between 

the blood and seminal plasma concentrations has been found 13-15. Our data also suggest 

that concurrent use of tenofovir-DF, with a dose reduction of ddI as recommended, has no 

apparent effect on the blood and seminal plasma ddI concentrations.

Our results are in line with previous small studies on ddI and TFV in seminal plasma 4,5. 

Furthermore, our results confirm previous findings that antiretroviral drugs with a protein 

binding of less than 90% penetrate well into the seminal plasma; ddI and TFV both have a 

protein binding of less than 10% 2.

The potential downside of good penetration is that spermatozoa and their precursors are 

exposed to more of the antiretroviral drugs. Most studies suggest that semen parameters are 

normal during asymptomatic HIV-1 infection 16-18. However, a direct effect of HIV-infection on 

semen volume and sperm motility has been noted before 19. Our study suggests that there 

was a tendency toward a lower semen volume and a decreased percentage of progressively 

motile sperm in antiviral therapy exposed HIV-1-infected patients. The patients were, on 

average, already 6 years on antiretroviral treatment, so the influence of previous regimens and 

that of other drugs in the current regimen, or the HIV infection itself, cannot be excluded.

Data describing the effects of antiretroviral therapy on semen quality are limited. Only one 

longitudinal study has been performed on semen parameters before and during highly 

active antiretroviral therapy, but the 4 to 12 weeks follow-up of this study may have been 

too short to evaluate possible adverse effects on semen quality 20.

Thus, larger and more extended prospective longitudinal studies are needed to elucidate 

any potential detrimental effects of antiretroviral combination therapy on semen quality.
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Abstract

In this exploratory study, the human immunodeficiency virus (HIV) protease inhibitor atazanavir 

was detected in seminal plasma in 15 out of 15 HIV-infected men taking an atazanavir-containing 

regimen. However, this penetration was limited and variable, and the median seminal/blood 

plasma ratio was only 0.1. 
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Human immunodeficiency virus type 1 (HIV-1) RNA concentrations in blood plasma and 

seminal plasma decrease during successful highly active antiretroviral therapy (HAART) 1-3, 

but the concentrations of HIV-1 RNA in blood plasma and seminal plasma do not always 

show a parallel response 4,5. Especially during (a)symptomatic local inflammation/infection, 

leukocytospermia, and advanced-stage HIV infection circumstances may be favorable for 

(more) local HIV production 6, and one concern with current antiretroviral therapy is that the 

protease inhibitors, with the exception of indinavir and amprenavir, show poor penetration 

into seminal plasma 6-10. Poor penetration of antiretroviral drugs into an anatomical site could 

lead to independent HIV-1 RNA replication during antiretroviral therapy, allowing the local 

selection or development of drug-resistant strains 6,11,12. 

Atazanavir is a new HIV protease inhibitor that allows once-daily dosing. Since data on 

the penetration of atazanavir in semen are currently lacking, we determined atazanavir 

concentrations in blood and seminal plasma of 15 HIV-1-infected men using an atazanavir-

containing HAART regimen.

Between December 2003 and January 2006, these men were recruited from the HIV 

outpatient clinic of the Academic Medical Center, Amsterdam, The Netherlands. Men were 

eligible if they were using atazanavir as part of their HAART for at least 6 weeks and were 

compliant with their therapy. Exclusion criteria were symptoms of a genital infection and a 

vasectomy. The study was approved by the local Medical Ethics Committee, and all patients 

gave written informed consent.

Semen was produced by masturbation, and the ejaculate was collected in a sterile container. 

Within 1 hour the semen sample was centrifuged at 1,200 x g for 10 min and the supernatant, 

consisting of seminal plasma, was stored at –20°C until analysis of drug levels.

A venous blood sample was taken within 2 hours before or after semen collection, for the 

measurement of atazanavir concentrations in blood plasma. Time of last intake of the drugs, 

production of the semen sample, and collection of the blood were recorded. Atazanavir 

concentrations in heparinized blood plasma were measured using high-performance 

liquid chromatography. Atazanavir concentrations in seminal plasma were measured using 

high-performance liquid chromatography coupled with tandem mass spectrometry as 

described previously 13. Sample pretreatment consisted of protein precipitation with 50% 

methanol in acetonitrile using 100 μl of blood plasma or seminal plasma. Chromatographic 

separation of atazanavir from endogenous compounds was established with reversed-phase 
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chromatography on an Inertsil ODS3 column (50- x 2.0 mm inside diameter; particle size 5 

μm). A quick stepwise gradient using an acetate buffer (pH 5) and methanol was applied at 

a flow rate of 0.5 ml/minute in a total run time of 5.5 min. The column outlet was connected 

to the mass spectrometer inlet through a postcolumn splitter (1:4). Drug concentrations 

measured in the range of 0.01 to 10 μg/ml were validated. Previously determined intra- and 

interday coefficients of variation were less than 3.8%, and accuracies were within ±7.3% 13.

The 15 patients used the atazanavir-containing regimen for a median duration of 31 (range, 

12 to 68) weeks. Two men were using unboosted 400 mg atazanavir once daily, nine men 

were using 300 mg atazanavir once daily boosted with 100 mg ritonavir, and four men were 

using 400 mg atazanavir once daily boosted with 100 mg ritonavir, the last in the case of an 

efavirenz- or nevirapine-containing regimen. In three patients atazanavir was started as first-

line therapy; in the other patients previous regimens were changed because of side effects 

or virological failure. At the time of the study visit all patients had a blood plasma HIV-1 RNA 

concentration below 500 copies/ml, with the exception of one patient who had a temporary 

“viral blip.” All but one patient had hyperbilirubinemia (mean total bilirubin, 38 [standard 

deviation, 19.0] μmol/liter; reference value, 0 to17 μmol/liter).

Blood plasma atazanavir levels were in the lower range for all patients, especially for those 

using unboosted atazanavir (Fig. 1a). None of the patients used a proton pump inhibitor or 

rifampin. 

Atazanavir was detected in all seminal plasma samples (Fig. 1b). The atazanavir concentration 

ranged from 0.02 to 0.99 mg/liter (median, 0.21 mg/liter; interquartile range, 0.07 to 0.35 

mg/liter). The exact degree of protein binding in seminal plasma is not known. However, 

the concentration of albumin in seminal plasma is approximately the same as in serum 14,15.  

A weak correlation was observed between the seminal plasma and the blood plasma 

concentration of atazanavir (ρ = 0.46, P = 0.08; Spearman’s rank). The median seminal/blood 

plasma ratio was only 0.10 (interquartile range, 0.08 to 0.17) (Fig. 1c). No clear relationship 

was observed between the seminal/blood plasma ratio and the time since atazanavir intake 

(ρ = 0.20, P = 0.46; Spearman’s rank).

In summary, atazanavir was detected in all seminal plasma samples. As 86% of atazanavir 

is bound to human serum protein 16, our findings are in agreement with previous studies 

that describe good penetration into the seminal plasma of antiretroviral drugs with a 

protein binding of less than or equal to 90% 6. However, in most patients the penetration 
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Figure 1. (a and b): Atazanavir (ATV) concentration in blood plasma (a) and seminal plasma 

(b) versus time after medication intake. (c) Seminal/blood plasma ratio. The dosage of 

atazanavir is indicated in upper right corner. In panel a the population curve for once-daily 

atazanavir (300mg)-ritonavir (RTV; 100mg) is given 17.
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of atazanavir was low, as the median seminal/blood plasma ratio was only 0.10. The gold 

standard approach to calculate a ratio is to conduct area-under-the-curve studies in blood 

and semen and to report that ratio. The reported seminal/blood plasma ratios should 

therefore be interpreted with some caution. 

Thus, it appears that atazanavir, in contrast to most other protease inhibitors, penetrates into 

seminal plasma. However, this penetration is limited and variable.

This research has been funded by grant number 7003 from AIDS Fonds Netherlands, which is a 

not for-profit charity organization. The funding source had no influence on the analysis of the 

data or on the content of the manuscript.
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Abstract

Background: In an HIV-1 sanctuary site viral replication continues during highly active 

antiretroviral therapy (HAART). A prerequisite for a sanctuary site is the absence of adequate 

local drug concentrations and the presence of cells susceptible to HIV-1. In the male genital tract 

(MGT), claimed to be a sanctuary site, concentrations of several antiretroviral drugs are indeed 

low, but whether HIV-1 susceptible cells are present is currently unknown.

Objective: To determine whether HIV-1-susceptible cells are present in semen of HIV-1-infected 

men using HAART, HIV-1-infected therapy-naïve men and HIV-negative men, and to compare HIV-

1-susceptible cells in semen with HIV-1-susceptible cells in blood.

Methods: Seminal lymphocytes and blood lymphocytes were stained with monoclonal antibodies 

against CD45, HLA-DR and CD38, and analyzed using flow cytometry. CD45+HLA-DR+CD38+ cells 

were considered to be susceptible to HIV-1 infection.

Results: CD45+HLA-DR+CD38+ cells were detected in semen of all men, but the absolute 

number of these cells was extremely low. The percentage of CD45+ cells in semen that were HLA-

DR+CD38+ was 14%, 16% and 11% for HIV-1 positive men on HAART, untreated HIV-1 positive 

men and HIV-negative men, respectively (P=.48, ANOVA). The corresponding percentages of 

CD45+HLA-DR+CD38+ cells in blood were 17%, 25% and 10%, respectively (P<.0001, ANOVA). 

Conclusions: Semen contains cells susceptible to HIV-1. Whether these cells are present at sites 

in the MGT that are exposed to inadequate drug levels and whether the number of these cells is 

sufficiently high to be clinically relevant with respect to the selection or development of drug-

resistant strains remains to be determined.
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Introduction

A sanctuary site for human immunodeficiency virus-type 1 (HIV-1) is an anatomical site 

which is highly impermeable to –some– antiretroviral drugs, and in which viral replication 

continues during treatment. A sanctuary site thus allows local selection and/or development 

of drug-resistant strains potentially causing therapy failure 1-3. Sanctuary sites for HIV-1 are 

characterized by two phenomena: –1–  the absence of adequate local drug concentrations 

and –2– the presence of susceptible and subsequently virus replicating and producing cells 4,5. 

The male genital tract (MGT) has been suggested as a sanctuary site for HIV-1, because 

the non-nucleoside reverse transcriptase inhibitor (NNRTI) efavirenz and most protease 

inhibitors (PIs), both extensively used in current highly active antiretroviral therapy (HAART), 

do not penetrate well into seminal plasma 6-9. Whether or not the MGT is indeed a sanctuary 

site for HIV-1 is at present unknown, because data on the presence of HIV-1-susceptible cells 

in the MGT are lacking 10. 

Here, we report an explorative study on the number of HIV-1-susceptible cells in semen of 

HIV-1-infected men using HAART, HIV-1-infected therapy naïve men and HIV-negative men 

in comparison to the number of these cells in blood of the same men.

Methods

Patients 

Between September 2005 and October 2006 HIV-1 positive men using effective first-line 

HAART for at least 12 weeks (HAART group), and HIV-1 positive men who were antiretroviral 

therapy naïve (no HAART group) were recruited from the HIV outpatient clinic of the Academic 

Medical Centre (AMC), Amsterdam, the Netherlands. Patients were asked for symptoms of 

genitourinary infections and a ligase chain reaction (LCR; Abbott diagnostics, Illinois, U.S.A.) 

was performed on first void urine to exclude active Chlamydia trachomatis infection.

In addition, healthy men, voluntary donating semen in a donor program at the Centre for 

Reproductive Medicine of the AMC, were recruited for this study (HIV-negative group). All 

donors were proven negative for HIV-1/2, hepatitis B and C, HTLV and Chlamydia trachomatis 

infection. The study was approved by the Institutional Review Board of the AMC and all 

patients and donors gave written informed consent.
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Preparation of samples

Semen was collected in a sterile container after masturbation. After liquefaction at 37°C, 

semen volume was measured. The number of round cells, which contain immature germ cells, 

leukocytes and other non-spermatozoal seminal cells was determined using a disposable 

counting chamber (Léjà products B.V., Nieuw Vennep, The Netherlands). The nature of the 

non-spermatozoal cells was determined on a semen smear by using the Diff Quick staining 

procedure (Dade Behring, Dudingen, Switzerland). Semen was diluted 1:1 with Hanks 

balanced salt solution (HBSS; Sigma St. Louis, MO, USA) and centrifuged for 10 minutes at 

350g at room temperature. Subsequently, sperm was diluted with 0.6 ml HBSS. 

On the day of semen collection four-and-a-half ml of blood was collected in an ethylene-

diamine-tetra-acetic acid (EDTA) tube to determine the number of HIV-1 susceptible cells in 

blood. 

Immunofluorescence staining

Staining was performed with monoclonal antibodies (mAbs) as follows: 20 μl of CD45-PE-

Cy5, 20 μl HLA-DR allophycocyanin (APC) and 20 μl CD38 R-phycoerythrin (R-PE) were added 

to aliquots of 200 μl sperm suspension and 100 μl of EDTA whole blood. As a control, CD45-

PE-Cy5 alone was added to another 200 μl sperm suspension and 100 μl of EDTA whole 

blood. All mAbs were purchased from Becton Dickinson (BD biosciences, San Diego, USA). 

Following vortex mixing and 20 minutes incubation in the dark at room temperature, 2 ml 

of ammoniumchloride (8.3 g/l) was added to the triple stained and control samples. After 

10 minutes PBS-plus, i.e. PBS supplemented with 10% pasteurized plasma solution (GPO; 

Sanquin, Amsterdam, the Netherlands) was added to these ammoniumchloride treated 

samples to wash the cells and the sample was centrifuged at 350g for 5 minutes. The 

supernatant was discarded and this wash step was repeated once. Finally, cell pellets were 

resuspended in 0.5 ml of PBS-plus with 1% paraformaldehyde, to fixate the cells, and stored 

at 4°C until flowcytometric analysis.

To establish gates for lymphocytes in the flowcytometric analysis, a semen sample was 

spiked with blood-derived lymphocytes stained with CD45 mAbs as described previously 11.  

Briefly, lymphocytes were extracted from EDTA blood, by adding an aliquot of 100 μl of 

EDTA blood to 2 ml ammoniumchloride (8.3 g/l) at room temperature. After incubation 

for 10 minutes HBSS was added and the sample was centrifuged for 10 minutes at 350g at 

room temperature. The supernatant was discarded and the pellet was resuspended in HBSS. 
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Fifty μl of the blood suspension was then used to spike 100 μl of unstained spermatozoa 

suspension. The mixed sample was then stained with CD45 mAbs as described above. 

Flow cytometry analysis

All stained cell suspensions were analyzed with LSR II (Becton Dickinson, San Diego, USA) 

using CELL Quest and FACSDiva software. Data were displayed in a dot plot on the basis of the 

linear forward (FSC) and side scatter (SSC) properties of the cells, with lymphocytes having 

high forward scatter (FSC) and very low side scatter (SSC) characteristics. The semen sample 

spiked with blood lymphocytes was used to set the gates for tracking and, subsequently, the 

unspiked sample was analyzed.

