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Introductionn & outline 

Introduction n 

Inn the MMWR of June 1981 an unusual cluster 

wass described of 5 young homosexual men with 

Pneumocystiss carinii pneumonia (PCP) who had 

beenn admitted to three different hospitals in Los 

Angeles,, California '. In the following issue of 

thee MMWR, July 1981, it was reported that 26 

homosexuall  men had been diagnosed with a very 

uncommonn malignancy, called Kaposi's sarcoma 

(KS)2.. All KS cases had been diagnosed during 

thee previous 30 months. A review of the New 

Yorkk University coordinated Cancer Registry for 

KSS in men under the age of 50 revealed only 

threee previous cases in the period from 1961 

untill  1979. Therefore, to find so many cases of 

KSS among young homosexual men within a 

thirtyy month period was considered very unusual 

3.. In most of the cases, white homo- or bisexual 

menn were involved 4. As well as the PCP and KS 

cases,, there was also a substantial number of 

patientss diagnosed with other opportunistic 

infectionss such as Candidiasis and 

Mycobacterium-avium-intracellulare.Mycobacterium-avium-intracellulare. It was 

suggestedd therefore that an immune dysfunction 

hadd to be the cause 2'4. This hypothesis was 

supportedd by the fact that a dose-response 

relationshipp was found in these patients between 

thee severity of the clinical situation and the 

depressionn of the T-lymphocyte helper-to-

suppressorr ratio 5. In July 1982 it was reported 

thatt the acquired immune-deficiency disease 

(AIDS)) had spread to other risk groups as well. 

Thee highest proportion of cases was still seen 

amongg homo-and bisexual men (73%), followed 

byy intravenous drug users 6 (17%), Haitian 

immigrantss to the USA (3%)7, haemophiliacs8 

(1%)) and receivers of bloodtransfusions 9 (1%). 

Althoughh the aetiology of AIDS was still 

unknown,, epidemiological evidence suggested 

thatt AIDS was caused by an infectious agent 

transmittedd sexually and through exposure to 

bloodd or blood products 9'10. In 1983 the Human 

immunodeficiencyy virus (HIV) was isolated 

fromm peripheral blood T cell lymphocytes from 

patientss with AIDS '1;12. Soon after that, 

antibodyy tests for HIV became available. This 

enabledd the physician to identify persons 
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infectedd with HIV and the epidemiologist to 

performm sero-epidemiological studies. After the 

majorr routes of transmission had been 

established,, attention turned to investigating the 

naturall  history of the disease and the 

identificationn of causal determinants and markers 

off  progression. Since the discovery of HIV, great 

effortss have been made to understand the 

mechanismm of interference with human 

immunityy and the disturbance of the viral life 

cyclee by therapeutic interventions. With the 

introductionn of zidovudine (AZT) in 1986 ' , it 

becamee possible to delay the progression of the 

diseasee for a period of at least two years '4. In 

addition,, prophylactic treatment of opportunistic 

infectionss resulted in a prolonged incubation 

timee from the moment of HIV-1 infection until 

clinicall  AIDS 15'19 

Att present, HIV has become pandemic. 

Thee total number of HIV infected persons is 

estimatedd to be 33 million (UNAIDS update)20, 

off  whom more than 60% are living in sub-

Saharann Africa21. In those countries, the impact 

off  AIDS on the general population is 

devastating.. In a recent survey, for example, HIV 

prevalencee among a sub-population of pregnant 

womenn in Southern Africa was 45%21. 

Furthermore,, sub-Saharan Africa is also the 

regionn in which 80% of all AIDS deaths 

occurredd in 1998 20. In the Western world, 

however,, which can afford the highly expensive 

antiretrovirall  therapy, both the morbidity and 

mortalityy of persons infected with HIV have 

dramaticallyy decreased22"24. In Amsterdam, for 

instance,, between 1996 and 1997 the incidence 

off  AIDS dropped 33% 25 5 

1.22 The scope of this thesis 

Thiss thesis addresses several topics concerned 

withh the natural history of HIV-1 infection 

amongg homosexual men. The second chapter 

givess an overview of the history of the 

Amsterdamm cohort study on HIV/AID S among 

homosexuall  men (ACS). This study was started 

inn 1984 as a collaboration of five different 

researchh institutes in Amsterdam. All further 

chapterss in this thesis describe studies that have 

beenn performed in the scope of the Amsterdam 

cohortt study. 

10 0 



Althoughh failure of Blind T cell 

homeostasiss is established as one of the major 

mechanismss involved in progression to AIDS 26" 

2929,, this concept has never been tested in any 

cohortt other than the Multicenter AIDS Cohort 

Studyy (MACS). By applying the same criteria 

andd methods used in the MACS to the ACS data, 

wee were able to investigate the validity of the 

blindd T cell homeostasis concept. Moreover, 

becausee HIV-1 phenotype had been assessed on 

alll  ACS participants every three months since 

thee beginning of 198430, we were also able to 

investigatee whether there was a relationship 

betweenn the moment of non-syncytium-inducing 

too syncytium-inducing virus switch (NSI/SI) in 

peripherall  blood and the moment of failure of 

Blindd T cell homeostasis. The results of this 

studyy are presented in chapter three. 

