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Introduction n 

Introductio n n 

Nowadayss 15.7 million women world-wide live with human immunodeficiency virus 
(HIV)) infection or acquired immune deficiency syndrome (AIDS), 12.9 million in sub-
Saharann Africa and 130 thousand in Western Europe; nearly 7.7 million women have 
alreadyy lost their lives to the disease [1]. Heterosexual transmission is now the major 
modee of HIV transmission, but because the first AIDS cases were diagnosed among 
homosexuall men [2], the first and majority of epidemiological studies on the natural 
historyy of HIV infection have been conducted in that population. This accounts, at 
leastt in part, for the lack of data describing HIV infection in women, to whom the 
epidemicc spread more recently. Since there is evidence that gender differences exist 
inn the two markers of disease progression used as criteria for starting anti retroviral 
therapyy (i.e., CD4 lymphocyte count and HIV RNA levels), extrapolation of results 
fromm studies in men might be inadequate for the initiation and monitoring of therapy 
inn women. The access to health care, prescription of treatment, and compliance with 
treatmentt are important for progression of HIV infection and these factors too could 
differr between women and men. Furthermore, specific aspects related to HIV 
infectionn in women including the impact of pregnancy and the occurrence of 
gynaecologicall disorders can be studied only in women. Thus, key issues in women 
suchh as incubation period, prognostic value of biological markers and cofactors of 
diseasee progression are still under debate and need to be clarified. 

Thiss chapter provides an introduction into the research presented in this thesis. In 
sectionn 1.1, the natural history of HIV infection in men and women, and gender 
differencess in the course of HIV infection is discussed. Specific aspects related to HIV 
infectionn in women, such as pregnancy, mother-to-child transmission, gynaecological 
disorderss and co-infection with other sexually transmitted agents are presented in 
sectionn 1.2. Section 1.3 gives a detailed description of the European Study on the 
Naturall History of HIV Infection in Women, on which most of the present research is 
based.. Section 1.4 and 1.5 give a brief description of two multicenter cohort studies 
amongg homosexual men - the Tricontinental Seroconverter Study and the combined 
hepatitiss B vaccine trial cohorts in Amsterdam, New York City, and San Francisco -
whosee results are presented in chapter 2 and 3. The scope of this thesis is further 
outlinedd in section 1.6. 

1.11 The natura l histor y of HIV infectio n 
Afterr the first AIDS cases manifested in homosexual men in the early 1980s and an 
antibodyy test for HIV had become available, epidemiological studies on the natural 
historyy of HIV infection started among homosexual men [3-9], haemophiliacs [10-12] 
andd injecting drug users (IDUs) [13-15]. Only recently cohort studies were started 
amongg heterosexually infected women [16-18]. In all these cohorts, the primary goal 
wass to study the natural history of HIV infection, its pathogenesis, and the 
immunologicall and virological aspects of the infection. The natural history of HIV 
infectionn is studied by estimating the HIV incubation time from seroconversion to 
AIDSS and death and by investigating the risk factors and markers for disease 
progression.. Especially cohort studies of persons with a known interval of HIV 
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seroconversionn (i.e., seroconverters) are valuable for understanding the natural 
historyy of HIV infection, because bias related to an unknown duration of infection is 
avoidedd [19,20]. The interval of seroconversion is often defined as the interval 
betweenn the last negative and the first positive HIV test, but it can be based on 
otherr data, such as the presence of a symptomatic primary infection or reported risk 
behaviour.. A disadvantage of most studies among seroconverters is the relatively 
smalll study size, because for most HIV-positive persons information on the interval 
off HIV seroconversion is not available. Furthermore, the number of seroconverters 
withh known disease outcomes is limited by the relatively low incidence of HIV 
infectionn and the long follow-up time required for progression to AIDS and death. To 
overcomee the problem of a small study size, data of several seroconverter studies 
cann be pooled in multicenter studies. In this thesis, data of three different 
multicenterr studies are presented and a description of the studies is given later in 
thiss chapter. Estimates of the median incubation period of AIDS, based on 
seroconverterr studies, range from 8 to 16 years [21-25]. Variation in these estimates 
cann be explained largely by differences in the age of the study population, but may 
alsoo reflect differences in AIDS case definition, study design, and censoring 
strategiess [26]. The median survival time following diagnosis of AIDS varies between 
122 and 18 months [27]. When highly active anti retroviral therapy (HAART) became 
widelyy available in 1996 in most Western countries, the incubation time to AIDS 
increased,, as did post-AIDS survival time [28-30]. With these improvements, as a 
consequence,, the morbidity and mortality due to AIDS decreased [31,32]. 

Forr many years, the absolute number of CD4 lymphocytes was the primary marker to 
assesss the stage of disease progression. Recently, when HIV-RNA levels (HIV viral 
load)) could be determined, they provided another essentia! laboratory marker to 
predictt and monitor disease progression [33]. Without intervention of anti retroviral 
therapy,, the number of CD4 lymphocytes decreases whereas HIV-RNA levels 
increasee in most subjects during the course of infection, but the variation between 
andd within individuals is large. Both markers are routinely used as criteria for therapy 
initiation.. In addition, other laboratory measures such as viral phenotype and T-cell 
functionn have been shown to be prognostic markers of disease progression [34,35]. 

Duringg the two decades of AIDS research, many potential risk factors for disease 
progressionn have been studied. Of these, age alone has been consistently found as a 
riskk factor, in such way that older persons progress to AIDS faster than younger ones 
[36].. Recently, genetic factors of the host that may influence the course of HIV 
infectionn have been described. For example, a deletion in the gene coding for the C-
CC chemokine receptor 5 (CCR5) and mutation in the gene coding for the C-C 
chemokinee receptor 2 (CCR2) are associated with slower HIV disease progression 
[37-39].. Other risk factors which have been frequently studied include geographic 
regionn [40], mode of HIV transmission [41-46] and gender [47,48]. The last will be 
discussedd in detail in the next section. 
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1.1.11 Gender difference s 
Ass a consequence of the major role of cohort studies among homosexual men, still 
tooo little attention is paid to biomedical aspects of HIV and AIDS in women. 
Variationss in the natural history of HIV infection between men and women have 
implicationss for the management of HIV infection in women. So far, studies mainly 
conductedd among male and female IDUs have demonstrated that the incubation time 
too AIDS and the survival following AIDS diagnosis do not differ by gender after 
adjustmentt for confounders such as age and access to anti retroviral therapy 
[42,46,49-52].. However, when several studies investigated sex differences in the 
incidencee of AIDS-defining illnesses, differences were seen [53,54]. The development 
off an AIDS-defining illness, especially an opportunistic infection, is related to the 
degreee of immunosuppression and to exposure to a pathogen. Because behaviour 
andd social circumstances influence exposure to pathogens of HIV-related illnesses, 
onee would expect variation in AIDS-defining illnesses by risk group and gender. 
Findingss indicate that HIV-infected women appear to have higher rates of recurrent 
bacteriall pneumonia and herpes simplex virus (HSV) ulcerations and lower rates of 
Kaposi'ss sarcoma as AIDS-defining illnesses in comparison with men. The higher rate 
off bacterial pneumonia could be explained by the high percentage of women with a 
historyy of injecting drug use in these studies [53]. The higher rate of herpes simplex 
ulcerationss is more difficult to explain but might be a result of a higher vulnerability 
off women than men to HSV [54]. The lower rate of Kaposi's sarcoma is caused by a 
lowerr infection rate of human herpes virus 8 (HHV8) in women compared to 
homosexuall men. 

Variouss gynaecological disorders like cervical dysplasia, recurrent vaginal candidiasis, 
andd pelvic inflammatory disease are unique manifestations of HIV infection in women 
[55,56].. Differences between men and women concerning other non-AIDS-defining 
clinicall manifestations were studied in cohorts of IDUs [57,58]. The incidence of such 
manifestationss including skin abscesses, endocarditis, orolabial herpes, oral 
candidiasis,, genital herpes, and other sexually transmitted infections (STI) was 
higherr among women than men in Amsterdam [58], although no differences were 
observedd among IDUs in Baltimore [57]. 

Theree is evidence that throughout infection, CD4 lymphocyte counts are about 100 
cells/nll higher in HIV-infected women than in HIV-infected men [59,60]. When 
severall studies evaluated gender differences in HIV-RNA levels [61,62], levels early 
inn HIV-infection were found to be approximately 50% lower in women than in men, 
butt with ongoing HIV infection, this gender difference seems to disappear [62,63]. 
Becausee the absolute CD4 lymphocyte count and HIV-RIMA levels are markers closely 
correlatedd with the stage of HIV infection, one could hypothesise that women may 
experiencee slower disease progression. However, as is mentioned before, most 
studiess found no significant effect of gender on disease progression. Thus, the higher 
CD44 lymphocyte counts and lower HIV-RNA levels in women compared to men seem 
too have no functional significance. The possibility that women will be undertreated 
mustt nevertheless be carefully considered and needs further investigation, because 
thee current treatment guidelines are based on results of studies among men. 
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Differencess in CD4 lymphocyte counts between men and women exist in the general 
(HIV-uninfected)) population [64,65], but not before the age of 15 years (i.e., before 
thee menarche) or after the age of 50 (i.e., after the menopause). Furthermore, CD4 
lymphocytee counts as well as HIV-RNA levels fluctuate in individual HIV-infected 
womenn during the menstrual cycle [66,67]. All these findings suggest that both of 
thesee markers are affected by changes in levels of women's reproductive hormones. 

1.22 Aspect s of HIV infectio n in wome n 
1.2.11 Pregnanc y 
Sincee most HIV-infected women are of reproductive age, knowledge of the 
relationshipp between HIV-infection and pregnancy is an important public health issue 
andd helps HIV-infected women to make a conscious decision concerning a 
pregnancy.. Two aspects of this relationship will be considered. First of all, studies 
amongg pregnant (HIV-uninfected) women showed that the immune system changes 
duringg pregnancy, probably to prevent rejection of the foetus, which is foreign tissue 
fromm an immunological point of view. The absolute number of CD8 cells slightly 
dropss during pregnancy, whereas the CD4 and CD8 percentages as well as the total 
immunoglobulinn (Ig) A and M levels remain stable throughout pregnancy [68]. The 
absolutee number of CD4 lymphocytes drops in the first trimester, probably as a 
consequencee of higher concentrations of reproductive hormones in blood (i.e., 
progesteronee and estradiol) but increases again in the second and third trimester, 
reachingg pre-pregnancy level after delivery. Combining this information with the fact 
thatt CD4 decline is an important marker of HIV disease progression, it was 
suggestedd that pregnancy could accelerate disease progression, but no negative 
impactt of pregnancy on disease progression of HIV-infected women has been 
demonstratedd [68-72]. Secondly, there is growing evidence that the fertility of HIV-
positivee women is lower than that of HIV-negative women due to direct biological 
effectss of HIV, such as increased menstrual disorders and a decreased production of 
spermatozoaa [73]. Furthermore, co-infection with other sexually transmitted 
diseases,, which is regularly observed in HIV-infected persons who do not have 
accesss to STI treatment, results in reduced fertility and foetal losses [73]. Several 
studiess have found lower birth and pregnancy rates in HIV-positive women than in 
HIV-negativee women [74-76]. However, it was not possible to determine whether 
thesee lower rates reflected reduced fertility due to HIV infection, a previous STI, or 
awarenesss of the HIV serostatus that might change reproductive decision-making. 
Thee decision to continue or abort a pregnancy is complex and strongly related to 
individual,, social, and cultural values. In two studies among pregnant HIV-infected 
women,, approximately 50% of all pregnancies ended in an induced abortion [77,78]. 
Recently,, reproductive decision-making has perhaps been influenced by the effective 
measuress now available to reduce vertical transmission and the positive effect of 
HAARTT on the life expectancy of HIV-infected women themselves. Therefore, one 
cann anticipate that the incidence of pregnancies and the number of full-term 
pregnanciess in HIV-infected women will increase in the coming years. 
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1.2.22 Mother-to-chil d transmissio n 
Althoughh pregnancy seems to have no effect on the health status of HIV-infected 
womenn themselves, these women are at risk of transmitting the virus to their foetus. 
Ninetyy percent of all HIV-infected children are infected through vertical transmission, 
whichh can occur during advanced pregnancy, delivery, or breastfeeding [79,80]. The 
riskk of vertical HIV transmission during pregnancy and/or delivery ranges from 15-
40%,, depending on factors like the immune status, genital infections, HIV load, and 
nutritionall status of the mother [81-85]. Prescription of zidovudine (AZT) to pregnant 
womenn and their new-borns decreases the risk of vertical transmission to as little as 
8%% [86]. Other effective measures, such as Caesarean section [87,88] and 
avoidancee of breastfeeding, can further decrease this risk to 1-2% [89]. In 
developedd countries, nowadays, Caesarean section is recommended and most 
womenn who are receiving HAART before pregnancy continue their treatment during 
pregnancy.. Current guidelines indicate prescription of AZT to pregnant women who 
aree not receiving treatment at the time they become pregnant or the nevirapine to 
thee mother during labor [90]. Both drugs are prescribed to the child after delivery. 
Studiess are in progress to investigate the toxic effects of exposure to antiretrovirals 
inn infants. So far, results demonstrate that short-term effects are likely to be rare 
andd outweigh by the proven benefit of reducing HIV transmission [91,92]. However, 
littlee is known about the long-term effects of these drugs. Prevention of mother-to-
childd transmission is one the most important issues of HIV care in Africa, but the 
issuee of breastfeeding and empowerment of women regarding sex-related issues 
needd also more attention. However, prescription of preventive treatment is often 
unaffordable,, and the use of bottle-feeding instead of breastfeeding increases the 
riskk of serious infections due to polluted drinking water. Thus, despite all the 
progresss made in prevention of mother-to-child transmission, most women in 
developingg countries are not able to benefit from it. This painfully demonstrates the 
gapp between developed and developing countries. 

1.2.33 Gynaecologica l disorder s and co-infectio n wit h othe r sexuall y 
transmitte dd agent s 
Amongstt women, the most likely mode of HIV transmission is heterosexual 
intercourse.. Besides HIV infection, women are also at risk to acquire other STIs. The 
interrelationshipp between HIV and other STIs is now well established; co-infection 
withh other agents enhances the risk of HIV transmission, whereas HIV infection can 
alterr the course of these other infections. Both ulcerative (e.g., genital herpes, 
chancroid,, syphilis) and non-ulcerative (e.g., chlamydia, gonorrhoea, trichomoniasis) 
STIss promote HIV transmission, by augmenting HIV infectiousness and host 
susceptibilityy through biological mechanisms that may vary among specific STIs [93]. 
Thee risk to infect someone else with HIV is probably promoted by STI-related 
inflammatoryy reactions and disruption of mucosal barriers that facilitate HIV 
sheddingg in the genital tract [94]. Host susceptibility to HIV infection appears to 
increasee due to STI-related development of inflammatory reactions with local 
accumulationn of large numbers of macrophages and T-lymphocytes, the target cells 
forr HIV, and disruption of mucosal barriers to infection. The risk of HIV-1 
seroconversionn is approximately two- to fivefold higher in persons diagnosed with 
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anotherr STI than in persons without an STI after adjustment for sexual behaviour 
[93].. Prevention, early diagnosis and treatment of STIs in HIV-negative women at 
riskk for HIV should therefore lead to a reduction of HIV transmission. Therefore, 
regularr STI detection and treatment next to primary prevention should be 
implementedd in HIV prevention programmes. The impact of other STIs on HIV 
diseasee progression has received little research attention, but results of the few 
availablee studies among homosexual men do not suggest a significant impact 
[95,96].. Whether other STIs influence HIV disease progression in women could be a 
subjectt for further investigation. 

HIVV infection alters the course of infection of other STI, resulting in a higher 
recurrencee of chronic STI, especially in immunosuppressed women. These chronic 
infectionss include genital warts and cervical lesions that are caused by human 
papillomaa viruses [97,98], and genital herpes that is caused by herpes simplex virus 
(mainlyy type 2). These two viruses commonly present in HIV-infected women will be 
discussedd in detail below. 

1.2.3.11.2.3.1 Human papilloma virus (HPV) infection 
Theree are more than 100 different HPV types known at present. Thirty of them infect 
thee genital mucosa and these are generally divided into low-risk and high-risk types 
basedd on their association with genital warts, cervical dysplasia and invasive cervical 
cancerr (ICC). Of the high-risk types, HPV type 16 is the most common worldwide, 
followedd by HPV types 18, 31 and 45 [99]. The association between HPV infection 
andd ICC is well-established [100-103]. Data from epidemiological studies suggest 
thatt most women acquire HPV infection relatively early after initiation of sexual 
activity.. The prevalence of HPV infection is estimated to be 1-6% in the general 
population.. It is highest among women in their early twenties, but declines 
thereafter,, suggesting that immune response to HPV may be either clear the 
infectionn or reduce it to undetectable levels [104]. Most HPV infections clear within 
onee year [105]. 

Squamouss intraepithelial lesions (SIL), a preliminary stage of ICC, are more likely to 
occur,, progress and recur in HIV-infected women than in women without HIV, and 
thee prevalence and severity of SIL appear to increase with increasing HIV-induced 
immunosuppressionn [106-112]. In an American study, 20% of all HIV-infected 
womenn developed SIL during three years of follow-up, in contrast to 5% of HIV-
uninfectedd women. This highlights the importance of cervical screening programmes 
forr HIV-infected women [113]. Persistent infection of the high-risk types of HPV is an 
importantt factor in the development of SIL [105,114]. HIV may promote the 
developmentt of SIL in HIV-infected women through facilitating persistent HPV 
infection.. The association between SIL and HIV infection has led to the inclusion of 
ICCC as a part of the AIDS case definition in 1993 [115], even though the exact 
relationn between the invasive stage of cervical carcinoma and HIV remains uncertain. 
Furthermore,, the addition of ICC to the AIDS case definition emphasised the 
importancee of integrating gynaecological care into medical services for HIV-infected 
womenn [115]. However, in cohort studies to date, most HIV-infected women at risk 
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forr low- and high-grade SIL (LSIL and HSIL) did not develop an invasive stage of 
cancer,, because they died of an HIV-related opportunistic infection before such 
developmentt could occur [116]. In developed countries, effective screening by 
meanss of Papanicolaou (Pap) smears and treatment of precursors of ICC also 
preventt development of ICC. However, in African countries these preventive methods 
aree not routinely available and ICC is there the leading cause of cancer in women 
[117]. . 

Guideliness for the management of gynaecological disorders are lacking consensus, 
partlyy because data are lacking on the incidence and natural history of cervical 
cancerr precursors in HIV-infected women. The US Public Health Service and the 
Infectiouss Diseases Society of America recommend two Pap smears in the first year 
afterr HIV diagnosis, which may be reduced to yearly screening after two normal test 
resultss [118,119]. In Europe, one or two Pap smears are recommended for HIV-
infectedd women every year after HIV diagnosis. If the Pap smears show repeated 
abnormalities,, colposcopy and directed biopsy are indicated. For women who have a 
cytologicall diagnosis of HSIL or ICC, colposcopy and directed biopsy are mandatory 
withoutt delay. 

1.2.3.21.2.3.2 Herpes simplex virus (HSV) infection 
Twoo types of herpes simplex virus (HSV) are known. HSV type 1 infection occurs 
oftenn in childhood and predominantly causes oral-labial lesions (the so-called cold 
sore),, but could also appear in the genital region causing genital lesions. HSV type 2 
infectionn is the major cause of genital herpes worldwide. It is almost exclusively 
sexuallyy transmitted and leads to painful eruptions on the skin and mucous 
membraness of the genital area. After primary infection, both types lead to the 
productionn of lifelong antibodies. HSV-2 transmissions may occur during 
asymptomaticc shedding of virus by persons who are not aware of their HSV infection. 
Thee prevalence of HSV-2 ranges from 8% in pregnant women to 50% in homosexual 
menn and differs by country [120]. The relationship between HSV-2 infection and HIV 
infectionn is as described in section 1.2.3 for HIV and STI in general. Particularly a 
neww infection of genital herpes increases the risk of HIV transmission and acquisition 
comparedd to recurrent HSV infections [121]. Conversely, genital ulcerations are more 
severee and more likely to recur in HIV-infected persons than in uninfected persons, 
especiallyy in those with severe immunosuppression [97]. Also, asymptomatic HSV-2 
sheddingg is more common in HIV-positive than in HIV-negative women, and it 
increasess with increasing immunosuppression [122,123], Epidemiological studies 
havee shown that in HIV-uninfected women the number of past sexual partners and 
thee number of years of sexual activity are the most important risk factors for HSV-2 
prevalencee [124-126]. Risk factors for HSV-2 prevalence have been studied 
extensivelyy in this group, whereas studies among HIV-infected persons are rare. 

1.33 The Europea n Stud y on th e Natura l Histor y of HIV Infectio n in 
Women n 
Mostt research presented in this thesis is based on the European Study on the Natural 
Historyy of HIV infection in Women, more briefly known as the European Women 
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Study.. This is a prospective cohort study of HIV-infected women with a known 
intervall of HIV infection. For all participants, the interval of HIV seroconversion is 
retrospectivelyy determined. The aims of the study are 1) to investigate the 
relationshipp between HIV infection and cervical lesions, 2) to investigate the natural 
historyy of HIV infection in women and its risk factors, and 3) to compare the natural 
historyy of HIV infection in women, homosexual men and injecting drug users. From 
19933 until 1999, the European Women Study had been co-ordinated by the 
Europeann Centre for the Epidemiological Monitoring of HIV/AIDS in Saint-Maurice, 
France.. Since 1999, the Municipal Health Service in Amsterdam has been co-
ordinatingg the study. Until date, it was not possible to estimate the median time from 
HIVV infection to AIDS and death, because follow-up time was insufficient. The main 
reasonn for this is that HAART, which became widely available in 1996, has 
substantiallyy delayed progression to AIDS. With continuation of the follow-up, we 
expectt later to obtain sufficient endpoints to answer important questions with respect 
too HIV infection in women in the era of HAART. 

Sincee 1993, 487 women have been enrolled and followed through 31 centres in 12 
Europeann countries: Belgium, Denmark, Finland, France, Greece, Italy, the 
Netherlands,, Norway, Portugal, Spain, Sweden and Switzerland. Enrolment took 
placee from 1993 until January 1998, but follow-up is still ongoing. The follow-up 
visitss are scheduled every six months, and the same anonymous and standardised 
studyy protocol is used at each centre to gather information on socio-demographic 
characteristics,, contraceptive use, obstetric and gynaecological history, history of 
STI,, and sexual behaviour. Clinical examination evaluates the stage of HIV infection 
accordingg to the CDC classification. Blood is drawn to determine markers for disease 
progressionn (e.g., lymphocyte counts and viral load) at each study visit. Information 
onn treatments for HIV and other infections is also collected on a routine base. 
Characteristicss of the study population are shown in Table 1. Overall, 70% of the 
womenn are heterosexually infected, 50% are living in southern Europe and 10% 
weree born outside Europe, mainly in Africa. The median age at HIV diagnosis is 26 
years.. All women enter the study HIV-positive, and their interval of seroconversion is 
determinedd retrospectively based on the existence of an HIV-negative test less than 
twoo years before an HIV-positive test or on a selected period (maximum 2 
consecutivee years) of reported HIV risk behaviour since 1980, when HIV is assumed 
too have been introduced in Europe. 

Papp smears are taken during gynaecological examination at each visit. Since their 
interpretationn is subject to considerable inter-observer variability, all slides are 
examinedd by a single cytologist in Paris. If Pap smears suggest a high-grade lesion, a 
cervicall biopsy is performed to obtain a more precise diagnosis. In case of atypia or 
low-gradee lesion, a cervical biopsy is performed only if the lesions are still present 
afterr six months. In case of a persistent lesion (confirmed by biopsy), the therapeutic 
choicee is left to the clinician of the collaborating centre. All gynaecologists involved in 
thee European Women Study make use of the same classification system for 
colposcopicc results. Screening for several STIs takes place at each study visit, but not 
alll centres test by the same system. A positive wet mount is used to diagnose the 
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presencee of vaginal candidiasis and trichomoniasis. Both genital ulcerations and 
genitall warts are diagnosed clinically by means of gynaecological examination. 
Diagnosess of gonorrhoea are based on gram-stain detection or on a positive culture. 
Chlamydiaa trachomatis (Chlamydial) infection is diagnosed on a positive ELISA, 
PCR/LCRR or IF (performed on an endocervical sample), depending on the test 
availablee in each centre. 

1.44 Multicente r cohor t studie s amon g homosexua l men 
1.4.11 The Tricontinenta l Seroconverte r Stud y 
Althoughh this thesis focuses on HIV infection in women, two studies in gay men are 
importantt to the research background. In the Tricontinental Seroconverter Study 
presentedd in chapter 2, data were pooled from HIV-positive homosexual men with a 
knownn interval of HIV seroconversion participating in five prospective cohort studies 
onn HIV/AIDS in Amsterdam, San Francisco (two), Sydney and Vancouver [96,127-
132].. The studies had started in the early 1980s and were ongoing when they began 
collaborationn in 1992. Since each centre of the Tricontinental Seroconverter Study 
hadd used its own standardised protocol, previous collected data of each cohort were 
pooledd after making the data compatible, a step that appeared to be highly time-
consuming.. The aim of the collaboration was to gain knowledge of the natural 
historyy of HIV infection and AIDS using information of persons with a known interval 
off HIV seroconversion. The co-ordination and data management of the study took 
placee in Amsterdam. Funding for the collaboration ended in 1998. The five cohorts 
aree the Vancouver Lymphadenopathy-AIDS Study (the number of men included from 
Vancouverr (n=131)), the Sydney AIDS Prospective Study (n=79), the Amsterdam 
Cohortt Study among homosexual men (n=151), the San Francisco General Hospital 
Cohortt (n=19) and the San Francisco Men's Health Study (n=46). In total, the 
Tricontinentall Seroconverter Study comprised 426 men. Information on behavioural 
factorss and clinical events was gathered by questionnaires and clinical examinations, 
respectively.. Blood was drawn at each visit to test for virological and immunological 
markerss for HIV disease progression. Follow-up visits were scheduled every 3-12 
months,, depending on the design of the individual cohort studies. 

1.4.22 The combine d hepatiti s B vaccin e tria l cohort s of Amsterdam , New 
Yorkk City and San Francisc o 

Thee oldest cohort studies related to the natural history of HIV infection comprised 
HIV-positivee homosexual men participating in hepatitis B vaccine trials at the end of 
thee 1970s. These cohorts were established in Amsterdam, New York, and San 
Francisco.. Their storage of blood samples made it possible to test retrospectively for 
HIVV infection, once HIV tests became available. However, these men were followed 
forr reasons related to hepatitis B vaccination and only incidentally to HIV disease 
progressionn [3,133]. Described in chapter 3, the study is a typical example of a 
pooledd historical cohort study. As with the study above, its co-ordination took place 
inn Amsterdam. In that city, 3,748 men were screened for hepatitis B markers 
betweenn 1978 and 1980, and 800 were enrolled in a vaccine efficacy trial. In New 
Yorkk City, approximately 10,000 homosexual men were screened for hepatitis B 
markerss between 1977 and 1978, and 1,090 were enrolled in a vaccine trial. In San 
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Francisco,, 6,704 homosexual men were screened for hepatitis B markers between 
19788 and 1980, and 359 were enrolled in a vaccine trial. As part of these vaccine 
trials,, blood was drawn in intervals ranging from 1 to 6 months, and sera were 
frozenn and stored. Beginning in 1983 and 1984, all the men who had participated in 
thesee vaccine trials in Amsterdam and San Francisco and 634 of those in New York 
weree invited to participate in the follow-up studies of HIV-1 infection and AIDS. The 
menn included in these new studies were either infected with HIV-1 at entry into the 
hepatitiss B study or documented to have seroconverted during its follow-up. In our 
pooledd analysis, data on 326 seroconverters from Amsterdam, 74 from New York 
City,, and 168 from San Francisco were used. Active follow-up and matches with local 
andd national registries determined the occurrence of AIDS and death. 

1.55 Scop e of thi s thesi s 
Thiss thesis aims to investigate several aspects of the course of HIV infection focusing 
mainlyy on women. Initially, however, results from two multicenter studies among 
homosexuall men with a known interval of HIV infection are discussed. In chapter 2, 
findingss of the Tricontinental Seroconverter Study concerning co-factors related to 
survivall following AIDS are investigated. Special attention is given to the time from 
HIVV seroconversion to the development of AIDS as a potential risk factor for post-
AIDSS survival. In chapter 3, estimates of and cofactors for survival are given, based 
onn homosexual men who participated in hepatitis B vaccine trials in the late 1970s. 
Estimationss of survival time reflect a study extending 18 years from the first HIV 
seroconversionss until 1996, when HAART became widely available. 

Subsequently,, in chapters 4 to 8, factors related to HIV infection in women are 
described.. The study population in these chapters comprised women included in the 
Europeann Study on the Natural History of HIV Infection in Women. Chapter 4covers 
aa study that estimates the impact of HIV diagnosis on the incidence of pregnancy in 
HIV-infectedd women. It also addresses the impact of AZT availability to prevent 
mother-to-childd transmission since 1994 and the availability of HAART since 1996, 
comparingg the incidence of pregnancy in calendar periods before and after those 
pivotall years. In chapter 5, the effect of changes in reproductive hormones during 
pregnancyy and after the menopause on the CD4 decline following HIV 
seroconversionn are discussed, combining data of the European Women Study and 
thee Swiss HIV Cohort Study [134]. The study described in chapter 6focuses on the 
influencee of HIV-related immunodeficiency and anti retroviral treatment on the 
occurrencee and evolution of SIL in HIV-infected women. In this study, the 
prevalence,, incidence and regression of SIL are estimated. In chapter 7, a study on 
thee incidence of STIs and the effect of HIV-induced immunosuppression on the 
occurrencee of specific STIs in HIV-infected women is described. Finally, the study of 
riskk factors for HSV type 1 and 2 infection in HIV-infected women and the 
relationshipp between HSV and HIV infection is presented in chapter 8. The main 
thesiss findings are discussed in chapter9, with recommendations for further research 
concerningg the course of HIV infection in women. 