Statistical analysis

The number of susceptible cells was expressed as the percentage of cells with lymphocyte 

characteristics based on FSC and SSC characteristics and expression of CD45, HLA-DR and 

CD38 (CD45+HLA-DR+CD38+). Inactive cells, considered not to be susceptible to HIV-

1, expressed CD45 only (CD45+HLA-DR-CD38-). The median percentage of CD45+HLA-

DR+CD38+ cells in semen and blood was calculated for all three study groups. Subsequently, 

a blood-to-semen-ratio of CD45+HLA-DR+CD38+ cells was calculated in all three study 

groups. A one-way-ANOVA test with post-hoc testing (Bonferroni) was performed to detect 

differences in the percentage of these cells in semen and blood between the three study 

groups. Statistical analyses were performed using SPSS v. 12.0.2 software (SPSS Inc., Chicago, 

IL, USA).

Results

Eight HIV-1-infected men using HAART (HAART group), eight HIV-1-infected therapy-naïve 

men (no HAART group), and eight healthy HIV-1/2-negative semen donors (HIV-negative 

group) were enrolled. All men were asymptomatic for genitourinary infections and none had 

Chlamydia infection.

Patient characteristics are described in Table 1. Median CD4 counts in the HAART and in the 

no HAART group were 330 (interquartile range [IQR] 225–430) and 390 (IQR 325–450) cells/

μl, respectively. Median blood plasma HIV-1-RNA levels in the in the HAART and no HAART 

group were <50 (IQR<50–77) and 111,018 (IQR 7,824–135,210) copies/ml, respectively. Six 

out of eight men in the HAART group had blood plasma HIV-1-RNA levels below the lower 

limit of detection of 50 copies/ml, and all men using HAART had blood plasma HIV-1-RNA 
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levels below 100 copies/ml. Leukocytes, as determined by Diff Quick staining of a semen 

smear, were detected in three out of 24 semen samples. In FACS analysis, CD45+CD38+HLA-

DR+ cells were found in all semen samples (Table 1). The exact amount of CD45+CD38+HLA-

DR+ cells was impossible to determine through FACS analysis but was estimated not to 

exceed 10,000 cells.

Median percentages of CD45+ cells that were CD38+HLA-DR+ in semen and blood are 

displayed in Figure 1. Median percentages of CD45+ cells that were CD38+HLA-DR+ in semen 

in the HAART, no HAART and the HIV-negative group were 14% (IQR 10–21), 16% (IQR 12–21) 

and 11% (IQR 5–19), respectively. These differences were not statistically significant (P=.48, 

one-way ANOVA). Median percentages of CD45+ cells that were CD38+HLA-DR+ in blood in 

the HAART, no HAART and the HIV-negative group were 17% (IQR 11–20), 25% (IQR 20–27) 

and 10% (IQR 8–14), respectively. These differences were statistically significant (P<.0001, 

Table 1. Patients’ characteristics

Variable HAART
(n=8)

No HAART
(n=8)

HIV-negative
(n=8)

Age (years) 40 (37-45) 39 (36-52) 38 (31-45)

Years since 1st positive test 5 (2-11) 4 (3-5) NA

Times gonorrhoea infection (n) 1 (0-2) 1 (0-1) 0 (0-0)

Times Chlamydia infection (n) 0 (0-2) 0 (0-1) 0 (0-0)

Time on HAART (years) 0.6 (0.5-1.6) NA NA

HIV-1

Blood plasma HIV-1-RNA level (copies/ml) <50 (<50-77) 111,018 (7,824-135,210) NA

Blood plasma HIV-1 RNA < 50 copies/ml (n) 6 0 NA

CD4+ T cells (cells/μl) 330 (225-430) 390 (325-450) ND

CD8+ T cells (cells/μl) 765 (528-990) 1195 (815-1363) ND

Semen 

Total number of round cells (x106) 5 (3-6) 5 (2-8) 4 (2-6)

Total number of leukocytes (x106) * 0 (0-2) 0 (0-0) 0 (0-0)

No. of samples that contained leukocytes 
based on Diff Quick staining 

2 1 0

No. of samples that contained 
CD45+CD38+HLA-DR+ cells in FACS analysis

8 8 8

Data are presented as medians with interquartile ranges (IQR), unless otherwise stated. ND = not 
determined, NA = not applicable
* as determined by Diff Quick staining 
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one-way ANOVA). Post-hoc testing revealed statistically significant differences in the median 

percentages of CD45+ cells that were CD38+HLA-DR+ in blood between all groups: HAART 

versus no HAART: P=.003, HAART versus HIV-negative: P=.04, no HAART versus HIV-negative: 

P<.001 (Bonferroni). 
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Figure 1. Percentage of CD45+ cells expressing CD38 and HLA-DR in semen and blood. The 

difference between groups with respect to the percentage of CD45+ cells expressing CD38 

and HLA-DR in semen was not significant (P =.48, one-way ANOVA), the difference between 

groups with respect to the percentage of CD45+CD38+HLA-DR+ cells in blood was highly 

significant (P <.0001, one-way ANOVA), and the difference between groups with respect to 

the ratio of CD45+CD38+HLA-DR+ cells in blood versus semen was not significant (P =.43, 

one-way ANOVA).
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Although in most patients the percentage of CD45+ cells that were CD38+HLA-DR+ appeared 

to be lower in semen than in blood, this difference was not statistically significant.

The median ratio of the percentage of CD45+ cells that were CD38+HLA-DR+ in semen and 

the percentage of CD45+ cells that were CD38+HLA-DR+ in blood in the HAART, no HAART 

and the HIV-negative group were 0.8 (IQR 0.6–1.6), 0.7 (IQR 0.6–0.8) and 0.8 (IQR 0.5–2.6), 

respectively. Differences between groups were not statistically significant (P=.43, one-way 

ANOVA). 

Discussion

In this explorative study, we showed that HIV-1-susceptible cells are present in semen of HIV-

1-infected men using HAART, as well as in HIV-1-infected men without HAART and in HIV-

negative controls, albeit in extremely low numbers. The percentage of CD45+ cells in semen 

that expressed both HLA-DR and CD38 was not significantly different between the groups 

studied. Although in most patients the percentage of CD45+ cells that were CD38+HLA-

DR+ cells appeared to be lower in semen than in blood, this difference was not statistically 

significant. 

Some methodological issues merit discussion. First, the use of CD45 mAbs and FACS forward 

scatter (FSC) and side scatter (SSC) properties to localize lymphocytes leaves some room 

for uncertainty. Ideally, one should use CD4 monoclonal antibodies, but pilot experiments 

showed that, in agreement with literature, these antibodies did not work well in semen (data 

not shown) 11. Second, we only determined the presence of susceptible lymphocytes, i.e. 

CD45+ cells. We cannot rule out the presence of additional susceptible macrophages, which 

are CD45-, in semen. Third, we used ejaculated semen. Since biochemical changes in semen 

take place rapidly after ejaculation, we cannot exclude an effect of our semen processing 

methods on lymphocyte activation. Thus, our findings in the ejaculate may not fully reflect 

the situation of seminal fluid and cells within the MGT 12. Further, the presence of susceptible 

cells in semen does not answer the question where the cells originated from; lymphocytes 

in ejaculated semen could very well be blood-derived and exposed to HAART before they 

are transported to the MGT. Subsequently, lymphocytes might not be present in parts of 

the MGT that are impermeable to antiretroviral drugs, like the testes. The best study design 

to evaluate the presence of HIV-1-susceptible cells in the male genital tract would be to 

perform biopsies of several parts of the MGT in healthy and in HIV-1-infected men, but such 
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studies are clearly not feasible 10. Finally, during local infections numbers and activation state 

of lymphocytes in semen may be significantly higher 10. 

The localization of HIV-1-susceptible cells in the male genital tract is still unclear. A recent 

study reported the presence of HIV-1-replicating-CD68+ macrophages in the interstitium 

of cultured human testicular tissue after in-vitro infection with HIV-1 13, and another study 

in macaques found infected macrophages in testicular interstitial tissue of the epididymis 

and testis after the acute stage of simian immunodeficiency virus and simian/human 

immunodeficiency virus infection 14. However, the blood-testis barrier prevents migration 

of HIV-1-susceptible cells from the interstitium to the lumen of the male genital tract and 

therefore these cells are not ejaculated.

Only a few studies have provided convincing evidence for the presence of HIV-1-resistant 

strains in semen indicative of a sanctuary site in the MGT 12,15,16. Our finding of very low 

numbers of HIV-1-susceptible cells in semen could explain this low incidence of drug 

resistant strains in semen. 

In conclusion, we demonstrated the presence of HIV-1-susceptible cells in semen of HIV-1-

infected men using HAART, HIV-1-infected therapy-naïve men and HIV-1/2-negative men, 

albeit in extremely low numbers. The origin of these cells is still unclear. Whether these cells 

are present at sites in the MGT that are exposed to inadequate drug levels and whether the 

number of these cells is sufficiently high to be clinically relevant with respect to the selection 

or development of drug-resistant strains remains to be determined. 
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Abstract

The desire to have children is more and more common in HIV-serodiscordant couples. The 

Academic Medical Centre Amsterdam has developed a new treatment protocol for couples in 

whom the man is HIV positive. Semen is processed to obtain HIV-1-free spermatozoa. These 

spermatozoa are used for IUI treatment. Thus far, 20 serodiscordant couples underwent 76 IUI 

cycles. An insemination was performed in 50 cycles (66%). The insemination was cancelled in 

26 cycles, because of too many follicles (risk for multiple pregnancy), weekend (no possibilities 

for virological testing), not enough spermatozoa after preparation, a positive HIV-1 RNA test and 

other reasons. 10 out of 20 women became pregnant (50%), 8 women were ongoing pregnant. 

The clinical and ongoing pregnancy rate per started cycle was 13% and 11% respectively. 7 babies 

have thus far been born and none of the mothers or babies seroconverted within this study 

period. Larger numbers of patients are necessary to support the safety of this program.
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HIV-1 infection is a sexually transmitted disease that mostly affects men and women 

of reproductive age, of whom a growing number is heterosexual 1. The introduction of 

highly active antiretroviral therapy (HAART) has led to an increase in life expectancy of 

HIV-1-infected men and women in the western world. As a result, many of these men and 

women have a desire to achieve parenthood. However, when a HIV negative woman has 

unprotected intercourse in order to become pregnant from her HIV-1-positive man, she is at 

risk of becoming HIV-1 infected herself, i.e. horizontal transmission.

The risk of horizontal transmission can be reduced drastically after processing of the 

semen to obtain an HIV-1-free fraction of spermatozoa, which can then be used for various 

kinds of artificial reproductive techniques. Semen processing is a four-step procedure: (1) 

centrifugation, (2) density centrifugation, (3) swim-up and (4) concentration. During semen 

processing the spermatozoa are separated from all other semen components, because the 

spermatozoa themselves are probably not HIV-1 infected. Until now this technique has 

been used abroad in more than 3000 treatment cycles leading to the birth of more than 500 

children, without any seroconversion of the mother or child 2,3 

Since 2003, the Academic Medical Centre in Amsterdam offers intra uterine insemination 

(IUI) to HIV-1-serodiscordant couples with a HIV-1-positive man and a proven HIV-negative 

woman. The woman’s age is limited to a maximum of forty years. Before the start of treatment 

the couple is informed extensively about the conditions on which HIV-IUI treatment is 

initiated. Couples are told that there is no 100% guarantee that infection with HIV-1 will not 

take place during treatment, that they should abstain from unprotected intercourse, and that 

the inseminations may not take place for various reasons. All patients must sign informed 

consent. Detailed information about the man’s HIV-1 status and treatment is requested from 

the treating physician and all couples undergo a structured interview by a counsellor.

After the first visit a standardized fertility screen is performed to assess possible fertility 

problems. In addition, an HIV-1 semen processing is done to ascertain whether 3.5 million 

spermatozoa remain after processing, since this number is a prerequisite for treatment. 

In a multidisciplinary team, where gynaecologists, embryologists, a counsellor, nurses, 

virologists and doctors from internal medicine are present, the decision whether or not to 

start treatment is taken.
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During IUI treatment mild ovarian hyperstimulation takes place with recombinant follicle 

stimulating hormone (FSH). On the day of insemination the semen is produced in the 

morning, processed, and a part of the spermatozoa fraction is tested for the presence of 

HIV-1 RNA. The test, that has a positive and a negative internal control was validated in our 

own hospital and has a lower limit of detection of 10 HIV-1 RNA copies per portion of 2.5 

million spermatozoa. Only when HIV-1 RNA tests in the spermatozoa fraction are negative, 

IUI is performed in the afternoon with the remaining part of the spermatozoa fraction. The 

woman undergoes HIV testing every three IUI cycles or at 4, 12 and 24 weeks gestation. The 

child undergoes an HIV test at the age of six months.

Until October 2004, twenty HIV-1-serodiscordant couples entered the IUI program after the 

initial screening. These twenty couples underwent 76 IUI cycles. In fifty cycles (66%) IUI was 

performed. In the other 26 cycles the insemination was cancelled: 11 times because of a 

risk of multiple pregnancy (more than two dominant follicles on trans-vaginal ultrasound), 

three times because the ovulation took place during the weekend (no possibility for 

virological testing), three times because the number of spermatozoa was too small after 

semen processing on the day of insemination, two times because the HIV-1 RNA test after 

processing was positive and seven times because of other reasons. 

Ten women became pregnant (50%), eight of these women had an ongoing pregnancy. The 

percentage of clinical pregnancies, i.e. a pregnancy visible on ultrasound, and the percentage 

of ongoing pregnancies, i.e. a viable pregnancy on ultrasound at 12 weeks gestation, was 

13% and 11%, respectively, per IUI cycle, and 20% and 16%, respectively, per insemination.

So far seven children have been born. Within this observation period, no seroconversions 

of the mothers or their offspring have been observed. Thus far, the results of this protocol 

are encouraging, but larger numbers of patients will be necessary to prove the safety of this 

treatment. 
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Appendix

Here we present an update of the data presented in Chapter 10 until December 2007.

Until December 2007, 50 HIV-1-discordant couples entered the IUI program after the initial 

screening (Table 1). These 50 couples underwent 233 IUI cycles. In 152 cycles (65%) IUI 

was performed, and in 81 cycles (35%) the insemination was cancelled. In 40 cycles the 

insemination was cancelled before the ovulation, because of a risk of multiple pregnancy 

(more than two dominant follicles on trans-vaginal ultrasound), an ovulation during the 

weekend (no possibility for virological testing) or for personal reasons. In 41 cycles the 

insemination was cancelled after the ovulation, because the number of spermatozoa was too 

small after semen processing on the day of insemination, the HIV-1 RNA test after processing 

was positive, the HIV-1 RNA test result was not reliable or because of other reasons. 