Dependingg on the number of CD4+ T cell 

counts,, delayed-type hypersensitivity skin test 

anergyy (DTHA) is seen in 10-75%31"33 of the 

HIVV infected cases. The prognostic significance 

off  DTHA has also been recognised in the Walter 

Reedd classification, in which it was an 

independentt indicator for the progression to 

Introductionn & outline 

diseasee 34'36. In chapter four the relation was 

investigatedd between DTHA and various 

establishedd markers, used for monitoring the 

progressionn of HIV-1 infection. 

Inn a recent study, an association was 

foundd between a shorter survival after AIDS and 

aa mutation in the gene encoding for Mannose-

Bindingg Lectin (MBL) 37. Serum MBL is a liver-

synthesisedd protein, which plays a role in first-

linee defence immunity. Surprisingly, no 

associationn was found between the mutation and 

thee time from the moment of HIV 

seroconversionn to AIDS. This however could be 

explainedd by the fact that the moment of HIV-1 

seroconversionn was unknown in this study. The 

aimm of the fifth study described in this thesis was 

thereforee to examine the association between 

MBLL polymorphism and progression to AIDS 

andd death in the seroconverters cohort. 

Thee wasting syndrome, which is defined 

ass an unintentional weight loss of more than 

10%,, is one of the most devastating symptoms of 

advancedd HIV-1 infection38'39. Because it is 

unclearr whether AIDS is preceded by gradual 

weightt loss, pre-AIDS changes were assessed in 

11 1 
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asymptomaticc HIV-infected men 40'41. We used 

thesee findings to determine whether early weight 

losss is predictive for the progression to AIDS. 

Thiss study is presented in chapter six. 

Fromm the Ultraviolet radiation B (UVB) 

literature,, it is evident that UVB can have 

negativee systemic effects on a great number of 

thee human parameters of immunity 42, and that it 

iss capable of reactivating HIV replication in vitro 

.. However, whether these findings are relevant 

too the medical treatment and daily life of an HIV 

infectedd individual is not yet clear 44. The aim of 

thee study presented in chapter seven therefore 

wass to investigate the association between UVB 

exposuree - assessed by a questionnaire - and 

variouss immunological established markers of 

progression.. Finally, in chapter eight, the results 

off  the studies are discussed in comparison to the 

resultss of other studies. 
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2.11 Introduction 

Afterr years of loyal participation in the 

Amsterdamm Cohort study among homosexual 

men,, based at the Municipal Health service, we 

weree obliged to transfer the participants to an 

outpatientt clinic in town, the Jan van Goyen 

clinicc due to financial constraints on our part. 

Currently,, there is just enough money to keep the 

studyy group of HIV-1 infected men together and 

too maintain data collection. For that reason we 

considerr it important to give a brief overview of 

thee history and logistics of the project and also to 

givee a description of the various sub-groups and 

studies. . 

2.1.11 The Amsterdam cohort study 

Thee Amsterdam Cohort Study of Human 

Immunodeficiencyy virus (HIV-1) infection and 

AIDSS amongst homosexual men (ACS) was 

startedd in 1984 ';2 3;4, followed shortly by the 

Amsterdamm cohort study amongst intravenous 

drugss users in 1985 5;6. A multidisciplinary 

approachh encompassing epidemiology, social 

science,, virology, immunology and clinical 

medicinee has significantly contributed to the 

;rss of HIV-1 infection and its pathogenesis 

knowledgee and understanding of the various 

aspectss of HIV-1 infection and AIDS. Four 

majorr fields of interest were explored. The first 

wass to study the prevalence and incidence of 

HIV-11 infection and AIDS. This was followed 

byy studies designed to describe the natural 

coursee of HIV-1 infection and AIDS. The third 

pointt of interest was to examine the various risk 

factors,, and to monitor changes in sexual 

behaviourr over time. Finally, several 

interventionn studies were performed to 

investigatee the antiretroviral effects and the 

emergencee of resistance of several types of 

treatment'. . 

Thee ACS is a collaboration of the Municipal 

HealthHealth Service, the Department of Human 

Retrovirology,, the AIDS unit of the department 

off  infectious diseases and the National AIDS 

Therapyy Evaluation Center (NATEC) - these 

latterr three departments all being located at the 

Academicc Medical Center, University of 

Amsterdamm - and of the Department of Clinical 

Viro-Immunology,, CLB division of Sanquin 

Bloodd Supply Foundation and Laboratory for 

Experimentall  and Clinical Immunology. 

19 9 
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Initially ,, risk factors and behavioural issues 

relatingg to HIV-1 transmission were studied by 

thee department of Gay and Lesbian studies at the 

Universityy of Utrecht. Since 1993, however, 

thesee social-scientific studies have been 

conductedd by the department of Social science, 

alsoo at the University of Utrecht. 