18 8 



Introduction n 

Tablee 1. Characteristics at study entry of 487 women included in the European 
Studyy on the Natural History of HIV Infection in Women. 

% % 
Socio-demographi c c 
Transmissionn category 

Injectingg drug use 
Heterosexuall intercourse 
Other1 1 

111 1 
344 4 
32 2 

23 3 
71 1 
7 7 

Geographicc region 
Southernn Europe 
Centrall Europe 
Northernn Europe 

244 4 
143 3 
100 0 

50 0 
29 9 
21 1 

Continentt of birth 
Europe e 
Non-Europe e 

Agee at seroconversion (years) 

Diseas ee progressio n 
CD44 lymphocyte count (cells/fJ) 

>500 0 
2000 - 500 
<200 0 

435 5 
52 2 

162 2 
222 2 
103 3 

89 9 
11 1 

266 (22 - 32)2 

33 3 
46 6 
21 1 

Diagnosiss of AIDS 41 1 

Methodolog y y 
Methodd of estimation of seroconversion 

Serologicall tests 
Other3 3 

Timee between HIV seroconversion and study entry (years) 
<< 2 
2 - 3 3 
>4 4 

Settingg of study centre 
Hospital l 
Non-hospital l 

Sexua ll  behaviou r 
Numberr of lifetime partners 

<< 5 
6 - 1 9 9 

>20 0 

259 9 
228 8 

198 8 
115 5 
174 4 

403 3 
84 4 

204 4 
169 9 
114 4 

53 3 
47 7 

41 1 
23 3 
36 6 

83 3 
17 7 

42 2 
35 5 
23 3 

Historyy of other STIs 187 7 39 9 

11 Transfused, unknown risk. 
22 Shown as median and (interquartile range). 
33 Based on reported periods of blood transfusion, sharing of injection equipment, or sexual risk 

behaviour. . 
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Results ::  Survival after AIDS was not affected by the incubation time in univariate as 
welll as in multivariate analyses. Predictive factors for progression from AIDS to death 
weree age at seroconversion, type of AIDS diagnosis, and CD4 cell count at AIDS. 
Thee relative hazard for age at seroconversion increased 1.38-fold over 10 years. Men 
withh a CD4 cell count at AIDS of < 1 3 0 x 1 06/l had a twofold higher risk in 
progressionn to death than men with higher CD4 cell counts. Persons diagnosed with 
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Conclusions ::  The incubation time as well as other factors before AIDS did not affect 
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fo l lowin gg pr imary diagnosis wi t h Pneumocystis carinii 
pneumon iaa has improved, largely due to advances in 
t reatmentt and prophylaxis [4—8]. Kaposi's sarcoma has 
beenn associated with longer survival after A ID S than 
o therr A IDS-def in ing diseases, whereas persons diag-
nosedd wi t h lymphoma have poorer prognoses [9—13]. 

Survivall  after A ID S decreases wi th lower C D4 lym-
p h o c y tee c o u nt at t i me of A I D S d iagnos is [9,14]. 
A l thoughh several studies have shown that C D4 cell 
decl inee plays an important role in the progression to 
A ID SS [15,16], littl e is known about the role of CD4 
celll  decline preceding AID S on survival after A ID S and 
otherr factors before the time of AID S diagnosis such as 
durat ionn of infection (i.e., incubation t ime). A reason 
forr this is that most studies have only included informa-
t ionn f rom A I D S onwards, because the du ra t i on of 
in fect ionn is usually u n k n o w n. Sero inc ident cohorts 
providee more information because complete follow-up 
fromm seroconversion onwards is available and cases are 
nott selected on basis of disease progress ion. In our 
studyy we combined seroconverters from five cohorts of 
h o m o s e x u all  m e n, a l l o w i ng us to i n v e s t i g a te the 
durat ionn from infection to AID S and A ID S to death 
s imu l taneous ly.. To gain insight in the relat ionship 
be tweenn progression (time) of H I V infection before 
andd after the t imepoint of AID S diagnosis, we investi-
gatedd the impact of the length of incubation t ime on 
survivall  from AID S to death. 

Methods s 

Subjects s 
T hee T r i c o n t i n e n t al S e r o c o n v e r t er S tudy has been 
describedd in detail elsewhere [17]. Briefly, all partici-
pantss were homosexual men with documented inter-
valss of H I V seroconversion from five cohort studies: 
Vancouverr Lymphadenopathy-AIDS Study (n = 131). 
Sydneyy Prospective AID S Study (n — 79), Amsterdam 
Coho rtt Study (n — 151), San Francisco Men 's Health 
Studyy (n = 46), and San Francisco General Hospital 
S tudyy (n = 19) [18—22]. Seroconvers ion dates were 
estimatedd by taking the midpoint between the dates ot 
thee last HIV-seronegat ive and the first HIV-seroposi-
t i v ee test, d e n o t ed as the s e r o c o n v e r s i on interval. 
Personss with an interval of more than 2 years between 
thee date of last visit and date of AID S diagnosis were 
consideredd lost to fol low-up and were not included in 
thee analyses from AID S to death [23]. As a result of this 
censoringg method, 197 persons were included in these 
analyses.. For 156 (79%) of the participants, the sero-
conversionn interval was less than 1 year and the median 
lengthh was 6 months. 

Dataa collection prior to AIDS 
Al ll  subjects underwent physical examination and blood 
testing,, and completed detai led medical and behav-
iourall  ques t ionna i res at 3, 6 or 12 m o n t hs visits. 
I n f o r m a t i onn on A I D S d iagnoses and dea th w e re 
obtainedd dur ing fol low-up and through linkage with 
local/nationall  AID S and death registries at each study 
location.. In this study, AID S was diagnosed according 
too the definition in use at that t ime. AID S diagnoses 
basedd on C D4 cell counts were not included [24,25]. 
Dependingg on the end of fol low-up of each cohort and 
takingg into account report ing delay of registers, the 
censoringg date was ultimately 1 July 1996. 

Dataa collection after  AIDS 
Post -AIDSS data were col lected until death, the last 
cl inicall  visit or unt il the end of the study per iod. 
Clinicall  follow-up for participants from Vancouver was 
obtainedd from medical charts contain ing information 
onn post-AIDS morbidity by physicians connected with 
thee cohort study, and for those who were involved in 
cl in icall  tr ials or hosp i ta l i zed, i m m u n o l o g i c al and 
virologicall  in format ion was also available. Data on 
antiretroviralss was obta ined th rough record l inkage 
w i t hh a p r o v i n c e w i de t r e a t m e nt reg is t ry. C l in ical 
follow-upp for participants from Amsterdam was realized 
th roughh a cont inuous documenta t ion ot pos t -A IDS 
morbidityy by physicians work ing both at the cohort site 
andd the affiliated university hospital and by reviewing 
hospitall  records. For Sydnev patients, hospital records 
weree checked prospectively. For San Francisco patients, 
onlyy self-reported clinical information on subsequent 
diagnoses,, C D4 cell count and antirctroviral treatment 
cou ldd be ob ta i ned. T h e r e f o r e, our f ind ings we re 
confirmedd by repeat ing the analysis w i thout persons 
fromm San Francisco. 

Statisticall  analysis 
Kaplan—Meierr p roduc t - l im it me thods were used to 
estimatee median survival from AID S to death. The cut-
offf  da te of the analyses was 1 Ju ly 1996. Persons 
includedd in the analyses not seen in the year preceding 
thee cut-off date, and persons with a date of death more 
thann 2 years after their last visit were censored alive at 
thee date of their last visit. Persons in active fol low-up 
(i.e.,, seen m the year preceding the cut-off date) were 
assumedd to be alive at that date [26]. Persons who died 
withi nn 2 years of their last visit were censored at their 
datee ot death. Differences in survival rates between 
categoriess ot covariates were assessed using the log-rank 
test. . 

Thee effect of incubation t ime on progression time from 
AID SS to death was evaluated using Cox proport ional 
hazardss models. In the mult ivariate analysis we con-
trolledd for differences in age at seroconversion, calendar 
yearr of seroconversion, C D4 cell decline after serocon-
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version,, CD4 cell count at AIDS diagnosis, AIDS 
indexx diagnosis, and the use of treatment. In Cox pro-
portionall  hazards analysis, statistical significance was 
determinedd by likelihood ratio tests. We tested for 
interactionss between covariates and verified the pro-
portionalityy assumption for each covariate by adding a 
time-dependantt covariate to the univariate model and 
byy using a likelihood ratio statistic. The proportionality 
assumptionn was satisfied for all covariates. Significant 
interactionss were found for post-AIDS use of 
PneumocystisPneumocystis carinii pneumonia (PCP) prophylaxis with 
bothh pre-AIDS use of antiretrovirals and CD4 cell 
count.. To accommodate these interactions we included 
bothh interaction terms in the multivariate model. 

Incubationn time was treated as a continuous variable as 
welll  as a categorical variable based on tertiles. Age at 
seroconversionn was treated as a continuous covariate as 
welll  as in categories based on the median. Categories of 
CD44 cell count at AID S diagnosis were divided 
accordingg to the median. For 19 persons, no CD4 cell 
countt before AIDS diagnosis was available within 1.5 
years.. The slope of CD4 cell decline was estimated 
usingg linear least squares regression analysis starting 
withh CD4 cell counts from 6 months after seroconver-
sionn through to the time of AIDS diagnosis. To calcu-
latee an individual slope, at least three measurements had 
too be available in the defined period resulting in 
166 persons with missing values for the CD4 cell slope. 
Forr 28 persons, both CD4 cell covariates were not 
available.. Since site differences in CD4 cell decline 
havee been previously documented [27] and the hazard 
didd not change constantly, CD4 cell decline was 
includedd in the analyses as categories. 

Calendarr year of seroconversion was categorized into 
thee following five periods: before 1984, 1984, 1985, 
1986,, and after 1986. The classification of year of AIDS 
diagnosiss was based on the increasing availability of 
treatment.. Year of AIDS diagnosis was excluded from 
thee multivariate model since this variable is a combina-
tionn of the incubation time and year of seroconversion, 
ass well as age at the time of AIDS diagnosis, which is a 
combinationn of age at seroconversion and the incuba-
tionn time. AIDS index diagnoses were divided into the 
followingg groups: Kaposi's sarcoma, opportunistic 
infections,, and lymphoma. Wasting syndrome and 
AID SS dementia were categorized as opportunistic 
infections.. To correct for the effect of treatment, use of 
antiretroviralss and PCP prophylaxis before AIDS were 
includedd in the model as dichotomous covariates. Post-
AIDSS use of antiretrovirals and PCP prophylaxis were 
includedd as time-dependant covariates. To study the 
effectt of antiretroviral treatment more carefully, the use 
off  antiretrovirals was divided into monotherapy (mainly 
zidovudine)) and double combination therapy (no pro-
teasee inhibitors). Only three persons had received triple 
therapyy before AIDS was diagnosed and seven after 

AIDSS was diagnosed. These were categorized as double 
therapyy patients. 

Result s s 

Off  426 men, 197 (46%) developed AID S during 
follow-up,, and of these, 148 (75%) had died by July 
1996.. Of the 197 men included in the analyses from 
AID SS to death, 59 came from Vancouver, 49 from 
Sydney,, 68 from Amsterdam, and 21 from San 
Francisco.. Median age at seroconversion was 33 years. 
Mediann CD4 cell count at AID S diagnosis was 
1300 X 106/1. Of the men who developed AIDS by July 
1996,, 40% had an incubation time of less than 5 years, 
26%% of 5-6 years, and 34% of more than 6 years. The 
mediann time from seroconversion to AID S was 
5.77 years (interquartile range, 3.7-7.6 years). More than 
50%% of the men used antiretrovirals before they were 
diagnosedd with AIDS, whereas 30% used primary PCP 
prophylaxis.. Another 25% started taking antiretrovirals 
afterr AIDS was diagnosed and 13% started using PCP 
prophylaxiss after AIDS. Kaposi's sarcoma was diag-
nosedd in 21% of AIDS cases, opportunistic infections in 
72%,, and lymphoma in 7% (Tables 1 and 2). 

Tablee 1. Survival from AIDS to death using covariates before the 
timee of AIDS diagnosis among 197 homosexual men with AIDS 
registeredd in the Tricontinental Seroconverter Study. 

Site e 
Vancouver r 
Sydney y 
Amsterdam m 
Sann Francisco 

nn {%) 

599 (30) 
49(25) ) 
688 (34) 
211 (11) 

Agee at seroconversion (years) 
<33 3 
>> 33 

Yearr of seroconversion 
Beforee 1984 
1984 4 
1985 5 
1986 6 
Afterr 1986 

Incubationn time (years) 
0-4 4 
5-6 6 
>> 6 

Pre-AIDSS antiretrovirals 
Yes s 
No o 

Pre-AIDSS PCP prophylaxis 
Yes s 
No o 

977 (49) 
100(51) ) 

29(15) ) 
422 (21) 
555 (28) 
32(16) ) 
399 (20) 

799 (40) 
522 (26) 
666 (34) 

1011 (51) 
966 (49) 

599 (30) 
11 38 (70) 

CD44 cell decline (x 10fc/l/year) 
>150 0 
100-150 0 
50-99 9 
<50 0 

488 (24) 
399 (20) 
511 (26) 
411 (21) 

Mediann (95% CI) 
survivall (months) 

18(10-26) ) 
19(13-26) ) 
23(17-26) ) 
18 (7 -25) ) 

211 (16-25) 
19(14-25) ) 

23(15-33) ) 
144 (10-20) 
24(16-27) ) 
177 (10-27) 
177 (14-22) 

211 (15-26) 
17(13-25) ) 
18(11-30) ) 

166 (12-21) 
255 (18-28) 

14(11-21) ) 
233 (17-26) 

177 (10-23) 
17(11-25) ) 
166 (11-31) 
255 (18-51) 

PP (log-
rank) ) 

0.70 0 

0.18 8 

0.11 1 

0.83 3 

0.OO3 3 

0.005 5 

0.12 2 

CI,, Confidence interval; PCP, Pneumocystis carinii pneumonia. 
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Tabl ee 2. Survival from AIDS to death using covariates at the time 
off AIDS diagnosis or thereafter amongst 197 homosexual men with 
AIDSS registered in the Tricontinental Seroconverter Study. 

Total l 
CD44 cell count at AIDS 

(xx 106/l) 
<< 130 
>> 130 

AIDSS index diagnosis 
Kaposi'ss sarcoma 
Opportunisticc infection 
Lymphoma a 

Yearr of Al DS diagnosis 
Beforee 1988 
1988-1991 1 
Afterr 1 991 

nn (%) 

197 7 

944 (48) 
844 (43) 

422 (21) 
1422 (72) 

133 (7) 

200 (10) 
899 (45) 
888 (45) 

Mediann (95% CI) 
survivall (months) 

20(16-24) ) 

155 (11-20) 
255 (17-27) 

266 (21-30) 
199 (16-23) 

3(1-14) ) 

188 (4-24) 
244 (16-26) 
188 (13-23) 

PP (log-
rank) ) 

0.007 7 

<< 0.001 

0.19 9 

3.5 5 

3 3 

2.5 5 

2 2 

1.5 5 

1 1 

0 5 5 

0 0 

I I -- . . 
55 6 

Incubationn tim 

CI,, Confidence interval. 

Fig .. 1 . Relative hazard [95% conf idence interval (CI)] for 
progressionn from AIDS to death by incubation t ime among 
h o m o s e x u a ll m e n p a r t i c i p a t i n g in the T r i c o n t i n e n t a l 
Seroconverterr Study. 

Mediann survival from AIDS to death 
Thee median survival time from AIDS to death was 20 
monthss [95% confidence interval (CI), 16-24; Tabic 1], 
Thee 1- and 2-year survival probabilities were 67% 
(95%% CI, 59-73) and 41% (95% CI, 34-48), respec-
tively.. No significant differences in survival time were 
observedd between sites, although the median survival 
t imee from AID S to death was slightly longer in 
Amsterdamm than in the other sites. Men aged 33 years 
orr over at seroconversion had a median survival of 19 
monthss (95% CI, 14-25), whereas younger men had a 
mediann survival of 21 months (95% CI, 16-25). No 
differencess were observed between categories of length 
off  incubation time and year of seroconversion. The use 
off  antiretrovirals and PCP prophylaxis before AIDS 
weree associated with a significantly poorer survival after 
AIDS.. No significant differences in median survival 
timee were found between categories of CD4 cell 
decline.. Men with a CD4 cell count below 130 X 10('/1 
att the time of AIDS diagnosis had a significantly poorer 
survivall  (15 months; 95% CI, 11-20) than men with a 
CD44 cell count of 130 X Kj'71 or more (25 months; 
95%% CI, 17-27; Table 2). AIDS diagnoses other than 
Kaposi'ss sarcoma or lymphoma were collapsed, since 
noo differences in median survival time were observed 
(dataa not shown). Lymphoma as an AIDS index diag-
nosiss gave a median survival of 3 months (95% CI, 
1-14),, Kaposi's sarcoma of 26 months (95% CI, 
21-30),, and opportunistic infection of 19 months 
(95%% CI, 16-23). Persons who were diagnosed with 
AID SS between 1988 and 1991 had a longer survival 
(244 months; 95% CI, 16-26) than persons who devel-
opedd AID S before or after that time (18 months), 
althoughh differences were not significant. Patients who 
receivedd antiretroviral treatment after the time of AIDS 
diagnosiss had a longer survival than those who did not. 
Thee effect of post-AIDS use of PCP prophylaxis on 
survivall  was not significant. 

Predictorss for survival from AIDS to death 
Thee relative hazard for progression from AIDS to death 
didd not change constantly over the incubation time, 
althoughh differences were not significant (Fig. 1). 
Therefore,, we showed the incubation time to be a 
categoricall  variable based on tertiles as well as a contin-
uouss variable. Survival after AIDS was not affected by 
thee incubation time m univariate or multivariate analy-
siss (Table 3). Restricting the analysis to persons with a 
seroconversionn interval of less than 2 years or including 
sitee as a covanate in the multivariate model did not 
changee the results (data not shown). 

Tablee 3. Crude and adjusted relative hazards (RH) for progression 
fromm AIDS to death by incubation time among homosexual men 
registeredd in the Tricontinental Seroconverter Study. 

RHH (95% CI) 

Crude e Adjusted* * 

Incubationn time (years) 
0-4 4 
5-6 6 
>> 6 

Incubationn time (per year) 

1.00 0 
1.055 (0.71-1.55) 
1.133 (0.76-1.69) 
1.011 (0.94-1.08) 

1.00 0 
1.111 (0.68-1.81) 
0.722 (0.41-1.25) 
0.944 (0.84-1.05) 

rr age at seroconversion, year of seroconversion, pre- and post-
AIDSS antiretroviral treatment and Pneumocystis carinii pneumonia 
prophylaxis,, CD4 cell count at AIDS, CD4 cell decline prior to 
AIDSS and type of index diagnosis. CI, Confidence interval. 

Tablee 4. Significant predictors for progression from AIDS to death 
inn multivariate Cox proportional hazards analysis amongst homo-
sexuall men registered in the Tricontinental Seroconverter Study. 

RHH (95% CI) 

Agee at seroconversion (per 10 years) 1.39 (1.09-1.77) 
AIDSS index diagnosis 

Kaposi'ss sarcoma 1.00 
Opportunisticc infections 1.20 (0.77-1.86) 
Lymphomaa 6.00(2.93-12.3) 

CD4celll count at AIDS > 130 x 10f'/l 0.50 (0.34-0.72) 

RH,, Relative hazard; CI, confidence interval. 
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Tablee 4 shows the significant covariates kept in the 
Coxx model. Age at seroconversion, type of AIDS diag-
nosiss and CD4 cell count at the time of AIDS diagnosis 
weree predictive factors for progression from AIDS to 
death.. The relative hazard for age at seroconversion 
increasedd 1.39-fold (95% CI, 1.09-1.77) over 10 years. 
Replacingg age at seroconversion with age at AIDS 
diagnosiss did not appreciably change results. Men with 
aa CD4 cell count of 130 X 106/1 or more had half the 
riskk of progression to death compared with men with a 
CD44 cell count of less than 130 X loVl . Including 
CD44 cell count at AIDS diagnosis as a square-root-
transformedd covariate gave comparable results, but for 
easee of interpretation we showed the dichotomous 
covariate.. Restricting the analysis to persons with an 
intervall  between their last CD4 cell count and AIDS 
diagnosiss of 6 months or less resulted in comparable 
valuess (data not shown). CD4 cell decline prior to 
AID SS was not a predictive factor for survival after 
AIDSS in the multivariate model. CD4 cell decline after 
AID SS was less steep for persons with an incubation 
timee of 7 years or longer. However, CD4 cell count at 
thee time of the AIDS diagnosis was lower for these 
personss than for persons with an incubation time up to 
44 years (data not shown). Men diagnosed with a 
lymphomaa had a sixfold higher risk of progression to 
deathh than men diagnosed with Kaposi's sarcoma or 
opportunisticc infection. The predictive effect of the use 
off  antiretrovirals before and after AIDS was diagnosed 
disappearedd in multivariate analysis after correction for 
CD44 cell count at AIDS. Stratifying antiretroviral treat-
mentt to mono- and double therapy did not change the 
results. . 

Discussion n 

Inn this study, in which follow-up ended at the time 
proteasee inhibitors were widely introduced, survival 
fromm AIDS to death could not be predicted by the 
lengthh of incubation time. Therefore, our study pro-
videss no evidence that AID S is a floating point 
betweenn seroconversion and death. This is comparable 
withh a study among haemophiliacs in which there was 
noo difference in survival time for persons with incuba-
tionn times of 7 years or less versus more than 7 years 
[28].. In several studies that investigated the role of the 
incubationn time in progression to AIDS, the incubation 
timee was also of littl e importance in predicting the 
residuall  time to AIDS [15,16,29]. Age at seroconver-
sionn and AIDS predicted survival after AIDS, but no 
otherr factors before the time of AIDS diagnosis were 
predictivee for progression from AIDS to death. This 
meansmeans that for persons in whom the AIDS index diag-
nosiss is the first sign of the HIV infection, prognosis 
cann still be determined given the information at that 
time. . 

Ass observed in other studies [9-13], persons diagnosed 
withh lymphoma had a much higher risk of progression 
too death than persons with Kaposi's sarcoma or oppor-
tunisticc infections. We found no differences in survival 
betweenn specific opportunistic infections. Persons par-
ticipatingg in cohort studies are usually diagnosed earlier 
thann persons not under follow-up in a specific study, 
whichh results in a delay in diagnosing an AIDS-
definingg illness for persons not under follow-up. In 
studiess based on surveillance data, AIDS diagnosis is 
oftenn the first sign of HIV infection. Therefore, this 
delaydelay is more likely to occur in surveillance studies. 
Thiss can suggest a shorter survival for some specific 
diagnosiss because the infection is already more severe at 
thee time of diagnosis and therefore treatment can come 
tooo late or can be less effective. Delay in diagnosing an 
AIDS-definingg illness played a minor role in our study 
andd could be one explanation for the non-significant 
findingsfindings in survival time between different opportunis-
ticc infections. On the other hand, frail persons have 
moree rapid disease progression and thus are less likely 
too be included in seroincident studies. If rapid progres-
sionn is restricted to certain opportunistic infections, this 
couldd be another explanation for the lack of differences 
inn survival time between opportunistic infections. 

CD44 cell count at AIDS was already a strong predictive 
factorr for progression from AIDS to death. This was 
comparablee to other studies in which CD4 cell count 
wass also a strong predictor [9,12]. CD4 cell decline 
fromm seroconversion to AIDS was not a predictive 
factorr for progression from AIDS to death in our study, 
whichh was comparable to a study by Bindels et al. [14]. 
However,, these findings were in contrast with the 
importantt role of CD4 cell decline in predicting 
progressionn to AIDS [15,16]. Overall, it seems that the 
quantityy and quality of the immune system (e.g., 
magnitudee and reactivity of the immune response) at 
thee time of AIDS diagnosis are more important for 
survivall  than the rate of decline of immune function 
priorr to AIDS diagnosis. 

Predictivee values of antiretroviral treatment and PCP 
prophylaxiss disappeared in the multivariate analyses due 
too correction of CD4 cell counts at AIDS. No differ-
encess were found between mono- and double therapy. 
Inn contrast to our study, Saah et al. [12] found a better 
survivall  probability for patients who started antiretrovi-
rall  therapy after the AIDS diagnosis than for persons 
whoo used antiretrovirals before AIDS or never received 
therapy.. Pre-AIDS use of zidovudine gave a higher risk 
off  death from 1 year after the time of AIDS diagnosis 
onwardss in a study among homosexual men in 
Amsterdamm [14]. In a study that analysed the effect of 
zidovudinee on survival [30], zidovudine gave a substan-
tiall  but temporary effect on survival when started after 
thee AIDS diagnosis. Numbers in this study may have 
beenn too small, or it might be too early to find an effect 
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off  treatment in observational studies, but we know 
fromm clinical trials that there is an improvement of sur-
vivalvival due to treatment. It might be true that mono- and 
doublee therapy are not effective in lengthening the 
totall  survival time from infection to death, but are only 
successfull  in delaying the appearance of AIDS during 
thee infection. On the other hand, evaluating treatment 
inn observational studies may give rise to misleading 
outcomess since sicker persons start therapy sooner. 
However,, given the prognostic significance of treat-
mentt it is important to correct for its impact when 
studyingg covariates of survival. 

Ourr study indicates that survival from AIDS to death in 
homosexuall  men diagnosed with AIDS can be pre-
dictedd by data that can be obtained at the time of AIDS 
diagnosis,, such as the type of AIDS diagnosis and CD4 
celll  count at the time of AIDS. Furthermore, age at 
seroconversionn was also a predictor for survival from 
AID SS to death, but could be adequately replaced by 
agee at the time of AIDS diagnosis. Incubation time did 
nott affect survival after AIDS. However, follow-up 
t imee was too short to find an effect of triple 
combinationn therapy and to include persons with long 
incubationn periods. Therefore, we conclude from our 
studyy that AIDS seems to be a significant point in pro-
gressionn to death, and not just a floating point between 
infectionn and death affected by prior factors for persons 
whoo did not receive highly effective therapy and did 
nott have long incubation times. This implies that when 
AID SS is the first sign of the infection in those persons, a 
prognosiss for survival can still be made by physicians at 
thatt time. Nowadays, it is preferable to know the HIV 
statuss earlier than the time of AIDS diagnosis because 
treatmentt can then start sooner. In patients who receive 
thee effective therapy, AIDS diagnosis could be a float-
ingg point, but it is more dependent on compliance to 
therapyy rather than the length of incubation time. 
Futuree investigations are needed to investigate whether 
thee relationship holds for persons with long incubation 
times. . 
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Informationn on long-term survival after infection with human immunodeficiency virus type 1 (HIV-1) is limited. 
Inn hepatitis B vaccine trials in Amsterdam, New York City, and San Francisco, 362 gay men were followed up to 
188 years (1978-1995). The median survival time from seroconversion was 12.1 years (95% confidence interval: 
11.4,, 12.9). The annual risk of dying increased at a constant rate until 8 years after seroconversion and then 
leveledd off, suggesting a group that is relatively resistant to progression. These data provide a picture of the 
naturall history of HIV-1 infection, especially in the era prior to widespread use of highly effective treatments. Am 
JJ Epidemiol 1999; 150:1026-30. 
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Informationn on long-term survival after infection 
withh human immunodeficiency virus type 1 (HIV-1) is 
limited,, particularly estimates of survival before 
highlyy effective drug therapies, such as protease 
inhibitors,, were introduced. Most cohorts of HIV-1-
infectedd individuals were recruited in the early 1980s 
andd thus have limited periods of follow-up before the 
introductionn of highly effective treatments. Cohort 
studiess of individuals with well-documented dates of 
seroconversionn that occurred early in the epidemic are 
importantt for understanding the natural history of 
HIV-11 infection, providing baseline estimates for 
assessingg changes in survival after introduction of 
highlyy effective treatments, and providing data for 
modelingg the epidemic. 

Studiess of gay men who participated in hepatitis B 
vaccinee trial cohorts in Amsterdam, New York City, 
andd San Francisco have provided valuable information 
aboutt the natural history of HIV-1 infection (1). These 
studiess included men who donated samples early in the 
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HIV-11 epidemic (1977-1980) in three different geo-
graphicc areas with substantial HIV-1 epidemics. Thus, 
diseasee progression can be evaluated over an extended 
periodd of time and before the widespread use of new 
highlyy effective drug therapies. Previously, we 
reportedd on progression of HIV-1 infection and sur-
vivall  up to 13 years after seroconversion. The median 
timee from seroconversion to death was 12.3 years,, and 
olderr age at seroconversion was associated with 
shorterr survival time. Although we observed a signifi-
cantt increase in survival time after an acquired immun-
odeficiencyy syndrome (AIDS) diagnosis in more 
recentt time periods, we did not find an increase in sur-
vivall  time from seroconversion in more recent years 

(1). . 
Inn this paper, we describe the long-term survival and 

annuall  risk of dying, up to 18 years and before the 
widespreadd use of highly effective drug therapies, 
amongg men who participated in the hepatitis B vaccine 
trialss in Amsterdam. New York City, and San 
Francisco.. Death was chosen as the endpoint because 
off  a variety of changes over time that may have 
affectedd the time of AIDS diagnoses. These changes 
includee improvements in AIDS-diagnosing practices 
andd the addition of CD4 T-lymphocyte counts under 
2000 as an AIDS diagnosis in 1993 in the United States 
(2)) that may result in earlier diagnosing and thus 
shortenn the time from seroconversion to AIDS. 
Conversely,, some treatment improvements, particu-
larlyy prophylaxis for opportunistic infections, may 
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servee to delay progression to AIDS and thus lengthen 
thee incubation period to disease. 