Twenty-three women became pregnant (46%), 19 of these women had an ongoing 

pregnancy (38%) of whom 15 were singletons and 4 were twin pregnancies. The percentage 

of clinical pregnancies, i.e. a pregnancy visible on ultrasound, and the percentage of ongoing 

pregnancies, i.e. a viable pregnancy on ultrasound at 12 weeks gestation, was 11% and 8%, 

respectively, per IUI cycle, and 17% and 13%, respectively, per insemination.

The results of the IUI treatment are not constant over time, as is displayed in Table 1. A slightly 

higher number of couples underwent IUI in 2004, because the IUI treatment with processed 

semen for HIV-1-discordant couples with an HIV-1-infected man had been announced 

before the actual treatment was started in March 2003, and a virtual waiting list was created 

for couples who were interested in this specific treatment. People were called up from the 

waiting list as soon as the program was running. After the waiting list had been cleared, a 

low but steady number of couples applies for this treatment every year (Table 1). 

The percentage of cancels varied from 22% to 44% during the first five years. 

More than two follicles on gynaecological ultrasound during mild hyperstimulation with 

recombinant follicle-stimulating hormone (recFSH) was the most common cancel criterion 

during the first two years, but after we decided to lower the start dosage of recFSH in 2004, 

the percentage of cancels before ovulation decreased. From that year on, most cycles were 

cancelled after ovulation, with a poor semen quality after semen processing being the most 

common cancel criterion.
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Table 1. Results of intra uterine inseminations with HIV-1 processed semen from 2003-2007

Variable Outcome

2003 2004 2005 2006 2007 Total

No. couples 13 21 18 13 15 50

Age 34 (32-36) 31 (29-34) 31 (29-35) 32 (29-36) 35 (30-38) 32 (30-35)

No. cycles 33 65 46 43 46 233

Cancel of cycles 13 (39) 20 (31) 19 (41) 19 (44) 10 (22) 81 (35)

No. follicles > 2, 
weekend or other 
reasons

10 (77) 13 (65) 6 (32) 8 (42) 3 (30) 40 (49)

TC< 2 M, test 
positive, invalid 
test

3 (23) 7 (35) 13 (68) 11 (58) 7 (70) 41 (51)

No. inseminations 20 (61) 45 (69) 27 (59) 24 (56) 36 (78) 152 (65)

IUI 1-3 20 (100) 28 (62) 18 (67) 16 (67) 14 (39) 96 (63)

IUI 4-6 0 (0) 14 (31) 5 (19) 8 (33) 10 (28) 37 (24)

IUI 7-9 0 (0) 3 (7) 4 (14) 0 (0) 12 (33) 19 (13)

Clinical pregnancies 5 8 6 3 4 26

Miscarriage 0 1 1 2 2 6

Ectopic pregnancy 0 1 0 0 0 1

Ongoing 
pregnancies

5 6 5 1 2 19 (38)

Singletons 3 6 4 1 1 15

Twins 2 0 1 0 1 4

Babies born 7 6 6 1 3 23

Pregnancy rates (%)

Clinical 
pregnancies 
per cycle

15 12 13 7 9 11

Clinical 
pregnancies 
per IUI

25 18 22 13 11 17

Ongoing 
pregnancies 
per cycle

15 9 11 2 4 8

Ongoing 
pregnancies 
per IUI

25 13 19 4 6 13

Variables are expressed as median (interquartile range) or n (%) unless otherwise stated



CHAPTER 10

126

The percentage of clinical and ongoing pregnancies was fairly good and steady during the 

first three years but in 2006 and 2007 pregnancy rates dropped (Fig. 1). 

There are two possible explanations for the decreased pregnancy rates. First, in 2006, we 

started including men with lower semen qualities: During the first three years a total count 

after semen processing of 3.5 million spermatozoa were needed to enter the program, 

because 2.5 million spermatozoa were needed for PCR testing, and the remaining 1 million 

spermatozoa were left for insemination. From 2006 until 2007 only 1 million spermatozoa 

were necessary for PCR testing. Subsequently, a total count of only 2.0 million spermatozoa 

after semen processing was necessary to enter the program. 

Second, the distribution of IUI cycles changed (Fig. 2). Discordant couples with an HIV-1-

infected man do not practise unprotected intercourse because of an HIV-1-transmission 
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Figure 1. Ongoing pregnancies after IUI with HIV-1-processed semen
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risk, as a consequence, and, analogous to women who undergo artificial insemination with 

donor semen, these couples are not infertile. In a normal infertile population 6–9 cycles of 

IUI are performed, and artificial cervical insemination with donor semen is performed for 

12 cycles in our hospital. However, it is known that the first 2 cycles in conventional IUI and 

in donor insemination are more successful than the other cycles 4. Unfortunately, these 

data did not exist for discordant couples with an HIV-1-infected man. In the light of the 

arguments mentioned above we decided to offer 9 cycles of IUI to these couples. Over the 

years the distribution of IUI cycles became more unfavourable and after IUI cycle 4, nobody 

ever became pregnant (Fig. 3).

Based upon these data we will now only offer 4 cycles of IUI, followed by IVF. We may also 

have to rethink the semen quality criteria, and perhaps, start with IVF sooner. 

Figure 2. Distribution of IUI cycle numbers for first children
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Nine couples returned for second children (Table 2). Five of them had an ongoing pregnancy 

(56%). The percentage of clinical pregnancies, and the percentage of ongoing pregnancies, 

was 19% and 16%, respectively, per IUI cycle, and 25% and 21%, respectively, per insemination. 

In these couples pregnancy rates were still good, unlike the couples that applied for first 

children (Fig. 4).

So far 28 children have been born. Within this observation period, no seroconversions of the 

mothers or their offspring have been observed. Still larger numbers of patients are necessary 

to prove the safety of this treatment.

Table 2. Results of intra uterine inseminations with HIV-1-processed semen for 

second children from 2005-2007

Variable Outcome

2005 2006 2007 Total

No. couples 1 3 7 9

No. cycles 4 8 19 31

Cancel of cycles 0 (0) 0 (0) 7 (37) 7 (23)

No. follicles > 2, weekend or other reasons 5 5

TC< 2 M, test positive, invalid test 2 2

No. inseminations 4 (100) 8 (100) 12 (63) 24 (77)

IUI 1-3 3 (75) 7 (88) 7 (58) 17 (71)

IUI 4-6 1 (25) 1 (12) 4 (33) 6 (25)

IUI 7-9 0 (0) 0 (0) 1 (9) 1 (4)

Clinical pregnancies 1 1 4 6

Miscarriage 0 1 0 1

Ectopic pregnancy 0 0 0 0

Ongoing pregnancies 1 (100) 0 (0) 4 (57) 5 (56)

Singletons 1 4 5

Twins 0 0 0

Babies born 1 4 5

Pregnancy rates

Clinical pregnancies per cycle 25 13 21 19

Clinical pregnancies per IUI 25 13 33 25

Ongoing pregnancies per cycle 25 0 21 16

Ongoing pregnancies per IUI 25 0 33 21

Data are presented as n or %
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Abstract

Anxiety and the willingness to undergo ART was assessed by the State-Trait Anxiety Inventory 

and by trade-off at increasing hypothetical HIV-1 transmission risks in fifty serodiscordant couples 

undergoing intrauterine inseminations as a risk-reduction strategy. Both men and women 

displayed high state anxiety levels, but despite their anxiety, women were prepared to take high 

risks to fulfill their desire for a child.
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Until a few years ago, men and women infected with HIV-1 were discouraged from having 

children, because of their limited life expectancy, the risk of sexual transmission of HIV-1 to 

the partner, and the risk of vertical transmission of HIV-1 to the offspring. Nowadays, the 

course of HIV-1 infection has shifted from a lethal to a chronic disease. As a result, many 

couples with an HIV-1-infected partner consider having children, as do other couples of 

reproductive age with chronic illnesses 1,2.

To reduce the risk of HIV-1 transmission in serodiscordant couples with an HIV-1-positive 

man, Semprini et al. started with intra uterine insemination (IUI) with processed semen in 

the early 1990s 3. Since then, more than 3,000 treatments have been performed, mainly in 

Europe, leading to the birth of more than 500 children. Transmission of HIV to women by the 

inseminations has never been reported 3-14.

Although these data are reassuring, no data exist on the possible anxiety these couples may 

experience about getting infected by this technique. In addition, no data exist on the HIV 

transmission risks these couples are willing to take in an assisted reproductive technology 

(ART) program designed to reduce transmission risks. The aim of the present study was to 

explore anxiety for HIV-1 transmission in serodiscordant couples with an HIV-1-infected 

man and to assess the magnitude of transmission risk these couples are willing to accept by 

systematically varying hypothetical HIV-1 transmission rates.

Between March 2003 and July 2006, 50 consecutive serodiscordant couples with an HIV-

1-infected man were enrolled in the IUI program of the Center for Reproductive Medicine 

of the Academic Medical Center in Amsterdam, The Netherlands. All couples desired to 

conceive and requested ART to avoid HIV-1 transmission. 

During the first visit a medical history was completed by a physician. The medical history 

covered demographic, reproductive and HIV-1 data. In addition, standard patient information 

on IUI for HIV-1-infected patients was handed out, and all patients had to give written 

informed consent after reading the text closely. In the standard patient information, it was 

explicitly stated that the risk of HIV-1 transmission to the woman and vertical transmission 

of HIV by IUI after semen processing is practically nil, because worldwide no seroconversions 

of women and their children have been described. Patients were also informed that the 

lower detection limit of the polymerase chain reaction (Cobas Amplicor HIV-1 Monitor 

ultrasensitive test, Roche, Basel, Switzerland) used for HIV testing of the processed sperm 

was not nil. Detection of very low levels of HIV-1 RNA was therefore not guaranteed.
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After the initial visit, anxiety was measured by the State-Trait Anxiety Inventory (STAI) 15. We 

evaluated the normality of the data with the Kolmogorov-Smirnov test. The data passed the 

normality test. The outcomes were then compared with reference values by one-sample  

t testing. Reference values for the normal population were state anxiety scores below 38 and 

trait anxiety scores below 39 15.

The couple’s acceptance of risks during ART with processed semen was explored by trade-

off. A hypothetical transmission risk of HIV-1 to the woman was systematically increased 

from 0.5% to 3%. For each patient, we sought to obtain the transmission risk at which they 

would switch from “choose ART” to an ”unacceptable HIV transmission risk by ART,” i.e., the 

cessation threshold. Transmission risks in the trade-off were visualized by crowd figures, 

showing 0.5, 1, 2 and 3 affected people in a total of 100 people 16. A Kaplan-Meier survival 

analysis was performed to calculate cessation thresholds, a long rank test was performed to 

calculate differences in cessation thresholds between men and women.

Statistical significance was set at a two-sided level of P<.05. The study was approved by the 

Institutional Review Board of the Academic Medical Center.

Median age was 32 years for the women (interquartile range [IQR] 30–36) and 38 years for 

the men (IQR 35–41). Most patients were from European origin, and North Africans were 

the second largest group. Most women were employed (86%) and nulliparous (78%). The 

median duration of the relationship was 5.0 years (IQR 2.8–9.6) and the median duration of 

desire to conceive was 2.3 years (IQR 1.4–3.6). Only three couples had practiced unprotected 

intercourse in the past (6%).

All HIV-1-infected men were in good clinical health during ART. Median CD4 counts were 

400 cells/mm3 (IQR 300–530), and median blood plasma HIV-1 RNA concentration was 50 

copies/mL (IQR 50–326). The mean time since the first positive HIV-1 test was 5.8 years (IQR 

2.4–9.0). Thirty-two men (64%) acquired HIV-1 by heterosexual contact, 11 men (22%) by 

homosexual contact, three men (6%) by IV drug use, and two men (4%) after receiving blood 

products; in one man (2%) the route of acquisition was unknown. Thirty-nine men (78%) 

were using antiretroviral therapy; 11 men (22%) were not because of sufficient CD4 cells.

Thirty-four men and 36 women of the initial 50 couples (70%) filled out the STAI after their 

first visit. The main reason for not participating was a language barrier.
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State anxiety, reflecting existent anxiety, was significantly increased in both men and 

women compared with the reference value for the normal population (P<.001) 15. Median 

state anxiety scores were 46.0 (IQR 44.8–48.0) and 45.0 (IQR 44.0–47.0) for men and women, 

respectively (Fig. 1A). Trait anxiety, reflecting background anxiety, was in the normal range 

for both men and women compared with the reference value for the normal population 15, 

median 34.5 (IQR 25.8–40.3) and 31.0 (IQR 26.0–35.8), respectively (Fig. 1A).

Trade-offs did not differ significantly between men and women (P=.58; Fig. 1B). A 0.5% 

HIV-1 transmission rate was considered too high by 16% of women and 21% of men. An 

HIV-1 transmission rate of 1% was acceptable to 50% of couples. In approximately 50% of 

couples, the initial willingness to undergo treatment changed into a decline when the HIV-1 

transmission risk increased above 1%. Still, a 3% HIV-1 transmission rate was accepted by 

32% of men and 37% of women.

The data presented here show that although the risk of HIV-1 transmission to the woman 

is reduced to almost nil by IUI with processed semen 3-14, the fear for HIV-1 transmission 

among these couples is not proportionally reduced, and anxiety is still present among these 

couples.

Trade-offs did not differ significantly between men and women, although women tended 

to take a larger risk. Being able to procreate seems to be of existential importance to these 

women, consistent with findings in trade-off studies in subfertile couples 17,18. A remarkable 

finding is that almost 30% of couples accepted the costs and burden of ART at HIV-1 

transmission rates of 3%, which is nearly equal to the risk of unprotected intercourse 19.

In contrast, 20% of couples considered a 0.5% risk too high, despite the fact that patients were 

informed beforehand that detection of very low levels of HIV-1 RNA was not guaranteed. 

These couples in fact accept the treatment, but apparently with great apprehension. In 

general, risk assessment by patients is primarily determined by emotions and not by facts; 

physicians should be aware of this ambiguity in their counseling 20.



CHAPTER 11

136

WomenMen

serocs yteixna etat S

60

50

40

30
WomenMen

serocs yteixna  ti arT

70

60

50

40

30

20

10

 

Hypothetical HIV (%) transmission risk by ART
3,02,52,01,51,00,50

T
RA ogrednu ot gni ll i

w si t aht  se lp uoc f o 
%

100

80

60

40

20

0

    Men Women

Never choosing ART 

Always choosing ART 

Preference switch 

A

B
    Men Women

 serocs yte ixna  etatS

 s ero cs y tei xna tiar T

Figure 1. (A) State and trait anxiety scores in serodiscordant couples before start of ART. 