2.1.22 Three monthly routin e 

Afterr the first study visit all participants have 

beenn seen every three months, with the exception 

off  HIV-1 seronegative individuals who have 

beenn seen six-monthly since 1992. At every visit 

aa medical history is taken, a physical 

examinationn is performed - only on the HIV-1 

infectedd individuals - and blood is drawn for 

immunologicall  and/or virological laboratory 

evaluations.. All the data gathered in the scope of 

thee ACS was centrally collected at the Municipal 

Healthh Service until February 1999. Since then, 

dataa on HIV-1 infected participants has been 

collectedd at the Jan van Goyen clinic, at which 

thee same procedure is followed. Although all 

participantss were mainly seen at the location of 

thee Municipal Health service, issues regarding 

study y 

medicall  treatment were co-ordinated from the 

AIDSS unit of the department of infectious 

diseasess at the AMC. As a rule, participants who 

developedd an AIDS event during follow-up were 

referredd to the AMC. In addition, risk factors and 

psychosociall  correlates of sexual behaviour, 

weree studied by means of six monthly 

questionnaires. . 

2.1.33 Routine laboratory 

Forr every new included participant, the first task 

wass to determine his antibody status for HIV-1. 

Iff  a participant was found to be HIV-1 

seropositive,, a western blot was performed for 

confirmation.. Over the years, the different 

laboratoryy tests used in the daily ACS routine 

havee varied considerably. This wil l be further 

discussedd elsewhere. Currently, routine testing 

includes:: CD3+,CD4+,CD8+ T cell count, T cell 

reactivityy after stimulation with monoclonal 

antibodiess against the CD3 receptor, HIV-1 

phenotypee once a year and the NucliSens HIV-1 

RNAA load assay. Since the beginning of the 

study,, both frozen serum and peripheral blood 

mononuclearr cells (PBMC) have been stored. 
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Thee sera have been sent to the department of 

Humann Retrovirology and the cells to the CLB. 

Althoughh it has proven to be a huge endeavour to 

maintainn such an enormous tissue bank, both in 

financiall  and physical efforts, it has been shown 

too be worthwhile. The unique database of data on 

bothh disease and patients' characteristics, in 

combinationn with the stored samples, has 

enabledd us, both prospectively and 

retrospectively,, to investigate the relevance of 

andd the predictive properties of newly developed 

markerss such as HIV RNA load 7 and 

Syncytium-inducingg HIV-1 virus phenotype. 

Similarly,, we have been able to investigate the 

significancee of genetic determinants like HLA, 

CCR55 and CCR2b8 polymorphism. 

2.22 Recruitment over time 

2.2.11 In the beginning... 

AA year before the outbreak of AIDS in the USA 

inn 1980, 680 homosexual men took part in a trial 

too evaluate the efficacy of immunisation with a 

hepatitiss B vaccine. These were individuals who 

weree at the high-risk of getting a hepatitis B 

infectionn because of their life style 9. This 

rss of HIV-1 infection and its pathogenesis 

Amsterdamm based study was terminated in 1982. 

Inn 1984, shortly after the first cases of AIDS 

weree diagnosed in The Netherlands 10, plans 

weree made to start a new cohort study which 

allowedd monitoring of the recently identified 

HIV-11 epidemic in Amsterdam. The first wave 

off  enrolment in this study took place between 

Octoberr 1984 and April 1985 (n=748). The 

inclusionn criteria were: asymptomatic 

homosexuall  men aged 18-65, with at least two 

sexuall  partners in the six months prior to intake. 

Manyy of the participants of the former hepatitis 

BB vaccination study consented to follow-up 

testingg for HIV-1 or to participate in the newly 

initiatedd study. Even so all participants were 

testedd at entry. Recruitment was also made 

throughh announcements in the gay press, through 

advertisementss and by word of mouth. When 

enrolmentt was completed in 1985, nearly one-

thirdd of the men appeared to be HIV-1 infected 

att the first enrolment visit. Obviously, HIV-1 

hadd spread considerably among the population of 

gayy men living in Amsterdam. Furthermore, 

usingg the frozen sera from the hepatitis B 

vaccinationn trial, it was shown that the virus was 
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introducedd to Amsterdam somewhere at the end 

off  the seventies " . 

2.2.22 Second enrolment 

Byy 1985, the prevalence of HIV-1 among 

homosexuall  men living in Amsterdam was welt 

established.. Knowledge of the incidence and the 

naturall  history of the HIV-1 infection, however, 

wass still very limited and could only be studied 

inn persons with a known date of seroconversion. 

Therefore,, the recruitment of HIV-1 infected 

individualss was terminated while recruitment of 

HIVV seronegative individuals, with at least two 

sexuall  partners in the six months prior to the 

studyy intake, was continued (n=265). This 

secondd wave recruitment was started in April 

1985. . 

2.2.33 Thir d enrolment 

Thiss policy, however, changed with the 

introductionn of zidovudine. In 1986, zidovudine 

becamee available as the first drug found to be 

effectivee against HIV-1 '2. The ACS offered an 

uniquee opportunity to study the immunological 

andd virological effects of zidovudine in the early 

study y 

phasess of the disease. '3 Because of this, there 

wass a new interest in intervention studies. To 

ensuree that there were enough HIV-1 infected 

personss able to participate in future intervention 

trials,, enrolment was re-opened to HIV-1 

infectedd individuals from February 1988 until 

Decemberr 1998 (n=175). 