MATERIAL SS AND METHODS 

Thee study population comprised participants in the 
hepatitiss B vaccine trials in Amsterdam, New York 
City,, and San Francisco. Detailed descriptions of these 
threee studies and of the combined cohort have been 
reportedd previously (1,3, 4). 

Briefly,, the Amsterdam cohort comprised 714 men 
whoo were first screened for a hepatitis B vaccine effi-
cacyy trial between 1978 and 1980. The New York City 
cohortt comprised 326 men initially screened between 
19777 and 1978. The San Francisco cohort included 336 
menn first screened between 1978 and 1980. Men from 
thee three cohorts were invited to participate in follow-
upp studies of HIV-1 infection and AIDS beginning in 
19833 and 1984 (1). The men included in this analysis 
weree either already infected with HIV-1 at entry into 
thee hepatitis B studies or were documented to have 
seroconvertedd during follow-up (n = 362; Amsterdam, 
nn = 74; New York City, n = 120; San Francisco, n = 
168). . 

Activee follow-up and matches with the US 
Nationall  Death Index registry determined the occur-
rencee of death in the New York and San Francisco 
cohorts,, and copies of death certificates were 
obtained.. The cause of death was obtained from 
revieww of death certificates. In Amsterdam, informa-
tionn on death was obtained through active follow-up 
andd matching with local population registries. The 
causee of death was obtained from local AIDS surveil-
lancee registries, hospital records, and next-of-kin. 
Follow-upp was through the end of 1995 and, thus, all 
menn not known to be deceased were censored as of 
Decemberr 31, 1995. 

Thee date of seroconversion was imputed for each 
participantt as the expected month and year of serocon-
versionn conditional on the participant's last HIV-1-
negativee and first HIV-1 -positive antibody tests and on 
estimatedd HIV-1 infection density curves for each 
cohortt (1, 5). 

Thee time from seroconversion to death was calcu-
latedd using the Kaplan-Meier product-limit approach 
withh pointwise 95 percent confidence intervals. 
Survivall  times for participants in the New York City 
cohortt were calculated using left-truncation as of June 
1984,, since the men were required to be alive and 
AIDSS free when entering the New York City natural 
historyy study. For all other men, survival times were 
truncatedd at the date of their first positive test. Hazard 
ratess with a bandwidth of 1 year of time since sero-
conversionn were calculated using person-time meth-
ods,, incorporating left-truncation. Parametric models 

off  survival time were used to help determine the shape 
off  the hazard curve. The log-normal model that 
allowedd for the hazard to decrease after an initial 
increasee was compared with the Weibull model that 
doess not allow for such change (6, 7). Proportional 
hazardss modeling was used to examine the effects of 
covariatess on survival time (8). 

RESULTS S 

Thee San Francisco cohort was the youngest at the 
timee of seroconversion, and the US cohorts included 
moree minority men compared with the Amsterdam 
cohortt (table 1). The percentage of deaths in the three 
cohortss did not significantly differ nor did the percent-
agee of deaths attributable to AIDS or HIV-1 infection. 

Thee median survival time from seroconversion to 
deathh was 12.1 years (95 percent confidence interval 
(CI):: 11.4, 12.9), with 37.2 percent surviving at 15 
yearss after seroconversion (95 percent CI: 31.4, 42.9). 
Mediann survival times were not significantly different 
amongg the three cohorts: Amsterdam, 11.7 years (95 
percentt CI: 9.6, 12.3); New York, 12.1 years (95 per-
centt CI: 10.9, 13.6); San Francisco, 12.4 years (95 per-
centt CI: 11.4, 14.4) (log-rank statistic p value = 0.47) 
(figuree 1). 

Thee risk of dying per year given survival to that year 
iss presented in figure 2. The risk of dying increased at 
aa relatively constant rate until 8 years after serocon-
version.. Parametric analysis of survival time indicated 
thatt the log-normal model fit  the data better than the 
Weibulll  model (log-normal -2 log likelihood = 
1,359.75;; Weibull = 1,445.2), suggesting that the 
annuall  risk of dying leveled off in later years (figure 
2).. The risk of dying did not significantly differ by city 
(p(p value = 0.22). 

Inn univariate analyses, older age at seroconversion 
andd the most recent calendar time period (January 
19922 to December 1995) were associated with an 

TABLEE 1. Characteristic s of human immunodeficienc y viru s 
typ ee 1 antibody-positiv e homosexua l men in hepatiti s B 
vaccin ee tria l cohorts , Amsterdam , New York City , and San 
Francisco ,, 1978-1995 

Characteristics s 

Mean n 
agee at 
sero--

conversion n 
(years) ) 

33 3 
32 2 
29 9 

<0.01 1 

White e 
race e 

(%) ) 
100 0 
90 0 
93 3 

0.02 2 

Deceased d 

<%) ) 

55 5 
58 8 
57 7 

0.92 2 

Died d 
of f 

AIDS* * 
<%)t t 

97 7 
93 3 
97 7 

0.62 2 

** AIDS, acquired immunodeficiency syndrome, 
tt Among those who died. 
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FIGUREE 1. Percent surviving by year since seroconversion for 362 homosexual men in hepatitis B vaccine cohorts, Amsterdam, New York, 
andd San Francisco, 1978-1995. 
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Sann Francisco, 1978-1995. Dots represent hazard estimates with upper and lower 95 percent confidence limits based on person-time methods. 
Dottedd line represents log-normal model of hazard rates. 
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increasedd risk of death (table 2). However, in multi-
variatee analysis, only older age at seroconversion was 
significantlyy associated with more rapid progression 
fromm seroconversion to death. When calendar year was 
replacedd by year of seroconversion in the multivariate 
analysis,, the relative hazard for those seroconverting 
inn the most recent time period was elevated but not sta-
tisticallyy significant (relative hazard for 1982-1985 vs. 
<< 1982 = 1.11; 95 percent CI: 0.81, 1.52; relative haz-
ardd for >1985 vs. <1982 = 1.57; 95 percent CI: 0.69, 
3.60).. No significant interactions were found between 
thee calendar time period and age or city. 

DISCUSSION N 

Analysiss of data from the three hepatitis B vaccine 
cohortss with well-documented seroconverters and 
long-termm follow-up continues to provide important 
informationn about survival after HIV-1 infection, espe-
ciallyy for the right-hand tail of the distribution of sur-
vivalvival times. In particular, these data have provided 
informationn on long-term survival prior to the wide-
spreadd use of highly effective antiretroviral treatments, 
suchh as protease inhibitors. 

Inn this study, the annual risk of dying increased at a 
fairlyy steady rate until about 8 years after seroconver-
sion.. Parametric modeling of the data suggested that 
thee risk of dying leveled off in later years, although the 
samplee size then was small. Studies of other cohorts 
havee found that the log-normal model is an appropri-
atee distribution for the incubation period from sero-
conversionn to AIDS but with only limited data on mod-
elss of seroconversion to death (6, 7, 9; 10). The 
potentiall  leveling of the hazard prior to the widespread 

usee of highly effective treatments suggests that there is 
aa group of individuals who are relatively resistant to 
diseasee progression. Alternatively, this leveling of the 
hazardd could reflect some treatment improvements, 
particularlyy prophylaxis for opportunistic infections. 

AA limited, rather than strong, treatment effect on 
long-termm survival is most consistent with our finding 
thatt survival in the most recent calendar time period 
waswas not significantly different from that in earlier peri-
ods.. These findings do not necessarily mean that some 
earlyy antiretroviral drugs and use of primary prophy-
laxiss for Pneumocystis carinii pneumonia have not 
beenn effective for the individual. Theoretically, benefi-
ciall  treatment effects could also be counterbalanced by 
otherr factors, such as lack of access to treatment or 
variationn in HIV virulence. Evidence for infection with 
strainss of different virulence has not been observed in 
aa number of cohort studies that used year of serocon-
versionn as a surrogate measure (11-14), although this 
phenomenonn has been suggested by a few other epi-
demiologicc studies (15, 16). Studies of viral isolates 
fromm individuals infected in early and later years of the 
epidemicc might provide additional insight into this 
question. . 

Finally,, a remarkable decline in mortality among 
AIDSS cases has been observed in some of the epicen-
terss and in the United States beginning in 1996. Most 
likelyy this decline was a result of the success and more 
widespreadd use of new treatments, including protease 
inhibitorss and triple-drug therapy approaches (17, 18). 
Ass a result, estimates of survival time among HIV-1-
infectedd individuals in the absence of or with limited 
treatmentt will no longer be available. The long-term 
follow-upp of the hepatitis B vaccine cohorts, as pre-

TABLEE 2. Cox proportiona l hazard analysi s of progressio n from human immunodeficienc y viru s type 1 
seroconversio nn to death among homosexua l men in hepatiti s B cohorts , Amsterdam , New York City , and 
Sann Francisco , 1978-1995 

Variable e 

Agee at seroconversion per 10 years 

Calendarr time 
Junee 1987 and before 
Julyy 1987 to June 1988 
Julyy 1988 to June 1989 
Julyy 1989 to December 1991 
Januaryy 1992 to December 1995 

City y 
Amsterdam m 
Neww York City 
Sann Francisco 

No.. for 
each h 

category* * 

321 1 
297 7 
289 9 
303 3 
249 9 

Unadjusted d 
relative e 
hazard d 

1.511 (1.18, 1.93)t 

1.00 0 
1.18(0.62,2.24) ) 
0.77(0.36,, 1.62) 
1.42(0.79,2.56) ) 
2.04(1.09,3.82) ) 

1.00 0 
0.877 (0.59, 1.28) 
0.79(0.55,, 1.15) 

Adjusted d 
relative e 
hazard d 

1.411 (1.07, 1.84) 

1.00 0 
1.099 (0.58, 2.08) 
0.69(0.33,, 1.46) 
1.18(0.65,, 2.16) 
1.50(0.76,2.96) ) 

1.00 0 
0.96(0.64,, 1.44) 
0.97(0.66,, 1.44) 

** One person can contribute to different calendar periods and, thus, the categories are not mutually exclusive, 
tt  Numbers in parentheses, 95% confidence interval. 
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sentedd here, provides one of the most complete pic-
turess of the natural history of HIV-1 infection that is 
currentlyy available. Further follow-up and characteri-
zationn of the group that appears to be relatively resis-
tantt are warranted. 
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Pregnancie ss in HIV-1 infecte d wome n 

Pregnancie ss befor e and after HIV diagnosi s in a 
Europea nn cohor t of HIV-infecte d wome n 

Birgi tt  H.B. van Benthem a, Isabell e de Vincenzi b, 
Marie-Christin ee Delmas b, Christin e Larsen b, Annek e van den Hoek 3, 
Mari aa Prins a and the Europea n Study on the Natura l Histor y of HIV 

Infectio nn in Women 

Objectives ::  Because most HIV-infected women are of reproductive age, we investi-
gatedd whether their reproduction planning was affected by their HIV diagnosis. 
Design ::  The European women study is a prospective, multicentre cohort of 485 HIV-
infectedd women with a known interval of seroconversion. 

Methods ::  The incidence of pregnancy was measured with person-time methods. 
Generalizedd estimating equation analysis was used to determine risk factors for 
pregnancyy and pregnancy outcomes. 

Results ::  In 449 women, the age-adjusted incidence of pregnancies decreased from 
8.66 before HIV diagnosis to 8.2 and 6.0 per 100 person-years in 0 -4 and over 4 years 
afterr HIV diagnosis, respectively (P=0.14) . The proportion of induced abortions 
increasedd from 42% before to 53% after HIV diagnosis ( P < 0.05). The risk of sponta-
neouss abortion did not increase as a result of HIV infection. Since 1995, the 
proportionn of births increased ( P = 0.009), whereas that of induced abortions de-
creasedd ( P = 0.01) compared with earlier years. An increased risk of pregnancy after 
HIVV diagnosis was found in northern and central European women compared with 
southernn European women; there was a lower risk in single women than in women 
withh a steady partner. Of all pregnant women, single women, women between 15 and 
255 years of age, and women with multiple partners were at increased risk for induced 
abortionn both before and after HIV diagnosis. 

Conclusion ::  The incidence of pregnancy decreased with HIV disease progression. 
Pregnanciess after HIV diagnosis appear to be related largely to social and cultural 
attitudes.. The number of induced abortions was high before HIV diagnosis and it 
significantlyy increases thereafter. © 2000 Lippincott Williams & Wilkins 

AIDSAIDS 2000, 14:2171-2178 

Keywords ::  Abortions , Europe , HIV infection , pregnancy , wome n 

onn the women themselves and its risk of vertical 
transmissionn to their children. A woman's awareness 
thatt she is infected is only one of many factors involved 
inn the decision to become pregnant after the HIV 
diagnosis,, because reproductive decision-making is 
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Introductio n n 

Thee majority of HIV-infected women are in their 
reproductivee years. HIV infection in these women is a 
majorr public health concern because of its direct impact 
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stronglyy related to social and cultural attitudes [1,2]. In 
recentt years, however, the decision has perhaps been 
influencedd by the availability of measures to reduce 
mother- to-ch i ldd transmission, such as Caesarean sec-
t ion,, the avoidance of breastfeeding, prescription of 
antivirall  therapy to pregnant w o m en and their children 
sincee 1994 [3], and the introduct ion of highly active 
antiretrovirall  therapy ( H A A R T ) . In addit ion, this 
decis ion-makingg may depend on HIV disease progres-
sion.. T he present study included European HIV -
infectedd women with a known duration of infection 
forr w h om information on pregnancies before and after 
H I VV diagnosis was available. O ur first objective was to 
measuree the impact of H I V diagnosis on reproductive 
decision-making,, by investigating the incidence of 
pregnanciess before and after H I V diagnosis and over 
calendarr t ime. We also investigated other factors 
associatedd with pregnancy and pregnancy outcomes 
bothh before and after HI V diagnosis. 

Methods s 

Stud yy populatio n 
T hee European study on the natural history of HIV 
infectionn in women, described previously [4], is a 
prospectivee mult icentre cohort of HIV-infected wo-
menn with a known interval of seroconversion. Since 
1993,, 485 participants have been included from 31 
centress in 12 European countries. Information is 
gatheredd on their sociodemographic characteristics, 
(sexual)) behaviour, and obstetric and gynaecological 
history,, including reproductive tract infections and 
pregnanciess and treatment using a c o m m on standar-
dizedd questionnaire. Fol low-up visits are scheduled 
everyy 6 months. Al l women have entered the study 
HI VV positive, and their interval of seroconversion has 
beenn determined retrospectively. This interval is based 
onn the existence of an HIV-negative test less than 2 
yearss before an HIV-posit ive test (for 47% of the 
women)) or on an unbroken period of up to two 
consecutivee years of high-risk behaviour for HIV 
infectionn since 1980 (for 53% of the women). The 
midpointt of the interval of seroconversion was used as 
thee date of seroconversion. Al l centres used a common 
standardizedd questionnaire, including questions con-
cerningg pregnancy ruling out differential assessment 
acrosss sites. At the first study visit women were asked 
aboutt their obstetric history. Dur ing fol low-up visits a 
womann was asked about current pregnancy or preg-
nancyy since the last interview. For each pregnancy, the 
ou tcomee and date of ou tcome were reported. Al l 
pregnanciess occurr ing before entry into the study (both 
beforee and after H I V diagnosis) have thus been 
reportedd retrospectively and combined with pregnan-
ciess determined dur ing fol low-up. The date of the first 
HIV-posi t ivee test is considered as the date of HIV 

diagnosis,, assuming that a woman knows her HI V 
serostatuss from that moment onwards. 

Off  the 485 women, six had been hysterectomized and 
fivee had been sterilized. For two women, no informa-
tionn on pregnancies was available. W o m en between 15 
andd 45 years of age were considered to be at risk of 
pregnancy.. Eight women had reached the age of 45 
yearss at 4 years before their H I V diagnosis, whereas 
onee woman was under 15 before HIV diagnosis. These 
222 women were excluded from the analysis before 
HI VV diagnosis, leaving in 463 at risk of pregnancy in 
thee four years before HI V diagnosis. Subsequently, 
sevenn women did not contr ibute any follow-up time 
afterr HIV diagnosis (whereas they did before) because 
theyy were lost to follow-up. The woman who was too 
youngg to contr ibute follow-up time before HIV diag-
nosis,, became 15 years of age after HIV diagnosis, and 
wass taken into account from that moment onwards. 
Eightt women reached the age of 45 years in the 4 years 
beforee HIV diagnosis, leaving in 449 women at risk of 
pregnancyy after HIV diagnosis. 

Variable s s 
Births,, including live and stillbirths, and induced abor-
tionss were considered to be two separate groups of 
pregnancyy outcomes. A third group, including sponta-
neouss abortions and ectopic pregnancies, wil l be 
referredd to as spontaneous abortions. The following 
sociodemographicc covariates were evaluated: age, con-
tinentt of birth, marital status at study entry, and 
transmissionn category (injecting drug use. heterosexual 
intercourse,, blood transfusion and other). Geographical 
regionn was divided into three categories: South 
(Greece,, Italy, Portugal, Spain), Central (Belgium. 
France,, the Netherlands, Switzerland) and North (Den-
mark,, Finland, Norway, Sweden). The type of patient 
caree setting, the reason for obtaining an HIV test, and 
thee interval between the first positive test and studv 
entryy were evaluated as methodological variables. The 
numberr of pregnancies and births before the first H IV -
positivee test were considered to be determinants for 
pregnanciess after HIV diagnosis. The number of 
partnerss over a woman's lifetime was taken into 
accountt as a marker for lifestyle. Calendar time was 
dividedd into five periods: 1985-1990, 1991-1994, 
1995-19966 and 1997-1998 to evaluate the impact of 
changess in HI V therapy on outcomes. Because the 
incidencee of pregnancy and pregnancy outcomes in the 
firstt four separate years after HI V seroconversion were 
comparable,, as was the incidence in the separate years 
fromm 4 years after seroconversion onwards, time after 
seroconversionn was divided into 0 -4 and over 4 vears. 
C D44 lymphocyte counts were not considered in the 
presentt study, because we had no information on the 
C D44 lymphocyte counts of participants before studv 
entry. . 
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Statistica ll  analyse s 
Thee incidence of pregnancies was measured using 
person-timee methods and expressed as the number of 
pregnanciess per 100 person-years. Ninety-five per cent 
confidencee intervals (95% CI) were calculated using 
Poissonn regression. Incidence was estimated over the 4 
yearss before diagnosis of HIV infection and compared 
withh the incidence in the first 4 years after HIV 
diagnosiss and thereafter. Women aged 15-45 years 
weree considered to be at risk of pregnancies. Because 
onlyy the termination date of pregnancy was known, we 
couldd not assess whether a women was pregnant at 
HIVV diagnosis or not. Women were assumed to be 
pregnantt at HIV diagnosis if they delivered within 40 
weekss or had a spontaneous or induced abortion within 
200 weeks after HIV diagnosis. Births occurring 40 
weekss or more and induced and spontaneous abortions 
occurringg 20 weeks or more after diagnosis were 
includedd as outcomes for the period after HIV diag-
nosis,, to ensure that the pregnancy indeed started after 
womenn became aware of their seropositive HIV status. 
Thee cut-off of 20 weeks for spontaneous and induced 
abortionss was used because the majority of abortions 
aree known to occur before the 20th week of preg-
nancy.. All women, except those who gave birth within 
400 weeks after HIV diagnosis, were considered to be at 
riskk from 20 weeks after the date of their first HIV -
positivee test until the end of follow-up. Women who 
deliveredd within 9 months after HIV diagnosis were 
consideredd to be at risk for a new pregnancy after 
deliveryy until the end of follow-up. 

Thee generalized estimating equation method was used 
too evaluate determinants associated with pregnancy and 
pregnancyy outcomes before and after HIV diagnosis 
[5].. Factors associated with spontaneous abortions could 
nott be evaluated due to small numbers. As the number 
off  spontaneous abortions was small, determinants for 
birthss were approximately the opposite of the determi-
nantss of induced abortions. Therefore, only determi-
nantss of induced abortions are shown. The generalized 
estimatingg equation method adjusts for intra-person 
correlationn of pregnancies one woman between time 
periodss (i.e. calendar rime combined with time since 
seroconversion).. The correlation between time periods 
wass modelled using an exchangeable covariance struc-
turee assuming an equal correlation between all time 
periodss in each woman. A Poisson distribution was 
usedd in the model to evaluate determinants of preg-
nancyy to take into account person-years of follow-up. 
AA logit link (i.e. logistic regression with correction for 
multiplee visits per woman) was used in the model that 
estimatedd determinants for abortion. Covariates signifi-
cantlyy associated with pregnancy or induced abortion 
afterr adjustment for age at the beginning of each time 
periodd were selected for multivariate analyses. We 
controlledd for age at the beginning of each time period, 
becausee the incidence of pregnancies is known to be 

stronglyy age-dependent. No adjustment for parity was 
made,, because after adjustment for age, the effect of 
parityy on pregnancies after HIV diagnosis remained no 
longerr significant. A stepwise backward procedure was 
usedd to build the 'final' multivariate model. Interactions 
betweenn covariates included in the multivariate models 
weree checked, and all non-significant covariates were 
evaluatedd in the final model to check possible con-
founding.. Associations are expressed as relative risks 
(RR)) for pregnancies and as odds ratios (OR) for 
inducedd abortions with 95% CI. 

Result s s 

Tablee 1 shows the characteristics of the 449 women 
includedd in the analyses after HIV diagnosis. For 71% 
off  the women, the most likely mode of HIV transmis-
sionn was through heterosexual intercourse. Half of the 
womenn lived in southern Europe, and 31% were single 
att the time they entered the study. Eleven per cent 
weree bom outside Europe, mainly in Africa. The 
mediann age at HIV diagnosis was 26 yean. Fifty-five 
perr cent of the women had had one or more 
pregnanciess and 35% had given birth before their HIV 
diagnosis. . 

Tablee 1 . Characteristics of 449 women at risk of pregnancy after HIV 
diagnosiss registered in the European women study. 

Settingg of centre 
Hospitall - gynaecological unit 
Hospitall - infectious disease unit 
Non-hospital l 

Transmissionn category 
Injectingg drug use 
Heterosexuall intercourse 
Bloodd transfusion/other3 

Geographicall regionh 

South h 
Central l 
North h 

Continentt of birth 
Europe e 
Non-Europe e 

Maritall status at entry' 
Single e 
Divorced/widowed d 
Married/cohabiting g 

Agee at first HIV-positive test (years)d 

Pregnantt before first HIV-positive test 
No o 
Yes s 

N N 

114 4 
262 2 

73 3 

106 6 
317 7 

26 6 

231 1 
130 0 
88 8 

401 1 
48 8 

137 7 
92 2 

219 9 
26 6 

203 3 
246 6 

% % 

26 6 
58 8 
16 6 

23 3 
71 1 

6 6 

51 1 
29 9 
20 0 

89 9 
11 1 

31 1 
20 0 
49 9 

22-31 1 

45 5 
55 5 

'Otherr (n = 8): accident with needles (n = 31, unknown risk (n = 5). 
''South:: Greece, Italy, Portugal, Spain; Central: Belgium, France, the 
Netherlands,, Switzerland; North: Denmark, Finland, Norway, Swe-
den. . 
11 Information missing for one woman. 
dMediann and interquartile range. 
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Pregnancyy at HIV diagnosis 
Inn total, 48 women were assumed to be pregnant at the 
timee of their first HIV-positive test (i.e. had a delivery 
withinn 40 weeks or a spontaneous or induced abortion 
withinn 20 weeks after HIV diagnosis). Of these 
women,, 31 (65%) continued their pregnancy and 
delivered,, 12 (25%) decided to abort the foetus, and 
fivefive women (10%) had a spontaneous abortion. 

Incidencee of pregnancy before and after HIV 
diagnosis s 
Fig.. 1(a) shows the incidence of pregnancies in the 
periodss before and after HIV diagnosis. Incidences 
weree adjusted for age and are shown for women 26 
yearss old (median) at the time of their HIV diagnosis. 
Thee age-adjusted incidence of pregnancies before HIV 
diagnosiss was 8.6 (95% CI 7.2-10.1) per 100 person-
years,, and decreased to 8.2 (95% CI 6.9-9.7) in the 
firstfirst 4 years after, and to 6.0 (95% CI 4.3-8.1) after 
moree than 4 years from the HIV diagnosis ( P= 0.14). 
Inn the 4 years before HIV diagnosis, 115 (25%) of the 
4633 women at risk reported a total of 179 pregnancies: 
799 (44%) births, 75 (42%) induced abortions, and 25 
(14%)) spontaneous abortions. This distribution, as well 
ass the incidence of pregnancies, was comparable with 
figuress estimated using the total follow-up time before 
HIVV diagnosis. After HIV diagnosis, 117 (26%) of the 
4499 women at risk reported a total of 174 pregnancies. 
Inn the first 4 years after HIV diagnosis, 37% of aU 
pregnanciess ended in birth, 55% ended in an induced 
abortion,, and 8% ended in a spontaneous abortion. 
Moree than 4 years after HIV diagnosis, these percen-
tagess were 39, 45 and 16%, respectively (Fig. lb). 

Temporall trends in the incidence of pregnancies 
afterr HIV diagnosis 
Noo significant trend in the age-adjusted incidence of 
pregnanciess after HIV diagnosis was found over calen-
darr time (Fig. 2a). After adjustment for the duration of 
HIVV infection, results were similar. After 1995 com-
paredd with earlier yean, the proportion of induced 
abortionss decreased ( P= 0.01), whereas the proportion 
off  births increased ( P= 0.009) significantly in women 
whoo became pregnant after HIV diagnosis (Fig. 2b). 
However,, these proportions remained unchanged in 
1997-19988 after the introduction of HAART com-
paredd with the period 1993-1996. 

Determinantss of pregnancies before and after 
HIVV diagnosis 
Youngerr women and women born outside Europe had 
aa higher risk of becoming pregnant before HIV diag-
nosis,, and the incidence of pregnancies significantly 
increasedd over calendar time (Table 2). Different factors 
weree associated with pregnancy after HIV diagnosis 
thann with pregnancy before HIV diagnosis, although 
agee was a constant. Women living in central and 
northernn Europe had an approximately twofold higher 
riskk of becoming pregnant compared with women 
residingg in southern Europe. After adjustment for the 
reasonn for obtaining the first HIV test, the results 
remainedd unchanged. Women married or previously 
marriedd or living unmarried with a heterosexual partner 
hadd a higher risk of becoming pregnant after HIV 
diagnosiss compared with women who were single at 
studyy entry. The incidence of pregnancies significantly 

100% % 

o>> 80% 

SS 60% 

22 40% 

S'' 20% 

Pregnancies s 
Yearss before/after HIV diagnosis Yearss before/after HIV diagnosis 

Fig.. 1. (a) The incidence of pregnancies before and after HIV diagnosis in European HIV-infected women with a known interval 
off seroconversion adjusted for age (per 100 persons-years). Years before/after HIV diagnosis:  - 4 - 0 ;  0-4; G > 4. (b) The 
percentagee of births, induced abortions and spontaneous abortions of the total number of pregnancies before and after HIV 
diagnosiss in European HIV-infected women with a known interval of seroconversion. Years before/after HIV diagnosis:  births; 

 induced abortions;  spontaneous abortions. 
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aa 100% 

55 80% 

<91 1 91-944 95-96 97-

Calendarr time 

Fig.. 2. (a) The incidence of pregnancies after HIV diagnosis by calendar t ime in European HIV-infected women with a known 

intervall of seroconversion adjusted for age (per 100 persons-years).  < 9 1 ;  9 1 - 9 4 ; D 9 5 - 9 6 ;  9 7 - 9 8 . (b) The percentage 

off births, induced abortions and spontaneous abortions of the total number of pregnancies after HIV diagnosis by calendar time 

inn European HIV-infected women w i th a known interval of seroconversion.  Births;  abortions; D miscarriages. 

Tablee 2. Determinants of pregnancies before and after HIV diagnosis in women registered in 
thee European women study. 

Agee (per 10 years) 
Continentt of birth 

Europe e 
Non-Europe e 

Calendarr timeb 

<< 91 
91-94 4 
> 9 4 4 

Maritall status at entry 
Single e 
Widowed/divorced d 
Married/cohabiting g 

Geographicall region 
South h 
Central l 
North h 

Timee since seroconversion 
0-4 4 
>> 4 

Beforee HIV 

RR R 

0.70 0 

1.00 0 
1.45 5 

1.00 0 
1.41 1 
1.97 7 

diagnosis s 

95%% CI" 

0.55--

1.02--

1.04--
1.07--

-0.88 8 

-2.07 7 

-1.92 2 
-3.63 3 

After r 

RR R 

0.57 7 

1.00 0 
1.86 6 
1.69 9 

1.00 0 
2.07 7 
1.80 0 

1.00 0 
0.58 8 

HIVV diagnosis 

95%% CI" 

0.41-0.80 0 

1.06-3.28 8 
1.11-2.58 8 

1.37-3.14 4 
1.15-2.83 3 

0.38-0.87 7 

,, Relative risk (adjusted for variables shown); 95% CI, 95% confidence interval. 
bBecausee the number of women who were HIV negative after 1997 was small, we combined 
thiss category with 1995-1996. 

decreasedd after 4 years from seroconversion compared 
withh the first 4 years after seroconversion. 