Scores are displayed as median, interquartile range, and the range that contains the central 

95% of the observations. The dotted lines indicate the reference value for the normal 

population (one-sample t test). (B) Acceptance of ART at hypothetical transmission risks by 

ART. Women are represented by the solid line, men by the dotted line (Kaplan-Meier survival 

analysis combined with log rank testing).
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General discussion 

The improved prognosis of patients with HIV-1 infection following the introduction of 

combination antiretroviral therapy has lead to an increased desire of HIV-1-discordant and 

HIV-1-concordant couples to mother or father a child. As a consequence, assisted reproductive 

technologies are now increasingly being offered to these couples. The rationale of assisted 

reproductive technologies in HIV-1-infected couples can be twofold: to overcome subfertility 

for the same indications as in non-HIV-1-infected couples, and to minimize the risk of HIV-1 

transmission in case of a HIV-1-serodiscordant couple with an HIV-1-infected man. The basic 

principle underlying assisted reproductive technologies in HIV-1-discordant couples with an 

HIV-1-infected man is the processing of semen to isolate HIV-1-free, motile spermatozoa with 

a normal morphology. This is achieved by density gradient centrifugation with swim-up, and 

testing of the spermatozoal fraction for HIV-1, using PCR-based methods 1. After negative 

testing, the remaining spermatozoa can be used for assisted reproductive technologies 

like intra uterine insemination (IUI), in vitro fertilization (IVF) or intra cytoplasmatic sperm 

injection (ICSI). Since the lower limit of detection of the PCR tests used is not zero, the 

risk of HIV-1 transmission by assisted reproductive technologies can never be completely 

eliminated. These assisted reproductive technologies in HIV-1-discordant couples should 

therefore be considered risk-reduction and not risk-elimination strategies.

The current state of the art of assisted reproductive technologies for couples with an HIV-

1-infected man is summarized below, together with the clinical implications of the findings 

from the research presented in this thesis. In addition, suggestions for future research are 

provided.

Intra uterine inseminations

When we started our assisted reproductive technology program for HIV-1-discordant 

couples in the Academic Medical Centre (AMC), we chose to include both therapy-naive 

men and men receiving highly active antiretroviral therapy (HAART). From epidemiological 

studies it was known that each ten-fold increase in blood plasma HIV-1-RNA concentration 

increases the risk of sexual HIV-1 transmission by a factor 2.5 2 and that men without HAART 

generally have higher HIV-1-RNA concentrations in their semen 3. We therefore reasoned 

that the exclusion of therapy-naive men would lead to the exclusion of the very patients 

with the highest risk of sexual transmission. 
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The assisted reproductive technology program in the AMC for discordant couples with an 

HIV-1-infected man had, since its inception in 2003, during the first three years a fairly good 

clinical and ongoing pregnancy rate. Our pregnancy rates for first children were comparable 

with the 15.1% pregnancies per intrauterine insemination (IUI) which were reported in the 

largest series of IUI in discordant couples with an HIV-1-infected man 4. In 2006 and 2007 

pregnancy rates for first children were lower than in the first three years, but pregnancy rates 

for second children were still good. At the moment we have two possible explanations for 

this. First, in 2006, we lowered the cut-off value for semen quality and thus started to include 

men with poorer semen quality. Second, we had decided to offer a maximum of nine cycles 

of IUI per patient at the start of our program, as no data existed on the maximum number 

of IUI cycles that should be performed for this specific patient group. However, none of the 

couples that received four or more IUI cycles became pregnant thus gradually reducing 

overall pregnancy rates. 

The assisted reproductive technology of choice: IUI, IVF or ICSI

There is no uniformity in assisted reproductive technologies that are offered by various 

centres around the world to HIV-1-discordant couples 4. Most centres perform IUI, as HIV-1-

infected couples are not infertile unless proven otherwise. The method is non-invasive and less 

costly than IVF or ICSI 5. However, about one-third of HIV-1-infected men are excluded from 

IUI, because their semen qualities are poor, already prior to the semen processing, or after 

the intensive semen processing due to its low efficiency (5-10% recovery rate, unpublished 

data). As a result, only men with good semen quality can opt for IUI. In this light we felt it was 

important to know whether semen quality might be negatively affected by HIV-1 infection and 

HAART.

Before our study was carried out, longitudinal data describing the effect of primary- or 

ongoing HIV-1 infection on semen parameters were lacking. 

In the longitudinal cohort study involving men not yet receiving antiretroviral therapy we 

found that, once these men were chronically infected with HIV-1, semen parameters were not 

affected by ongoing HIV-1 infection during the observation period of 77 weeks on average 6. 

These data are reassuring in the sense that delaying treatment in HIV-1-infected patients 

until CD4 cells counts reach around 200 cells/mm3, thus lengthening exposure to untreated 

infection, has no adverse effect on semen quality. Ongoing HIV-1 infection therefore, probably 
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does not appear to affect the chance to qualify for IUI. In contrast, we found that HAART did 

negatively affect the percentage of progressively motile spermatozoa 7, and thus may have 

a negative effect on the chance to qualify for IUI. However, the consequence on IUI outcome 

of the observed reduction in the percentage of progressively motile spermatozoa during 

HAART remains unknown. The only study that described predictors of success in HIV-IUI is 

flawed by the a priori inclusion of men with good semen qualities only 8,9. Therefore data on 

prognostic factors that determine the chance of pregnancy after IUI are urgently needed.

In men with a priori lower semen qualities or a low sperm-yield after semen processing, ICSI 

is now in many countries the preferred treatment 10-15. Despite the lack of scientific evidence, 

some authors even advocate the sole use of ICSI to prevent HIV-1 transmission irrespective of 

semen quality 5. Arguments used in favour of ICSI are that pregnancy rates are generally higher 

with ICSI than with IUI, and thus less cycles of ICSI are needed to achieve pregnancy, with less 

exposure to possibly HIV-1-contaminated spermatozoa 16. A second argument in favour of ICSI 

is that, in contrast to IUI, only a single spermatozoon in minute amounts of medium are used, 

thus decreasing the likelihood of contamination with HIV-1 11,13. 

Although in many programs processed semen is not tested for HIV-1 prior to ICSI, so far not a 

single case of HIV-1 transmission to the woman or the child has been reported after ICSI 4,10-18.  

At present, the joint perspective of the Dutch society of obstetrics and gynaecology, the 

Dutch society of clinical embryologists and the Dutch working group of clinical virologists 

is not to perform ICSI in HIV-1-infected men and women, reasoning that the injection of a 

single spermatozoon, potentially carrying an HIV-1 particle directly into an oocyte may lead 

to incorporation of the viral genome into the future embryo, with unknown but possible 

catastrophic consequences; for instance iatrogenically HIV-1-infected children, but again 

scientific evidence for this statement is lacking.

Natural conception in discordant couples with an HIV-1-infected 
man

Some infectious diseases specialists and fertility specialists feel that HIV-1-discordant couples 

should not only be informed about assisted reproductive technologies but also about the 

possibility of natural conception and its associated risks when they request reproductive 

advice 19,20.
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Arguments in favour of natural conception are twofold. First, the risk of HIV-1 transmission in 

HIV-1-serodiscordant couples is only 1/1000 to 1/500 unprotected intercourses at blood plasma 

HIV-1-RNA concentrations between 1,700 and 38, 5000 copies/ml 21, and is estimated to be 

even lower during successful HAART 22, because the blood plasma HIV-1-RNA concentration, 

the most important predictor of sexual HIV-1 transmission, decreases to below the limit of 

detection 23. 

Second, even today many HIV-1-discordant couples try to conceive naturally. Such patients 

include those for whom artificial reproductive technologies are out of reach, patients who 

cannot pay the costs which in some countries are not covered by health insurance, patients 

who cannot travel large distances to reach a centre that provides fertility care for HIV-1-

infected men and women, or patients who have undergone assisted reproductive treatments 

without success 19,20,24. This is illustrated by the fact that half of the couples seen initially in 

these centres attempted to conceive naturally after unsuccessful inseminations 20, and one 

woman became HIV-1 infected while she was waiting to undergo assisted reproductive 

technologies 25. 

Infectious diseases specialists and fertility specialists who promote natural conception state 

that natural conception should only take place after optimization of factors that limit the 

chance of HIV-1 transmission and improve the chance to conceive. 

This would include: (1) a fertility screen, `infertile´ couples should be offered assisted 

reproductive technologies, (2) the initiation of HAART: an undetectable HIV-1-RNA blood 

plasma concentration decreases the HIV-1-transmission risk, (3) the exclusion and treatment 

of genital tract infections, and (4) the avoidance of unprotected intercourse other than around 

the established time of ovulation and immediate abstinence from unprotected sex as soon as 

pregnancy is achieved 19,20,26,27. 

Nevertheless, most infectious diseases specialists and fertility specialists are reluctant to 

embrace the concept of unprotected intercourse because of the following reasons. 

First, the safety of natural conception will be difficult to prove due to the low seroconversion 

rate during unprotected intercourse 21. A 3.8% HIV-1-transmission rate in pregnancy was 

described in 1997 in previously HIV-negative women who conceived naturally from their HIV-

1-infected male partners, but a recent retrospective study did not report HIV-1 transmission in 

HIV-1-discordant couples achieving pregnancy when the HIV-1-infected man or woman had an 
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undetectable blood plasma HIV-1-RNA level under HAART 26,28. Unfortunately, both studies are 

flawed by the inclusion of successful pregnancies only, couples who were unsuccessfully trying 

to conceive were not included and both studies do not mention the number of unprotected 

coital acts needed to achieve pregnancy 26,28. The actual seroconversion rate during natural 

conception may thus have been higher. 

Second, the exact chance of HIV-1 transmission in an individual couple is difficult to predict, 

as HIV-1 may be intermittently present in the male and female genital tract at variable 

concentrations, sometimes irrespective of HAART or genital tract infections and is detectable 

in seminal plasma in 5% of men who are using HAART for at least six months 23,29. 

Third, it is very difficult to counsel the couple, taking into account the arguments listed 

above.

We therefore feel, with the knowledge we have today, that it is unethical to offer natural 

conception. The ultimate test to compare the safety of assisted reproductive technologies 

with natural conception would be to perform a randomized controlled trial, but such a study 

design is for obvious reasons not ethical and not feasible because it requires the inclusion of 

large numbers of patients. Therefore it is crucial that fertility clinics remain specialized in the 

treatment of HIV-1-infected patients and extend their knowledge on reproductive issues in 

order to offer these couples up-to-date assisted reproductive help.

Recommendations and suggestions for future research

The impact of HAART on semen quality becomes more relevant in view of guidelines 

increasingly recommending to initiate HAART earlier 30. As a result, more men will use HAART 

for a longer period during their HIV-1 infection. The impact of this policy on semen quality 

has not yet been studied, but according to the outcome of our study on HAART and semen 

quality, it may be associated with a more pronounced negative impact on the percentage 

of progressively motile spermatozoa. Counselling HIV-1-infected men with a desire to father 

a child on the benefits versus the possible detrimental effects on semen quality of starting 

HAART earlier would seem important in this respect. Unfortunately, our research so far does 

not provide information on which particular HAART regimens have the least toxic effects on 

semen, and prognostic factors that determine the chance of successful IUI have not been 

sufficiently evaluated. Therefore, at present HIV-1-infected men with a desire to father a 
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child may wish to consider completing their family before HAART is initiated, if such delay in 

starting treatment is acceptable with regard to the prognosis of their own HIV-1 infection. 

In our view two issues in the use of assisted reproductive technologies in the setting 

of HIV deserve priority to be clarified further. First, it is unclear at present which couples 

benefit from IUI and which couples do not. Also the consequences on IUI outcome of the 

observed reduction in the percentage of progressively motile spermatozoa during HAART 

are unknown. We therefore suggest to identify prognostic factors of IUI outcome in HIV-1 

infected men, and to adjust assisted reproductive technology protocols accordingly. Second, 

despite the wide application of ICSI in HIV-1-discordant couples, its safety has not yet been 

proven. The safety of ICSI is currently being studied in in-vitro studies in the Academic Medical 

Centre in Amsterdam, the Netherlands. The objectives of this study are to investigate whether 

human oocytes can be infected via intracytoplasmic injection with HIV-1, and to determine 

the infection threshold, i.e. how many HIV-1 copies are necessary to accomplish infection of 

a human oocyte, and to study possible viral replication after injection of a complete virion 

into an oocyte. If ICSI can be proven safe, semen quality in HIV-1-infected men will become 

less of an issue. 
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Summary

Human immunodeficiency virus type 1 (HIV-1) is a virus that currently affects over 33 million 

men and women worldwide, most of them living in sub-Saharan Africa. For HIV-1-infected 

men and women who have access to antiretroviral therapy, the introduction of highly active 

antiretroviral therapy (HAART) in 1996 led to a spectacular increase in life expectancy and 

quality of life. Unfortunately, many men and women do not have access to HAART and for them 

HIV-1 infection will inevitably lead to acquired immunodeficiency syndrome (AIDS) and death. 

In western society HIV-1 is nowadays considered to be a chronic disease and as a consequence 

quality of life is an important aspect for men and women with HIV-1. Many of them express 

the desire to father or mother a child. To decrease the risk of HIV-1 transmission in HIV-1-

infected discordant couples with an HIV-1-infected man, assisted reproductive technologies 

have been introduced, including intra uterine insemination (IUI), in vitro fertilization (IVF) 

and intra cytoplasmatic sperm injection (ICSI). 

Data on the effects of HIV-1 infection and antiretroviral therapy on semen quality are scarce, 

which is unfortunate as semen quality is a key factor for reproductive success in IUI and IVF. 

Many antiretrovirals show good penetration in the male genital tract and may exert toxic effects 

on spermatozoa. One of these toxic effects could be mediated through effects on mitochondria 

within spermatozoa. 

We therefore initiated studies on the effects of HIV-1 infection and antiretroviral treatment on 

semen quality. We also explored the anxiety and risk-taking behaviour of couples undergoing 

artificial reproductive technologies, as 100% safety of these technologies has not been 

proven as far as prevention of HIV-1 transmission is concerned. 

CHAPTER 1 outlines the history of reproduction and HIV-1 infection and describes the 

objectives of this thesis.

CHAPTER 2 summarizes the literature on HIV-1 infection in the male and female genital 

tract, the effects of HIV-1 and HAART on male and female fertility and the various assisted 

reproductive technologies which may be used in HIV-1-infected men and women who wish 

to have offspring. 
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Semen quality in HIV-1-infected men

CHAPTER 3 illustrates the effect of primary HIV-1 infection on semen quality. In a unique case 

of a semen donor who seroconverted for HIV-1, semen samples were available from before 

and after seroconversion. 