2.2.44 Fourth enrolment 

Fifty-onee participants could not be classified in 

eitherr of the earlier mentioned studies. Twenty-

sevenn of these 51 participants entered the ACS 

becausee they were found to be HIV-1 positive 

whilee participating in another municipal health 

servicee study. The remaining 24 persons entered 

thee ACS to start with antiretroviral treatment. At 

thee end of 1996, protease inhibitors became 

availablee in the Netherlands causing an increased 

demandd for antiretroviral treatment which could 

nott be immediately met because of the lack of 

treatmentt facilities in Dutch Hospitals. To 

relievee this temporary congestion in treatment 

capacity,, HIV-1 infected persons, both male and 

female,, and various other risk groups were 
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allowedd to start their treatment within the ACS 

fromm February 1997 onwards. 

2.2.55 Fifth enrolment 

Sincee the beginning of the epidemic, several safe 

sexx campaigns have been launched, targeting 

homosexuall  men. Anal receptive sexual practices 

emergedd to be the most important risk factor in 

HIV-11 transmission among homosexual men 

14;l5.. Those campaigns appeared to be effective, 

resultingg in a reduction in the number of sexual 

partners,, a higher proportion using condoms and 

aa decline in the incidence of HIV-1 l6;l7. 

However,, in the beginning of the nineties, the 

firstt signs of a reverse trend became apparent18' 

21.. In the STD clinics of Amsterdam an increase 

inn other STDs such as anal gonorrhoea was seen 

inn young homosexual men, indicating that these 

menn were more commonly engaged in 

unprotectedd sex. Therefore, to address the 

questionn of whether there was a rise in HIV-1 

prevalencee and incidence among young 

homosexuall  men, a campaign was launched in 

Februaryy 1995 to recruit young homosexual men 

Markerss of HIV-1 infection and its pathogenesis 

youngerr than 30 years old (n=438)22'24. This 

studyy is still ongoing. 

2.2.66 The remaining HIV seronegative 
participants s 

Inn February 1996, the follow-up of all remaining 

HIVV seronegative participants was terminated for 

threee reasons. Firstly, due to ageing, this group 

wass no longer considered representative of the 

Amsterdamm gay population. Illustrative of this 

wass the observation that the HIV-1 infection rate 

amongg these persons was lower than the 

infectionn rate found in a cross-sectional study of 

visitorss to the Amsterdam gay bars25. Secondly, 

aa bias had been introduced by extensive 

counsellingg at the cohort visits. Finally, due to a 

lackk of motivation, questionnaires were not 

beingg adequately completed. 
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2.2.77 The Jan van Goyen clinic 

Inn February 1999, follow-up of all HIV-1 

infectedd participants of the study was transferred 

too the Jan van Goyen clinic (n=227). This 

transferr of participants was necessary because of 

aa decrease in the funding of the ACS by the 

Dutch h 
Tablee 1. Overview of the diaspora of the 227 participant s after  termination of 

government.. In t n e A C S a t ' o c a t' o n Municipal health service, February 1999. 

infectedd participants agreed to continue their 

follow-upp and medical treatment at the Jan van 

Goyenn clinic (table 1). The remaining 

participantss were scattered over several hospitals 

inn Amsterdam and in other hospitals near their 

homess outside Amsterdam. Although in the 

addition,, in an Migration of the ACS participants Numberr of participants 

areaa where many Moved to the Jan van Goyen clinic (JvG) 184 

patientss are being Continued their follow-up in another hospital 23 

treatedd with Withdraw from the study due to lack of motivation 10 

Highlyy Active Refused to continue their follow-up at location JvG 10 

AntiRetrovirall  T o t al 

Therapy y 

(HAART)) in the early stages of infection, a 

clinicall  setting such as the Jan van Goyen clinic 

iss more appropriate than the Municipal health 

service.. One hundred and eighty-four HIV-1 

227 7 

scopee of the National Athena monitoring project 

alll  participants are still being followed in the 

contextt of the ACS, the main study interest is 

narrowedd to the monitoring of blood values, 

eventt registration, and treatment. 
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2.33 The seroconverters cohort 

Thee participants who were initially HIV-1 

seronegativee and then seroconverted during 

follow-upp provided the most complete and the 

leastt biased information on the incubation time 

off  disease and 

seroconversionn is known within a median range 

off  three months (table 2). Additionally, in 24 

seroprevalentt men who participated also in the 

hepatitiss B vaccine trial, seroconversion intervals 

couldd be determined retrospectively using stored 

material.. However, because in most cases the 

Tablee 2. Overview of cases with known interval of seroconversion. 
death.. This was 

becausee the time Prospectively seroconverted participant s 

HIVV negative 

betweenn the last F i r st enrolment 

Secondd enrolment 

Fifthh enrolment 

andd the first Retrospectively identified seroconverters 

HIV-11 Seroconverted during the Hepatits B trial (between 1980 and 1982) 

Participants,, being HIV- during the Hep-B trial, but HIV+ at the 

firstfirst visit first enrolment, 

samplee was less total 

seropositive e 

92 2 

38 8 

9 9 

7 7 

17 7 

163 3 

thann one year. 