Determinantss of induced abortions before and 
afterr HIV diagnosis 
Ass risk factors were comparable for induced abortions 
beforee and after diagnosis, the two periods were com-
bined,, and the effect of the awareness of HIV status on 
thee incidence of induced abortions was evaluated in 

thee multivariate model. Women between 25 and 35 
yearss of age had the lowest risk of abortion. Women 
marriedd or previously married or living unmarried with 
aa heterosexual partner had an approximately three 
timess lower risk of induced abortions than did single 
women.. The number of induced abortions increased 
withh the number of partners in a woman's lifetime. 
Womenn who became pregnant after HIV diagnosis had 
aa 1.8 times higher risk of induced abortion than 
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womenn w ho were pregnant before HI V diagnosis 
(Tablee 3). 

Inn all models, neither significant interactions nor con-
foundingg factors were found. Restr ict ing the risk factor 
analysess for pregnancies to w o m en for w h om serocon-
versionn was established by serological test or to in-
formationn from fol low-up visits (i.e. prospectively 
identifiedd pregnancies only) did not notably change the 
results. . 

Discussion n 

Inn the w o m en studied, the incidence of pregnancies 
decreased,, although not significantly, after the diagnosis 
off  H I V infection independent of age. Birth rates before 
HI VV diagnosis were comparable with birth rates in the 
generall  populat ion of European women aged 15-49 
years,, but were lower than the general populat ion after 
H I VV diagnosis [6]. The number of induced abortions 
significantlyy increased among pregnant women diag-
nosedd with HI V infection, but even before HI V diag-
nosiss the rate of induced abort ion was 42%. The 
abort ionn rate among our subjects (before and after HIV 
diagnosis)) is much higher than the rate estimated 
amongg pregnant women in the general populat ion of 
Francee and the Netherlands [7,8], but was comparable 
wit hh the rate in a British cohort of HIV-infected 
w o m enn [9]. Overall, our finding of an increased 
abort ionn rate and a decreased incidence of pregnancies 
afterr HI V diagnosis were consistent with the findings 
off  other studies among HIV-infected women [10-12]. 

Off  the women who became aware dur ing pregnancy 
thatt they were HIV-posit ive, 65% decided to continue 

Tablee 3. Determinants of induced abortions before and after HIV 
diagnosiss combined in pregnant women registered in the European 
womenn study. 

zz OR 95% Cla 

Agee (years) 
15-24 4 
25-34 4 
35-44 4 

Maritall status at entry 
Single e 
Widowed/divorced d 
Married/cohabiting g 

Partnerss in lifetime 
0-5 5 
5-19 9 
>> 19 

HIVV serostatus 
Negative e 
Positive e 

1.00 0 
0.50 0 
0.90 0 

1.00 0 
0.38 8 
0.33 3 

1.00 0 
1.67 7 
2.75 5 

1.00 0 
1.80 0 

aOR,, odds ratio (adjusted for variables shown); 95% CI, 95% 
confidencee interval. 

theirr pregnancy. This percentage was higher than 
amongg women for w h om pregnancy ended before 
HI VV diagnosis or women who became pregnant after 
thee awareness of HI V diagnosis, but is comparable with 
aa study among HIV-infected women in the United 
Kingdomm [11]. This higher percentage could be ex-
plainedd by the fact that it was based on a single 
pregnancyy per woman, whereas with the periods before 
andd after HIV diagnosis, multiple pregnancies per 
womann were taken into account. 

AA younger age at the first positive HIV test was 
stronglyy associated with the total number of pregnan-
ciess after the HIV diagnosis, a finding consistent with 
otherr studies among HIV-infected women [10,13,14]. 
Pregnancyy rates in such women have not increased 
overr time, but the percentage of those who decide to 
continuee their pregnancy has increased significantly 
sincee 1995. This increase may reflect the prescription 
sincee 1994 of antiviral therapy, which has been shown 
too reduce mother- to-chi ld HIV transmission. Hankins 
ctct al. [15] showed similar results and found that induced 
abortionss decreased after 1994, although the pregnancy-
incidencee did not increase after the introduction of 
antivirall  therapy. O ur study showed no increase of 
pregnancyy after H A A R T became widely available in 
1996,, but more fol low-up is required to evaluate the 
effectt of H A A R T on reproductive decision-making. 
However,, the important task of physicians remains to 
speakk with their patients about family planning. 

Geographicall  differences in pregnancy rates among our 
subjectss were comparable to the fertilit y rates published 
byy the World Health Organization [6], with rates in 
southernn Europe being lower than in central and 
northernn Europe. The decision to become pregnant, 
bothh before and after H I V diagnosis, seems to be 
relatedd to social and cultural attitudes. W o m en living 
withh a sexual partner, whether married or unmarried, 
weree more likely to become pregnant after HIV diag-
nosiss than women wi thout such a partner. Regardless 
off  such factors, the incidence of pregnancies decreased 
steeplyy 4 years after seroconversion, which underscores 
earlierr findings that women become less sexually active 
withh ongoing time after infection [4]. Restricting the 
analysess to prospectively identified pregnancies 
(nn = 45) showed that women with a C D4 cell count 
equall  to or below 200 cells/ml had a significantly lower 
riskrisk of pregnancy compared with women with a CD4 
celll  count at pregnancy of more than 200 cells/ml. 
Afterr adjustment for the C D4 cell count, time since 
seroconversionn was no longer significantly related to 
thee incidence of pregnancies ( RR 0.89, 95% CI 0 . 4 5-
1.78)) (data not shown). To our knowledge, our study 
iss the first that clearly describes the relationship be-
tweenn time since infection and the incidence of preg-
nancy.. In contrast to other studies [10,12,16), we did 
nott find that the incidence differed among transmission 
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categories.. O ur results on spontaneous abortion rates 
aree in line with a prospective follow-up study among 
Americann injecting drug users [17], but are in conflict 
wit hh a retrospective study among Italian women, 
whichh found a 67% increase in the risk of spontaneous 
abortionss among HIV-infected women compared with 
HIV-uninfectedd women [18]. However, factors related 
too becoming HI V positive could also be related to 
spontaneouss abortion, and as the Italian study had a 
retrospectivee design, recall bias was likely to occur. 
Thee incidence of spontaneous abortions before HIV 
diagnosiss may also be underestimated in our study 
becausee it was retrospectively collected. 

Pregnantt HIV-posit ive women were more likely to 
havee induced abortions than pregnant HIV-negative 
women.. W o m en between 25 and 35 years of age had 
thee lowest risk for induced abortion, in line with the 
factt that this age category of the general population had 
thee highest birth rate. Induced abortions were more 
commonn among single women and in women with 
multiplee partners. These findings and the high percent-
agee of induced abortions among our subjects, both 
beforee and after HIV diagnosis, suggests that many of 
theirr pregnancies were unplanned. Furthermore, it 
appearss that some of these women use an induced 
abortionn as a contraceptive method. Unprotected sex-
uall  contacts were common among them, and were 
reflectedd by the high prevalence and incidence of 
sexuallyy transmitted infections (STI) [4]. T he high 
abortionn rate as well as the high prevalence and 
incidencee of STI suggest that these women are a special 
groupp who remained engaged in unsafe sexual practices 
despitee all prevention measures. Therefore, the encour-
agementt of condom use is required to prevent un-
plannedd pregnancies and STI transmission including 
HI VV to a possibly uninfected partner. Furthermore, 
duringg regular clinical examinations, and professional 
andd family planning counselling, physicians should help 
thesee women to make a carefully thought-out decision 
concerningg a pregnancy. 

Severall  limitations should be noted. Because only the 
terminationn date of pregnancy was known, it was 
difficul tt to assess whether a woman was pregnant at 
HI VV diagnosis or not. Therefore, births from 40 weeks, 
inducedd abortions and spontaneous abortions from 20 
weekss after HIV diagnosis were taken into account to 
avoidd misclassification. A substantial number of preg-
nanciess occurred after the first HIV-posit ive test but 
beforee entry into the study, and were thus retrospec-
tivelyy determined. However, the risk factor analyses 
basedd on pregnancies during follow-up only gave 
comparablee results. A woman acted as her own control, 
becausee we compared the incidence of pregnancies 
beforee and after the knowledge of HI V infection rather 
thann comparing cases (HIV-infected women) with 
controlss (HIV-uninfected women). The method was 

judgedd appropriate, because the birth rates of our 
subjectss before HI V diagnosis were comparable with 
thosee of the general population of European w o m en at 
reproductivee ages. Unfortunately, we could not investi-
gatee the impact of HIV infection on fertilit y because 
wee did not ask subjects about their desire for preg-
nancy.. O ne other limitation of our study was that we 
usedd the duration of infection as the only measure of 
diseasee progression, because C D4 cell counts were not 
routinelyy determined before study entry. Restricting 
thee analysis to prospective fol low-up t ime, for which 
informationn on C D4 cell counts was available, showed 
resultss in the same direction. The incidence of preg-
nanciess decreased with a decreasing C D4 cell count 
(dataa not shown). 

Conclusion n 

Thee incidence of pregnancies decreased with HIV 
diseasee progression, independent of age. Pregnancies 
afterr HIV diagnosis were independently associated with 
maritall  status and geographical region. The number of 
inducedd abortions among the pregnant w o m en we 
studiedd was high before HIV diagnosis and even higher 
afterr HIV diagnosis. Single women and women with 
multiplee partners were at an especially increased risk of 
abortion.. No evidence was found for an increased risk 
off  spontaneous abortions after HIV infection. 
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Abstrac t t 

Objectives:: To determine indirectly the effect of changes in levels of reproductive 
hormoness on CD4 lymphocyte counts by investigating the impact of pregnancy and 
menopausee on CD4 lymphocyte counts in HIV-infected women. 
Methods:: Participants were 382 women with a known interval of HIV seroconversion. 
Revieww of questionnaires or patient charts provided information on pregnancy and 
menopause.. A linear regression model with a random intercept and slope, which 
adjustss for multiple CD4 lymphocyte counts per woman, was applied to estimate the 
CD44 decline following HIV seroconversion and to evaluate the effect of pregnancy 
andd menopause on the CD4 path. 
Results:: The 382 women had a median age of 25 years at seroconversion and 
yieldedd 1428 CD4 lymphocyte counts from 3 to 10 years after seroconversion. At 
threee years from seroconversion, 20 women had passed the menopause (i.e., the 
lastt menses) and 5 more subsequently passed this point during follow-up; 25 women 
hadd a pregnancy after study entry. Postmenopausal women had lower CD4 
lymphocytee counts three years after seroconversion than premenopausal women 
(3333 vs. 399 cells/ul, p=0.09), and pregnant women had lower counts than non-
pregnantt women (375 vs. 399 cells/ul, p=0.36). The monthly CD4 decline was not 
associatedd with pregnancy and menopause. Adjustment for age did not change the 
results. . 
Conclusions:: Results suggest that CD4 lymphocyte counts differ between pre- and 
postmenopausall women, perhaps due to a change in level of reproductive hormones 
inn the menopause, but associations were not statistically significant. Pregnancy had 
noo statistically significant effect on CD4 lymphocyte counts. 

Introductio n n 
Thee two most important markers of HIV disease progression display gender 
differences.. CD4 lymphocyte counts are higher in women than in men throughout 
HIVV infection [1,2], whereas HIV-RNA levels are initially lower in women than in men 
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earlyy in HIV-infection [3], but seems to equalise with ongoing HIV infection [4,5]. 
Sincee current treatment guidelines are based on results of marker studies among 
men,, HIV-infected women may well be undertreated if these differences have a 
functionall meaning in disease progression. In the general (HIV-uninfected) 
populationn CD4 lymphocyte counts differ between men and women but not between 
thosee under the age of 15 years and over the age of 50 [6,7]. However, a recent 
studyy among children born to HIV-infected women showed that gender differences 
aree present in children [8]. These findings suggest that CD4 lymphocyte counts and 
HIV-RNAA levels in both men and women could be affected by levels of reproductive 
hormones,, which differ by gender and change in a woman during her life (e.g. due 
too pregnancy or menopause). 

Amongg HIV-uninfected women, postmenopausal women have fewer CD4 
lymphocytess than fertile women [9]. Reproductive hormones decrease in the 
menopausall period. In the case of estrogens a shift in type of estrogens from 
estradioll to estrone occurs, whereas the concentration of progesterone decreases. 

Alterationss in reproductive hormones also occur during pregnancy. Especially 
progesteronee has an important immunosuppressive function, preventing rejection of 
thee foetus [10]. Blood levels of reproductive hormones like progestins and estradiol 
aree elevated during pregnancy, which might explain the reduced number of CD4 and 
CD88 lymphocytes in blood during pregnancy. Estrogens and progestins indeed 
appearr to have an immunoregulatory effect through production of cytokines [11,12]. 
Itt is interesting that even the combined oral contraceptive pill with synthetic estrogen 
andd progestin was found to be associated with a trend towards a lower CD4 cell 
count,, albeit in HIV-uninfected women [3], 

Althoughh concentrations of several reproductive hormones were not measured, the 
presentt study aimed to determine indirectly the effect of changes in levels of 
reproductivee hormones by investigating the impact of pregnancy and menopause on 
CD44 lymphocyte counts in HIV-infected women. 

Method s s 
StudyStudy population 
Thee European Study on the Natural History of HIV Infection in Women comprised 
4877 HIV-infected women with a known interval of seroconversion from 12 European 
countries,, described in detail elsewhere [13]. The study gathered information on 
pregnancyy and menopause, using a common standardised questionnaire 
administeredd at each woman's visit. The Swiss HIV Cohort Study comprised HIV-
infectedd men and women who are followed through seven study centres in 
Switzerlandd [14]. Only women with a known interval of HIV seroconversion who 
weree postmenopausal at study entry or became postmenopausal during follow-up 
weree included in the current analysis (n=6). Information on the menopause of these 
womenn was gathered by systematic review of their charts. In both studies, T-cell 
subsetss were determined by flow cytometry; all women were HIV-positive at study 
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entry,, their interval of seroconversion was retrospectively determined, and the 
midpointt of that interval was used as the date of seroconversion. Data were collected 
fromm 1993 onwards and the cut-off date of the analysis was December 1, 2000. 

StatisticalStatistical analyses 
Usingg a regression analysis for repeated measurements (i.e., a random effects model 
withh a random intercept and slope) [15], we modelled CD4 lymphocyte counts and 
determinedd the impact of pregnancy and menopause on CD4 lymphocyte count after 
HIVV seroconversion. This random effects model corrects for dependency among 
multiplee measurements taken for one woman [15]. Since CD4 lymphocyte counts 
weree not normally distributed, they were modelled on the square-root scale. This 
transformationn appeared to be appropriate for describing CD4 marker paths [16]. 
Thee median time between HIV seroconversion and study entry was 4.5 years making 
feww CD4 lymphocyte counts available in the first three years after seroconversion. 
Sincee the number of CD4 lymphocyte measurements substantially decreased after 10 
yearss from seroconversion, we considered only those taken from three to 10 years 
afterr seroconversion, which were available for 376 of the 487 women participating in 
thee European Women Study. Women in the menopause were excluded from the 
modell that determined the effect of pregnancy. Furthermore, we also modelled the 
CD44 decline in the nine months before and after the visit at which a pregnancy was 
firstt noted and in the two and a half years before and after the point of menopause 
definedd as the date of last menses. All models were adjusted for individual age, use 
off progestin and the use of anti retroviral therapy, which was categorised as no 
therapy,, mono therapy, double therapy and triple therapy. Models that predicted 
CD44 marker paths around the point of menopause or pregnancy were adjusted for 
timee since HIV infection. 

Result s s 
Wee studied 382 women with available CD4 lymphocyte counts between 3 and 10 
yearss from seroconversion, including 376 from the European Women Study and 6 
fromm the Swiss HIV Cohort Study. The median number of CD4 lymphocyte count 
measurementss per woman was 3 (interquartile range (IQR): 2-5 measurements), 
andd the median CD4 lymphocyte count at study entry was 360 cells/ul (IQR: 200-530 
cells/Ml).. The median age at HIV seroconversion was 25 years (IQR: 21-30 years) 
andd 240 (63%) women used oral contraceptives at least one visit. At 30% of all visits 
noo treatment was used, and at 18%, 23% and 29% of the visits mono, double or 
triplee therapy was used, respectively. 

Twentyy women were postmenopausal at three years from seroconversion and 5 
moree women passed the menopause thereafter: six were hysterectomised and 19 
hadd a natural menopause. For the random effect model including menopause, 1428 
CD44 lymphocyte count measurements were available including 107 measurements of 
postmenopausall women. Thus, 1321 CD4 lymphocyte count measurements were 
availablee to determine the effect of pregnancy (only premenopausal women), 
includingg 34 measurements obtained from 25 pregnant women. Figure 1 shows the 
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CD44 decline in pre- and postmenopausal women and in pregnant and non-pregnant 
womenn after adjustment for the use of antiretroviral therapy and/or progestin. The 
modell estimates are as follows: Fig. la, VCD4=20.91 (95%-confidence interval (CI): 
19.73-22.09,, intercept at seroconversion) - 0.026 (95%-CI: -.044-0.008) * decline in 
monthss - 1.72 (95%-CI: -3.69-0.26) * menopause. For figure lb the model estimates 
are:: VCD4=20.81 (95%-CI: 19.57-22.05, intercept at seroconversion) - 0.023 (95%-
CI:: -0.042--.004) * decline in months - 0.61 (95%-CI:-l.91-0.69) * pregnancy. 
Figuress are shown for women who received neither antiretroviral therapy nor 
progestinn and are based on above-mentioned numbers. Postmenopausal women had 
lowerr CD4 lymphocyte counts three years after seroconversion than did 
premenopausall women, although this difference was only marginally significant (333 
vs.. 399 cells/ul, p=0.09). Pregnant women had lower CD4 lymphocyte counts than 
non-pregnantt women three years after seroconversion, although again, the 
differencee was not statistically significant, (375 vs. 399 cells/ul, p=0.36). The 
monthlyy CD4 decline was not associated with pregnancy and menopause. 
Adjustmentt for age at seroconversion did not substantially change the results. 

Figuree 2a shows CD4 marker paths around the menopause and is based on 116 CD4 
lymphocytee counts of 25 women (16 measurements of six women before the 
menopausee and 100 measurements of 25 women after the menopause). Figure 2b 
showss CD4 marker paths around pregnancy and is based on 83 measurements of 39 
pregnantt women also including women who became pregnant in the first three years 
afterr seroconversion. The median CD4 count was 418 (IQR: 338-768), 398 (IQR: 
278-615)) and 442 (IQR: 353-659) cells/ul at the prepregnancy, pregnancy and 
postpregnancyy visit, respectively (p>0.05). No significant change in CD4 decline after 
thee menopause (p=0.54) or during pregnancy (p=0.81) was observed when we 
modelledd the CD4 marker paths around menopause or pregnancy, taking into 
accountt time since infection. The model estimates for figure 2a are as follows: 
VCD4=18.977 (95%-CI: 15.77-22.18) - 0.016 (95%-CI: -0.31-0.28) * decline in 
monthss - 0.091 (95%-CI: -0.38-O.20) * decline in months for t>menopause (t>0). 
Thee model estimates for figure 2b are as follows: VCD4= 21.60 (95%-CI: 19.53-
23.67)) - 0.34 (95%-CI: -0.76-0.09) * decline in months + 0.074 (95%-CI: -0.61-
0.76)) * decline in months for t>pregnancy visit (t>0). 

Discussio n n 
Althoughh postmenopausal HIV-infected women had lower CD4 lymphocyte counts 
thann their premenopausal counterparts, menopause per se did not affect CD4 
decline.. The difference of 66 cells might instead be explained by a change in the 
levell of reproductive hormones after the menopause. These hormones differ also 
betweenn men and women and thus may explain gender differences in CD4 
lymphocytee counts: the CD4 lymphocyte count in women is approximately 100 cells 
higherr than in men at the same stage of infection. Recently, one study showed, 
whereass another study did not, that CD4 lymphocyte counts as well as HIV-RNA 
levelss fluctuate during the menstrual cycle in HIV-infected women [17,18]. 
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Whetherr the differing marker levels have any functional meaning for HIV disease 
progressionn is unclear. They may have implications for treatment initiation, since 
guideliness include CD4 lymphocyte counts and HIV-RNA levels as criteria for starting 
therapy.. Strictly speaking, postmenopausal women start treatment earlier than 
premenopausall women, because they reach the CD4 lymphocyte count threshold 
earlier.. This implies a delay of treatment initiation in fertile women and urges 
investigationn of how such delay may relate to HIV disease progression in these 
women. . 

Wee found that pregnancy had no statistically significant effect on CD4 lymphocyte 
counts.. These results agree with some studies conducted among HIV-negative 
pregnantt women [19,20], but conflict with others [21-23]. The drawback of our 
studyy is that we did not measure changes in reproductive hormones, whereas the 
drawbackk of cited studies is that they did not use appropriate statistical methods 
(i.e.,, repeated measurement analyses). Nowadays, methods adjusting for the 
dependencyy of multiple measurements per person are widely available, and one of 
themm was used in the present study. If a temporary decrease in the number of CD4 
lymphocytee counts during pregnancy occurs, this has probably no functional meaning 
inn HIV infection, because pregnancy does not accelerate HIV disease progression 
[24-30].. Nevertheless, a diminished immune reactivity during pregnancy is important 
inn preventing rejection of the foetus, which from an immunological point of view is 
foreignn tissue. 

Threee limitations of our study should be noted. Only 6 women who were or became 
postmenopausall could be included from the Swiss HIV Cohort Study, but results 
weree comparable when analyses were repeated without these women. In the 
Europeann Women Study, two visits per year are scheduled, and thus the maximum 
numberr of visits per any pregnancy was two. Finally, information on pregnancy and 
menopausee was gathered by questionnaires and chart review and not confirmed by 
laboratoryy markers (i.e. a golden standard). However, if a pregnancy or menopause 
weree missed, this could have led to bias towards the null, diminishing differences in 
CD44 lymphocyte counts. 

Ourr results suggest that CD4 lymphocyte counts differ between pre- and 
postmenopausall women, but associations were not statistically significant, probably 
duee to our small sample of postmenopausal women and our possibly missed 
evidencee of menopause. Therefore, studies including a larger number of older 
women,, preferably including laboratory markers of menopause are needed to 
confirmm these findings. Whether marker differences have a functional meaning in HIV 
diseasee progression is highly relevant for therapy guidelines for HIV-infected women 
andd should be subject of further investigations. 
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Legend s s 

Fig.. 1. Predicted absolute CD4 lymphocyte counts (cells/nl) for (a) pre- and 
postmenopausall women and (b) pregnant and non-pregnant women from 3 to 10 
yearss after seroconversion. The curves were created by back transforming the 
predictedd square root CD4 lymphocyte counts from a random effects linear 
regressionn model. 

Fig.. 2. Predicted absolute CD4 lymphocyte counts (cells/^l) for (a) 25 
postmenopausall women around the menopause and (b) 26 pregnant women around 
aa visit at which she was pregnant. The curves were created by back transforming the 
predictedd square root CD4 lymphocyte counts from a random effects linear 
regressionn model. 
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Marie-Christin ee Del mas, Christin e Larsen , Birgi t van Benthem 3, 

Fran^ois ee F. Hamers , Christin e Bergeron b, Jean-Dominiqu e Poveda c, 
Boo Anzén d, Annek e van den Hoek a, Frangois e Meier e, 

Joséé Mari a Penaf, Hannel e Savonius 8, Dominiqu e Sperandeo h, 
Barbar aa Suligoi' , Pietr o Vernazza*, Jean-Baptist e Brune t 

andd Isabell e De Vincenz i for the Europea n Study Grou p on Natura l 
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Objectives ::  To assess the impact of HIV-related immunodeficiency and anti retroviral 
treatmentt on the occurrence and evolution of abnormal Papanicolaou tests. 

Stud yy design : Cohort of 485 HIV-infected women with a known date of infection, 
enrolledd during May 1993-April 1998 in 23 centres (gynaecology, infectious disease 
orr STD clinics, or drug treatment centres) in 12 European countries; in 21 centres, 
follow-upp was performed every 6 months (median follow-up: 2 years). 

Methods ::  Human papillomavirus (HPV) was detected at inclusion by Southern blot 
andd PCR. The prevalence of squamous intraepithelial lesions (SIL), the incidence of SIL 
andd regression from low-grade SIL were studied according to CD4 count after 
controllingg for HPV detection results. 

Results ::  Compared with women with CD4 cell counts > 500 x 106/l, women with 
CD44 cell counts < 200 x 106/l had a twofold increase in both prevalence and 
incidencee of SIL and in non-regression from untreated low-grade SIL; in addition, these 
womenn had a lower response rate to treatment of high-grade cervical intraepithelial 
neoplasia.. The increase in SIL incidence associated with a low CD4 cell count was 
significantt in women not receiving anti retroviral treatment (relative risk, CD4 cell 
countt 200-499 X 106/l, 1.9; CD4 cell count < 200 X 106/l, 2.9; CD4 cell count 
>> 500 x 106/l, reference), whereas it was less marked and not statistically significant 

inn treated women. 

Conclusions ::  Severe HIV-related immunodeficiency strongly increases the risk of 
occurrencee of SIL; antiretroviral treatment may reduce this risk, probably by restoring 
orr at least preserving immune function. © 2000 Lippincott Williams & Wilkins 
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Introductio n n 

Thee relationship between human papillomavirus (HPV) 
infectionn and both cervical cancer and its precursor, 
cervicall  intraepithelial neoplasia (ON), in women is 
noww well established [1]. The association between HIV 
infectionn and HPV-related lesions, initially suggested 
byy a higher prevalence of cervical lesions in HIV-
infectedd than in uninfected women [2—5], was con-
firmedd in other studies in which confounding factors 
(e.g.. sexual behaviour and HPV infection) were con-
trolledd for [6-8]. The prevalence and the severity of 
cervicall  lesions have been reported to increase with 
increasingg HIV-induced immunodeficiency [4,6-11]. 
AA few prospective studies have also shown that cervical 
lesionss are more likely to occur, progress, and recur 
afterr treatment in HIV-infected than in HIV-negative 
womenn [8,12—14]. Specific guidelines for the manage-
mentt of gynaecological diseases among HIV-infected 
womenn are needed. Whereas there appears to be a 
generall  consensus that HIV-infected women with a 
still-preservedd immune function should be treated in 
thee same way as HIV-uninfected women, the manage-
mentt of cervical lesions in severely immunocompro-
misedd HIV-infected women remains controversial. 

Improvingg the diagnosis and clinical management of 
HPV-relatedd cervical lesions in HIV-infected women 
requiress that the natural history of HPV infection in 
thesee women be better understood. To assess the 
impactt of immunodeficiency and of antiretroviral 
therapyy on the occurrence and evolution of cervical 
lesions,, data from a European cohort of HIV-infected 
womenn were analysed. 

Method s s 

Studyy populatio n 
Thee European cohort on natural history of HIV 
infectionn in women is a prospective cohort of HIV-
infectedd women with a known date of infection. 
Enrolmentt required that the date of HIV infection 
couldd be estimated within at most a 2-year time frame, 
eitherr by a negative followed by a positive HIV test, or 
byy a limited period of HIV risk behaviour, irrespective 
off  the delay between infection and enrolment. Be-
tweenn May 1993 and April 1998, 485 women who 
gavee informed consent were enrolled from 23 centres 
inn 12 countries: Belgium, Denmark, Finland, France, 
Greece,, Italy, Netherlands, Norway, Portugal, Spain, 
Swedenn and Switzerland. In 21 centres, follow-up was 
performedd every 6 months and is still ongoing. 

Dataa collecte d 
Att each visit, women were interviewed about their 
socio-demographicc characteristics, sexual behaviour and 

gynaecologicall  and obstetric history using standardized 
questionnaires;; HIV-related data (CD4 cell count, 
antiretrovirall  treatment, clinical stage [15]) were col-
lectedd and a gynaecological examination including 
Papanicolaouu (Pap) test was performed. No guidelines 
weree given to the participating physicians regarding the 
managementt of abnormal Pap tests. All Pap smear slides 
weree read in a single laboratory (Pasteur-Cerba, Cergy-
Pontoise,, France). Using the Bethesda classification, 
cervicall  cell abnormalities were classified either as 
atypicall  squamous or glandular cells of undetermined 
significancee (ASCUS or AGCUS), or as low- or high-
gradee squamous intraepithelial lesions (SIL) [16]. Data 
onn colposcopic examination and on biopsy results (if 
any)) were collected. Histological lesions were classified 
ass CIN I, II or III according to the Pvichart classifica-
tionn [17]. 

Att enrolment, cervical samples for HPV detection were 
collectedd by brushing and placed in cryotubes contain-
ingg Minimum Eagle's Medium and antibiotics at 
—— 80°C. DNA was extracted and quantified. HPV was 
detectedd using the Southern blot (SB) technique with 
hybridizationn using three different cocktails, each con-
tainingg three radioactive probes to identify mildly 
oncogenicc (HPV 6, 11 and 42), moderately oncogenic 
(HPVV 31, 35 and 39) and highly oncogenic (HPV 16, 
188 and 33) types [18]. The analysis of the restriction 
patternss obtained after washing the blots at low and 
highh stringency allowed detection of all HPV types 
withh high-level homology to the nine probes used as 
welll  as those with partial homology. As SB is not very 
sensitivee in detecting HPV [19], a second test was 
performedd using PCR. HPV DNA was amplified using 
thee 'consensus' primers of Manos [20]. Hybridization 
off  the PCR product with a cocktail of probes was used 
too specifically identify HPV 16, 18, and 33, and 
anotherr cocktail of'consensus' probes (GP1, GP2 [20]) 
wass used to detect all other HPV types. 