Retrospectively, qualitative HIV-1 testing was performed on the cryopreserved semen 

samples to attempt to more accurately determine the time of acquisition of primary HIV-1 

infection, and quantitative HIV-1 testing was performed to determine the concentration of 

HIV-1 RNA in semen during primary HIV-1 infection. Semen analyses were performed on all 

of these samples before cryopreservation, and semen parameters before and after HIV-1 

infection were analyzed. 

The qualitative HIV-1 test in semen was positive for the first time in November 2000, 

when the donor reported flu-like symptoms. The quantitative test revealed very low HIV-

1 RNA concentrations from November until December 2000, and undetectable HIV-1 RNA 

concentrations thereafter. We therefore conclude that the primary HIV-1 infection occurred 

around the beginning of November 2000. Following HIV-1 infection, we observed a decrease 

in semen volume, and in the percentage of progressively motile spermatozoa and the 

percentage of spermatozoa with normal morphology. 

To our knowledge, we are the first to describe semen parameters before and after acquiring 

HIV-1 infection in the same individual. In all other studies published, men were already HIV-

1 infected by the time the first semen analysis was performed. As these observations were 

made in only a single person, no definitive conclusions can be drawn as to the generalisibility 

of these findings.

CHAPTER 4 addresses the effects of ongoing asymptomatic HIV-1 infection on semen quality.

In 2002 the indication for starting antiretroviral treatment in the Netherlands was set at a lower 

CD4 cell level as compared to in previous guidelines. To determine possible implications for 

fertility of this new policy, we studied the effect of ongoing HIV-1 infection on semen quality 

in a cohort of 55 men who were already HIV-1 infected at inclusion and not yet eligible to 

start antiretroviral therapy based on their relatively preserved CD4 cell counts. 

All men underwent biannual blood and semen analyses. We used a repeated measurements 

mixed-effects model to examine the changes in semen parameters over time. During a mean 
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follow-up period of 77 weeks (interquartile range 39 to 111 weeks) mean CD4 cell counts 

declined statistically significantly from 480 to 400 cells/mm3, and the mean blood plasma 

HIV-1-RNA concentration increased statistically significantly from 4.1 to 4.3 log
10

 copies/mL. 

Semen parameters remained stable during the entire follow-up period. Adjusted for age, FSH 

levels, the duration of sexual abstinence and smoking, the CD4 count was not statistically 

significantly associated with any of the investigated semen parameters, but, surprisingly, 

blood plasma HIV-1-RNA levels were positively associated with the concentration of 

spermatozoa.

From this study we conclude that prolonged exposure to asymptomatic, untreated HIV-1 

infection does not affect semen quality in men with relatively preserved cellular immunity. 

These findings are not only reassuring for untreated men infected with HIV-1 who wish to 

father a child, but they also provide relevant background information for studies investigating 

the potential effect of antiretroviral therapy on semen quality (CHAPTER 5).

CHAPTER 5 presents the effects of HAART on semen quality. HAART is a combination of 

antiretroviral drugs that has to be taken for life by persons infected with HIV-1. Although 

these drugs effectively suppress HIV-1 and prolong life expectancy, serious concern has 

arisen about the long-term adverse effects of HAART, which include but are not limited to 

lipid metabolism abnormalities, insulin resistance, premature atherosclerosis, neuropathy 

and lipodystrophy.

Most antiretroviral drugs show good penetration in the male genital tract and therefore may 

affect spermatogenesis. The possible effect of HAART on semen quality is of interest because 

semen quality is a key factor for reproductive success. We prospectively evaluated the effect 

of first-line HAART on semen quality in a cohort of 34 HIV-1-infected men who started HAART 

for the first time. The estimated duration of HIV-1 infection at inclusion varied between men. 

All men underwent blood and semen analyses before the start of antiretroviral therapy and 

at 4, 12, 24, 36 and 48 weeks thereafter. A repeated measurements procedure using a mixed-

effects model was used to examine the effect of HAART on semen parameters. We used the 

same methodology as described in CHAPTER 4 and adjusted for the same confounders. The 

median period of follow-up was 48 weeks (interquartile range 33–52 weeks). Five patients 

used thymidine analogue-containing HAART, 23 used tenofovir-based HAART, and six used 

other regimens. At all time points the percentage of progressively motile spermatozoa was 

low according to WHO criteria, and decreased significantly from 28 to 17% during follow-up 

(P=0.02). All other semen parameters were in the normal range and remained stable. The 
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strengths of our study are the longitudinal follow-up of patients and the fact that the results 

are not biased by previous use of HAART, as only two patients had used HAART in the past for 

a maximum of 8 weeks. Still, we only included 34 patients with limited follow-up, making it 

impossible to draw conclusions about the effects of longer exposure to HAART, and our study 

group was too small to distinguish the effects of different antiretroviral drug combinations. 

Also the mechanism by which the sperm motility was decreased remains to be resolved. 

Because we demonstrated in CHAPTER 4 that ongoing HIV-1 infection itself had no effect on 

semen parameters, we conclude that the decrease in the percentage of progressively motile 

spermatozoa is most likely caused by HAART.

Pathophysiological studies 

CHAPTER 6 focuses on the mitochondrial toxicity of HAART. Before we initiated this study, there 

were no longitudinal data on mitochondrial DNA (mtDNA) copy numbers in spermatozoa 

during HAART. 

Both HIV-1 infection and HAART, the thymidine analogue reverse transcriptase inhibitors 

zidovudine and stavudine in particular, have been associated with a reduction in the mtDNA 

copy numbers in different body tissues, including peripheral blood mononuclear cells (PBMCs) 

and adipocytes. The precise mechanism by which HIV-1 affects mtDNA is unknown. It is 

thought that HAART may affect mtDNA by inhibiting mtDNA polymerase gamma (pol-γ), the 

enzyme responsible for mtDNA replication. As spermatozoa contain abundant mitochondria 

that provide energy for their progressive motility, the reduction in sperm motility seen after 

HAART treatment in CHAPTER 5 could potentially be mediated through an effect on mtDNA 

copy number. We therefore explored possible mitochondrial toxicity of HAART on spermatozoa. 

MtDNA copy numbers were longitudinally determined using a quantitative real-time duplex 

nucleic acid-based amplification assay in the spermatozoa of a subgroup of ten patients who 

participated in the study on HAART and semen quality described in CHAPTER 5. MtDNA copy 

numbers were measured before, and at 4, 12, 24, 36 and 48 weeks after start of HAART. 

In addition, in order to possibly gain some insight on the effect of HIV-1 infection by itself, 

we measured mtDNA copy numbers in the spermatozoa of the seroconverting semen donor 

described in CHAPTER 3 before and after seroconversion. 

In the ten patients who started HAART, mtDNA copy numbers in spermatozoa increased 

significantly by 0.45 log
10

 copies/cell during the first 12 weeks of HAART (P=.001), without 
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significant subsequent changes from 12 to 48 weeks (P=.34). The proportion of progressively 

motile spermatozoa was not associated with mtDNA copy numbers (P=.39). In the semen 

donor mtDNA copy numbers in spermatozoa declined by 0.39 log
10

 copies/cell following 

HIV-1 seroconversion (P=.014). 

We therefore conclude that commencing HAART is associated with an increase in the 

mtDNA copy number of spermatozoa. The data obtained from our single semen donor may 

suggest that this could represent a reversal of reduced mtDNA copy numbers induced by 

HIV-1 infection, similar to what had been observed in PBMCs, but obviously data from larger 

numbers of patients would be needed to confirm this. 

A decrease in mitochondrial DNA content, illustrative for mitochondrial toxicity, was not 

detected after the start of HAART. However, our conclusions are limited by the fact that only 

two of our patients used a HAART regimen which included the thymidine analogue nucleoside 

reverse transcriptase inhibitor zidovudine, known to have a more pronounced potential 

for mitochondrial toxicity. Thus, any possible detrimental effect of thymidine analogues 

or other antiretroviral drugs on spermatozoal mtDNA copy numbers cannot be excluded 

from our study. The reduction in the percentage of progressively motile spermatozoa after 

the start of HAART which we describe in CHAPTER 5 is therefore likely to be mediated by 

mechanisms other than effects on mtDNA, which could include both mitochondrially- and 

non-mitochondrially-mediated effects. 

CHAPTER 7 and CHAPTER 8 relate to the evaluation of drug concentrations of didanosine (ddI), 

tenofovir (TDF), and atazanavir (ATV) in seminal plasma. It has been suggested that the male 

genital tract is a sanctuary site for HIV-1, which is defined as an anatomical site that is highly 

impermeable to some antiretroviral drugs, and in which HIV-1 replication may continue 

in spite of suppressive systemic treatment. On the other hand, penetration of antiretroviral 

agents into the male genital tract may lead to toxic effects on spermatozoa. 

Data on penetration in seminal plasma were not yet available for all antiretroviral drugs. 

Therefore, we evaluated seminal plasma concentrations of ddI when used alone or when 

combined with TDF, and seminal plasma concentrations of ATV. 

Paired semen and blood samples were obtained at variable time points after drug intake from 

30 HIV-1-infected patients using a ddI (n = 15) or ddI + TDF (n = 15) containing antiretroviral 
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regimen. DdI and TDF concentrations were measured in seminal and blood plasma and 

semen quality was assessed. 

Both ddI and TDF penetrated well into seminal plasma. Whereas blood plasma ddI 

concentrations dropped to near or below the lower limit of quantification of 0.017 μg/mL 

9 hours after drug intake, the ddI concentration in seminal plasma remained detectable 

during the whole dosing interval with a median of 0.20 and 0.21 μg/mL in the ddI and ddI + 

TDF groups, respectively. Tenofovir was detectable during the whole dosing interval in both 

blood and seminal plasma, with a median concentration of 0.12 and 0.25 μg/mL, respectively. 

The median seminal-to-blood-plasma ratio was 3.3. Semen quality was within the normal 

range according to the criteria of the World Health Organization, except for the percentage 

of progressively motile spermatozoa, which was low in both groups of patients. 

A study with the same design was repeated for the HIV protease inhibitor ATV, one of the 

more recently introduced protease inhibitors. ATV was detected in seminal plasma in 15 out 

of 15 HIV-infected men taking an ATV-containing regimen. However, drug penetration was 

limited and variable, and the median seminal/blood plasma ratio was only 0.1.

We conclude that both ddI and TDF penetrate well into seminal plasma, and ATV only to 

a limited extent. Thus, in patients taking these drugs, the male genital tract is not likely to 

represent a sanctuary site. Good penetration of antiretroviral drugs in the male genital tract 

prevents the selection and transmission of drug-resistant HIV strains, albeit at the cost of 

potentially toxic effects. 

CHAPTER 9 focuses on the presence of HIV-1-susceptible cells in semen. In an HIV-1-sanctuary 

site viral replication may continue in spite of HAART treatment. A prerequisite for this to 

occur not only is the absence of adequate local drug concentrations, but also the presence of 

cells which are susceptible to HIV-1 infection. In the male genital tract (MGT) concentrations 

of several antiretroviral drugs are low, but whether HIV-1-susceptible cells are present is 

currently unknown. We therefore evaluated the presence of HIV-1-susceptible cells in semen 

and blood of HIV-1-infected men using HAART, HIV-1-infected therapy-naïve men and HIV-

negative men. 

Seminal lymphocytes and blood lymphocytes were stained with monoclonal antibodies 

against CD45, HLA-DR and CD38, and analyzed using flow cytometry. CD45+ cells expressing 
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both HLA-DR and CD38, i.e. CD45+HLA-DR+CD38+ cells, were considered to be susceptible 

to HIV-1 infection.

CD45+HLA-DR+CD38+ cells were detected in semen of all men, but the absolute number 

of these cells was extremely low and much lower than in blood. The percentages of 

CD45+HLA-DR+CD38+ cells in semen were 14%, 16% and 11% for HIV-1 positive men on 

HAART, untreated HIV-1-positive men and HIV-negative men, respectively (P=.48, ANOVA). 

The corresponding percentages of CD45+HLA-DR+CD38+ cells in blood were 17%, 25% 

and 10%, respectively (P<.0001, ANOVA). Although in most patients the percentage of 

CD45+HLA-DR+CD38+ cells appeared to be lower in semen than in blood, this difference 

was not statistically significant. 

Semen thus contains cells susceptible to HIV-1, but whether these cells are present at sites in 

the MGT that are exposed to inadequate drug levels and whether the number of these cells 

is sufficiently high to be clinically relevant with respect to the selection or development of 

drug-resistant strains remains to be determined.

Reproduction in discordant couples with an HIV-1-infected man

CHAPTER 10 evaluates the effectiveness of our protocol for IUI with processed semen. In the 

first part of this chapter we describe our first experiences from March 2003 until October 

2004 with the treatment protocol in the Academic Medical Centre in Amsterdam for HIV-

1-discordant couples in whom the man is HIV-1-infected. All couples requested assisted 

reproductive technologies to reduce the risk of HIV-1 transmission in order to achieve safe 

pregnancy. 

After a standardized fertility screen the decision whether or not to start treatment was taken by a 

multidisciplinary team. During IUI mild ovarian hyperstimulation took place with recombinant 

follicle-stimulating hormone. On the day of IUI the semen was produced and processed, 

which is a four-step procedure that includes centrifugation, density centrifugation, a swim-

up and concentration of the spermatozoa. During semen processing the spermatozoa are 

separated from all other semen components, because the spermatozoa themselves are 

probably not HIV-1 infected. Only when HIV-1-RNA tests in half of the spermatozoal fraction 

were negative, IUI was performed with the remaining part of the spermatozoal fraction. 
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Twenty discordant couples underwent 76 IUI cycles. Insemination was performed in 50 

cycles (66%) and cancelled in 26 cycles (34%), 11 times because of too many follicles (risk 

for a multiple pregnancy), three times because of inappropriate timing of ovulation (no 

possibilities for virological testing in the weekend), three times because of not enough 

spermatozoa after processing, twice because of a positive HIV-1-RNA test of the spermatozoal 

fraction, and seven times because of other reasons. 

Ten out of 20 women (50%) had a clinical pregnancy (i.e. a pregnancy visible on ultrasound), 

eight women had an ongoing pregnancy (i.e. a viable pregnancy on ultrasound at 12 weeks 

gestation). The clinical and ongoing pregnancy rates per started cycle were 13% and 11% 

respectively. Seven babies were born and none of the mothers or babies seroconverted for 

HIV-1 during the study period. 

In the second part of this chapter, the appendix, we give an update of the IUI data until 

December 2007. 

In total, over the first five years 50 HIV-1-discordant couples entered the IUI program after 

the initial screening. These 50 couples underwent 233 IUI cycles. In 152 cycles (65%) IUI was 

performed, in 81 cycles (35%) the insemination was cancelled, 40 times before ovulation and 

41 times after ovulation. 

Twenty-three women became pregnant (46%), 19 of these women had an ongoing pregnancy 

(38%) of whom 15 were singletons and 4 were twin pregnancies. Clinical pregnancy and 

ongoing pregnancy rates were 11% and 8%, respectively, per IUI cycle, and 17% and 13%, 

respectively, per insemination. 