Thee moment of seroconversion can be easily 

estimatedd as the midpoint of the interval between 

thee last seronegative visit and the first 

seropositivee visit. In total 139 seronegative 

participantss seroconverted during follow-up 

(Januaryy 1999). Ninety-two from the first 

recruitment,, 38 from the second wave of 

recruitmentt and 9 from the most recent 

recruitmentt of young homosexual men. From 

thesee seroconverters, the moment of HIV-1 

seroconverterss intervals were too wide (in some 

casess more than 7 years), none of those were 

usedd as seroconverters and included in the 139 

casess mentioned above. This seroconverters 

cohortt mentioned above has played a very 

prominentt role in AIDS research and in our 

understandingg of the natural history of HIV-1. 

2.3.11 Seroprevalent participant s 

Amongg seroprevalent individuals, some of the 

infectionn time had already elapsed by the time of 
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entryy into the study. The results of a survival 

analysiss can therefore become severely 

confoundedd if certain risk and co-factors of 

interestt are associated with the unknown 

durationn of the infection before enrolment. Using 

retrospectivelyy identified HIV-1 seroconverters, 

itt is nowadays possible to estimate the time since 

thee exposure to HIV-1 of a given seroprevalent 

individual,, thus enabling greater sized, unbiased 

studies,, with a more efficient use of all available 

cohortt data 26. 

Tablee 3. Overview of the causes of death in the ACS among 
homosexuall  men 
Deathh classification Numberss of deaths 

Deathh by AIDS 243 

Deathh by a non-HIV/AIDS related course 13 

Diedd of AIDS, but date of death unknown 1 

Causee of death not formally confirmed* 12 

Causee of death unknown 4 

Totall  273 

Inn 12 cases, the AIDS diagnoses could not formally be confirmed by 
medicall  documentation. 

2.44 Lost to follow-up 
management t 

Evenn when participants were lost to follow-up, 

speciall  efforts were made to obtain information 

onn the most crucial study parameters: the first 

AIDSS diagnosis, death and cause of death. Once 

aa year, information on survival status was 

obtainedd through active follow-up and matching 

withh local population registries. The cause of 

deathh was obtained from the Amsterdam AIDS 

surveillancee registry, hospital records and from 

nextt of kin. Of the 1239 participants included 

(butt not considering participants of the young 

homosexuall  cohort), 553 

weree found to be HIV-1 

seropositivee at entry and 139 

seroconvertedd during follow-

upp (total 692). Of those 692 

persons,, 273 have since died 

(Tablee 3). 101 participants 

prematurelyy withdrew from 

thee study due to a lack of 

motivation.. In all of them, 

however,, follow-up data on 

survivall  were recovered from 
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deathh announcements in the newspapers and 

fromm next of kin. Additionally 53 participants, 

explicitlyy withdrew their informed consent and 

144 participants moved abroad. Of this group of 

677 persons, no follow-up data could be obtained 

fromm 39 persons. 

2.4.11 Endpoints 

Ass well as the earlier mentioned fixed endpoints, 

thee first AIDS event and death, the dichotomised 

numberr of CD4+ T cell count ( o 200 x 106/1)2? 

iss also frequently used as an endpoint. However, 

otherr surrogate markers such as non-syncytium-

inducingg (NSI) to syncytium-inducing (SI) HIV-

11 virus phenotype switch and the HIV RNA 

concentrationn above the threshold of 

quantificationn can be used as endpoints as well. 

Furthermore,, in etiological studies that 

investigatee whether there is an association 

betweenn the presence of herpes 8 antibodies and 

thee development of K.S, KS can also be used as 

ann endpoint. 

ss of HIV-1 infection and its pathogenesis 

2.4.22 Clinical follow-up. 

Iff  participants developed AIDS associated 

complaintss during follow-up, those persons were 

automaticallyy referred to the AMC for medical 

treatment.. In a check to compare the event 

registrationn at the AMC with the registration at 

thee ACS, it became apparent that the follow-up 

dataa of approximately 275 persons was either 

missingg or incomplete. Since 1996 therefore, 

muchh effort has been put into updating and 

aligningg both registries. However, due to missing 

medicall  records etc., this has turned out to be a 

difficul tt task that has still not been completed. 

2.55 Intervention studies 

Inn 1987 the results of a clinical trial of 

zidovudinee was published 13. In this placebo-

controlledd trial, using individuals with either 

advancedd AIDS-related complex (ARC) or 

AIDS,, there was a significant reduction of HIV-

1-associatedd morbidity, a significant rise in 

CD4++ T cell count and an extended survival. In 

anotherr study, the first indications were found 

thatt zidovudine was protective against AIDS 

dementiaa complex ' . 
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Att the beginning of 1987, within ACS, 24 

asymptomaticc HIV-1 infected subjects3I with a 

long-termm HIV-1 antigenaemia took part in a 

preliminaryy study of zidovudine 32"35. This study 

wass one of the first, worldwide, to address the 

questionn of the efficacy of zidovudine among 

asymptomaticc HIV-1 infected individuals. The 

ACSS was an appropriate setting for this study as 

thee participants were already well characterised 

inn respect of follow-up and of the established 

markerss of progression at that time. 