Dataa analysi s 
Thee prevalence of SIL on the first interpretable Pap test 
(initiall  Pap test) was calculated and studied according to 
HPVV detection, adequacy of the Pap tests for diagnostic 
evaluation,, clinical and biological stage of HIV infec-
tion,, antiretroviral therapy, gynaecological and obste-
tricall  history and socio-demographic characteristics. 
Thee incidence of SIL was estimated in women with 
normall  initial Pap tests using the Kaplan-Meier meth-
od.. For both analyses, Pap smears with ASCUS or 
AGCUSS evoking a reactive process were considered as 
normal;; those with ASCUS evoking SIL were counted 
ass SIL. 

Progressionn and regression rates from untreated low-
gradee SIL were estimated using the Kaplan-Meier 
methodd in women with low-grade SIL detected at 
enrolmentt or during follow-up. Progression was as-
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sumedd when high-grade SIL was detected on a subse-
quentt Pap test. Regression was defined by a normal 
Papp smear, if the following smear was also normal. For 
womenn for whom no further Pap test was available 
afterr a single normal smear, follow-up was censored at 
thee visit preceding the single normal smear. Women 
treatedd for cervical lesions were censored at the time of 
treatment. . 

Forr all analyses, Pap tests for which no cervical 
squamouss cell could be observed, for whatever reason 
(e.g.. obscuring inflammation), were considered as un-
mterpretable.. Results of HPV detection by SB were 
groupedd into: (1) 16, 18, 33 (HPV types '16, 18, 33' 
andd related types); (ii) '31, 35, 39' (types 31, 35, 39 and 
relatedd types); or (iii ) '6, 11, 42' (types 6, 11, 42, 
relatedd and undetermined types). When several types 
weree detected by SB, results were classified according 
too the most oncogenic type. A woman was considered 
ass receiving antiretroviral treatment at a given visit if 
thee treatment had been prescribed at least 1 month 
priorr to the visit. Adequacy of the Pap tests was defined 
byy the presence of an endocervical/transformation zone 
component. . 

Differencess in proportions, means and medians were 
testedd using respectively the Pearson %2 (or Fisher's 
exactt test where appropriate), Student's t and Kruskal-
Walliss tests. Differences in incidence or regression rates 
weree tested using the log-rank test. Stepwise multiple 
logisticc regression models were used to identify factors 
independentlyy associated with prevalent SIL. Multi -
variatee analyses of factors associated with incident SIL 
orr with regression from low-grade SIL were performed 
usingg Cox regression models. The Kaplan-Meier and 
thee multivariate analyses were performed using BMDP 
softwaree (University of California Press, Berkeley, 
California,, USA). A significance level of 0.05 was 
chosenn and adjusted odds ratios (aOR) or relative risks 
(aRR)) were computed with 95% confidence intervals 
(CI). . 

Result s s 

Stud yy populatio n 
Thee study population comprised 467 women with at 
leastt one interpretable Pap test. Population character-
isticss are presented in Table 1. In the 21 centres 
participatingg in fotlow-up, 423 women were included, 
amongg whom 310 were followed-up at least once and 
contributedd to the follow-up analysis with a median 
timee of 2 years (25'h percentile, 1 year; 75th percentile, 
2.55 years). 

Thee proportion of women followed-up was 66.4% 
(310/467)) and differed significantly according to the 

Tablee 1. Characteristics of the study population at enrolment, 467 
HIV-infectedd women with at least one interpretable cervical Papani-
colaouu (Rap) test3. 

Agee (years) [median (range)] 
Regionn of birth [n (%)] 

Europe e 
Sub-Saharann Africa 
Other r 

Europeann region of enrolment1' [n (%)] 
Southern n 
Middle e 
Nordic c 

Recruitmentt site [n (%)| 
Infectiouss disease clinic 
Gynaecologyy clinic 
STDD clinic 
Drugg treatment centre 

HIVV transmission group |n (%)| 
Injectingg drug user 
Heterosexuall contact 
Transfusionn recipient 
Otherr or unknown 

Timee since HIV infection 
(years)) [median (range)] 

HIVV infection In (%)] 
HIV-1 1 
HIV-2 2 

CD44 cell count (X 106/l) [median (range)] 
Clinicall stage [n (%)] 

A A 
B B 
C C 

HPVV detection [n (%)] 
SB( - )PCR(- ) ) 
SBB (+) PCR (-) 
SBB (-) PCR (+) 

311 (17-68) 

417(89.3) ) 
222 (4.7) 
288 (6.0) 

2355 (50.3) 
139(29.8) ) 
933 09.9) 

2755 (58.9) 
116(24.8) ) 
288 (6.0) 
48(10.3) ) 

108(23.1) ) 
3311 (70.9) 

19(4.1) ) 
9(1.9) ) 
4.3 3 

(0.2-15) ) 

4644 (99.4) 
33 (0.6) 

378(0-2180) ) 

2822 (60.4) 
145(31.0) ) 
400 (8.6) 

174(43.8) ) 
1 0 , , 

1255 \ (56.2) 

aForr four women with uninterpretable Pap test at enrolment, the first 
visitt with interpretable Pap test result was considered to be the 
enrolmentt visit. bSouthern: Greece, Italy, Portugal, Spain; Middle: 
Belgium,, France, Netherlands, Switzerland; Nordic: Denmark, Fin-
land,, Norway, Sweden. 'Results of human papillomavirus (HPV) 
detectionn were available for 397 women. SB, Southern blot. 

typee of recruitment site (53.6% in STD clinics, 61.5% 
inn infectious disease clinics, 72.9% in drug treatment 
centres,, 78.4% in gynaecological clinics; P< 0.01) and 
accordingg to the region of enrolment (51.1% in south-
ernn Europe, 82.7% in middle Europe, 80.6% in Nordic 
countries;; P< 0.001). No difference in the proportion 
off  women followed-up was observed according to age 
att enrolment, region of birth, HIV-related data (CD4 
celll  count, clinical stage, HIV transmission group, time 
betweenn infection and enrolment) or results of the Pap 
testt and of HPV detection performed at enrolment. 

Prevalenc ee of and risk factor s for SIL 
SILL was detected on the initial Pap test in 24.2% (113/ 
467)) of the women (low-grade, 98; high-grade, 13; 
ASCUSS evoking SIL, two). SIL detection differed 
significantlyy according to HPV detection, CD4 cell 
count,, age, presence of genital warts, past history of 
genitall  warts, previous pregnancy, history of SIL and 
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typee of recruitment site (Table 2). Among women with 
aa past history of SIL, the prevalence of SIL at 
enrolmentt was lower if past SIL had occurred prior to 
orr within the year of HI V infection (9.1%; 1/11) than 
iff  it occurred later (47.9%; 35/73) (P=0.02). The 
differencee remained statistically significant when ex-
cludingg the 29 women who had a recent history of 
untreatedd SIL (within 1 year preceding enrolment). No 
significantt difference was found according to other 

factorss studied: year of enrolment, HIV transmission 
group,, time since HIV infection, antiretroviral therapy, 
pastt STD (genital herpes, gonorrhoea or trichomonia-
sis),, sexual behaviour, contraceptive history, frequency 
off  previous Pap test screening and Pap test adequacy 
(dataa not shown). 

Inn multivariate analysis, six factors were found to be 
independentlyy associated with a higher prevalence of 

Tablee 2. Factors associated with detection of squamous intraepithelial lesions (SIL) at initial 
Papanicolaouu (Pap) smear, among 467 HIV-infected women with at least one interpretable 
cervicall Pap test, univariate and mutivariate analyses3. 

HPVV detectio n and typing 6 

SB( - )PCR( - ) ) 
SB(+) '16,, 18,33' 
SB(+) '31,35,, 39' 
SB(+) '6,, 11,42' 
SB(- )PCR(+)16,, 18,33 
S B ( - ) P C R ( + ) # 1 6 ,, 18,33 

CD44 cel l coun t (x 106/1) 
3*500 0 
200-499 9 
< 2 0 0 0 

Agee (years) 
=£27 7 
28-33 3 
3=34 4 

Presenc ee of genita l wart s 
No o 
Yes s 

Histor yy of genita l wart s 
No o 
Yes s 

Histor yy of SIL' 
Noo SIL' 
SILL > 1 year before 

enrolment t 
SILL < 1 year before 

enrolment,, treated 
SILL < 1 year before 

enrolment,, untreated 
Pregnanc yy histor y 

Never r 
Ever r 

Recruitmen tt  sit e 
Infectiouss disease clinic 
Gynaecologyy clinic 
STDD clinic or drug 

treatmentt centre 
Europea nn regio n of 

enrolment* 1 1 

Southern n 
Middle e 
Nordic c 

No.. women 

174 4 
47 7 
28 8 
23 3 
16 6 

109 9 

155 5 
211 1 
101 1 

144 4 
173 3 
150 0 

418 8 
49 9 

368 8 
99 9 

373 3 
37 7 

18 8 

29 9 

127 7 
340 0 

275 5 
116 6 
76 6 

235 5 
139 9 
93 3 

(%)) with SIL 

10.9C C 

59.6 6 
53.6 6 
47.8 8 
25.00 1 
18.33 J 

19.4C C 

23.7 7 
32.7 7 

30.6C C 

26.0 0 
16.0 0 

20.1c c 

59.2 2 

22.0C C 

32.3 3 

20.68 8 
27.00 1 

22.22 J 

75.9 9 

33.9C C 

20.6 6 

2 1 .. r 
32.8 8 
22.4 4 

20.0 0 
27.3 3 
30.1 1 

aOR R 

1 1 
12.7 7 
6.0 0 
2.4 4 

2.2 2 

1 1 
1.6 6 
2.4 4 

0.7d d 

1 1 
4.5 5 

1 1 

1.0 0 

8.1 1 

1 1 
1.7 7 
3.0 0 

95%% CI 

5.4-29.9 9 
2.6-13.7 7 
0.6-9.7 7 

1.1-4.6 6 

0.9-3.0 0 
1.2-4.7 7 

0.5-1.0 0 

2.1-9.8 8 

0.5-2.2 2 

2.9-23.0 0 

0.9-3.1 1 
1.6-5.9 9 

aForr four women with uninterpretable Pap test at enrolment, the first visit with interpretable Pap 
testt result was considered to be the enrolment visit. bResults of human papillomavirus (HPV) 
detectionn were available for 397 women. CP value (Pearson x2 test> < 005. dFor a 10-year 
increasee in age. elnformation available for 457 women, 'including 70 women with no past Pap 
testt screening, sp value (Pearson x2 'est) < 0.05, after regrouping women with SIL > 1 year 
beforee enrolment and with treated SIL < 1 year before enrolment. hSouthern: Greece, Italy, 
Portugal,, Spain; Middle: Belgium, France, Netherlands, Switzerland; Nordic: Denmark, Finland, 
Norway,, Sweden. aOR, logistic regression odds ratio adjusted for HPV detection, CD4 count, 
SILL history, age, genital warts, and region of enrolment; CI, confidence interval; SB, Southern 
blot. . 
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SIL:: positive HPV detection, low CD4 cell count, 
youngg age, history of recent untreated SIL, presence of 
genitall  warts and enrolment in Nordic countnes 
(Tablee 2). Similar results were found when the analysis 
wass restricted to the 310 women followed-up at least 
oncee (data not shown). 

Thee magnitude of the association between HPV detec-
tionn by SB and prevalent SIL increased with decreasing 
CD44 cell count, although the interaction was not 
statisticallyy significant: the aOR associated with a posi-
tivee detection by SB ranged from 5.6 (95% CI, 1.4-
21.7)) for CD4 cell counts > 500 X 106/1 to 10.6 (3.7-
30.2)) for CD4 counts of 200-499 X 106/1 and 17.9 
(4.0-79.7)) for CD4 counts < 200 X 106/1. The aOR 
associatedd with a positive detection by PCR only 
remainedd unchanged regardless of the immunodefi-
ciencyy level. 

Incidenc ee of and ris k factor s for SIL 
Amongg the 317 women who were enrolled in the 21 
centress with follow-up and whose initial Pap test was 
normal,, 229 were followed-up for a median time of 2 
yearss (range, 6 months to 4 years). SIL was diagnosed 
inn 70 women (low-grade, 61; high-grade, six; ASCUS 
evokingg SIL, three). The cumulative incidence of SIL 

wass estimated to be 23.6% at 1 year and 29.5% at 18 
monthss (27.7% and 2.5% at 18 months for low- and 
high-gradee SIL respectively). As the incidence of SIL in 
thee 101 women with no history of SIL and whose last 
normall  Pap test had been performed within the year 
precedingg enrolment did not differ from that in other 
womenn (27.0% versus 31.8% at 18 months; P= 0.36) 
dataa from both groups were analysed together. 

Thee incidence of SIL was significantly higher in HPV-
positivee than in HPV-negative women (P<O.001) 
(Tablee 3). It tended to increase with decreasing CD4 
celll  count at the time of the initial normal Pap test 
(P=0.16).. It was significandy higher in women who 
hadd genital warts at the initial visit than in other 
womenn (P=0.01). Higher incidences were observed 
inn women with past SIL, young women and women 
recruitedd in Nordic countries than in other women, 
butt none of the differences was statistically significant 
(respectivelyy P= 0.12, 0.22 and 0.78). 

Usingg a Cox regression model, HPV detection and 
CD44 cell count were independently associated with 
incidentt SIL. Compared with HPV-negative women, 
thee risk of developing SIL was increased in SB-positive 
womenn and in women positive for HPV types 16, 18, 

Tablee 3. Incidence of squamous intraepithelial lesions (SIL) among 229 HIV-infected women 
fotlowed-upp after initial normal Papanicolaou (Rap) test, univariate and multivariate analyses. 

% % 
withh SIL at 
188 months aRR R 95%% CI 

HPVV detection and typing3 

SB(- )PCR(- ) ) 
SB(+)'16,, 18,33' 
S B ( + ) # " I 6 ,, 18,33' 
SB(-)PCR(+)16,, 18,33 
SB( - )PCR(+ )#16 ,, 18, 33 

CD44 cell count (x 106/l)c 

3=500 0 
200-499 9 
< 2 0 0 0 

Agec c 

s 2 7 7 
28-33 3 
3*34 4 

Presencee of genital wartsc 

No o 
Yes s 

Historyy of SILd 

No' ' 
Yes s 

Europeann region of 
enrolment' ' 

Southern n 
Middle e 
Nordic c 

105 5 
13 3 
18 8 
10 0 
60 0 

87 7 
99 9 
43 3 

66 6 
85 5 
78 8 

211 1 
18 8 

187 7 
34 4 

94 4 
83 3 
52 2 

22.6b b 

79.5 5 
47.0 0 
53.7 7 
27.2 2 

22.0 0 
30.5 5 
43.5 5 

36.4 4 
25.7 7 
28.7 7 

28.1b b 

45.7 7 

27.4 4 
43.4 4 

24.3 3 
31.9 9 
34.5 5 

1 1 
5.5 5 
2.8 8 
3.5 5 
1.6 6 

1 1 
1.6 6 
1.9 9 

2.5-12.4 4 
1.3-6.1 1 
1.4-8.7 7 
0.9-3.0 0 

0.9-2.8 8 
1.0-3.7 7 

^Resultss of human papillomavirus (HPV) detection were available for 206 women. bP value 
(Log-rankk test) < 0.05. cAt initial normal Pap test. d!nformation available for 221 women. 
elnctudingg 27 women with no past Pap test screening. 'Southern: Greece, Italy, Portugal, Spain; 
Middle:: Belgium, France, Netherlands, Switzerland; Nordic: Denmark, Finland, Norway, 
Sweden.. aRR, relative risk adjusted for HPV detection and CD4 count. CI, Confidence interval; 
SB,, Southern blot. 
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333 by P CR only. It increased with decreasing C D4 cell 
countt and was almost twice as high for C D4 cell 
countss < 200 X 10f7l as for C D4 cell counts 
>> 500 X 106/1. 

Stratifiedd by C D4 count, women on antiretroviral 
therapyy at initial normal Pap test tended to have a 
lowerr incidence of SIL (17.5% and 28.0% at 1 year 
forr C D4 cell counts of 2 0 0 - 4 99 X 10Vl and 
<< 200 X l ( )V l respectively) than untreated women 
(26.1%.. and 42 .3% respectively) (P = 0.44). Among the 
688 treated w o m en with C D4 counts < 5 00 X 106/1, 41 
weree treated wi th a single nucleoside analogue (mainly 
zidovudine)) and 27 wi th a drug combinat ion (including 
aa protease inhibitor for seven women). These numbers 
weree too small to study the incidence of SIL according 
too the type of antiretroviral therapy. Al l but one of the 
688 w o m en were still receiving antiretroviral therapy at 
thee end of fol low-up. After adjustment for HPV 
detect ionn (Cox regression model), the risk of develop-
ingg SIL was higher in women not receiving than in 
w o m enn receiving antiretroviral therapy: the increase in 
SILL incidence associated with C D4 cell counts 

<< 500 X 10'Vl versus > 500 X 106/1 was significant in 
untreatedd w o m en [aRR, 1.9 (95%. CI, 1.0-3.6) and 
2.99 (1 .1-8 .0) for C D4 counts of 2 0 0 - 4 99 X 106/1 and 
<< 200 X l() f ' /l respectively], whereas it was less 
markedd and not statistically significant in treated wo-
menn [ aRR, 1.3 (0.6-2.8) and 1.7 (0.8-3.5) respec-
tively] . . 

Evolutio nn of low-grad e SIL 
A m o ngg the 165 women diagnosed with low-grade SIL, 
400 had no subsequent Pap test and 10 were immedi-
atelyy treated for S IL /C IN. For the remaining 1!5 
w o m e n,, the median t ime of fol low-up in absence of 
t reatmentt for S IL /C IN was 18 months (range, 6 
monthss to 3.5 yean). 

On lyy 11 w o m en progressed to high-grade SIL and 
regressionn was observed in 33 women. T he cumulative 
ratess of progression and of regression at 1 year were 
8 .1%% and 29.5%) respectively. Doth rates remained 
unchangedd (8.3%. and 30.9%.) when women who 
underwentt a biopsy were censored at the t ime ot 
biopsy.. Regression rates were higher in HPV-negative 
thann in other women ( P = 0 . 1 8) and decreased with 
increasingg immunodeficiency ( P = 0 . 1 2) (Table 4). 
Theyy ranged from 77.8%> at 1 year in eight HPV-
negativee w o m en with C D4 cell counts > 500 X 10'Vl 
too 0%) at 1 year in 11 women SB-positive for HPV '16, 
18,, 33' with C D4 cell counts < 200 X 10fVl . Among 
w o m enn with C D4 cell counts < 500 X Kl'Vl , the 
cumulat ivee rates of regression at 1 year were 20.5%) m 
thosee receiving antiretroviral therapy at low-grade SIL 
diagnosiss and 31.4% in untreated women (P—0.30), 
butt the median CD4 cell count was lower in treated 

Tablee 4. Rates of regression from untreated low-grade squamous 
intraepitheliall lesions (SIL) according to CD4 cell count and human 
papillomaviruss (HPV) detection, among 115 HIV-infected women 
followed-upp after a diagnosis of low-grade SIL. 

%% Regression at 
No.. women 1 year 

HPVV detection and typing*1 

S B M P C R ( - ) ) 
SBB (+) '16. 18,33' 
S B ( + ) ^ " I 6 ,, 18,33' 
SB(-)PCR(+) ) 
D44 cell count (x 106/l)b 

S500 0 
200-499 9 
< 2 0 0 0 

32 2 
20 0 
21 1 
35 5 

29 9 
55 5 
31 1 

aAtt enrolment; results available for 108 women. bAt diagnosis of 
low-gradee SIL. SB, Southern blot. 

(2188 X 10A/1) than in untreated women (348 X 10f7l) 
( P << 0.01). 

Afterr adjustment for HPV detection (Cox regression 
model),, a decreasing trend in the probability of regres-
sionn was found with decreasing C D4 cell count but 
wass not statistically significant: compared with C D4 
celll  counts > 500 X 106/1, the a RR associated with 
C D44 cell counts < 200 X 106/1 was 0.5 (95%) CI, 
0 .2-1 .4). . 

Biops yy result s and treatmen t for CIN 
AA cervical biopsy was performed m 22 of the 30 
womenn diagnosed with high-grade SIL. Biopsy con-
firmedd high-grade C IN in 15 women (68%) (CIN II , 
nine;; C IN III , six), revealed C IN I in four and was 
CIN-negat ivee in three. Treatment for C IN was per-
formedd in all women with high-grade C IN and in 
threee women with C IN I or CIN-negat ive biopsy. In 
twoo of these three women, the colposcopy showed 
acetowhitee lesions; in the third woman, the squamous-
columnarr junct ion was not visible. Among the four 
womenn with C IN I or CIN-negat ive biopsy who were 
nott treated, two had a normal colposcopic examina-
tion,, one had signs of chronic cervicitis, and one had 
acetowhitee lesions. Among the 18 women treated for 
C I N ,, one (with C IN 1 at biopsy) was treated by 
cryotherapy,, 15 by excisional procedures (loop electro-
surgicall  excision or conization) and two by hysterect-
omy.. The histological results ot surgical specimens 
weree available for 14 women: high-grade C IN was 
confirmedd in 13 (CIN H, six; C IN III , seven) and C IN 
II  was diagnosed in one woman (who had C IN II at 
biopsy). . 

AA biopsy was performed in 58 of the 165 women with 
low-gradee SIL. Normal results were found in 20 
women.. C IN I was diagnosed in 21 and high-grade 
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CINN in 17 (CIN II , 10; CIN III , seven). Among the 
155 biopsies performed after a single smear with low-
gradee SIL, 33.3% showed high-grade CIN and 40.0% 
weree CIN-negative; these proportions were respec-
tivelyy 27.9% and 32.6% among the 43 biopsies 
performedd for persistent low-grade SIL. Eleven women 
withh high-grade CIN were treated: eight by excisional 
proceduress and three by destructive treatments 
(cryotherapyy or laser vaporization). 

Recurrencee or persistence of SIL after treatment for 
high-gradee CIN was assessed in 21 women in whom a 
subsequentt Pap test was performed (within 2-15 
monthss of treatment). The proportion of persistent/ 
recurrentt SIL was 50% in 12 women treated for CIN 
III  and 67% in nine treated for CIN III . None of the 
fourr women with more than 500 X 106 CD4 cells/1 at 
thee time of CIN treatment, six of the 11 with 200-
4999 X \0b CD4 cells/1 and all six with < 200 X 106 

CD44 cells/1 had persistent/recurrent SIL. The median 
CD44 cell count was lower in women with persistent/ 
recurrentt SIL than in others (196 X 106/1 and 
4111 X 106/1 respectively, P=0.02). 

Discussion n 

Thiss study is one of the largest to evaluate the 
incidencee of SIL in HIV-infected women. Our find-
ings,, obtained through a 2-year median follow-up of 
2299 women, clearly support an increase in SIL inci-
dencee with increasing HIV-related immunodeficiency. 
Inn the only published prospective study in which SIL 
incidencee could be estimated according to the severity 
off  HIV-related immunodeficiency, the cumulative rates 
inn 160 women followed-up for 13 months ranged from 
17%>> in both women receiving antiretroviral therapy 
andd untreated women with CD4 cell counts 
>> 500 X 10f71 to 27% in untreated women with CD4 
celll  counts < 500 X 10Vl [8]. In our study, although 
thee difference was not statistically significant, incidence 
ratess were lower in women receiving antiretroviral 
therapyy at the time of initial normal Pap test than in 
untreatedd women with the same levels of immunodefi-
ciency.. However, compared with women with a still-
preservedd immune function, a significant increase in 
thee risk of developing SIL was found in ïmmunodefi-
cientt women who were not receiving antiretroviral 
therapy,, whereas no significant increase was observed 
inn treated women. This result may suggest a protective 
effectt of antiretroviral therapy against the occurrence of 
SILL in HIV-infected women. However, the specific-
effectt of antiretroviral therapy cannot be disentangled 
fromm a more general effect of regular medical care prior 
too enrolment (which was not measured in our study). 
Furthermore,, in our study, few women have been 
followed-upp beyond mid-1996, when highly active 

antiretrovirall  therapy (HAART) and HIV viral load 
measurementt became available. The influence of viral 
loadd lowering due to antiretroviral therapy on the 
occurrencee of SIL could not therefore be assessed. 

Thee association between prevalent SIL and HIV-related 
immunodeficiencyy has been reported previously [6-9]. 
Thee protective role of the integrity of the immune 
systemm against HPV-related lesions was first suggested 
byy studies showing an increased risk of such lesions in 
womenn receiving immunosuppressive treatments 
[21,22].. However, the mechanism through which 
HIV-relatedd immunodeficiency increases the risk of 
SIL/CINN is not well understood. In the present study, 
thee association between HIV-related immunodefi-
ciencyy and prevalent or incident SIL remained statisti-
callyy significant after controlling for HPV detection. 
Thiss association may be interpreted as a promoting 
effectt of immunodeficiency on the carcinogenic effect 
off  HPV. By decreasing the immune control of HPV 
infection,, immunodeficiency may increase the duration 
off  HPV infection or may allow HPV to replicate to 
higherr levels, thus increasing the risk of oncogenic 
progression.. As SB is less sensitive than PCR in 
detectingg HPV [19], detection by SB should corre-
spondd to a higher HPV load in the cervix than 
detectionn by PCR only. Because HPV detection by SB 
andd by PCR only was controlled for, differences in 
HPVV load were partly taken into account. The increase 
inn the risk of SIL associated with a positive SB 
detectionn according to the severity of immunodefi-
ciencyy may therefore be explained by a higher HPV 
loadd in highly immunocompromised women. 

Regressionn at 1 year from untreated low-grade SIL was 
observedd in only 30%) of the women. A similar 
regressionn rate was found when women who under-
wentt a biopsy were censored at the time of biopsy, 
suggestingg that the spontaneous evolution of low-grade 
SILL was not altered by biopsies. In order to reduce the 
false-negativee rate, regression was defined by two con-
secutivee normal smears. The rate of regression may 
thereforee have been underestimated. However, the 
estimatedd rate is similar to those reported among HIV-
infectedd women in two studies [8,23]. In another study 
inn which immunocompromised HIV-infected women 
weree examined prior to and after initiation of 
HAART,, a higher regression rate (43%) was observed 
[24].. Although much greater than in these three stud-
ies,, the relatively small size of the present study sample 
(1155 women) makes it difficult to identify factors 
associatedd with regression from low-grade SIL. Never-
theless,, a decreasing trend in regression rates was 
observedd with decreasing CD4 cell count. The rate 
estimatedd in women with CD4 cell counts 
>> 500 X 10'Vl (46%> at 1 year) is consistent with that 
off  62% observed in 555 HIV-negative immunocompe-
tentt women followed-up for 4 years [25]. 
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T hee response to treatment for high-grade C IN was 
associatedd with the level of immunocompetence, with 
ratess consistent with other studies. In women with 
severee HIV-related immunodeficiency, persistence or 
recurrencee of C I N is very common and high recur-
rence/persistencee rates (> 60%) were reported in all 
previouslyy published studies [13,14]. In contrast, in 
immunocompetentt HIV-negat ive women, treatment 
forfor C I N is usually successful, wi th cure rates > 90% 
[26].. Compared with HIV-negat ive women, more 
extensivee C I N which are more likely to involve the 
endocervicall  canal were reported in HIV-infected 
w o m enn [27]. As the study questionnaire did not 
includee specific data on histology of surgical specimen 
margins,, persistent C IN due to residual C I N after 
t reatmentt could not be distinguished from recurrent 
C I N . . 

A l thoughh in HIV-infected women, the sensitivity of 
Papp smear, compared with cervical biopsy, was ques-
t ionedd in one study [28], subsequent reports have 
shownn high sensitivity (ranging from 63% to 94%) and 
positivee predictive value (from 64% to 94%), similar to 
thosee observed in HIV-uninfected women [6,29,30], 
Biopsyy is recommended only in cases of persistent 
low-gradee SIL; for evident ethical reasons, no further 
guideliness regarding the diagnostic confirmation of 
C I NN were given for the purpose of this study. Among 
w o m enn with low-grade SIL, although very few had a 
biopsy,, the proport ion with high-grade C I N was high 
(29%),, whether the biopsy was done following one or 
moree than one smear showing low-grade SIL. More-
over,, the proport ion of CIN-negat ive biopsies re-
mainedd as high (34%) among biopsies performed for 
persistentt low-grade SIL as among those done after a 
singlee smear with low-grade SIL. This suggests that 
thee propor t ion of CIN-negat ive biopsies among 
smearss with low-grade SIL was overestimated in our 
study,, probably because some lesions were missed at 
biopsy.. For high-grade SIL, concordance with results 
off  biopsy or of surgical specimen examination was 
quitee satisfactory. It is therefore unlikely that the true 
ratee of high-grade C IN was overestimated with Pap 
tests. . 