In addition, nine couples returned for a second child. Five of them had an ongoing pregnancy 

(56%). Clinical and ongoing pregnancy rates were 19% and 16%, respectively, per IUI cycle, 

and 25% and 21%, respectively, per insemination. 

So far 28 children have been born. Within this observation period, no seroconversions of 

the mothers or their offspring have been observed. Unfortunately, the results of the IUI 

treatment are not constant over time. The percentage of IUI cancellation varied from 22% 

to 44% during the first five years. The percentage of clinical and ongoing pregnancies for 

first children were reasonable and steady during the first three years, but in 2006 and 2007 

ongoing pregnancy rates dropped to 4–6% per cycle. There are two possible explanations 
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for the decreased pregnancy rates. First, in 2006 we started including men with lower semen 

qualities, and second, after the 4th IUI cycle no pregnancies were achieved, and over the years 

the distribution of IUI cycles became more unfavourable. Based upon these data we will 

start to offer a lower number of IUI cycles and we may also have to rethink the semen quality 

criteria, and/or start with IVF sooner. 

CHAPTER 11 examines which risks HIV-1-discordant couples are willing to accept in order to 

conceive, and also reports anxiety for HIV-1 transmission amongst these couples. Before the 

writing of this thesis, no data existed on any anxiety couples undergoing IUI with processed 

semen may experience about getting infected by IUI, and no data existed on the magnitude 

of HIV-1-transmission risks these couples are willing to take to achieve pregnancy in an 

assisted reproductive technology program. 

We therefore evaluated anxiety for HIV-1 transmission and the willingness to undergo 

assisted reproductive technologies in 50 HIV-1-discordant couples of whom the man was 

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 assisted 

reproductive technologies” to an ”unacceptable HIV-1-transmission risk by assisted 

reproductive technologies”. 

State anxiety, reflecting existent anxiety, was significantly increased in both men and 

women compared with the reference value for the normal population (P<.001). Median 

state anxiety scores were 46.0 (IQR 44.8–48.0) and 45.0 (IQR 44.0–47.0) for men and women, 

respectively. Trait anxiety, reflecting background anxiety, was in the normal range for both 

men and women compared with the reference value for the normal population, median 34.5 

(IQR 25.8–40.3) and 31.0 (IQR 26.0–35.8), respectively. Trade-offs did not differ significantly 

between men and women (P=.58). An HIV-1-transmission rate of 1% was acceptable to 50% 

of couples. In approximately 50% of couples, the initial willingness to undergo treatment 

changed into a decline when the HIV-1 transmission risk increased above 1%. Still, a 3% HIV-

1 transmission rate was accepted by 32% of men and 37% of women. 

Our data show that, although the risk of HIV-1 transmission to the woman can be expected 

to be reduced to almost nil by IUI with processed semen, the fear for HIV-1 transmission 

among these couples was not proportionally reduced, and anxiety was still present among 
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these couples. A remarkable finding is that almost 30% of couples accepted the costs and 

burden of assisted reproductive technologies at HIV-1-transmission rates of 3%, which is 

higher than the estimated risk during successful HAART.

In general, we conclude that risk assessment by patients is primarily determined by 

emotions and not by facts and we advise physicians to be aware of this ambiguity in their 

counselling.
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Nederlandse samenvatting

Drieëndertig miljoen mannen en vrouwen zijn op dit moment geïnfecteerd met het humane 

immuundeficientië virus type 1 (HIV-1). De meesten van hen wonen in Zuidelijk Afrika. Voor 

degenen die toegang hebben tot antiretrovirale middelen, heeft de komst van highly active 

antiretroviral therapy (HAART), ook wel cocktailtherapie genoemd, in 1996 geleid tot een spec-

taculaire stijging van de levensverwachting en van de kwaliteit van leven. Echter voor diegenen 

die verstoken zijn van HAART leidt een infectie met HIV-1 nog steeds tot acquired immunode-

ficiency syndrome (AIDS) en uiteindelijk de dood. 

In het westen wordt HIV-1 tegenwoordig als een chronische ziekte beschouwd en vanuit dat 

perspectief is kwaliteit van leven belangrijk. Steeds meer mannen en vrouwen geven te kennen 

een gezin te willen stichten. Geassisteerde voortplantingstechnieken kunnen in het geval van 

een HIV-1-discordant paar met een HIV-1-positieve man het risico op HIV-1 transmissie naar 

de HIV-negatieve partner verminderen. Geassisteerde voortplantingstechnieken die voor deze 

indicatie worden toegepast zijn intra uteriene inseminatie (IUI), in vitro fertilisatie (IVF) and 

intra cytoplasmatische sperma injectie (ICSI). 

Over het effect van HIV-1 infectie en antiretrovirale middelen op semen kwaliteit is nog niet 

veel bekend. Omdat semen kwaliteit mede bepaalt of een zwangerschap tot stand kan komen, 

hetzij een spontane zwangerschap, hetzij een zwangerschap na IUI of IVF, wilden wij hier meer 

over te weten komen. Het is namelijk niet onmogelijk dat antiretrovirale middelen schadelijke 

effecten op spermatozoa kunnen hebben, omdat de meeste antiretrovirale middelen goed 

doordringen in de tractus genitalis van de man. Mogelijke effecten van het virus zelf op sper-

matozoa zouden kunnen worden veroorzaakt door schade aan mitochondria, de energie leve-

ranciers van een cel. 

Dit onderzoek heeft als doel het effect van HIV-1 en HAART op semen kwaliteit te beschrijven. 

Daarnaast hebben we ook gekeken naar angst en risico perceptie van discordante paren met 

een HIV-1-positieve man die behandeld worden met geassisteerde voortplantingstechnieken, 

omdat deze technieken nog niet 100% bewezen veilig zijn wat betreft preventie van HIV-1 

transmissie. 

In HOOFDSTUK 1 wordt enige achtergrondkennis van AIDS en de ontdekking van het HIV-1 

virus gegeven en wordt de doelstelling van dit proefschrift beschreven. 
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In HOOFDSTUK 2 wordt een overzicht van de literatuur over HIV-1 in de tractus genitalis 

van man en vrouw gegeven en wordt het effect van HIV-1 en HAART op de vruchtbaarheid 

van mannen en vrouwen beschreven. Ook worden de verschillende methoden van geassis-

teerde voortplanting die toegepast kunnen worden bij mannen en vrouwen die zich willen 

voortplanten toegelicht. 

Semen kwaliteit van mannen die geïnfecteerd zijn met HIV-1

In HOOFDSTUK 3 wordt het effect van een acute HIV-1 infectie op semen kwaliteit beschre-

ven. Van een semen donor die geïnfecteerd werd met HIV-1 waren diepgevroren semen 

monsters beschikbaar voor en na infectie. Het moment van acute HIV-1 infectie werd 

achteraf nauwkeurig vastgesteld door HIV testen uit te voeren op het diepgevroren semen. 

Daarnaast werden kwantitatieve HIV-1-RNA testen uitgevoerd om de concentratie van het 

HIV-1 RNA te bepalen in de semen monsters. Omdat van alle semen monsters een semen 

analyse beschikbaar was voor het invriezen, konden de semen parameters voor, tijdens en 

na een acute HIV-1 infectie worden vergeleken. 

Achteraf was HIV-1 voor het eerst aantoonbaar in het semen monster van november 2000. 

De donor rapporteerde destijds griepachtige verschijnselen. De concentratie van het HIV-1 

RNA was erg laag van november tot december 2000, daarna was het niet meer meetbaar. Op 

basis van deze gegevens hebben wij geconcludeerd dat de acute HIV-1 infectie in november 

2000 moet hebben plaatsgevonden. 

Na infectie met HIV-1 nam het semen volume, het percentage progressief motiele spermato-

zoa en het percentage spermatozoa met een normale morfologie af. 

Voor zover bekend zijn wij de eersten die het effect van een acute HIV-1 infectie op semen 

kwaliteit beschrijven. In alle andere tot dan toe bekende onderzoeken waren mannen al met 

HIV-1 geïnfecteerd voordat de eerste semen analyse werd verricht. Doordat dit onderzoek 

slechts betrekking heeft op een man, weten we niet of deze uitkomsten generaliseerbaar 

zijn voor grote groepen en kunnen we geen definitieve conclusies trekken. 

In HOOFDSTUK 4 wordt het effect van een onbehandelde asymptomatische HIV-1 infectie op 

semen kwaliteit behandeld. In de HIV-1 behandel richtlijnen van 2002 werd vastgelegd anti-

retrovirale therapie bij een lager aantal CD4 positieve lymfocyten te starten dan in vorige 

richtlijnen. Om het effect van het uitstellen van behandeling op semen kwaliteit te onder-
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zoeken werd in een cohort van 55 mannen met HIV-1 onderzocht of de duur van de HIV-1 

infectie gevolgen had voor de semen kwaliteit. Alle mannen waren al HIV-1 geïnfecteerd 

voordat zij deelnamen aan het onderzoek en werden nog niet behandeld met antiretrovirale 

middelen vanwege hun relatief goede afweer, gemeten aan het CD4 cel aantal. 

Bij alle mannen werd halfjaarlijks bloed- en semen onderzoek verricht. Een repeated measure-

ments mixed-effects model werd gebruikt om de veranderingen in de semen parameters 

over de tijd te berekenen. 

Gedurende een gemiddelde follow-up van 77 weken (interquartile range 39 tot 111 weken) 

daalde het gemiddelde aantal CD4 cellen statistisch significant van 480 naar 400 cellen/

mm3, de gemiddelde HIV-1-RNA concentratie in het bloed plasma steeg statistisch signi-

ficant van 4.1 naar 4.3 log
10

 kopieën/mL. Gedurende deze periode bleven de semen para-

meters stabiel. Na correctie voor leeftijd, FSH spiegels, onthoudingsduur en roken was het 

aantal CD4 cellen niet statistisch significant geassocieerd met enige semen parameter, maar 

verrassend genoeg was HIV-1-RNA in het bloed plasma positief geassocieerd met de con-

centratie spermatozoa in het ejaculaat. 

Uit dit onderzoek concluderen we dat langere blootstelling aan asymptomatische, onbehan-

delde HIV-1 infectie geen invloed heeft op semen kwaliteit bij mannen met relatief goede 

cellulaire immuniteit. Deze uitkomst is niet alleen geruststellend voor onbehandelde HIV-1  

geïnfecteerde mannen met kinderwens maar levert ook belangrijke achtergrond infor-

matie voor onderzoeken naar het effect van HAART op semen kwaliteit (HOOFDSTUK 5). 

In HOOFDSTUK 5 wordt het effect van HAART op semen kwaliteit weergegeven. HAART is 

een combinatie van antiretrovirale middelen die door HIV-1-geïnfecteerde mensen levens-

lang moet worden ingenomen. Deze medicijnen kunnen het virus effectief onderdrukken 

en zo levensverlengend werken, maar zijn niet zonder gevolgen voor de lange termijn;  

afwijkingen in het vet- metabolisme, insuline resistentie, premature atherosclerose, neuro-

pathieën en lipodystrofie kunnen op den duur ontstaan. 

De meeste antiretrovirale middelen kunnen goed in de tractus genitalis van de man doordrin-

gen en kunnen zo de spermatogenese beïnvloeden. Het is belangrijk te weten of HAART effect 

heeft op de semen kwaliteit omdat semen kwaliteit de kans op succesvolle voortplanting 

beïnvloedt. Van 34 mannen die voor het eerst met antiretrovirale middelen startten werd pros-

pectief de semen kwaliteit onderzocht. De duur van de infectie voor het starten van HAART 
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verschilde tussen de mannen. Bij alle mannen werd voor het starten van HAART bloed- en 

semen onderzoek verricht en 4, 12, 24, 36 en 48 weken daarna. Een repeated measurements 

mixed-effects model werd gebruikt om het effect van HAART op semen kwaliteit te bereke-

nen, waarbij gebruik werd gemaakt van dezelfde methodiek als in HOOFDSTUK 4. De gemid-

delde follow-up periode was 48 weken (interquartile range 33–52 weken). Vijf patiënten 

gebruikten HAART met thymidine analogen als bestanddeel, 23 HAART met tenofovir en zes 

gebruikten een andere combinatie. 

Het percentage progressief motiele spermatozoa, afgemeten aan de WHO normen, was 

op alle tijdstippen laag en daalde tijdens de follow-up statistisch significant van 28% naar 

17% (P=0.02). Alle andere semen parameters waren binnen de normale waarden en bleven 

stabiel. De sterke punten van dit onderzoek zijn de longitudinale follow-up en het feit dat 

onze resultaten niet zijn vertekend door eerder HAART gebruik van de patiënten. Slechts 

twee mannen hadden in het verleden HAART gebruikt, allebei slechts voor een periode 

van maximaal acht weken. Omdat de follow-up slechts 48 weken besloeg en slechts 34 

mannen deelnamen kunnen we geen uitspraak doen over de gevolgen van nog langdu-

riger blootstelling van spermatozoa aan HAART. Door dit kleine aantal patiënten kunnen 

we dan ook geen uitspraak doen over welke HAART samenstelling het meest schadelijk is 

en welk mechanisme verantwoordelijk is voor de afname in beweeglijkheid van de sper-

matozoa. Omdat een HIV-1 infectie zelf geen effect had op semen parameters, zoals we in  

HOOFDSTUK 4 lieten zien, concluderen we dat de afname in progressief motiele spermato-

zoa waarschijnlijk veroorzaakt wordt door HAART.

Pathofysiologische onderzoeken 

In HOOFDSTUK 6 wordt de mitochondriale toxiciteit van HAART op spermatozoa besproken. Van 

zowel HIV-1 als HAART en dan vooral de thymidine analogen reverse transcriptase remmers 

zidovudine en stavudine, is bekend dat hun gebruik kan leiden tot een verlaging van het 

aantal mtDNA kopieën in verschillende cellen in het menselijke lichaam, zoals lymfocyten, 

monocyten en adipocyten. Hoe HIV-1 het mitochondriale DNA beïnvloedt is onbekend. Van 

HAART wordt gedacht dat het mitochondriaal DNA beïnvloedt door remming van het mito-

chondriale DNA replicatie enzym mtDNA polymerase gamma (pol-γ). Tot nu toe ontbraken 

longitudinale gegevens over het aantal mitochondriale DNA (mtDNA) kopieën in sperma-

tozoa. 
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Mitochondria in spermatozoa leveren energie voor de beweeglijkheid van de spermatozoa. 