Enrolmentt for a second (multi-centered) 

zidovudinee study started one year later in April 

1988.. In this double-blind placebo-controlled 

study,, asymptomatic participants were 

randomisedd to receive either zidovudine or a 

placeboo 6. In this study, with a follow-up of two 

years,, 56 persons from the ACS were included. 

Fromm these studies much has been learned about 

therapeuticc intervention and the mechanisms of 

antivirall  resistance 37"40. 

2.5.11 The last ACS comparative intervention 
study y 

Althoughh the ACS has participated as a study-

sitee in several different multi-centered trials 

study y 

sincee then (Delta 41;42, Triple 43, Atlantic 44, 

Prometheus,, and Native study), one comparative 

interventionn study solely held in the ACS was 

thee "D4T/3TC" study (1996-1997)4M7. In this 

studyy (n=48) asymptomatic participants were 

randomisedd to two treatment arms: zidovudine 

andd lamivudine or stavudine and lamivudine. 

Dependingg on the HIV RNA load (if above 500 

copies/ml)) on week 8, or thereafter the protease 

inhibitorr indinavir was added on the next visit. 

Furthermore,, in a sub-study the drug penetration 

throughh the blood-brain barrier was assessed. 

Virall  suppression in the Cerebrospinal fluid 

(CSF)) was compared with the drug levels and 

virall  suppression obtained in peripheral blood 48. 

Thiss study demonstrated that antiretroviral drugs 

otherr than zidovudine are also capable of 

penetratingg sufficiently into the CSF. 

2.5.22 Vaccination studies 

Ass well as these multi-centered interventions 

studiess mentioned above, the ACS has also 

participatedd as a study-site in three vaccination 

studies,, one of which is still ongoing. Using 

HIV-11 infected individuals, the main object of 
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stilll  ongoing (multi-centered) double-blind 

placebo-controlledd study with as primary 

outcomee the frequency of HIV-1 seroconversion, 

thee efficacy of the vaccine is assessed by the 

vaccinationn of high-risk HIV-1 uninfected 

homosexuall  individuals with either a rgp 120 

HIV-11 vaccine or with a placebo. Of the 5000 

subjectss totally included, 120 wil l be recruited in 

thee context of the ACS 51;52. 

thee first two studies was to determine whether 

immunotherapyy with either a p24-HIV or rgp 120 

containingg vaccine would result in sufficient 

levelss of antibodies and whether the vaccine was 

effectivee in delaying progression to AIDS. The 

aimm of the third (multi-centered) study is to 

examinee the extent to which HIV-1 

seroconversionn can be prevented by vaccination 

off  high-risk HIV uninfected individuals. 

Recruitmentt of the first two vaccination 

studiess started between March 1993 and March 

1994.. In the first multi-centered study, 21 HIV-1 

infectedd participants from the ACS were 

included.. They were assigned in a double-blind 

fashionn in which they were either vaccinated 

withh a p24-VLP vaccine (HIV-1 pl7/p24:Ty-like 

particles)) or with a placebo 49. The 

immunologicall  efficacy was assessed by 

measurementss of the concentration of p24, pi 7 

andd Ty-antibody. In the second study which was 

aa simultaneous held double-blind placebo-

controlledd study, 18 participants with a known 

datee of seroconversion were vaccinated with 

eitherr a rgp 120 containing HIV-1 vaccine 

(n=I2)) or with a placebo (n=6)50. Finally, in the 

2.66 Topics of ACS research 

Thee Amsterdam seroconverters cohort consists 

off  139 HIV-1 infected individuals with a known 

datee of HIV seroconversion. By alignment of the 

participantss at the time of HIV seroconversion, 

wee were able to provide adequate estimations of 

thee median incubation time. It has became clear 

thatt the time between HIV-1 seroconversion and 

thee first signs of AIDS is highly variable (8-15 

years)53,54.. It was recently shown that this 

variationn is strongly associated with the 

polymorphismm of the genes encoding for the 

CCR,, CXCR chemokine receptors 8;55"58 and 

SDF-11 59;60. In addition, Keet et al. recently 
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describedd an association between progression to 

AID SS and death and HLA polymorphism 6,_65. 

Inn the beginning of the epidemic 

especially,, much of the effort was focused on 

causall  determinants and predictors of rapid 

progressionn 66. Equally important, however, was 

too identify of the characteristics of persons who 

remainedd asymptomatic for a long period. It was 

foundd that those persons were characterised by a 

stablee and relatively preserved T cell reactivity 

afterr stimulation with antibodies targeting the 

CD33 cell receptor 67. 

Ourr well-characterised cohort is also of 

greatt value to the present body of knowledge 

aboutt the kinetics, pathogenesis and predictive 

capacitiess of viro-immunological markers such 

ass T cell subsets, p24 antigeneamia 6 *  4, 

antigens/antibodiess complexes 68'72-73-75-76 and 

HIVV RNA viral load 7 as well as for the 

developmentt of new and useful markers such as 

thee syncytium HIV-1 virus phenotype 77"81 and T 

celll  reactivity 82'86. 