Whereass the risk of prevalent SIL was increased in 
w o m enn with untreated SIL within the year preceding 
enro lmentt in the cohort, no significant association was 
foundd with treated SIL within the year of enrolment or 
wit hh earlier SIL. However, the history of abnormal Pap 
testss was not estimated accurately as the data were 
collectedd retrospectively. T he decreasing trend in SIL 
prevalencee wi th increasing age is consistent with that 
observedd in the general populat ion in the USA [31]. As 
genitall  warts are related to HPV types which are rarely 
associatedd with genital cancer [18], the association 
betweenn SIL and genital warts may result from infec-
tionss with multiple H PV types (including multiple 

oncogenicc types). The association with the region of 
enrolmentt is difficul t to interpret and may be due to 
confoundingg factors not taken into account in our 
study. . 

Thee detection of SIL was not associated with sexual 
behaviourr or with contraceptive history, although these 
factorss have been shown to be associated with cervical 
cancerr in HIV-uninfected women [32]. However, our 
studyy population comprised only HIV-infected w o-
men,, most of them infected through heterosexual 
intercoursee or through injecting drug use, and its 
relativee homogeneity regarding risk factors for cervical 
cancerr may have precluded the ability to detect associa-
tionss of these factors with SIL. 

Despitee high incidence of C IN and progression to 
higherr grade C IN in immunocompromised women, no 
invasivee cervical cancer was diagnosed. The follow-up 
mayy not have been long enough for cancer to occur. 
Furthermore,, the incidence of cervical cancer may have 
beenn underestimated as treatment for C IN was not 
performedd systematically using excisional procedures 
andd as, for obvious ethical reasons, biopsy was not 
performedd at each visit. In addition, timely treatment 
off  S IL /C IN may have prevented the progression of 
thesee lesions to cancer. 

Inn HIV-infected women, severe immunodeficiency is 
associatedd with a high prevalence of SIL, a high 
incidencee of SIL, a low regression rate from low-grade 
SIL,, and a high rate of recurrence or persistence after 
treatmentt for high-grade C I N. In women with severe 
immunodeficiency,, preventing C I N from progressing 
withoutt repeated excisional treatment, which could 
resultt in cervical stenosis, may require an optimization 
off  the immune function which should be obtainable by 
H A A R T . . 
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behaviour. . 
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prospectivee cohort study of 487 HIV-infected women with a known interval of 
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Methods ::  Incidence was measured with person-time methods. Generalized estimat-
ingg equations analysis was used to determine risk factors for STI. 

Results ::  At entry, 15% of the women were diagnosed with at least one acute STI 
(chlamydiall infection, trichomoniasis or gonorrhoea), 10% with at least one other STI 
(genitall warts or genital ulcerations) and 13% with vaginal candidiasis. Although 
frequentlyy diagnosed during follow-up, the occurrence of acute STI and vaginal 
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Conclusions ::  Although STI diagnoses were frequent, the occurrence of acute STI 
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behaviourr over time. The occurrence of other STI increased with time from HIV 
infection,, presumably due to reactivation as a result of immunosuppression. 
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transmittedd infections (STI). Several studies showed 
thatt sexual transmission of HIV is enhanced by co-
mfectionn wi th STI [2 -4] and that HIV-infected per-
sonss may experience prolonged duration and higher 
recurrencee of STI. HIV-infected women have been 
frequentlyy diagnosed with vaginal candidiasis [5,6] and 
bacteriall  vaginosis [7,8]. Gonorrhoea, trichomoniasis, 
genitall  herpes and genital warts are more frequent in 
HIV- infectedd women, in comparison with women 
w hoo are not infected with HIV [9,10]. HIV-infected 
w o m enn play an important role in the further spread of 
HIV .. As the transmission of HI V could be enhanced 
byy co-existence of an STI, the prevention and early 
t reatmentt of STI in these women can reduce their 
infectiouss role. Investigation of risk factors for the 
occurrencee of STI within the group of HIV-infected 
womenn might give more insight to the specific groups 
att risk. Al though risk factors for STI have been studied 
inn HIV- infected women, to our knowledge, none of 
thee studies have taken into account the duration of 
infection. . 

T hee primary objective of the study was to estimate the 
prevalencee and incidence of STI in a group of European 
HIV-infectedd women with a known interval of sero-
conversion.. In addit ion, we investigated behavioural 
factorss associated with the occurrence of STI and the 
relationn between STI and HIV disease progression. 

Methods s 

Studyy population 
T hee European study on the natural history of HIV 
infectionn in w o m en is a prospective multicentre cohort 
off  HIV- infected women with a known interval ot 
seroconversion.. In total, 487 w o m en have been in-
cludedd since 1993 from 31 centres in twelve European 
countries.. W o m en were asked about (lifetime) obstetnc 
andd gynaecological history, sexual behaviour, history of 
STI,, long- term treatment for HIV and other infections, 
andd socio-demographic characteristics. Fol low-up visits 
weree scheduled every 6 months. At each visit a clinical 
examinat ionn was performed including examination tor 
STI,, assessment of the progression of HIV infection 
andd a Pap smear. Blood was drawn at each visit to 
determinee immunologic and virologie markers. 

Al ll  w o m en were HIV positive when they entered the 
studyy and their interval of seroconversion was deter-
minedd retrospectively based on the existence of a 
negativee H I V test less than 2 years before a positive 
HI VV test or on one limited unbroken period (maxi-
m umm 2 consecutive years) of reported HIV risk 
behaviourr since 1980. T he midpoint of the seroconver-
sionn interval (estimated as the interval between the last 
H I VV negative and the first HIV positive test or be-

tweenn the start-date and stop-date of a period with risk 
behaviourr for HIV ) was used as the date of seroconver-
sion.. Because the effect of time since seroconversion 
onn the occurrence of STI was the subject of the present 
study,, we decided to limi t the current analyses to 
womenn with a seroconversion interval based on serolo-
gicall  tests. In addition, centres with more than 50% lost 
too follow-up were excluded. In total, 229 of 487 
womenn were included in the present study. 

Diagnosticc criteria and procedures 
AA positive wet mount was used to diagnose the 
presencee of vaginal candidiasis and trichomoniasis, l ioth 
genitall  ulcerations and genital warts were diagnosed 
clinicallyy during gynaecological examination. Fifty per 
centt of the diagnoses of gonorrhoea were based on 
Gramm stain detection and the other 50% on a positive 
culture.. Primary genital ulcerations and primary genital 
wartss were defined as the first known episode of that 
infection.. Chlamydia trachomatis (chlamydial) infection 
wass diagnosed in case of a positive enzyme-l inked 
immunosorbentt assay, polymerase chain reac t ion /LCR 
orr IF performed on an endocervical sample depending 
onn the test available in the centre. Of the 28 centres. 
111 centres screened systematically for all three acute 
STII  (chlamydial infection, trichomoniasis and gonor-
rhoea),, six centres for one or two acute STI and 11 
centress screened only in case of symptoms. Sixteen 
centress screened systematically for vaginal candidiasis, 
whereass 12 centres did not. However, no differences in 
prevalencee and incidence were observed between 
centress screening systematically and centres screening in 
casee of symptoms. All centres screened systematically 
onn genital warts and genital ulcerations. 

Self-reportedd data on STI were gathered over the year 
priorr to study entry and over the period since the last 
studyy visit. These data were combined with clinically 
diagnosedd STI. Therefore, women could have more 
thann one episode of a specific ST! in the period 
betweenn two consecutive visits assuming that they 
receivedd treatment and were cured from the first 
episode.. An exception was made for genital warts by 
count ingg only one episode per visit since warts may 
persistt longer. 

Variables s 
Time-dependentt covanates related to HIV disease 
progressionn were CD4 cell count and time since 
seroconversion.. To ensure the right direction of cause 
(i.e.. immunosuppression) and effect, CD4 cell counts 
weree taken from the visit preceding assessment of an 
STI.. The occurrence of AIDS, the use of antiretroviral 
treatment,, Pneumocystis amtui pneumonia (PGP) pro-
phylaxiss and prophylactic treatment tor oral and 
vaginall  candidiasis were treated as t ime-dependent 
covanates.. The following methodological covariates 
weree examined: lag time between seroconversion and 
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studyy entry, setting of the centre, and methods of 
screening.. Socio-demographic covariates included age 
att seroconversion, continent of birth, marital status, 
migration,, age at end of education and risk group. 
Geographicc region was divided into three categories: 
Southh (Italy, Portugal, Spain), Central (Belgium, 
France,, The Netherlands, Switzerland) and North 
(Denmark,, Finland, Norway, Sweden). Sexual beha-
viourr was measured through the number of past sexual 
partners,, history of STI, history of prostitution and age 
att first vaginal intercourse. Number of partners, con-
domm use with regular and casual partners, use of 
contraceptivee pill and engagement in unprotected sex 
withh an HIV-positive partner since the last study visit 
weree treated as time-dependent covariates. 

Statistica ll  analyse s 
Thee prevalence of specific STI was calculated at entry 
forr 229 women. The incidence and risk factor analyses 
weree based on follow-up visits. Since not all women 
hadd a follow-up visit, 192 women with 639 visits (until 
Julyy 1998) were available for analyses. The prevalence 
off  STI at entry did not differ significantly between 
womenn with and without follow-up visits. 

Becausee of the small numbers of specific STI, acute 
STII  were grouped together and other STI were 
groupedd together to study risk factors for the occur-
rencee of these infections. The group of acute STI 
consistedd of chlamydial infection, trichomoniasis and 
gonorrhoea.. Other STI included genital ulcerations and 
warts.. Vaginal candidiasis was considered as a separate 
group. . 

Incidence,, which was expressed as number of episodes 
perr 100 person-years, and 95% confidence intervals 
(95%% CI) were calculated using Poisson regression. 
Subjectss were considered to be at risk from entry until 
thee end of the follow-up period. The generalized 
estimatingg equation method (GEE) was used to evalu-
atee covariates associated with the occurrence of an STI. 
Thiss method corrects for dependency between multiple 
visitss of one woman using a covariance structure that 
assumedd an equal correlation between all visits of one 
woman.. Since a specific STI could be diagnosed twice 
betweenn two visits and to take into account person-
yearss of follow-up, we used a Poisson distribution in 
thee GEE model [11]. Covariates which were signifi-
cantlyy associated with an STI in univariate analyses 
weree selected for multivariate analyses together with 
covariatess that appeared to be significant after control-
lingg for CD4 cell count or time since seroconversion. 
Bothh time since seroconversion and CD4 cell count 
weree included in multivariate analyses, independently 
off  the results of the univariate analyses. The 'final' 
multivariatee model appeared after a stepwise backward 
procedure.. Interactions between covariates that were 
includedd in the multivariate models were also examined 

(P<0.05).. In addition, all non-significant covariates 
weree added once more to the final model to investigate 
possiblee confounding. 

Result s s 

Genera ll  characteristic s 
Off  the 229 HIV-infected women with a known 
intervall  of seroconversion, 69% were infected through 
heterosexuall  contact (Table 1). Almost half of the 
womenn lived in southern Europe. The median CD4 
celll  count at entry was 417 X 106 cells/1 [interquartile 
rangee (IQR), 280-642 X 106 cells/1]. At entry, 17% of 
thee women received prophylactic treatment for PCP 
andd 4% received oral treatment for candidiasis. The 
mediann number of women included per centre was 5 
(IQR,, 2-14), the median interval of seroconversion 
wass 7 months (IQR, 3-12 months) and the median 
numberr of visits per woman was three (IQR, 1-5). 
Thee median interval between visits was six months 
(IQR,, 5-8 months). The number of partners since the 
lastt study visit decreased with ongoing time since 
seroconversion,, whereas the percentage of women 
reportingg unprotected sexual intercourse remained 
stablee over time since seroconversion. 

Prevalenc ee and incidenc e 
Tablee 2 shows the prevalence and incidence of acute 
andd other STI, and vaginal candidiasis based on self-
reportt and clinical examination. At entry, 15% of the 
womenn were diagnosed with at least one acute STI, 
10%% with at least one other STI and 13% with 
vaginall  candidiasis. Chlamydial infection was the 
mostt frequently diagnosed and reported acute STI 
duringg follow-up with 6.1 (95% CI, 3.9-8.8) diag-
nosedd and 3.5 (95% CI, 2.0-5.7) reported episodes 
perr 100 person-years. The incidence of vaginal 
candidiasiss was high: 24 diagnoses and 41 self-reports 
off  episodes per 100 person-years. Most genital 
ulcerationss were reported, whereas most genital warts 
weree diagnosed. 

Riskk factor s 
Ass described in the methods, STI were grouped into 
acutee STI (chlamydial infection, trichomoniasis and 
gonorrhoea),, other STI (genital warts and genital 
ulcerations)) and vaginal candidiasis since the number of 
eachh specific infection alone was insufficient. In addi-
tionn to time since seroconversion and CD4 cell count, 
onlyy covariates significantly associated in univariate 
analysess are shown in Tables 3, 4 and 5. No covariates 
includingg sexual behaviour seriously confounded the 
effectss presented in the three multivariate models and 
noo statistically significant interactions were found. 

Inn univariate analyses, the risk of an acute STI de-
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Tablee 1. Characteristics at study entry of 229 women registered in the European multicentre 
studyy on HIV-infection in women. 

Socio-demographic c 
Transmissionn category 

IDU U 
Heterosexuals s 
Other1 1 

Geographicc region 
South h 
Central l 
North h 

Countryy of birth 
Europe e 
Non-Europe e 

Agee at seroconversion (years) 
DiseaseDisease progression 

CD44 cell count (X 106 cells/1)1 

> 5 0 0 0 
200-500 0 
< 2 0 0 0 

AIDS S 
Usee of antiretroviral therapy 

None e 
Monoo therapy 
Doublee therapy 
Triplee therapy 

Methodology y 
Timee between seroconversion and entry (years) 

< 2 2 
2-3 3 
5=4 4 

Settingg of centre 
Hospital l 
Non-hospital l 

Screeningg of STDC 

Systematic c 
Partlyy systematic 
Non-systematic c 

Sexuall behaviour 
Lifetimee partners' 

« 5 5 
6-19 9 
33 20 

Historyy of STD^ 
Historyy of prostitution 

n n 

67 7 
157 7 

5 5 

111 1 
45 5 
73 3 

209 9 
20 0 

88 8 
103 3 
36 6 
22 2 

129 9 
52 2 
30 0 
18 8 

80 0 
84 4 
65 5 

175 5 
54 4 

90 0 
45 5 
92 2 

74 4 
80 0 
72 2 

114 4 
33 3 

% % 

29 9 
69 9 

2 2 

48 8 
20 0 
32 2 

91 1 
9 9 

27(23-32)h h 

38 8 
45 5 
16 6 
10 0 

56 6 
23 3 
13 3 
8 8 

35 5 
37 7 
28 8 

76 6 
24 4 

39 9 
20 0 
40 0 

32 2 
35 5 
31 1 
50 0 
14 4 

aOther.. one transfused, one accident with needles, two unknown risk, one no answer. Shown 
ass median and (interquartile range). 'Data were not available for all women. riCenital herpes, 
trichomoniasis,, gonorrhoea, chlamydial infection, syphilis. IDU, intravenous drug user; STD, 
sexuallyy transmitted diseases. 

creasedd with ongoing time since seroconversion and a 
decreasingg CD4 cell count, but only significantly for a 
countt below 200 X 10h cells/1 (Table 3). Furthermore, 
usee of antiretroviral therapy, use of PCP prophylaxis, 
numberr of lifetime partners, history of prostitution, 
numberr of partners since the last study visit and 
irregularr condom use with either casual or regular 
partnerss were all significantly associated with an acute 
STII  in univariate analyses. After correction for time 
sincee seroconversion, older age at end of education 
significantlyy decreased the risk of an acute STI. In 
multivariatee analyses, only history of prostitution and 
irregularr condom use with casual partners remained 
independentlyy associated with an acute STI. Women 

withh a history of prostitution had a two-fold higher risk 
(95%% CI, 1.20-3.33) compared to women without 
one.. Women who used condoms in less than 50% of 
theirr sexual contacts with casual partners had an almost 
eight-foldd higher risk (95%> CI, 3.52-17.0), and those 
whoo used condoms in 50-99%) of the contacts had a 
two-foldd higher nsk (95% CI, 1.01-4.00) than women 
whoo did not have a casual partner. The risk of an acute 
STII  still decreased with ongoing time since seroconver-
sionn and a decreasing CD4 cell count, although relative 
riskss increased towards unity after correction for sexual 
behaviour. . 

Ongoingg time since seroconversion and a CD4 cell 
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Tablee 2. Prevalence and incidence sexually transmitted infections (STI) diagnosed at clinical examination or self-reported among women 
registeredd in the European multicentre study on the natural history of HIV infection in women. 

Self-reportedd prevalence^ 
(%)) (95% CI) 

Clinicallyy diagnosed 
prevalence e 

(%)) (95% CI) 
Self-reportedd incidence 

perr 100 py (95% CI) 

Clinicallyy diagnosed 
incidence e 

perr 100 py (95% CI) 

Acutee STI 
Chlamydiall infection 
Trichomoniasis s 
Gonorrhoea a 

Otherr STI 
Primaryy genital ulcerations 
Recurrentt genital ulcerations 
Primaryy genital warts 
Recurrentt genital warts 

Vaginall candidiasis 

7.4(4.4-11.6) ) 
12.22 (8.3^17.2) 
4.4(2.1-7.9) ) 

11.8(7.9-16.7) ) 
1.3(0.3-3.8) ) 

NA A 
NA A 

23.11 (17.8-29.2) 

11.8(7.9-16.7) ) 
3.11 (1.2-6.2) 
2.22 (0.7-5.0) 

0.0(0-1.6) ) 
3.5(1.5-6.8) ) 
3.5(1.5-6.8) ) 
3.9(1.8-7.3) ) 

13.11 (9.0-18.2) 

3.5(2.0-5.7) ) 
1.3(0.5-2.7) ) 
1.3(0.5-2.7) ) 

1.33 (0.5-2.7) 
7.11 (4.8-10.0) 
1.0(0.3-2.4) ) 
0.8(0.2-2.0) ) 

41.4(35.0-48.7) ) 

6.11 (3.9-8.8) 
3.0(1.6-5.1) ) 
1.0(0.3-2.3) ) 

1.3(0.5-2.7) ) 
3.8(2.2-6.0) ) 
3.8(2.2-6.1) ) 
8.6(6.0-11.8) ) 

23.5(18.7-29.1) ) 

aOverr the year before entry into the study. CI, confidence interval; py, person-years; NA, not available. 

Tablee 3. Risk factors for acute sexually transmitted infections (i.e. chlamydial infection, tricho-
moniasiss and gonorrhoea) in univariate and multivariate analyses among women registered in 
thee European multicentre study on HIV-infection in women. 

Riskk factor 
Univariatee analyses 

RRR (95% CI) 
Multivariatee analyses 

RRR (95% Ct) 

Timee since seroconversion (years) 
0-4 4 
5-8 8 
> 8 8 

CD44 cell count ( x 10^ cells/1) 
> 5 0 0 0 
200-500 0 
< 2 0 0 0 

Usee of ART 
None e 
Monoo therapy 
Doublee therapy 
Triplee therapy 

Usee of PCP prophylaxis 
Agee at end of education-' 

<< 18 
ss 18 

Lifetimee partners 
« 5 5 
6-19 9 
& 2 0 0 

Historyy of prostitution 
Numberr of partners since last visit 

0 0 
1 1 
>> 1 

Condomm use with regular partner 
Noo regular partner 
Alway5(100%) ) 
Regularr (50-99%) 
Irregularr (< 50%) 

Condomm use with casual partner 
Noo casual partner 
Alwayss (100%) 
Regularr (50-99%) 
Irregularr (< 50%) 

1.00 0 
0.533 (0.27-1.04) 
0.299 (0.06-1.29) 

1.00 0 
0.611 (0.36-1.03) 
0.255 (0.08-0.82) 

1.00 0 
0.700 (0.28-1.72) 
0.511 (0.24-1.10) 
0.433 (0.19-0.99) 
0.399 (0.16-0.94) 

1.00 0 
0.555 (0.30-1.01) 

1.00 0 
1.988 (0.92-4.27) 
2.666 (1.23-5.74) 
2.688 (1.42-5.06) 

1.00 0 
1.366 (0.63-2.95) 
3.722 (1.46-9.47) 

1.00 0 
1.077 (0.48-2.39) 
1.111 (0.34-3.64) 
3.188 (1.54-6.58) 

1.00 0 
1.677 (0.79-3.51) 
3.566 (1.70-7.45) 
14.11 (5.51-36.1) 

1.00 0 
0.644 (0.36-1.14) 
0.488 (0.12-1.87) 

1.00 0 
0.677 (0.41-1.10) 
0.344 (0.11-1.11) 

2.000 (1.20-3.33) 

1.00 0 
1.477 (0.73-2.94) 
2.011 (1.01-4.00) 
7.744 (3.52-1 7.01 

tt after correction for time since seroconversion. RR, relative risk; 957o CI, 95% 
confidencee interval; ART, antiretroviral therapv; PCP, Pneumocystis carinii pneumonia. 

countt below 200 X 10'' cells/1 increased the risk of 
otherr STI in univariate analyses, although not signifi-
cantlyy (Table 4). Women who had AIDS or who used 
PCPP prophylaxis and women with no more than one 

partnerr since the last study visit were at increased nsk 
forr other STI in univanate analyses. After correction 
forr CD4 cell count and time since seroconversion, 
unprotectedd sex with an HIV-positive partner appeared 
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Tablee 4. Risk factors tor other sexually transmitted infections ii.e. genital warts and ulcerations) 
inn univariate and multivariate analyses among women registered in the European multicentre 
studyy on HIV-infectton in women 

Univariatee analyses Multivariate analyses 
Riskk factor RR(95%CH RR .95% Ch 

Timee since seroconversion iyears> 
0 - 4 4 

5 - 8 8 
>> 8 

CD44 cell count iX 10" cells/li 
>> 500 
200-500 0 
<< 200 

AIDS S 
Usee of PCP prophylaxis 
Numberr of partners since last studv 

o o 
1 1 

->> 1 
Unp ro tec tedd sex w i t h HIV-pos i t ive 

visit t 

lartner' ' 

1.00 0 

1.52 2 
11 ,f>5 

1.00 0 
1.00 0 

l . f )5 5 
2 .. 39 
3.06 6 

1.00 0 
0.48 8 

0.40 0 
1.92 2 

i ü . 9 7 --

(0 .87--

i 0 . 5 d --
(0.74 4 
(1.20 0 

(1.86 6 

(0.61 1 

iü .17 7 
(0.93 3 

2.3ÖI I 
-3.121 1 

-1 .77) ) 

- 3 .69 9 
-4 .78 8 

-5.031 1 

-1.571 1 

-0 .96 6 

3.96i i 

1.00 0 
1.60 0 

1.82 2 

1.00 0 

0.82 2 
1.46 6 

2.22 J 

(0.99--

(0.91 1 

'0.4( i i 
i0.59 9 

:: 1.02 

-2 .60 0 

-3.63 3 

1.43 3 
-3 .58 8 

4.85 5 

-'Significantt after correction for both time since seroconversion and CDA ie l ! tount. RR. relative 
risk;; 95% ( I , 95% t onfidence interval; PCP, Pneumocystis o r /n» pneumonia. 

Tablee 5. Risk factors tor vaginal < andidiasis in univariate and multivariate analyses among 
womenn registered in the European multicentre studv on HIV-inlei tion in women. 

Univariatee analyses Multivariate analyses 
Riskk factor RRi95%Cb RRi95%CI: 

Timee since seroconversion  yearsi 
0 -44 1.00 100 
5_88 0.76 i().5 3  1.081 0.75 i().53-1.071 
..>> 8 OAh i ().14-0.9ii 0 . i6 (0.14-0.95 

CD44 eel! count rx 10'' celK/l
.>> 500 1 00 1.00 
200-5000 1.07(0.75-1.62' 1 .16 ill.82 - 1 .65' 
. - 2 000 0.98 i().59 1.5{i 1.17 10.75 1.H4

Timee between seroc onversion and entry \earsi 
0-11 ' 1-00 
^^ 2 0.69 (0.50 0.96i 

Usee ot treatment for vaginal candidiasis 1.56 '1.07 2.2ti> 1.50 ' 1.02-2.21 J 

RR,, relative risk; 95"/o ( I , 95% < ontident e interval. 

too be significantly related with other STI, Multivariate recurrent character ot this condit ion. Neither the use 
analysess showed that only having unprotected sex with of oral treatment tor candidiasis nor CD4 cell count 
ann HIV-posi t ive partner since the last study visit were significantly associated with vaginal candidiasis in 
remainedd significantly associated with other STI with a both univariate ,\\K\ multivariate analyses. In mult i-
relativee risk of 2.23 (l-*5% CI, 1.02-4.K5). In compari- variatc- analyses, the relationship with time since ser-
sonn with univariate analyses, the relative risk increased oconvcrsion remained significant. Also, prescribed 
fromm unity- for t ime since seroconversion and towards treatment for vaginal candidiasis at the preceding study 
unitvv for C D4 cell counts below 200 X ] 0f' cells/1 after visit remained positively associated with the occurrence 
correctionn for unprotected sex with an HIV-positive of a recurrent infection (relative risk. I.n'i; On",, CI. 
partner.. However, these associations were still not 1.02-2.21). 
significant. . 

Inn univariate analyses, both increasing t ime since 
seroconversionn and a long lag time between serocon- D i sCUSSion 
versionn and entry were significantly but inversely 
associatedd with the risk of vaginal candidiasis (Table 5). Although the women knew that they were HIV posi-
Prescnbedd treatment for vaginal candidiasis was post- tive, transmission of acute STI occurred frequently at 
tivelvv associated with vaginal candidiasis indicating the entry and during follow-up. 1 lie occurrence ot other 
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STII  and vaginal candidiasis was also high. At entry, 
15%% of the women were diagnosed with at least one 
acutee STI, 10% with at least one other STI and 13% 
wit hh vaginal candidiasis. The prevalence at study entry 
mightt be relatively high for several reasons. First, the 
reasonn for study entry could have been related to the 
presencee of an STI, especially when this infection was 
symptomatic.. Unfortunately, information on the reason 
forr study entry is lacking. Second, the first study visit 
couldd have been the first medical check-up for a long 
timee and therefore the presence of infections might be 
highh since asymptomatic infections could exist for an 
extendedd period of t ime. Nevertheless, the prevalence 
off  STI in our study is comparable to those observed in 
previouss studies among HIV-infected women [8— 
10,12-15]. . 

W o m enn with a history of prostitution or irregular 
condomm use with casual partners were at increased risk 
off  an acute STI, which is an indication for the validity 
off  self-reported sexual behaviour. These results are 
comparablee with other studies among HIV-infected 
personss showing a relationship between sexual beha-
viourr and acute STI [10,13,16]. In contrast with some 
studiess [14,15], we did not find differences between 
womenn w ho became infected through heterosexual 
intercoursee and through intravenous drug use. The 
resultss of the present study suggest that the nsk of an 
acutee STI decreased with ongoing time since serocon-
versionn and with a decrease in C D4 cell count after 
controll ingg for sexual behaviour, although it was not 
statisticallyy significant. Both covariates could have been 
aa surrogate marker for sexual risk behaviour assuming 
thatt women become less sexually active with ongoing 
timee since infection because after correction for sexual 
behaviourr the relative risks changed towards one. 
However,, the decreased risk with ongoing time since 
seroconversionn and decreasing CD4 cell count in 
multivariatee analyses might indicate a residual con-
foundingg which suggests that not all relevant sexual 
behaviourr was (adequately) measured. 

Inn contrast, the occurrence of other STI was increased 
withh ongoing time since seroconversion and a C D4 cell 
countt below 200 X 106 cells/1, but not significantly. 
Oncee a woman is infected (through sexual intercourse) 
wit hh human papilloma virus, which might cause genital 
warts,, or with herpes simplex virus, which might cause 
genitall  ulcerations, reactivation of these infections 
couldd take place especially in immunosuppressed w o-
menn [10.17.18]. In addition, the occurrence of other 
STII  was higher in women who had unprotected sexual 
contactss with an HIV-positive partner. One explana-
tionn might be that consistent re-infection and/or 
chronicc irritation, due to unprotected sexual contacts, 
inducess ganglion triggering that results in the recur-
rencee of ulcerations or the persistence of genital warts 
[19]. . 

Vaginall  candidiasis was not associated with sexual risk 
behaviour,, which is in accordance to the literature. 
W o m enn w ho received treatment for vaginal candidiasis 
weree at increased nsk for vaginal candidiasis indicating 
thee recurrent character of this condit ion. The occur-
rencee of vaginal candidiasis significantly decreased with 
t imee since HI V infection even after correction for 
treatmentt for vaginal and systemic candidiasis. I t is 
knownn that oral treatment for candidiasis prevents 
vaginall  candidiasis in immunosuppressed HIV-infected 
womenn [20]. So, it might be that prescription of oral 
treatmentt for candidiasis, which increased with ongoing 
t imee since HI V infection, was not consequently 
reported.. Indeed, additional analyses showed that oral 
treatmentt was only reported for 17% of the women 
wit hh oesophageal candidiasis. O ur finding is in contrast 
wit hh studies demonstrating that the occurrence of 
vaginall  candidiasis increased with a decreasing C D4 cell 
countt [6,14,21]. However in line with our findings, a 
studyy of Imam et al. [5] demonstrated that Candida 
oftenn infects vaginal mucosa when there is no signifi-
cantt reduction in CD4 cell counts. 