De afname in het percentage progressief motiele spermatozoa na het starten van HAART 

dat beschreven werd in HOOFDSTUK 5 zou dus veroorzaakt kunnen worden door een effect 

op het aantal mitochondriale DNA kopieën in spermatozoa. Het doel van dit onderzoek was 

dan ook mogelijk toxische effecten van HAART op mitochondriaal DNA in spermatozoa te 

onderzoeken. Hiertoe werd het aantal mtDNA kopieën longitudinaal bepaald met behulp 

van een kwantitatieve “real-time duplex nucleic-acid based amplification” test in sperma-

tozoa bij een deel van de patiënten die deelnamen aan het onderzoek naar het effect van 

HAART op spermatozoa dat in HOOFDSTUK 5 beschreven werd. Het aantal mtDNA kopieën 

werd gemeten voor en 4, 12, 24, 36 en 48 weken na het starten van HAART. 

Tenslotte werd het aantal mtDNA kopieën in de spermatozoa van de donor die serconverteerde 

voor HIV-1 gemeten, om inzicht te krijgen in een eventueel effect van een HIV-1 infectie zelf op 

mtDNA in spermatozoa. 

In het cohort van tien patiënten die startten met HAART werd een statistisch significante 

toename gezien van het aantal mtDNA kopieën met 0.45 log
10

 kopieën/cel tijdens de eerste 

twaalf weken behandeling met HAART, terwijl het aantal mtDNA kopieën stabiel bleef van 

12 tot 48 weken (P=.34). Het aantal progressief motiele spermatozoa was niet geassocieerd 

met het aantal mtDNA kopieën (P=.39). Het aantal mtDNA kopieën in de spermatozoa van 

de semen donor daalde met 0.39 log
10

 kopieën/cel na infectie met HIV-1 (P=.014).

De conclusie is dat het starten van HAART leidt tot een toename van het aantal mtDNA 

kopieën in spermatozoa. Mogelijk betreft dit herstel van door HIV-1 infectie zelf geredu-

ceerde mtDNA kopie aantallen, zoals eerder ook in andere lichaamscellen werd waargeno-

men, maar meer gegevens van grotere patiënten aantallen zijn nodig om dit te bevestigen. 

Een afname van de hoeveelheid mtDNA, illustratief voor toxische effecten van HAART op 

mitochondria, werd niet waargenomen. De conclusies van ons onderzoek kunnen slechts 

beperkt zijn omdat slechts twee patiënten HAART gebruikten met nucleoside reverse trans-

criptase remmers van het type thymidine analogen, medicijnen met potentieel een sterkere 

toxisch effect op mitchondria. Op basis van dit onderzoek kan niet worden uitgesloten dat 

thymidine analogen of andere antiretrovirale middelen schade aanrichten aan het mtDNA. 

Het is echter waarschijnlijker dat de afname in het percentage progressief motiele sperma-

tozoa na het starten van HAART dat beschreven is in HOOFDSTUK 5 wordt veroorzaakt door 

andere mechanismen. 
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In HOOFDSTUK 7 en HOOFDSTUK 8 worden de concentraties van didanosine (ddI), tenofovir 

(TDF), en atazanavir (ATV) in seminaal plasma beschreven. Van de tractus genitalis van de man 

wordt enerzijds gedacht dat het een “sanctuary site” is; een anatomisch afgegrensd gebied 

waarin antiretrovirale middelen niet of nauwelijks kunnen doordringen en waarin de ver-

menigvuldiging van het HIV-1 virus plaats kan vinden ondanks HAART. Anderzijds kan juist 

penetratie van antiretrovirale middelen in de mannelijke tractus genitalis leiden tot toxische 

effecten op spermatozoa. 

Wij bepaalden concentraties van enkele antiretrovirale middelen in het seminaal plasma, omdat 

deze gegevens ontbraken van de nucleoside analoog didanosine (ddI), alleen of gecombineerd 

met de nucleotide analoog tenofovir (TDF) en de protease remmer atazanavir (ATV). 

Van 30 HIV-1-geïnfecteerde mannen werden gepaarde semen- en bloed monsters verkre-

gen op verschillende tijdspunten na inname van medicatie. Vijftien mannen gebruikten een 

ddI en 15 mannen gebruikten ddI + TDF als onderdeel van HAART. De concentratie ddI en 

TDF werd gemeten in seminaal- en bloedplasma en semen analyses werden verricht. 

De penetratie van ddI en TDF was goed in seminaal plasma. Terwijl ddI concentraties negen 

uur na inname daalden tot onder de detectie limiet van 0.017 μg/mL in bloedplasma, bleef 

de ddI concentratie in seminaal plasma detecteerbaar op alle tijdstippen met een mediaan 

van respectievelijk 0.20 en 0.21 μg/mL in de ddI en ddI + TDF groepen. Tenofovir was op alle 

tijdstippen detecteerbaar in seminaal- en bloedplasma met een mediane concentratie van 

respectievelijk 0.12 en 0.25 μg/mL. De gemiddelde seminaal plasma/bloedplasma ratio 3.3. 

De semen kwaliteit was binnen de norm gesteld door de WHO, alleen het percentage pro-

gressief motiele spermatozoa was laag in de ddI en ddI + TDF groep.

Een onderzoek met dezelfde opzet werd verricht voor atazanavir, een van de nieuwere 

protease remmers. Atazanavir werd aangetoond in seminaal plasma van alle 15 mannen die 

atazanavir gebruikten als onderdeel van hun HAART regime. De concentratie was echter 

laag en varieerde van persoon tot persoon, met een mediane seminaal plasma/bloed plasma 

ratio van 0.1.

Concluderend is de penetratie van zowel didanosine als tenofovir in seminaal plasma goed, 

atazanavir penetreert ook in seminaal plasma maar in lage concentraties. De tractus genitalis 

van de man is voor deze medicijnen dus geen “sanctuary site”. Penetratie van antiretrovirale 
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middelen in de tractus genitalis van de man voorkomt selectie en transmissie van resistente 

HIV-1 stammen, maar toxische effecten van deze middelen zijn niet uitgesloten. 

In HOOFDSTUK 9 wordt de aanwezigheid van cellen in semen die gevoelig zijn voor HIV-1 

beschreven. Ondanks de aanwezigheid van HAART kan HIV-1 repliceren in een “HIV-1 sanctu-

ary site”. Niet alleen de afwezigheid van antiretrovirale middelen in een “sanctuary site”, maar 

ook de aanwezigheid van cellen die gevoelig zijn voor HIV-1 zijn voorwaarden voor HIV-1 

replicatie. De concentratie van verschillende antiretrovirale middelen is laag in de tractus 

genitalis van de man, maar de aanwezigheid van HIV-1 gevoelige cellen is onbekend. Wij 

evalueerden de aanwezigheid van HIV-1 gevoelige cellen in semen en bloed in een cohort 

studie waarin HIV-1 geïnfecteerde mannen met HAART, HIV-1 geïnfecteerde mannen zonder 

HAART en HIV-negatieve mannen deelnamen. 

Na kleuring van lymfocyten in semen en in bloed met monoklonale antistoffen tegen CD45, 

HLA-DR en CD38 werden de aanwezige lymfocyten geanalyseerd met behulp van flow-

cytometrie. CD45+ cellen die zowel HLA-DR en CD38 tot expressie brachten, de CD45+HLA-

DR+CD38+ cellen, werden als target cellen voor HIV-1 beschouwd. 

CD45+HLA-DR+CD38+ cellen konden worden gedetecteerd in het semen van alle mannen, 

maar het absolute aantal van deze cellen was laag en veel lager dan in bloed. Het percen-

tage CD45+HLA-DR+CD38+ cellen in semen was respectievelijk 14%, 16% and 11% voor 

HIV-1 positieve mannen met HAART, onbehandelde HIV-1-positieve mannen en HIV-nega-

tieve mannen (P=.48, ANOVA). In het bloed waren deze percentages respectievelijk 17%, 

25% en10% (P<.0001, ANOVA). Hoewel bij de meeste patiënten het percentage CD45+HLA-

DR+CD38+ cellen lager was in semen dan in bloed was dit verschil niet statistisch signi-

ficant. 

Semen bevat cellen die gevoelig zijn voor HIV-1, maar of deze cellen aanwezig zijn op 

plekken in de tractus genitalis van de man waar tegelijkertijd onvoldoende penetratie is van 

antiretrovirale middelen en/of het aantal van deze cellen klinisch relevant is met betrekking 

tot de selectie van resistente HIV-1 stammen moet nog worden uitgezocht. 
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Voortplanting in discordante paren met een HIV-1-geïnfecteerde 
man

In HOOFDSTUK 10 worden de eerste ervaringen met het IUI protocol in het Academisch 

Medisch Centrum voor HIV-1-discordante paren met een HIV-1- geïnfecteerde man beschre-

ven en wordt de effectiviteit van deze behandeling geëvalueerd. Alle paren ondergingen IUI 

met HIV-1 spermabewerking van maart 2003 tot oktober 2004 met als doel het risico van 

HIV-1 transmissie te verkleinen en veilig zwanger te kunnen worden. Na een oriënterend fer-

tiliteits onderzoek werd door een multidisciplinair team de beslissing genomen wel of geen IUI 

te verrichten. Bij een positieve beslissing vond milde ovariële hyperstimulatie met recombinant 

follikel stimulerend hormoon (FSH) plaats. Op de dag van de IUI werd het semen geproduceerd 

en vond een HIV-1 spermabewerking plaats. Het doel van de HIV-1 spermabewerking is het 

isoleren van spermatozoa uit semen, omdat spermatozoa zelf waarschijnlijk niet met HIV-1 

geïnfecteerd zijn. Deze bewerking bestaat uit vier stappen (1) centrifugatie, (2) dichtheids 

centrifugatie, (3) opzwemmen en (4) concentratie van de spermatozoa. De IUI werd alleen 

verricht als de HIV-1-RNA testen in tenminste de helft van de fractie spermatozoa negatief 

was. De IUI werd verricht met de andere helft van de spermatozoa fractie. 

Twintig discordante paren ondergingen 76 IUI cycli. In 50 cycli werd een inseminatie verricht 

(66%). In 26 cycli ging de inseminatie niet door (34%); 11 keer omdat er teveel follikels waren 

(risico op meerlingzwangerschap), drie keer omdat de ovulatie in het weekend viel (geen 

mogelijkheid om HIV-1-RNA testen te doen), drie keer omdat er na HIV-1-sperma bewer-

king niet genoeg spermatozoa waren voor IUI, twee keer omdat de HIV-1-RNA test positief 

was na HIV-1-spermabewerking en zeven keer vanwege uiteenlopende redenen. Tien van 

de 20 vrouwen (50%) werden klinisch zwanger, gedefinieerd als een zwangerschapsring bij 

echoscopisch onderzoek en acht vrouwen waren doorgaand zwanger, gedefinieerd als een 

vitale zwangerschap bij 12 weken amenorroeduur. Het percentage klinische en doorgaande 

zwangerschappen per gestarte cyclus was respectievelijk 13% en 11%. Zeven kinderen 

werden geboren en geen van de moeders of baby’s seroconverteerde voor HIV-1 tijdens de 

onderzoeksperiode. 

In het tweede deel van dit hoofdstuk, de appendix, geven we het totaal aan IUI cycli tot 

december 2007. Gedurende de eerste vijf jaar werden 50 HIV-1 discordante paren behan-

deld met IUI. Deze 50 paren ondergingen 233 IUI cycli. In 152 cycli (65%) werd IUI verricht, 

in 81 cycli (35%) kon de inseminatie niet doorgaan; 40 keer voor de ovulatie en 41 keer na 

de ovulatie. Drieëntwintig vrouwen werden zwanger (46%), 19 van deze vrouwen waren 
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doorgaand zwanger (38%); 15 van een eenling en vier van een tweeling. Het percentage 

klinische en doorgaande zwangerschappen was respectievelijk 11% en 8% per IUI cyclus en 

17% en 13% per inseminatie. 

Negen paren kwamen terug voor een tweede kind. Vijf vrouwen werden doorgaand zwanger 

(56%). Het percentage klinische en doorgaande zwangerschappen in deze groep was res-

pectievelijk 19% en 16% per IUI cyclus en 25% en 21% per inseminatie. 

Tot op heden zijn er in totaal 28 kinderen geboren. Geen van de moeders of baby’s serocon-

verteerde voor HIV-1 tijdens de gehele onderzoeksperiode. 

Helaas waren de resultaten van de IUI behandeling niet constant tijdens de onderzoeks-

periode. De percentages van afgebroken IUI cycli varieerden van 22% tot 44% tijdens de 

eerste vijf jaar. Daarnaast daalde het percentage doorgaande zwangerschappen tot 4–6% 

per IUI cyclus in 2006 en 2007. Er zijn twee mogelijke verklaringen voor deze afname. Ten 

eerste werden vanaf 2006 mannen toegelaten met slechtere semen parameters. Ten tweede 

werd niemand meer zwanger na IUI cyclus vier en steeg gedurende de laatste jaren het per-

centage paren dat met IUI cyclus vier tot en met negen bezig was. De zwangerschapsper-

centages nopen tot het herevalueren van de inclusie criteria, maar het is denkbaar dat een 

minder IUI cycli zullen worden aangeboden en wellicht zullen de semen kwaliteit criteria 

weer aangescherpt worden. Tenslotte zal ook eerder een IVF behandeling moeten worden 

overwogen. 

In HOOFDSTUK 11 wordt het risico dat HIV-1-discordante paren bereid zijn te nemen om 

zwanger te worden behandeld en wordt ook de angst die deze paren mogelijk ondervinden 

tijdens een behandeling geëvalueerd. Voor het verschijnen van dit proefschrift waren er geen 

gegevens over de angst die paren mogelijk ondervinden om HIV-1 geïnfecteerd te raken 

tijdens HIV-IUI behandeling en data over het risico dat deze paren bereid zijn te nemen om 

zwanger te worden met behulp van geassisteerde voortplantingstechnieken ontbraken. 

Daarom onderzochten we de aanwezigheid van angst bij 50 HIV-1 discordante paren met 

een HIV-1-geïnfecteerde man en onderzochten we het risico dat deze paren willen nemen 

tijdens een behandeling voor het starten van een geassisteerde voortplantingsbehandeling. 

De State-Trait Anxiety Inventory (STAI) werd gebruikt om angst te beoordelen. Daarnaast 

werd gekeken bij welk hypothetisch HIV-1-transmissie risico percentage oplopend van 0.5% 

tot 3% paren nog bereid waren geassisteerde voortplanting te ondergaan. Voor elke patiënt 
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werd beschreven bij welk percentage de “bereidheid om geassisteerde voortplantingstech-

nieken te ondergaan” veranderde in “een te hoog risico op HIV-1 infectie met geassisteerde 

voort-plantingstechnieken”. 