Inn addition to applied research, the ACS 

iss also involved in extensive fundamental 

research.. Recently a hypothesis, proposed by Ho 

study y 

ett al was questioned.g7"90, and this sparked lively 

discussionn on the international scientific forum 

91 1 

Finally,, the following research topics 

weree also studied within the ACS: the 

epidemiologicall  patterns and mechanisms of co-

infectionss with varicella Zoster 92;93, herpes 

Simplexx type I and II  94 and the KS associated 

herpess virus 8 95;96, primary infection 97;98, AIDS 

Surveillancee 99" l07
) neutralising antibodies I08, T 

celll  dynamics in HIV-1 infection 1 0 9'm, T cell 

dysfunctionn " 2 and HIV-1 variation and 

transmissionn '' . 
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2.77 Immunological assays used in the daily ACS routine 

Inn Table 4, an overview is given of the immunological tests routinely assessed in the scope of the three 

monthlyy ACS. 

Tablee 4. Overview applied immunological assays performed in the ACS visits. 

**  Although the MT-2 assay is not really an immunological assay, it is presented here because it is developed and routinely 
determinedd in the Clinical Viro-lmmunological laboratory, PHA: phytohemagglutinin, before 1994, human pooled serum 
(HPS)) was added to the culture medium, after 1994, no HPS was added: PHA responses with and without HPS were not 
comparable,, ALS: horse anti-lymphocyte stimulation test, ACD3: T cell function measured after stimulation with monoclonal 
antibodiess (mAb) against the CD3 receptor, CD228: T cell function stimulation with CD2 and CD28 mAb, CD328: T cell 
functionn stimulation with CD3 and CD28 mAb. T cell immuno-phenotyping CD2,CD3,CD4 and CD8: before 1988, the single 
indirectt staining, a single indirect immuno-fluorescence staining on Ficoll isolated peripheral blood mononuclear cells (PBMC) 
wass used and replaced by a double direct staining thereafter. Since 1994, lymphocyte immunophenotyping was accomplished 
inn whole blood 

knowledgee about the underlining mechanisms is 

2.7.11 T cell subsets 
stilll  limited 87;88, this decline has been shown to 

Thee hallmark of HIV-1 infection is a decline of 
bee a strong and useful surrogate marker in the 

CD4++ T cell count, which ultimately leads to 
monitoringg of both the natural course of HIV-1 

AIDSS defining illnesses such as opportunistic 

infectionss and or malignancies ' '4. Although our 
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infectionn '15 and the effectiveness of 

antiretrovirall  treatment32 

Fromm 1984 onwards, 

immunophenotypingg of T cell has been part of 

thee three monthly ACS routine. Over time, 

however,, several changes have been introduced. 

Beforee May 1988, a single indirect immuno-

fluorescencee staining on Ficoll isolated 

peripherall  blood mononuclear cells (PBMC) was 

used.. This was replaced by a double direct 

stainingg thereafter. The EPICS flow cytometer 

wass replaced by a F ACS in 1991. In addition, 

sincee 1994, lymphocyte immunophenotyping 

wass accomplished in whole blood. For the 

previouslyy mentioned changes, no longitudinal 

retrospectivee corrections for possible inter-assay 

variationss were necessary. 

2.7.22 T cell proliferatio n markers 

Loww T cell reactivity to CD3 mAb and to the 

combinationn of CD3 plus CD28 mAb have been 

shownn to be strong predictors for developing 

AIDS,, independent from CD4+ T cell count and 

syncytiurn-inducingg virus phenotype 83;84;116;117. 

Preservedd T cell reactivity was also shown to be 

study y 

aa strong determinant among long-term 

asymptomaticc individuals with a CD4+ T cell 

countt below 200xl06/l67;118 and an useful 

markerr for predicting survival after the 

determinationn of AIDS 103. 

TT cell function is measured in a whole-

bloodd lymphocyte culture after stimulation with 

variouss mitogens " 9. In table 4 an overview is 

givenn of the various protocols used. In summary, 

beforee 1994, the proliferation test on 

phytohemagglutininn (PHA) and the horse anti-

lymphocytee serum test (ALS) was performed 

usingg a culture-medium suplemented with 

humann pooled serum. Furthermore, stimulation 

withh ALS was eliminated from the protocol in 

19944 and replaced by stimulation protocols using 

combinationss of CD2 plus CD28 mAb (CD228) 

andd CD3 plus CD28 mAb (CD328). 

Too obtain comparability between the 

differentt generations of tests, adjusted 

longitudinall  test outcomes were calculated, 

takingg those inter-assay variations into account. 

Inn addition, to adjust for the intra and inter-

individuall  variations and the assay variations, the 

proliferationn reactivity was expressed as the 
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percentagee of the median responses detected in 

concurrentlyy running cultures of 5 healthy 

controls. . 

2.7.33 HIV- 1 phenotype 

Althoughh the HIV-1 phenotyping is not really an 

immunologicall  assay, nevertheless it is presented 

heree because it is since 1992 part of the daily 

routinee of the department of Clinical Viro-

immunology. . 