Severall  limitations of the present study should be 
noted.. First, since not all centres screened system-
aticallyy on STI and did not use a sensitive test for the 
detectionn of chlamydial infections and gonorrhoea, 
thee prevalence and incidence could have been under-
estimated.. However, no significant differences in 
incidencee of STI were found between centres screen-
ingg systematically and centres screening only in case 
off  symptoms. Second, we combined clinically diag-
nosedd STI with self-reported events. It has been 
shownn that self-reported infections are reliable [22] 
althoughh this appeared to be untrue for HIV-positive 
drug-usingg prostitutes [23]. Since only 6% of the 
womenn in our study were drug-using prostitutes, we 
thinkk it is very unlikely that our results have been 
affectedd seriously. Self-reported and diagnosed infec-
tionss were treated as separate infections, assuming that 
aa woman was treated and cured within the period 
betweenn two visits. Nevertheless, it might be possible 
thatt a woman reported an STI that was previously 
diagnosed.. However, the number of visits at which a 
specificc STI was diagnosed followed by a visit at 
whichh the same STI was reported was small (less than 
10%).. This is the reason why overestimation of 
prevalencee and incidence is unlikely. For genital 
warts,, we counted only one episode per visit since 
thesee infections could persist for a long time. Never-
theless,, it cannot be ruled out that the same episode 
wass measured twice. 

Inn conclusion, among HIV-infected women the occur-
rencee of other STI and vaginal candidiasis was high 
and,, although women knew their serostatus, acute STI 
weree frequently acquired. Results suggested that the 
riskk ot acute STI and vaginal candidiasis decreased and 
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thee risk, of other STI increased with ongoing time since 
seroconversion.. The present study was the first study 
thatt describes these associations and therefore these 
findingss should be confirmed by other seroconverter 
studies.. Transmission of H I V is enhanced by co-
infectionn with STI. Therefore, we strongly recommend 
regularr gynaecological examinations of and early treat-
mentt for HIV-infected women next to prevention 
measures,, particularly in those with a history of 
prost i tut ionn and irregular condom use, to reduce 
morbidi tyy and further HIV transmission. 
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HSV-11 and HSV-2 antibodie s in HIV-infecte d women 

Prevalencee and risk factors of HSV-1 and HSV-2 
antibodiess in European HI V infected women 

BB H B van Benthem, J Spaargaren, J A R van den Hoek, J Merks, R A Coutinho, M Prins, 
andd the European Study on the Natural History of HIV Infection in Women 

Objectives:: To investigate the prevalence and risk factors of HSV-1 and HSV-2 antibodies in 
HIVV infected women and die association between recurrent genital ulcerations and HIV disease 
progressionn in HSV-2 positive women. 
Methods::  The presence of HSV antibodies was tested in 276 of the 487 women participating in 
aa European cohort study of HIV infected women. Prevalence rate ratios described die association 
betweenn HSV infection and its risk factors, using log binomial regression. Generalised estimating 
equationss (GEE) analysis was performed to determine die impact of markers of HTV disease pro-
gressionn on recurrent genital ulcerations. 
Results::  The prevalence of HSV-1 and HSV-2 antibodies was 76% (95% confidence interval 
(95%% CI): 71-81) and 42% (95% CI: 36-50); 30% (95% CI: 24-35) of the women had antibod-
iess against both HSV-1 and HSV-2. The prevalence of HSV-1 was 86% (95% CI: 80-92) in 
soudiernn Europe compared wim 69% (95% CI: 57-79) and 67% (95% CI: 55-77) in central and 
northernn Europe (p=0.002). This geographical variation remained after adjustment for other risk 
factors.. An increasing number of years of sexual activity (p=0.0002) and a history of prostitution 
(p=0.0001)) were independently associated with HSV-2 prevalence. In HSV-2 positive women, 
symptomaticc cases of HSV infection were minimal, but increased with decreasing CD4 count. 
Conclusion:: In HIV infected women, die prevalence of HSV antibodies is high and symptomatic 
casess of HSV infection are minimal, but increase with decreasing CD4 count. HSV-2 but not 
HSV-11 was related to sexual behaviour (that is, a history of prostitution and die number of sexu-
allyy active years) in this group of HTV infected women. 
(.Sex(.Sex Transm Inf 2001;77:120-124) 
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Introductio n n 
Infectionn with herpes simplex viruses (HSV) is 
veryy common worldwide. In European coun-
tries,, die estimated prevalence of HSV-1, 
determinedd by means of antibody measure-
ments,, varies between 60% and 90% in die 
generall  population, whereas die prevalence of 
HSV-22 ranges from 8% in pregnant women to 
50%% in homosexual men.1 Transmission of 
HSV-22 is more efficient from men to women 
thann vice versa.2' Usually, HSV-1 infection 
occurss in childhood, causing mainly oro-labial 
lesions,, but it can occur with sexual transmis-
sion,, causing genital herpes.*5 HSV-2 infec-
tion,, die major cause of genital herpes, is 
almostt always sexually transmitted. After pri-
maryy infection, bodi types remain latently 
presentt in the body and lead to die production 
off  lifelong antibodies. A previous HSV-1 infec-
tiontion appears to provide a degree of protection 
againstt primary genital HSV-2 infection and its 
severity.2* * 

Thee presence of genital herpes increases the 
riskk for transmission of HIV.6 7 Only a minority 
off  HSV-2 infected people develop clinical 
symptomss of HSV-2 infection and asympto-
maticc HSV-2 shedding is more common in 
peoplee co-infected widi HIV man in HIV 
uninfectedd people.*"11 These findings indicate 
thatt a large proportion of HSV-2 infected indi-
vidualss are unaware of their HSV-2 infection 
andd are at risk of transmitting the agent. Risk 

factorss for HSV-1 and HSV-2 prevalence in 
HIVV infected people have not yet been studied. 
Therefore,, the objectives of our study were to 
determinee the prevalence and risk factors of 
HSV-11 and HSV-2 in a cohort of European 
womenn widi HTV infection of known duration. 
Furthermore,, we assessed die relation between 
HIVV disease progression and the recurrence of 
genitall  ulcerations in HSV-2 infected women. 

Methods s 
STUDYY POPULATION 

Thee European Study on die Natural History of 
HIVV Infection in Women involves a prospective 
cohortt of HTV infected women widi a known 
intervall  of HTV seroconversion, as detailed 
elsewhere.122 Since 1993, 487 women from 31 
centress in 12 European countries have been 
included.. Follow up visits are scheduled every 
66 mondis. At each visit, a standardised 
questionnairee is used to record various socio-
demographicc and sexual characteristics and a 
clinicall  examination, including a gynaecologi-
call  examination, is performed. During each 
visitt immunological (for example, CD4 count) 
andd virological (for example, HTV-RNA levels) 
markerss are determined. In 276 of the 487 
womenn (57%), extra blood samples were taken 
att die first visit and during follow up and stored 
inn die central repository of the European wom-
en'ss study. Of these blood samples, we used the 
firstfirst available sample drawn in each case for the 
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determinationn of HSV antibodies. The stored 
samplee had been obtained at study entry in 138 
womenn (50%); it was taken within 10 months 
off  study entry in an additional 69 women 
(25%).. Samples were obtained for all women 
withinn 4 years after study entry. Differences in 
riskk factors (mentioned below) for the presence 
off  HSV antibodies between women with and 
withoutt a blood sample were tested and it 
appearedd that these groups only differed for 
geographicc region, place of recruitment, mode 
off  HTV transmission, and age at first vaginal 
intercourse. . 

LABORATOR YY METHOD S 
Thee first available blood sample for each 
womann was tested for specific antibodies 
againstt HSV-1 and HSV-2. Analysis of HSV 
antibodiess was performed with a commercial 
enzymee immunoassay (EIA, Gull Laboratories, 
Germany).""  An extinction ratio (compared 
withh a control) above 1.5 was defined as 
seropositive,, less man 0.8 as seronegative, and 
betweenn 0.8 and 1.5 as intermediate. Samples 
withh extinction ratios in the intermediate zone 
forr either HSV-1 (n=34) or HSV-2 (n=38) 
weree retested with a rapid immunoblot assay 
(RIBA,, Chiron Corporation, CA, USA) used 
accordingg to the manufacturer's instructions.14 

Bothh tests were evaluated by our research 
groupp and were found to be suitable for epide-
miologicall  studies." Of the 34 intermediate 
HSV-11 samples, 25 were positive and nine were 
negativee for HSV-1 antibodies with immuno 
blot.. Of the 38 samples intermediate for 
HSV-2,, 35 were reactive, and three turned out 
too be non-reactive to specific HSV-2 antigens. 

RISKK  FACTORS 
Variouss sociodemographic and sexual charac-
teristicss as well as methodological risk factors 
weree assessed by means of the questionnaire 
andd were evaluated as risk factors for the 
prevalencee of HSV-1 and HSV-2 antibodies. 
Sociodemographicc risk factors included mode 
off  HIV transmission (heterosexual intercourse, 
injectingg drug use, other), geographic region, 
agee at sampling, continent of birth (Europe v 
non-Europe),, marital status, and age at end of 
education.. Geographic region (that is, region 
wheree the women live) was divided into three 
categories:: south (Greece, Italy, Portugal, 
Spain),, central (Belgium, France, Netherlands, 
Switzerland),, and north (Denmark, Finland, 
Norway,, Sweden). Sexual behaviour at the time 
thee blood sample was measured in terms of 
historyy of STD, history of prostitution, the 
numberr of past sexual partners (that is, a 
personn with whom they had sexual inter-
course),, the number of years of sexual activity, 
andd age at first vaginal intercourse. The follow-
ingg methodological risk factors were examined: 
lagg time between seroconversion and study 
entry,, setting of the centre, year of the first HIV 
positivee test, and year when the blood sample 
wass drawn. AH risk factors were categorised 
basedd on the median, ternles, or quartiles, 
exceptt the number of past sexual partners, 
whichh had been categorised in the question-
naire.. Time dependent categorised risk factors 

TableTable 1 Prevalence ofHSV-l and HSV-2 antibodies in 
HIVHIV  infected women registered in the European Vfbmen 
Study Study 

HSV-11 antibodies 
Negative e 
Positive e 
Total l 

HSV-2HSV-2 antibodies 

Negative Negative 
No(%) No(%) 

322 (12) 
1288 (46) 
1600 (58) 

Ibsitive Ibsitive 
No(%) No(%) 

34(12) ) 
822 (30) 
116(42) ) 

Total Total 
No(%) No(%) 

666 (24) 
2100 (76) 
2766 (100) 

relatedd to HTV disease progression were evalu-
atedd as risk factors of recurrence of genital 
ulcerations.. These risk factors were CD4 
countss and HTV-RNA levels. To ensure the 
rightt direction of cause and effect, CD4 counts 
andd HIV-RNA levels were used from the visit 
precedingg assessment of genital ulcerations. 

STATISTICA LL  ANALYSES 
Whenn the prevalence of an outcome is high, 
oddss ratios can be misleading if they are inter-
pretedd as relative risks.16"18 Because the preva-
lencee of HSV-1 and HSV-2 was high in the 
presentt study, prevalence rate ratios instead of 
oddss ratios were used to describe the associ-
ationn between HSV infection and its risk 
factors.. The analyses were done with the 
GENMODD procedure in SAS, using a log bino-
miall  regression model in which the log 
transformedd prevalence is a linear function of 
thee risk factors." Risk factors significantly 
associatedd (p<0.05) with the prevalence of 
HSVV antibodies were selected for the multi-
variablee analyses, using a forward procedure. In 
multivariablee analyses, we tested interactions 
betweenn risk factors in the final model and 
confounding. . 

Thee effect of HTV-RNA levels (available for 
1944 of 276 women) and CD4 count on the 
recurrencee of genital ulcers in HSV-2 positive 
womenn was measured using a logistic 
regressionn model for repeated measurements. 
Thiss generalised estimating equation method 
(GEE)) corrects for correlation between meas-
urementss within the same individual. We 
appliedd a correlation structure that assumes an 
equall  correlation between all measurements of 
onee woman.20 

Results s 
Amongg 276 HTV infected women, the preva-
lencee of HSV-1 antibodies was 76% (95% CI 
(95%% CI): 71.1-81.1), and the prevalence of 
HSV-22 antibodies was 42% (95% CI: 36.2-
47.9)) (table 1). The prevalence of the presence 
off  both HSV-1 and HSV-2 antibodies was 30% 
(95%% CI: 24.3-35.1). At the time of sampling, 
onlyy 25% of the HSV-2 infected women and 
13%% of the HSV-1 infected women reported a 
historyy of genital herpes. Furthermore, 62% of 
thee women who reported a history of genital 
herpess were HSV-2 positive, and 11% of the all 
HSV-22 positive women received antiviral HSV 
treatmentt at least once. 

Thee prevalence and prevalence rate ratios of 
HSV-11 infection by geographic region are pre-
sentedd in table 2. Of all subjects living in 
southernn Europe 86% were infected with 
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TableTable 2 Risk factor independently associated with the 
presencepresence of HSV-1 antibodies among 276 toornen registered 
inin  the European Women Study 

Prevalence Prevalence 
HSV-1HSV-1 infection 

PR*PR* 95% CI*  p Vabue 

TableTable 4 ChnicaBy diagnosed genital ulcerations stratified 
byby markers of HIV  disease progression in HSV-2 positive 
iBomeniBomen registered in the European Wbmen Study 

HSV-2HSV-2 positive 

Geographicall  region 
Southh 86 
Centrall  69 
Northh 67 

1.00 0 
0.80 0 
0.78 8 

0.0017 7 
0.67-0.94 4 
0.64-0.91 1 

CD44 count (xl0*/l ) 
=ss 200 
<200 0 

HIV-RN AA levels (copies/ml) 
«1000 0 
1001-1000 000 
>1000 000 

No(%)* No(%)* 

7(2) ) 
8(8) ) 

1CD D 
3(3) ) 
1(6) ) 

ORf ORf 

1.00 0 
4.87 7 

1.00 0 
1.48 8 
5.43 3 

95%95% at 

1.53-15.5 5 

0.47-4.70 0 
0.95-31.0 0 

RR = prevalence rate; CI  = confidence interval estimated with 
logg binomial regression analyses. 

HSV-11 compared with 69% and 67% of all 
thosee living in central and northern Europe, 
respectively.. This difference was statistically 
significantt  (p=0.002), even after  adjustment 
forr  other  risk factors. The presence HSV-1 
antibodiess was not related to sexual behaviour 
inn this group of European HIV infected 
women,, not even when the analysis was 
restrictedd to women under  die age of 30 years. 
Alll  other  risk factors, including continent of 
birth ,, were not significantly associated with 
HSV-11 prevalence or  confounded the associ-
ationn between HSV-1 infection and geographic 
region. . 

Thee results of univariable and multivariabi e 
analysess of HSV-2 infection are shown in table 
3.. In univariable analysis, the prevalence of 
HSV-22 antibodies was associated with the 
modee of HIV transmission, geographic region, 
age,, and sexual behaviour. The presence of 
antibodiess for  HSV-1 decreased the likelihood 
off  HSV-2 infection, although not significandy 
(prevalencee rate ratio (PR): 0.76, 95% CI: 
0.57-1.03).. Women with a history of STD or 
prostitutio nn had a higher  risk of HSV-2 
infectionn than women without such histories. 
Inn univariable analysis, the prevalence of 
HSV-22 antibodies increased significandy with 
increasess in number  of sexual partners and 
numberr  of years of sexual activity. After  adjust-
mentt  for  sexual behaviour, the effects of mode 
off  HTV transmission, geographic region and 
agee were no longer  significant. In multivariabi e 

TableTable 3 Risk factors associated with the presence of HSV-2 antibodies among 276 toornen registered in the European 
WomenWomen Study 

*Noo = number  of clinically diagnosed genital ulcerations; (%) = 
percentagee of visits wim clinically diagnosed ulcerations. 

RR = odds ratio; CI  = confidence interval estimated with 
logisticc regression for  repeated measurements. 

analysis,, only the number  of years of sexual 
activityy and a history of prostitution remained 
independentlyy and significandy associated widi 
HSV-22 infection. Women wim a history of 
prostitutio nn had a 1.8-fold higher  risk of 
HSV-22 infection than women without a history 
off  prostitution . In addition, women who were 
sexuallyy active for  20 years or  more had an 
almostt  twofold higher  risk of HSV-2 infection 
mann women who were sexually active for  less 
mann 10 years. We found neither  statistically 
significantt  confounding factors nor  an interac-
tionn between history of prostitution and the 
numberr  of years of sexual activity. 

Overall,, the number  of recurrent genital 
ulcerationss was low in HSV-2 positive women, 
evenn in immunosuppressed women (table 4). 
However,, the recurrence of genital ulcerations 
wass significandy higher  in HSV-2 infected 
womenn with CD4 counts below 200 cells xl06/l 
thann in women with CD4 counts higher  than 
2000 cells xlOVl . In the 194 women wim 
availablee HTV-RNA measurements, recurrent 
HSVV infections increased with increasing 
numberr  of HTV-RNA copies, although not sig-
nificandy.. These results did not change after 
adjustmentt  for  co-infection with HSV-1. 

Modee of HTV transmission 
Heterosexuall  intercourse 
Injectin gg drug use 
Other r 

Geographicall  region 
South h 
Central l 
North h 

Agee at sampling (years) 
<25 5 
25-29 9 
30-34 4 
>34 4 

Historyy of STD 
Historyy of prostitution 
Numberr  of partners in lifetime 

0-5 5 
6-19 9 
S20 0 

Yearss sexually active 
<10 0 
10-19 9 
320 0 

PrevalencePrevalence (%) 

38 8 
60 0 
30 0 

35 5 
45 5 
52 2 

32 2 
31 1 
43 3 
56 6 
55 5 
81 1 

33 3 
39 9 
63 3 

25 5 
41 1 
61 1 

Univariable Univariable 

PR* PR* 

1.00 0 
1.61 1 
0.80 0 

1.00 0 
1.29 9 
1.50 0 

1.00 0 
0.94 4 
1.33 3 
1.72 2 
1.64 4 
2.13 3 

1.00 0 
1.19 9 
1.89 9 

1.00 0 
1.65 5 
2.41 1 

95%95% CI* 

1.21-2.09 9 
0.22-1.67 7 

0.90-1.82 2 
1.08-2.08 8 

0.54-1.76 6 
0.82-2.38 8 
1.09-3.03 3 
1.25-2.16 6 
1.60-2.67 7 

0.83-1.71 1 
1.37-2.63 3 

1.03-2.76 6 
1.58-3.95 5 

pp Value 

0.006 6 

0.047 7 

0.009 9 
<0.001 1 
<0.001 1 

<0.001 1 

<0.001 1 

Multivariabie Multivariabie 

PR*PR* 9594 CI* 

1.833 1.25-2.68 

1.00 0 
1.422 0.93-2.17 
1.999 1.28-3.10 

pp Value 

<0.001 1 

<0.001 1 

*PRR = prevalence rate; CI  = confidence interval estimated with log binomial regression analyses. 
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Discussion n 
Too our knowledge, this is the first study to 
describee risk factors for HSV-1 and HSV-2 
antibodiess in HIV infected women. The preva-
lencee of HSV-1 and HSV-2 antibodies in the 
HIVV infected women included in the present 
studyy was 76% and 42%, respectively. The only 
independentlyy associated risk factor of HSV-1 
antibodiess was geographic region. Our finding 
thatt the prevalence of HSV-1 antibodies is 
higherr in southern Europe than in central and 
northernn Europe is consistent widi those of 
studiess among various populations in several 
Europeann countries, ranging from 60% among 
STDD clinic attendees in Sweden up to 88% 
amongg women counselled in prenatal clinics in 
Italy.'' Geographic variation in the prevalence 
off  HSV-1 antibodies might be explained by 
variationn in socioeconomic factors during 
childhood,, which we did not measure, such as 
familyy size and intimate family contact. More-
over,, the presence HSV-1 antibodies was not 
relatedd to sexual behaviour in this group of 
Europeann HIV infected women. This lack of 
associationn is in contrast with the link found in 
recentt studies between sexual behaviour and 
diee presence of HSV-1 antibodies and with the 
suggestionn mat HSV-1 is of increasing 
importancee as a cause of genital herpes.4'21 

Womenn in our cohort were probably infected 
earlyy in life and already had antibodies for 
HSV-11 by the time they became sexually active. 
Ourr results suggested that HSV-1 infection 
reducess the risk for HSV-2 infection, as was 
describedd by others.2 3 22 

Thee prevalence of HSV-2 antibodies was 
stronglyy related to sexual behaviour. Women 
withh a history of prostitution were at higher risk 
forr HSV-2 infection than women without such 
aa history. Furthermore, the prevalence in-
creasedd with increasing number of sexually 
activee years. Thus, in HIV infected women, the 
presencee of HSV-2 antibodies maybe used as a 
surrogatee marker for sexual behaviour. These 
findingss are consistent with those of studies 
amongg attendees of STD clinics23 M and with 
populationn based surveys.25"27 Worldwide, there 
iss some geographic variation in the prevalence 
off  HSV-2—for example, a higher prevalence in 
Chee United States and Africa.' " 2a " However, 
wee found no evidence for geographical varia-
tionn within Western Europe. 

Evidencee was found for a relation between 
thee recurrent genital ulcerations and markers 
off  HIV disease progression. A decreasing CD4 
countt was associated widi an increase in the 
recurrencee of genital ulcerations in HSV-2 
positivee women. Recurrent genital ulcerations 
weree more common in women with increased 
HTV-RNAA levels, but the effect was not statisti-
callyy significant. The recurrence of ulcerations 
increasedd with more advanced stages of HIV 
disease,, as was found in a study among HIV 
infectedd prostitutes in Amsterdam.6 On the 
odierr hand, only a small proportion of HSV-2 
infectedd women reported a history of genital 
herpess at the moment die blood sample used 
forr HSV determination was obtained. This 
indicatess mat HSV-2 infection was present 
withoutt symptoms in most of the HIV infected 
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womenn included in this study. Since asympto-
maticc HSV shedding is (more) common in 
HIVV positive dian in HIV negative individuals, 
HIVV infected women are at risk of transmitting 
HSVV to their partners and neonates.30"32 Thus, 
theirr partners should use condoms to protect 
againstt transmission of HIV as well as of HSV. 
Inn HTV infected women of reproductive age, 
attentionn should be given to the possibility of 
verticall  HSV transmission as well as HTV 
transmission. . 

Somee limitations of this study should be 
noted.. Firsdy, a stored blood sample was avail-
ablee for only 276 of the 487 women included in 
thee European women's study. Since women 
widioutt a stored blood sample lived more often 
inn normern Europe, it is likely that die 
prevalencee of HSV-1 infection among all 
womenn included in the European women's 
studyy is lower. Risk factors of HSV-2 infection 
didd not differ between women with and 
withoutt a blood sample. Therefore, we assume 
thatt the results on HSV-2 prevalence in women 
withh a stored blood sample are representative 
forr die total group of women included in die 
Europeann women's study. Secondly, the sensi-
tivityy of the EIA test we used was 95% for 
HSV-11 antibodies and varied between 98% and 
99.7%% for HSV-2 antibodies compared widi 
westernn blots.13 " In HIV infected people, die 
testt could yield a false negative for some cases, 
whichh may have led to an underestimation of 
thee true prevalence. However, we retested sera 
widii  an intermediate extinction ratio widi 
RIBA,, which increased the sensitivity for both 
infections. . 

Inn conclusion, the prevalence of HSV-1 and 
HSV-22 antibodies is high in diis group of HIV 
infectedd women. The use of condoms by their 
partnerss could prevent transmission of bodi 
HIVV and HSV. Attention to the possibility of 
verticall  HSV transmission is necessary along 
withh measures to prevent vertical HIV trans-
mission.. The prevalence of HSV-1 antibodies 
differss by geographic region, being more com-
monn in women living in soudiern Europe than 
inn women living in nordiern and central 
Europe.. HSV-2 infection is strongly related, 
whereass HSV-1 infection appears unrelated to 
sexuall  behaviour in HIV infected women. We 
foundd evidence for a relation between die 
recurrencee of genital ulcerations and markers 
forr HIV disease progression in HIV infected 
womenn who are also HSV-2 positive. 
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Genera ll  discussio n 

Thiss thesis presents seven epidemiological studies based on three different 
multicenterr studies comprising persons with a known interval of HIV seroconversion. 
Ourr first two studies were conducted among homosexual men participating in the 
Tricontinentall Seroconverter Study and the combined hepatitis B vaccine trial cohorts 
off Amsterdam, New York, and San Francisco. The focus of both of our studies is on 
thee natural history of HIV infection, especially the estimation of and risk factors for 
thee median time from HIV seroconversion to AIDS and post-AIDS survival. The other 
fivee studies are based on data of the European Study on the Natural History of HIV 
infectionn in Women. This study, known briefly as the European Women Study, was 
establishedd to gain insight in the natural history of HIV infection specifically in 
women.. Several aspects related to the course of HIV infection in women including 
pregnancies,, co-infection with other STI, and the occurrence of cervical lesions are 
describedd in this thesis. 

9.11 The natura l histor y of HIV infectio n 
Nowadayss 46% of the 33.6 million people estimated to be infected with HIV are 
women,, and much concern exists about their rapidly increasing infection rates, but 
womenn are still underrepresented in studies. During the two decades of the HIV 
epidemic,, epidemiological cohort studies among homosexual men have extensively 
investigatedd the natural history of HIV infection and its associated factors in this 
population.. Estimates of the median time from seroconversion to AIDS vary between 
88 and 16 years, and estimates of the median time from AIDS to death vary between 
122 and 18 months, dependent on the age of the study population [1,2]. Age at 
seroconversionn was consistently found to be a significant factor related to HIV 
diseasee progression. These findings are confirmed by the research on survival 
followingg seroconversion and following AIDS, and risk factors for disease progression 
inn homosexual men presented in this thesis (chapter 2 and 3). Among homosexual 
menn participating in the combined hepatitis B vaccine trial cohorts, the annual risk of 
dyingg levelled off at 8 years after HIV seroconversion, suggesting that there could be 
aa group of persons that will never progress (chapter 2). However, most subsequent 
researchh on non-progression has shown that instead of a group of persons that will 
neverr progress, there is a group of very slow progressors representing the right-hand 
taill of the survival-time distribution [1]. 

Thee combined hepatitis B vaccine trial cohorts study is unique in being able to 
estimatee HIV natural history with a follow-up of 18 years following infection before 
thee introduction of HAART, since it started in the late 1970s and early 1980s. One 
couldd question whether studies, which were originally set up to study the natural 
historyy of HIV infection, are still valuable in the HAART era, because several studies 
havee shown a remarkable increase in survival when comparing survival in calendar 
periodss before and after the introduction of HAART (i.e., before 1996 and since 
1996)) [3-5], Others have shown that HAART substantially postponed AIDS and death 
[6,7].. So strictly speaking, one can no longer investigate the natural history of HIV 
infection,, but rather the course of HIV infection as it is influenced by access to and 
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compliancee with antiretroviral therapy. Nevertheless, in contrast to a randomised 
controlledd trial - the optimal study design to determine the efficacy of and 
compliancee with treatment - observational cohort studies can be very useful at a 
populationn level to determine effectiveness of treatment and to assess the long-term 
effectss of treatment. Moreover, to date no large clinical trials are planned that will 
comparee progression to clinical endpoints by various treatment regimens [8]. The 
impactt of newly identified markers for HIV disease progression, such as genetic 
factors,, can be evaluated in cohort studies. Furthermore, natural history studies are 
valuablee for estimating the optimal moment for starting HAART in a given individual. 
Becausee of the strict regimen and the serious side effects of this life-long treatment, 
estimationn of the optimal moment to start HAART is important. This moment could 
bee determined by comparing information of a given individual, such as genetic 
markerss and serial measurements of CD4 lymphocyte counts and viral load, with 
survivall patterns and marker paths of persons who participated in cohort studies with 
aa relatively long follow-up period without effective treatment. Cohort studies are also 
importantt to estimate the percentage of persons that is receiving HAART, that is 
willingg to start treatment and that has access to treatment. Finally, continuation of 
naturall history cohorts will assist in obtaining unbiased estimates of survival in the 
eraa of HAART and investigating risk factors for disease progression in persons 
treatedd with HAART. However, they must be conducted not only among homosexual 
men,, but among women and other groups at risk for HIV infection as well. 

Thee absolute number of CD4 lymphocytes in each woman changes during her 
lifetimee probably as a result of changes in levels of reproductive hormones. In HIV-
uninfectedd women, the number of CD4 lymphocytes declines during pregnancy [9]. 
Postmenopausall women have consistently lower CD4 lymphocyte counts than 
premenopausall women, whereas pregnant women have lower counts than non-
pregnantt women (chapter 5). Several studies show that the menstrual cycle is 
associatedd with changes in women's viral load as well as CD4 lymphocyte counts 
occurr [10,11]. Gender-related differences in levels of reproductive hormones could 
alsoo be an explanation for the higher CD4 lymphocyte counts and different viral load 
levelss in women compared to men [12-16]. Recently, one study showed that shortly 
afterr HAART was introduced, survival improvement was slower in women than in 
menn [17]. Because no other studies have found differences in HIV disease 
progressionn by gender, differences in levels of reproductive hormones and therefore 
inn CD4 lymphocyte counts and viral load may appear to have no function in HIV 
diseasee progression. However, studies that have investigated the association 
betweenn reproductive hormones and CD4 decline are rare, and further research is 
recommendedd to clarify this relationship. 