State anxiety, dat situatiespecifieke angst weergeeft, was significant verhoogd bij zowel 

mannen als vrouwen in vergelijking tot de referentie waarden in de normale populatie 

(P<.001). De mediane state anxiety scores waren respectievelijk 46.0 (IQR 44.8–48.0) en 45.0 

(IQR 44.0–47.0), voor mannen en vrouwen. De mediane trait anxiety, angst die niet situatie 

gebonden is maar meer beschouwd kan worden als een karaktertrek, was in de normale 

range voor zowel mannen als vrouwen in vergelijking tot de referentie waarden in de 

normale populatie, respectievelijk 34.5 (IQR 25.8–40.3) en 31.0 (IQR 26.0–35.8). Het risico dat 

paren bereid waren te nemen om geassisteerde voortplantingstechnieken te ondergaan 

verschilde niet significant tussen mannen en vrouwen (P=.58). Vijftig procent van de paren 

beschouwde een HIV-1-transmissie risico van 1% als acceptabel bij geassisteerde voortplan-

tingstechnieken, maar bij een HIV-1-transmissie percentage boven de 1% veranderde de 

helft van deze paren dit positieve oordeel in een negatief oordeel. Maar zelfs bij 32% van de 

mannen en 37% van de vrouwen was een HIV-1 transmissie risico van 3% bij geassisteerde 

voortplanting acceptabel. 

Onze gegevens tonen aan dat, hoewel de kans op HIV-1 transmissie door geassisteerde 

voortplantingstechnieken tot ongeveer nul kan worden gereduceerd, de angst voor HIV-1  

transmissie bij deze paren niet tot nul kan worden teruggebracht. Daarnaast accepteren 

ongeveer 30% van de paren HIV-1-transmissie risico’s bij geassisteerde voortplantingstech-

nieken die hoger zijn dan het geschatte risico op HIV-1 transmissie bij HAART gebruik tijdens 

onbeschermde coïtus.

Wij concluderen dat het schatten van risico’s niet gebeurt op basis van feiten maar op gevoel. 

Wij adviseren behandelend artsen dan ook rekening te houden met deze tweeslachtigheid 

bij het voorlichten van deze paren. 
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Aan alle goede dingen komt een eind! 

Allereerst en bovenal wil ik de mannen bedanken die belangeloos deelgenomen hebben 

aan mijn onderzoek. Jullie hebben dit Katwijkse meisje behoorlijk werelds gemaakt en 

het blijft bijzonder om als toekomstig vrouwenarts vier jaar mannenonderzoek te hebben 

mogen doen. Ik had er niets van willen missen en ik hoop dat het jullie goed gaat.

Mijn promotoren Prof. dr. F. van der Veen en Prof. dr. P. Reiss en mijn copromotoren Dr. S. 

Repping en Prof. dr. J.M. Prins.

In een tijd en in een vak waarin vrouwen de boventoon voeren is het toch nog mogelijk 

gebleken een onderzoeksgroep te vormen met alleen maar mannen. Ook al is er een 

duidelijk cultuurverschil tussen internisten en gynaecologen/biologen, onze samenwerking 

is altijd evenwichtig en constructief geweest, iets wat misschien niet vanzelfsprekend was. 

F. ook al gaf ik aanvankelijk geen sjoege toen jij mij liet vragen dit onderzoek te doen en zal ik 

dat nog mijn leven moeten horen, ik zou het zo weer doen. Jij hebt me op een allerplezierigste 

en inspirerende wijze door deze zes jaar heen geloodst. Jouw “zwart -wit aanpak en grijs 

bestaat niet” is volgens mij de beste manier om een beginnende onderzoeker te begeleiden, 

ook al denken anderen daar soms het hunne van. Jij hebt in belangrijke mate bijgedragen 

aan mijn wetenschappelijke ontwikkeling en mijn ontwikkeling als arts. Het heeft me een 

rijker mens gemaakt. Als ik niet “op” het CVV was begonnen was ik niet zo goed terecht 

gekomen! Heel veel dank, L.

Peter, ondanks jouw drukke agenda bleek jij altijd in staat te reageren of jouw bijdrage aan 

stukken te leveren. Dat was soms ook hard nodig want met jouw hulp kwam het taalgebruik 

altijd op een hoger plan. Ook vind ik je een echte diplomaat (gezien je afkomst niet heel 

vreemd) en ben je heel goed in het leggen en onderhouden van contacten, iets wat ook in 

dit onderzoek heel goed van pas kwam. Dat je intussen zelf hoogleraar bent, maakt dat je 

vandaag mijn promotor mag zijn en daar ben ik erg trots op. 

Sjoerd, in mijn ogen ben jij dé AMC onderzoeker en ik blijf dan ook van mening dat 

biologen betere onderzoekers zijn dan artsen. Jij hebt me wegwijs gemaakt in het doen 

van laboratoriumonderzoek. Ik kan nu met één hand een centrifugeerbuisje vasthouden 

en de dop eraf draaien en wie weet komt dat ooit nog van pas. Het leuke is dat jij naast het 

onderzoek een heel leuke vent bent! Dank voor je steun en je geloof in mij.



DANKWOORD

176

Jan, naast het werk aan ons onderzoek kunnen wij het samen heel goed vinden. Jij hebt 

altijd interesse getoond in de persoon achter de onderzoeker en dat waardeer ik zeer. Dank 

je voor de puntjes op de i en de kritische noot. Ik hoop dat we in de toekomst nog meer 

kunnen verzinnen om samen te werken.

De leden van de promotiecommissie wil ik danken dat zij zitting hebben willen nemen in 

mijn promotiecommissie. I would like to thank the members of my examining committee 

for their participation.

Ferdinand, ik wil je bedanken voor al je statistische analyses, het keer op keer aanpassen 

van grafieken aan mijn wensen en het geduld het mij keer op keer uit te leggen. Ook dank 

ik je dat je me betrokken hebt bij de HIV onderzoekers, wat de inclusies etc. weer ten goede 

kwam.

Artsen en verpleegkundigen en poliassistenten van de HIV poli in het AMC. Dank jullie wel 

voor het werven en verwijzen van jullie patiënten voor dit niet-dagelijkse onderzoek.

Marja, jij hebt me geleerd hoe een semen analyse te verrichten, me bijgestaan in het 

verversen van de nodige lectuur en bovenal hebben we heel veel gelachen samen. Ook alle 

andere meiden van het fertiliteitslaboratorium: Annemieke, Hanneke, Wendy, Veronique, 

Corinne, Saskia, Cindy, Suzan, ik dank jullie voor de hulp bij bijvoorbeeld de monsters naar 

de min tachtig brengen of bij het maken van verdunningsreeksen, daar ben ik nog steeds 

geen ster in. Het was leuk dat ik aan al jullie festiviteiten mee mocht doen, ook al vonden 

mijn vriendinnen dat onsmakelijk klinken: Sinterklaas of uit eten met het sperma lab.

Bas, ik ben heel blij dat ik jou heb leren kennen, jij bent in een belangrijke tijd een echte 

vriend voor mij geweest. Ik hoop dat jouw boekje na die wereld publicatie ook snel komt.

Collega IVF artsen, lieve Nino, Inge en Moniek. Ik heb altijd geweten dat wij echt een heel 

leuke baan hadden daar beneden, maar achteraf kan ik het nog 100x meer waarderen. 

Verpleegkundigen CVV, Ragna, Juul, Brigitte, Leonie, Lonneke en Ineke, ik dank jullie 

voor de fijne tijd daar. Monique, de barbecues bij jou in de tuin waren onvergetelijk en 

eindigden altijd nat. Lieve Mariëtte, eigenlijk ben jij het die aan de basis staat van mijn 

wetenschappelijke carrière. Jij hebt me in contact gebracht met Fulco en samen met jou heb 

ik mijn eerste publicatie behaald. Ik vind het fijn te merken dat je op afstand nog steeds een 

beetje stuurt.
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Marion dank je voor je bijdrage aan mijn proefschrift, het is leuk dat juist jij de postdoc die 

na mij gekomen is begeleidt! Susan, dank je voor alle tijd en energie die jullie in de HIV-fertil

iteitsbehandelingen stoppen, het is leuk dat merken dat jullie zo vol enthousiasme reageren 

als iemand zwanger is na HIV IUI of IVF.

 

Marijke Roos je bent een bijzondere vrouw en ik vind het heel erg fijn dat ik zo prettig met 

je heb mogen samenwerken.

Mijn mede-onderzoekers Anna, Arianne, Elisabeth, Emmy, Esther, Etelka, Evelien, Femke, 

Henrike, Janne-Meije, Jan Willem, Jiska, Joost, Judith, Karlijn, Maarten, Madelon, Marc, 

Marjolein, Marscha, Maureen, Menke, Moira, Pieternel, Radjin, Sanjay, Saskia, Selwyn, Stef, 

Wessel, Wouter&Wouter wil ik van harte bedanken voor de goede tijd. Met enkelen van jullie 

is in deze tijd de basis gelegd voor vriendschap of tenminste heel goede collega’s. 

 

Poliverpleegkundigen, doktersassistenten, verpleegkundigen en arts-assistenten en gynae-

cologen in het Zaans Medisch Centrum. Dank jullie voor de leerzame tijd. Het ‘Liesbeth uit de 

Heel’ zingt nog vaak in mijn hoofd. Dieneke, de pot met groene zeep, basis ingrediënt voor 

AIOS staat nu standaard bij mij op de wastafel. 

Mensen van het (voormalig) secretariaat gynaecologie in het AMC, in het bijzonder Ria, Thea 

en later Tanja, dank jullie voor jullie luisterende oor en hulp bij mijn proefschrift. Peter dank 

je dat jij mijn buurman was. 

Mijn collega-assistenten, stafartsen, verloskundigen, verpleegkundigen en doktersassistenten 

in het AMC: Dank jullie voor het gevoel weer thuis te zijn gekomen. Ik prijs me gelukkig dat ik 

elke dag met zulke stimulerende mensen omringd mag zijn. 

Mijn lieve paranimfen Christianne en Petra. Ik denk dat er zelden drie zulke uitgesproken 

karakters en uitgesproken verschillende karakters op een kamer zijn gezet en dat dit zo goed 

heeft uitgepakt. Jullie voelen mij heel goed aan. Ik ben er trots op dat jullie naast mij staan 

tijdens deze belangrijke dag. 

Lieve familie, lieve Nico en Ria dank jullie voor jullie eeuwige interesse in mijn reilen en zeilen. 

Lieve Theo, jij en natuurlijk ook Wil toen ze er nog was hebben bijgedragen aan de start van 

mijn carrière. Ik ben er jullie intens dankbaar voor. 
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Lieve jaargenoten, het is de liefde voor lekker eten die ons bindt. Ik vind jullie stuk voor stuk 

heel leuke vrouwen geworden! Wel, dank je voor de NL-check!

Nico, ik ben blij dat jij meer zag in de leuke jonge dokter. Ik dank je voor die talloze keren dat 

jij voor mij kookt en hebt gekookt en het pietsje cultuur dat je me bijbrengt. 

Lieve familie Visser: Angela, Ben, Daniela, Elsbeth en Peter, ik dank jullie dat jullie me zo 

liefdevol in jullie familie hebben opgenomen en dat jullie me de ruimte geven om mezelf te 

zijn tussen de Vissers. 

Lieve Teun en Koos, lieve schatten, een dikke kus voor jullie allebei.

Roellie, lieve vriend, jij ging me al jaren geleden voor, op een onvergetelijke dag. Er is intussen 

veel veranderd! 

Caro, het geluk in de liefde heb je al gevonden, nu het werk nog! 

Mirrie, een kus waar je maar wil! 

Hadewina, mijn filmster vriendin, ik hou van je! 

Ans jij bent mijn hartsvriendin en dat zegt alles! 

Lieve Suus, grote kleine zus. Zoals jij is er maar een. Ik hou heel veel van jou en zal je heel 

erg missen het komende jaar. Ik ben trots op je en ondanks ons leeftijdsverschil zijn wij altijd 

nauw bij elkaar betrokken. Ik hoop dat je een goed jaar hebt in Sydney met Piet-Hein.

Lieve pap en mam, ik ben blij dat deze dag eindelijk is aangebroken en ik ben trots op jullie 

dat jullie als ouders in staat zijn om in elke levensfase weer van grote waarde te zijn. “Een 

olifant heeft toch de grootste” maakt veel dingen relatief! Ik hou heel erg veel van jullie 

allebei. 

Lieve Har, mooie man, I luv u en dat is me geraden!
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Liesbeth (Elisabeth) van Leeuwen werd op 9 augustus 

1976 geboren in Leiderdorp en bracht haar jeugd door 

in Katwijk aan Zee. In 1994 behaalde zij haar VWO-

diploma aan het Rijnlands Lyceum in Oegstgeest. In 

datzelfde jaar begon zij met de studie geneeskunde 

aan de Universiteit van Amsterdam. Hoewel zij aan-

vankelijk kinderarts wilde worden, werd zij tijdens 

haar co-schap gegrepen door de obstetrie en 

gynaecologie. Haar oudste co-schap obstetrie in het 

Academisch Medisch Centrum werd beloond met 

een eerste baan als ANIOS in hetzelfde ziekenhuis. 

Eind 2002 werd zij uit naam van Fulco van der Veen door Sjoerd Repping gevraagd om 

promotieonderzoek uit te voeren onder de werktitel ‘The effects of antiretroviral therapy 

on semen quality in HIV-1 infected men’. Voor dit project was subsidie verkregen van het 

AIDSfonds. Gedurende de laatste twee jaar van haar onderzoeksperiode was zij parttime 

werkzaam als IVF arts in het Centrum voor Voortplantingsgeneeskunde in het AMC. 

In oktober 2006 startte haar opleiding tot gynaecoloog in het Zaans Medisch Centrum in 

Zaandam (opleider Dr. J.P.R. Doornbos). Sinds april 2008 is Liesbeth weer werkzaam in het 

AMC (opleider Prof. dr. M.J. Heineman) voor het vervolg van haar opleiding. 
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Liesbeth van Leeuwen was born on August 9th 1976 as the first daughter of Arie and Elly 

van Leeuwen in Leiderdorp, the Netherlands. She grew up in Katwijk aan Zee and attended 

grammar school at the Rijnlands Lyceum in Oegstgeest, where she graduated in 1994. 

Liesbeth started medical school at the University of Amsterdam in the same year. 

In January 2002 she started working at the Obstetrics and Gynaecology department of the 

University of Amsterdam and was invited by Sjoerd Repping and Fulco van der Veen to start 

the Ph.D. project ‘The effects of antiretroviral therapy on semen quality in HIV-1 infected men’. 

During the last two years of this project she worked part-time as an IVF doctor in the Centre for 

Reproductive Medicine of the AMC. 

She started her residency in Obstetrics and Gynaecology at the Zaans Medical Centre in 

Zaandam (head J.P.R. Doornbos M.D., Ph.D.) in October 2006 and continued her residency as 

from April 1st 2008 in the Academic Medical Center in Amsterdam (head prof. M.J. Heineman 

M.D., Ph.D.). 
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