9.22 Aspect s of HIV infectio n in wome n 
9.2.11 Pregnanc y 
Issuess related to pregnancy in HIV-infected women have focused predominantly on 
mother-to-childd transmission, with little attention to the potential negative effects of 
aa pregnancy on disease progression in the HIV-infected mother herself. There is 
greatt potential for selection bias when comparing HIV disease progression in HIV-
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infectedd women who get pregnant during their infection and those who do not. For 
example,, women with a symptomatic HIV infection may be less likely to become 
pregnantt or more likely to terminate a pregnancy, because they are too ill. 
Furthermore,, the two groups may not be comparable with respect to their stage of 
HIVV infection at study entry. For example, pregnant women may enter when 
asymptomatic,, because they happen to test HIV-positive during routine prenatal 
care,, whereas non-pregnant women may enter later in their disease driven by 
symptomss related to HIV infection. However, this only counts for cohorts with 
retrospectivelyy identified seroconverters and do not count for cohorts of HIV 
negativess who seroconverted during follow-up. Therefore, the effect of pregnancy on 
diseasee progression can be adequately answered only in a prospective cohort study 
thatt includes women with a known date of seroconversion and that includes 
informationn on the reason for study entry [18]. In two prospective studies, no 
evidencee was found for an adverse effect of pregnancy on HIV disease progression 
afterr adjustment for time elapsed since infection [19,20], despite a temporary drop 
inn the CD4 lymphocyte counts during pregnancy (chapter 5). 

Chapterr 4 discusses trends in the incidence of pregnancy and in pregnancy outcomes 
thatt were studied before and after HIV diagnosis and by calendar time. Among the 
subjects,, the incidence of pregnancy slightly decreased with time elapsed since 
infection,, but the proportion of pregnancies carried to term increased after 1994, 
probablyy due to the availability of AZT to prevent mother-to-child transmission. 
Futuree investigations should clarify if this trend will continue with the availability of 
HAART,, which substantially increases life expectancy and optimism. The number of 
inducedd abortions was very high in this group of HIV-infected women before as well 
ass after HIV diagnosis, suggesting that a large proportion of pregnancies were 
unplanned.. The high number of abortions and the high incidence of acute STIs other 
thann HIV suggest that unprotected sexual contacts are common. Because 
pregnanciess in HIV-infected women are inextricably bound up with the future health 
off both mother and child, physicians responsible for the care of HIV-positive women 
havee an important role in family planning, and in encouraging women to plan their 
pregnanciess and to use condoms next to other contraceptives to prevent unplanned 
pregnanciess and the transmission of HIV and other STIs. 

9.2.22 Gynaecologica l disorder s and co-infectio n wit h othe r STIs 
Inn HIV-infected women, STIs like chlamydial infection, trichomoniasis and 
gonorrhoeaa are high in both prevalence and incidence (chapter 7), but their 
incidencee tends to decrease with ongoing time since HIV infection. STIs like genital 
lesions,, genital warts and genital ulcerations are more likely to occur in 
immunosuppressedd women; they therefore increase after infection by HIV perhaps 
duee to reactivation of HPV and HSV that are latently present in the body (chapter 6, 
77 and 8). Risk factors for the presence of HSV-2 antibodies have been frequently 
studiedd in the HIV-uninfected population [21,22], but seldom among HIV-infected 
persons.. Our study among HIV-infected women found that the presence of HSV-2 
antibodiess is strongly related to sexual risk behaviour (chapter 8), which is in line 
withh results of studies among HIV-negative persons [21,22]. Although almost half of 

111 1 



Chapterr 9 

thee HIV-infected women had HSV-2 antibodies, only a small proportion mentioned a 
historyy of genital herpes, suggesting a high percentage of asymptomatic HSV 
infections.. However, since asymptomatic HSV shedding is common and higher in 
HIV-infectedd than in HIV-uninfected persons [23,24], these women may be at higher 
riskk to transmit HSV to sexual partners and new-borns. 

SILL are more likely to occur, to progress and to recur after SIL treatment in HIV-
infectedd women than in HIV-uninfected women [25,26]. However, in HIV-infected 
womenn of well-screened populations participating in cohort studies, the increased 
prevalencee of SIL has not led to a substantial increase in the incidence of invasive 
cervicall carcinoma (ICC), which was added as an AIDS-defining event to the AIDS 
casee definition in 1993. Cross-sectional studies have shown an increase in cervical 
cancerr in HIV-infected compared to HIV-uninfected women, but in this type of study 
causalityy can not be determined and the higher prevalence might be explained by 
selectionn bias reflecting social and cultural differences between HIV-negatives and 
HIV-positivess [27,28]. Since HAART became generally available in 1996, the immune 
statuss of HIV-infected persons treated with HAART has substantially improved. The 
effectt of this improvement on cervical lesions and HPV infections is highly relevant 
forr the management of gynaecological diseases. In our study (chapter 6), the 
associationn between HIV-related immunodeficiency and the occurrence of SIL 
remainedd statistically significant after adjustment for HPV detection in cervical 
samples.. It could be that by decreasing the control of HPV infection, 
immunodeficiencyy may increase the duration of HPV infection and/or may allow HPV 
too replicate to higher levels of HPV load, increasing its risk of oncogenic progression. 
Takingg into account these results, one can imagine two possible scenarios for the 
effectt of HAART on SIL. (1) If women begin HAART after developing HSIL and their 
immunee response to HPV is restored, then one might expect HPV levels to decrease, 
HSILL to regress, and the incidence of cervical cancer to decrease. (2) Women will live 
longerr due to HAART but if HAART itself does not have an impact on the immune 
responsee to HPV, women with HSIL might then have the opportunity to progress to 
ICC,, resulting in an increased incidence of ICC. Since most cases of HSIL do not 
regresss spontaneously even in HIV-uninfected women, the second scenario seems 
moree likely [29]. One prospective study showed that in 49 women receiving HAART, 
HAARTT reduced the prevalence of SIL despite failing in most of these cases to clear 
HPVV infection [30]. The women with regression of SIL due to HAART had a higher 
increasee in absolute CD4 lymphocyte counts, suggesting that host immunological 
factorss play a role in the development of SIL. However, the study population of this 
studyy was small and one did not compare the regression of SIL of treated and 
untreatedd women. In chapter 6, the incidence of SIL was lower (although not to a 
statisticallyy significant degree) for women who received anti retroviral therapy (at 
leastt one drug) than for women who did not receive antiretroviral therapy, after 
adjustmentt for differences in CD4 lymphocyte counts. This finding suggests that HIV 
infectionn itself is an independent factor in the development of SIL. 

Too conclude, the risk of HIV transmission is increased by co-infection with other STL 
HIV-infectedd women co-infected with STI are therefore an important target group for 
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strategiess to prevent HIV transmission in the heterosexual population. Regular 
screeningg and early treatment of gynaecological disorders are necessary beside 
promotionn of condom use. 

9.33 Futur e stud y objective s 
Inn the HAART era, cohort studies remain important to monitor the course of HIV 
infectionn and to evaluate marker paths from the pre-HAART era for the optimal 
momentt to initiate HAART. Despite differences in the markers for HIV disease 
progressionn between men and women, treatment regimens for HIV-infected persons 
aree based predominantly on knowledge gained through studies among homosexual 
men.. Therefore, more attention should be paid to gender differences in markers, and 
womenn should be adequately represented in cohort studies and clinical trials. 
Continuationn of the European Study on the Natural History of HIV Infection in 
Womenn is very important. Until now, follow-up was insufficient to estimate survival 
timee from seroconversion to AIDS and survival following AIDS in this group of 
predominantlyy heterosexually infected women. But with ongoing follow-up, it will be 
possiblee to estimate these survival times and to compare them with estimates of 
survivall in men both before and after the introduction of HAART. Furthermore, 
continuationn of follow-up will also elucidate aspects related of HIV infection specific 
too women, such as pregnancy, co-infection with other STIs and SIL occurrence, and 
howw trends in the incidence of pregnancy and pregnancy outcomes are affected by 
thee availability of HAART. 

Anotherr aspect to study would be the association between HIV-1 subtype and 
diseasee progression in women. In Europe, most of the HIV-1 infections in 
homosexuall men and injecting drug users are subtype B, whereas in AIDS-endemic 
countries,, most infections in both men and women are non-B. The association 
betweenn HIV-1 subtypes and disease progression has been studied only in small 
groupss with conflicting results. One study found that women infected with non-A 
subtypess had a shorter progression towards AIDS than women infected with subtype 
AA [31]. However, two other studies found no differences in the CD4 decline between 
personss infected with B and non-B subtypes [32] or in progression rates between 
personss with subtype C and B infections [33]. Because 13% of the women 
participatingg in the European Women Study had a sexual partner from an AIDS-
endemicc region at the time they seroconverted for HIV and 12% were themselves 
fromm an endemic region, this study has the potential to advance this important 
objectivee without bias due to different social circumstances and study designs. 

Ass mentioned previously, the role of HIV and HAART in the SIL occurrence, 
prognosis,, response to treatment, and recurrence is another subject for further 
investigation.. Since HAART became generally available in 1996, the immune-status 
andd life expectancy of HIV-infected persons receiving this therapy have substantially 
improved.. Whether this improvement has resulted in regression of cervical lesions 
hass not yet been clarified, but such knowledge is highly relevant for the management 
off gynaecological diseases. The European Women Study is one of the few studies 
worldwidee that includes women with a known interval of seroconversion and that has 
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longitudinall gynaecological data (i.e. results of Pap smears, biopsies and colposcopy) 
withh the potential to describe the incidence and prognosis of cervical lesions in HIV-
infectedd women receiving HAART, adjusted for time since infection. Since other 
studiess in this field lack data either on HIV seroconversion or on gynaecological 
measurements,, the European Women Study represents a unique database with high 
relevancee for reviewing SIL treatment guidelines and developing treatment 
recommendationss for these cervical lesions in HIV-infected women. 

Givenn these unanswered questions, the lack of cohort studies among women and the 
factt that women now comprise 46% of all HIV-infected persons, it is difficult to 
understandd that no Dutch or European funds have been made available to continue 
thiss unique cohort study. 
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Duringg the two decades of the HIV epidemic, epidemiological cohort studies 
extensivelyy investigated the natural history of HIV infection and its associated factors 
(chapterr 1). Most of these studies are conducted among HIV-infected homosexual 
men.. It cannot be assumed that the course of HIV infection will be the same in men 
andd women. For example, gender differences exist in the two most important 
markerss of HIV disease progression, CD4 lymphocyte counts and HIV RNA levels. 
However,, to date no gender differences are observed in HIV progression rates. In 
thiss thesis two studies on progression of HIV infection in homosexual men and five 
studiess on aspects related to the course of HIV infection in women are described. 

Dataa from the Tricontinental Seroconverter Study were used to investigate the 
impactt of the time from seroconversion to AIDS and other risk factors for survival 
followingg AIDS among homosexual men (chapter 2). These data indicated that 
survivall following AIDS can be predicted by information obtained at the time of AIDS 
diagnosis,, like the age at diagnosis, the type of AIDS diagnosis and the CD4 
lymphocytee count at the time of AIDS. The time from seroconversion to AIDS did not 
affectt survival after AIDS. Thus for persons who do not receive HAART, AIDS seems 
aa significant point in progression to death, and not just a floating point between 
infectionn and death affected by prior factors. However, AIDS could be a floating point 
forr patients receiving HAART dependent on compliance with therapy. 

Thee study that combined hepatitis B vaccine trial cohorts of homosexual men in 
Amsterdam,, New York and San Francisco is one of the oldest cohort studies of 
homosexuall men with a known interval of seroconversion. Therefore, the natural 
historyy with a follow-up of 18 years before the widespread use of HAART could be 
estimatedd (chapter 3). The median survival time from seroconversion to death was 
12.11 years. The annual risk of dying increased at a constant rate until 8 years after 
seroconversionn and then levelled off, suggesting a group of HIV-infected persons 
thatt is relatively resistant to infection. 

Thee studies among women (chapter 4 to 8) are based on the European Study on the 
Naturall History of HIV Infection in Women, which is one of the few cohort studies 
thatt includes data of heterosexually infected women with a known interval of 
seroconversion.. This study comprises 487 women that have been followed in 31 
centress in twelve European countries since 1993. 

Too investigate whether reproductive decision making is affected by knowledge of HIV 
serostatus,, the incidence of pregnancy and outcomes of pregnancies before and 
afterr HIV diagnosis was estimated (chapter 4). The incidence of pregnancies 
decreasedd with HIV disease progression, independent of age. Pregnancies after HIV 
diagnosiss were independently associated with marital status and geographic region. 
Thiss suggests that reproductive decision-making after HIV diagnosis is related to 
sociall and cultural values. The number of induced abortions among the pregnant 
womenn was 42% before HIV diagnosis and increased after HIV diagnosis to 53%. 
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Singlee women and women with multiple partners were at an increased risk of an 
inducedd abortion. Although pregnancy rates did not increase, the percentage of 
pregnanciess carried to term increased significantly after 1994, the year in which 
zidovudinee was introduced as effective drug to prevent mother-to-child transmission. 

Too study the effect of levels of reproductive hormones indirectly, we investigated the 
impactt of pregnancy and menopause on CD4 lymphocyte counts in HIV-infected 
womenn (chapter 5). Pregnancy had only a temporary effect on the CD4 decline. 
Postmenopausall women had lower CD4 lymphocyte counts than premenopausal 
womenn shortly after infection and the CD4 slope was similar for both groups. This 
meanss that postmenopausal women continue to have lower CD4 lymphocyte counts 
withh ongoing HIV infection. Differences between pre- and postmenopausal women 
mightt be explained by changes in the level of reproductive hormones after the 
menopausee and could be an explanation for described gender differences in CD4 
lymphocytee counts. 

Inn HIV-infected women, severe immunodeficiency was associated with a high 
prevalencee of SIL, a high incidence of SIL, a low regression rate from low-grade SIL, 
andd a high rate of recurrence/persistence after treatment of high-grade SIL (chapter 
6).. These associations were independent of HPV detection in cervical samples. After 
adjustmentt for CD4 lymphocyte counts, the incidence of SIL appeared to be lower in 
womenn who received anti retroviral therapy than in women who did not receive 
antii retroviral therapy. This might suggest that HIV itself is an independent factor in 
thee development of SIL 

Prevalencee and incidence of STI in HIV-infected women in relation to time from 
infectionn and sexual behaviour are described in chapter 7. The occurrence of genital 
warts,, genital ulcerations and vaginal candidiasis was high and, although women 
kneww their serostatus, acute STI (i.e., chlamydia, gonorrhoea, and trichomoniasis) 
weree frequently acquired. Results suggest that the risk of acute STI decreases and 
thee risk of genital warts and genital ulcerations increases with ongoing time since 
seroconversion.. Since transmission of HIV is enhanced by co-infection with STI and 
vicee versa, regular gynaecological examinations next to prevention measures are 
recommendedd for HIV-infected women to reduce morbidity and further HIV 
transmission. . 

Thee results described in chapter 8 showed that the prevalence of HSV-1 and HSV-2 
antibodiess is high in HIV-infected women. The prevalence of HSV-1 antibodies 
differedd by geographic region, being more common in women living in southern 
Europee than women living in northern and central Europe. HSV-2 infection was 
stronglyy related, whereas HSV-1 infection appeared unrelated to sexual behaviour in 
HIV-infectedd women. The risk for recurrent genital ulcerations was the highest in 
immunosuppressedd HIV-infected women, which is in line with the results described in 
chapterr 7. 
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Too conclude, studies described in this thesis have contributed to the knowledge of 
thee natural history of HIV infection and aspects related to HIV infection in women. 
Althoughh HAART drastically changed the natural history of HIV infection, cohort 
studiess remain important to assess the long-term effects of treatment, to evaluate 
thee impact of newly identified markers, to estimate the optimal moment to start 
therapyy and to obtain unbiased estimates of survival times in persons treated with 
HAARTT (chapter 9). Continuation of the European Study on the Natural History of 
HIVV Infection in Women will give unique opportunities to gain more insight in HIV 
diseasee progression in women and potential risk factors such as HIV-1 subtypes, 
pregnanciess and other STL Besides this, these data are valuable for investigating the 
associationn between HIV infection and the occurrence and progression of cervical 
lesionss in women receiving HAART as guidelines for SIL treatment in HIV-infected 
womenn might need to be revised in the era of HAART. Given these unanswered 
questions,, the lack of cohort studies among women and the fact that women now 
comprisee 46% of all HIV-infected persons, it is difficult to understand that no Dutch 
orr European funds have been made available to continue this unique cohort study. 
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Inn de afgelopen 20 jaar van de HIV epidemie zijn veel epidemiologische studies 
verrichtt naar het natuurlijk beloop van de HIV infectie en factoren die daarop van 
invloedd zijn (hoofdstuk 1). De meeste studies zijn verricht onder homoseksuele 
mannen.. Het kan echter niet zonder meer worden aangenomen dat een HIV infectie 
opp een zelfde wijze verloopt bij mannen en vrouwen, er bestaan namelijk verschillen 
tussenn mannen en vrouwen in het aantal virus deeltjes en het aantal CD4 cellen in 
bloed.. Het aantal CD4 cellen is een maat voor de immuunstatus van een persoon en 
daarmeee voor het stadium van de ziekte progressie. Een laag aantal CD4 cellen duidt 
opp een lage immuunstatus en een hoog aantal virus deeltjes duidt gevorderde HIV 
infectie.. De tijd die verstrijkt tussen infectie en de diagnose AIDS is daarentegen niet 
verschillendd voor mannen en vrouwen. In dit proefschrift worden twee hoofdstukken 
gewijdd aan het natuurlijk beloop van de HIV infectie in homoseksuele mannen en vijf 
hoofdstukkenn aan aspecten die samenhangen met het beloop van een HIV infectie 
bijj vrouwen. 

Inn hoofdstuk 2 zijn gegevens van de Tricontinental Seroconverter Study gebruikt om 
verschillendee factoren te bestuderen die de overleving na de diagnose AIDS 
beïnvloeden.. De overlevingsduur na AIDS kon worden voorspeld met behulp van 
informatiee die op het moment van de AIDS diagnose kan worden verkregen, zoals 
leeftijd,, het type AIDS diagnose en het aantal CD4 cellen. De tijd tussen HIV infectie 
enn de diagnose AIDS was niet voorspellend voor de overleving na AIDS. Hieruit is 
geconcludeerdd dat AIDS een belangrijk moment in een HIV infectie is en niet zomaar 
eenn willekeurig punt tussen infectie en overlijden. Dit is echter alleen onderzocht 
voorr personen die geen effectieve combinatietherapie ontvingen. AIDS zou mogelijk 
well een willekeurig punt tussen infectie en overlijden kunnen zijn voor personen die 
well deze therapie ontvangen, afhankelijk van factoren zoals therapietrouw. 

Dee studie, beschreven in hoofdstuk 3, is een van de oudste cohorten onder 
homoseksuelee mannen met een bekende datum van infectie. Deze mannen zijn 
afkomstigg uit drie eerdere hepatitis B vaccinatie studies in Amsterdam, New York en 
Sann Francisco die eind jaren zeventig van start zijn gegaan. Daarom was het 
mogelijkk om personen tot 18 jaar na HIV infectie te volgen, voordat de effectieve 
combinatietherapiee in 1996 beschikbaar kwam en het natuurlijk beloop van een HIV 
infectiee drastisch veranderde. De mediane overlevingsduur, dat wil zeggen de tijd 
tussenn het moment van infectie en overlijden, was 12.1 jaar. Het jaarlijks risico op 
overlijdenn nam gedurende de eerste acht jaar na seroconversie toe met een 
constantee factor, maar nam minder snel toe na die tijd. Dit suggereert dat er 
mogelijkk een groep HlV-geïnfecteerden is die geen ziekteprogressie vertoont. 

Inn hoofdstuk 4 tot en met 8 is gebruik gemaakt van gegevens van de Europese 
studiee naar het natuurlijk beloop van een HIV infectie bij vrouwen. Het is uniek dat in 
dezee studie alle vrouwen een bekende infectiedatum hebben. In totaal zijn sinds 
19933 487 vrouwen uit 12 Europese landen geïncludeerd waarvan het merendeel nog 
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steedss twee keer per jaar voor vervolgonderzoek komt in één van de 31 
deelnemendee centra. 

Omm het effect van HIV diagnose op het besluit om zwanger te willen worden te 
onderzoeken,, werden zwangerschappen en de uitkomst daarvan zowel voor als na 
HIVV diagnose bestudeerd in hoofdstuk 4. De incidentie van zwangerschappen daalde 
naarmatee men langer met HIV geïnfecteerd was wanneer men corrigeerde voor 
leeftijdsverschillen.. Vrouwen woonachtig in Noord Europa en vrouwen met een vaste 
partnerr waren vaker zwanger dan vrouwen woonachtig in Zuid Europa en vrouwen 
zonderr vaste partner. Dit suggereert dat de beslissing om zwanger te worden mede 
afhankelijkk is van sociale en culturele factoren. Het aantal zwangerschappen dat 
werdd afgebroken was erg hoog: 42% van alle zwangerschappen voor een HIV 
diagnosee en 53% van alle zwangerschappen na een HIV diagnose eindigde in een 
abortuss provocatus. Met name vrouwen zonder vaste partner en vrouwen met veel 
wisselendee contacten ondergingen vaak een abortus provocatus. Met het beschikbaar 
komenn van effectieve middelen om moeder-kind transmissie te verminderen in 1994, 
namm het percentage voldragen zwangerschappen toe, terwijl het aantal 
zwangerschappenn gelijk bleef. 

Hett effect van een zwangerschap en de menopauze op het aantal CD4 cellen in HIV 
geïnfecteerdee vrouwen wordt beschreven in hoofdstuk 5. Het bleek dat 
postmenopauzalee vrouwen structureel een lager aantal CD4 cellen hadden dan 
premenopauzalee vrouwen met gelijke infectieduur. Zwangerschap gaf alleen een 
tijdelijkee daling van het aantal CD4 cellen te zien. Verschillen in het aantal CD4 cellen 
tussenn pre- en postmenopauzale vrouwen zouden kunnen worden verklaard door 
verschillenn in de concentraties van geslachtshormonen voor en na de menopauze. Dit 
kann vervolgens weer een verklaring zijn voor het beschreven verschil in het aantal 
CD44 cellen tussen mannen en vrouwen. 

HIVV geïnfecteerde vrouwen met een laag aantal CD4 cellen hadden een grotere kans 
opp afwijkingen aan het baarmoederweefsel, een kleinere kans op spontane regressie 
vann deze afwijkingen en een grotere kans op persisterende en terugkerende 
afwijkingenn na behandeling (hoofdstuk 6). Deze relaties konden niet worden 
verklaardd door een frequentere aanwezigheid van het humaan papilloma virus (HPV), 
hett virus dat afwijkingen aan het baarmoederweefsel veroorzaakt, in uitstrijkjes van 
hett baarmoederhalsslijmvlies afgenomen bij deze vrouwen. De incidentie van 
afwijkingenn aan het baarmoederweefsel was lager voor vrouwen die antiretrovirale 
therapiee ontvingen dan voor vrouwen die geen therapie ontvingen bij een gelijk 
aantall CD4 cellen. Het zou daarom kunnen dat HIV zelf een belangrijke factor is in 
hett ontstaan van afwijkingen aan het baarmoederweefsel. 

Dee prevalentie en incidentie van seksueel overdraagbare aandoeningen (SOA) in 
relatiee tot HIV infectieduur en seksueel gedrag is beschreven in hoofdstuk 7. Genitale 
wrattenn en zweren, en vaginale schimmel infecties kwamen vaak voor bij HIV 
positievee vrouwen. Ondanks dat de vrouwen bekend waren met hun HIV infectie 
liepenn ze vaak een acute SOA (chlamydia, gonorroe of trichomonas) op. De kans op 
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eenn acute SOA nam af, terwijl de kans op genitale wratten en zweren toenam 
naarmatee men langer met HIV was geïnfecteerd Om HIV transmissie te voorkomen 
enn het aanta! klachten veroorzaakt door SOA te verminderen, wordt voor HIV 
positievee vrouwen regelmatige inwendige onderzoek aanbevolen naast andere 
preventievee maatregelen, zoals het gebruik van condooms. 

Dee resultaten die in hoofdstuk 8 worden beschreven tonen aan dat een groot deel 
vann de HIV positieve vrouwen antistoffen heeft tegen herpes simplex virus (HSV) 
typee 1 en 2. HSV-1 infectie veroorzaakt voornamelijk een koortslip en HSV-2 
veroorzaaktt genitale zweren. De prevalentie van HSV-1 was hoger onder vrouwen 
woonachtingg in Zuid-Europa dan onder vrouwen woonachtig in midden en Noord-
Europa.. HSV-2, maar niet HSV-1, was sterk gerelateerd aan seksueel risico gedrag. 
Hett risico van terugkerende genitale zweren was het grootst voor vrouwen met een 
laagg aantal CD4 cellen. Dit resultaat komt overeen met de studie beschreven in 
hoofdstukk 7, waar aangetoond werd dat de kans op genitale zweren toenam 
naarmatee men langer HIV geïnfecteerd is. 

Dee cohort studies beschreven in dit proefschrift hebben de kennis van het natuurlijk 
beloopp van een HIV infectie vergroot en hebben inzicht gegeven in diverse aspecten 
diee met een HIV infectie bij vrouwen samenhangen. Ondanks dat effectieve 
combinatietherapiee het natuurlijk beloop drastisch heeft veranderd, blijven cohort 
studiess belangrijk voor het schatten van lange termijn effecten van behandeling en 
hett evalueren van het effect van nieuwe markers voor ziekteprogressie. Verder zijn 
cohortt studies belangrijk voor het bepalen van het optimale moment om behandeling 
tee starten en voor het verkrijgen van juiste schattingen van de overlevingsduur voor 
personenn die therapie krijgen (hoofdstuk 9). Voortgang van de Europese studie naar 
hett natuurlijk beloop van een HIV infectie bij vrouwen geeft de mogelijkheid om 
meerr inzicht te krijgen in HIV ziekteprogressie in vrouwen en potentiële 
risicofactorenn voor ziekteprogressie zoals HIV-1 subtypen, zwangerschappen en SOA. 
Dee gegevens van deze unieke studie zijn ook zeer van belang om de relatie tussen 
HIVV infectie en afwijkingen in het baarmoederweefsel te onderzoeken onder HIV 
geïnfecteerdee vrouwen die effectieve combinatietherapie krijgen. Het is daarom ook 
moeilijkk te begrijpen dat er geen financiering beschikbaar is gesteld door 
Nederlandsee en Europese fondsen om deze studie te kunnen voortzetten. 
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Err zijn veel mensen die, op verschillende manieren, een onmisbare bijdrage hebben 
geleverdd aan de totstandkoming van dit proefschrift en die zou ik dan ook graag 
willenn bedanken. 
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Lindaa en Paul, bedankt voor ruimte die ik heb gekregen om zo nu en dan wat aan 
mijnn promotie te kunnen doen. Alle collega's van de GG&GD wil ik bedanken voor de 
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leukee werksfeer . Ik denk niet dat je het ergens beter kan treffen . Want waar vind je 
nuu een altijd-behulpzam e Anneke , aardig e Ans, amical e Arnaud , daadkrachtig e 
Dieuwke ,, elegant e Eline , eigentijds e Elisabetta , eigenwijz e Erik , energiek e Esther , 
eerlijk ee Ethel , enthousiast e Ewald , fiere Figen , flitsend e Frits , getalenteerd e Gerben-
Rienk ,, handig e Han, helpend e Harry , interactie(ve ) Ineke, integer e Ingrid , 
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verhale nn waarvan ik weet dat ze lang niet altij d interessan t waren . Maud, bedank t 
voorr  je werk voor de vrouwenstudi e en de gezellig e tijde n op 106. En thank s a lot , 
Liselotte ,, voor alle culinair e heerlijkhede n (tip voor een nieuw e studie : onderzoe k 
naarr  chocola-verslaafden) . 
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Stellinge nn behoren d bi j he t proefschrif t 
'Epidemiologica ll  studie s on HIV infectio n in women 1 

1.. Beslissingen van HIV geïnfecteerde vrouwen omtrent een zwangerschap 
hangenn sterker af van sociale en culturele factoren dan van hun HIV status 
(dit(dit proefschrift). 

2.. Een groot deel van het aantal zwangerschappen van vrouwen die een HIV 
infectiee oplopen wordt geaborteerd (ditproefschrift). 

3.. HlV-geïnfecteerde vrouwen hebben een grote kans op terugkerende cervicale 
afwijkingen,, met name als hun immuunsysteem verlaagd is (ditproefschrift) 

4.. Het is onbegrijpelijk dat een Europese vrouwenstudie niet meer gefinancierd 
wordt,, ondanks het feit dat ongeveer 50% van het aantal HIV geïnfecteerden 
vrouww is en bij hen slechts weinig onderzoek is gedaan (ditproefschrift). 

5.. In multicenter studies stijgt het aantal problemen evenredig met het aantal 
centraa (ditproefschrift). 

6.. Eenvoudige menselijke interacties kunnen leiden tot ingewikkelde statistische 
interacties. . 

7.. 'Life is a sexually transmitted infection with fatal outcome'. 

8.. 'Girl power is Africa's own vaccine against AIDS' (Mr. Kofi Annan, June 2001). 

9.. Het dromen over CD4 count regens is een goede indicator voor het te-lang-
achter-je-computer-zitten. . 

10.. Een maatregel die ervoor zorgt dat het aantal uren lichamelijke opvoeding op 
lageree en middelbare scholen drastisch wordt verminderd, kan alleen maar 
wordenn bedacht door personen die vroeger als laatste werden gekozen voor 
partijtje. . 

11.. Afhankelijk van de gebeurtenis kan het aftellen ernaar toe te snel of te 
langzaamm gaan. 

12.. Globale klimaatveranderingen verhitten niet alleen de aarde maar ook de 
gemoederen. . 

BirgitBirgit van Benthem, Utrecht, juli 2001 
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