EarlyEarly in HIV-1 infection, but also among 

subjectss with an asymptomatic infection, slow-

replicatingg and mainly macrophage-tropic, non-

syncytium-inducingg (NSI) viruses are the 

predominantt isolates in the peripheral blood 

'' . However, a shift of the virus population 

towardss the more rapidly replicating T cell 

tropic,, syncytium-inducing (SI) phenotype virus 

heraldss in approximately 50% of the homosexual 

casess the onset of AIDS 77;80^20-125. The 

mutation-pronee nature of HIV-1 replication is the 

drivingg force behind this variation in cellular 

tropism.. In particular, mutations of certain amino 

acidss located within the V3 loop, have been 

erss of HIV-1 infection and its pathogenesis 

shownn to be associated with the observed change 

off  cellular tropism 126;l27. 

Ass mentioned before, since 1992 HIV-1 

phenotypingg is part of the daily routine. 

However,, using cryopreserved PBMC, we were 

ablee to complete the individual follow-ups 

retrospectivelyy (table 4). 

2.88 Virological assays used in 
thee daily ACS routine. 

Whenn a person agrees to participate in the ACS, 

hiss HIV-1 antibody status is determined. At that 

pointt the presence of those antibodies is tested 

withh the commercially available enzyme-linked 

immunosorbentt assays (IMX : Microparticle 

Enzymee Immuno assay, Abbott laboratories, 

Northh Chicago, Illinois) l28, and confirmed with 

aa Western blot (Diagnostic Biotechnology Ltd., 

Singapore).. In table 5 an overview is given of the 

variouss assays and protocols used. Furthermore, 

too compare test results, some assays have been 

usedd simultaneously. 

Thee presence of P24 antigens was 

routinelyy determined in the ACS from 1984, the 

beginningg of the study, until 1998. HIV p24 
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antigenn was detected with a solid phase, 

sandwich-typee enzyme immunoassay (EIA, 

Abbottt laboratories). Soon, however, a new p24 

antigenn assay will be implemented in the ACS 

(Vironostika,, Organon). P24 antigen has been 

shownn to be an important predictive marker in 

monitoringg the natural history of the HIV-1 

infectionn 129 and it is successfully used as one of 

thee first marker in monitoring the antiretroviral 

capacitiess of zidovudine 32. 

Inn May 1996, the HIV RNA PCR was 

introducedd into the daily ACS routine. The HIV-

11 RNA concentration in peripheral blood has 

beenn shown to be strongly associated with 

progressionn to AIDS and death 7; l3°-138,39. The 

firstt test used in the ACS was the NASBA assay 

(Nucleicc Acid Sequence-based amplification 

assay,, Organon Teknika, Boxtel, The 

Netherlands),, with a quantification threshold of 

10000 RNA copies/ml. Since 1997, however the 

moree sensitive NucliSens test has been used 

(quantificationn threshold 400 RNA copies/ml). 
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Tablee 5. Overview of the used virological assays. 
Overvieww used virological assays 

virologicall  assays 

HI VV screenings assays: 
HTLV-II II  screening test 
HTLVV III EIA 
recombinantt HIV-l/HIV- 2 EIA 
Wellcozymee anti-HTLV III 
Vironostikaa anti-HTLV-III ELISA 
recombinantt HIV-l/HIV- 2 3e generation 
HIV-l/HIV- 22 3e generation plus EIA 
IMXX (MEIA systeem) 

Otherr  used HIV-antibod y assays: 
HIV-11 anti-CORE EIA 
ENVACORHIV-11 EIA 

Detectionn of anti-CORE 
DetectionDetection ofanti-ENV 

HIVA bb p24 (rDNA) 

HIV-antigeenn assays: 
HTLV-II II  Antigen EIA 
HIVAg-11 EIA polyclonal 
Vironostikaa HIV-A g 

Confirmatio nn assays: 
HIV-11 Western Blot 
LiaTekk HIV-l/HIV- 2 
HIVV Blot 2.2 (HIV-1 en HIV-2) 
HIV-22 Blot version 1.2 

HI VV RNA assays: 
NASBAHIV-1QT T 
NucliSenss HIV-1 QT 

Company y 

homee made 
Abbott t 
Abbott t 
Wellcome e 
Organonn International 
Abbott t 
Abbott t 
Abbott t 

Abbott t 
Abbott t 

Abbott Abbott 

Abbott t 
Abbott t 
Organon n 

Homee made 
Organonn Teknika 
Diagnosticc Biotechnology 
Diagnosticc Biotechnology 

Organonn Teknika 
Organonn Teknika 

period d 

1984-1985 5 
1985-1989 9 
1989-1993 3 

6 6 
1985-1987 7 
1993-1995 5 
1995-1998 8 
sincee 1998 

1986-1992 2 

1989-1992 2 
1987-1990 0 

1992-1997 7 

1987-1990 0 
1990-1998 8 
Wil ll  be implemented soon 

1984-1985 5 
6 6 

Sincee 1986 
Sincee 1995 

1996-1997 7 
Sincee 1997 

EIA:: Enzyme Immuno Assay, ELISA: Enzyme Linked immunosorbent Assay, Liatek: Line Immuno 
Assayy Technique, MEIA: Microparticle Enzyme Immuno Assay, Nasba: Nucleic Acid Sequence-based 
Amplification.. Remark: To compare test results, some assays have been used simultaneously. 

35 5 



Ann historic overview of the Amsterdam Cohort study 

Referencee List 

1.. Anonymous: The Amsterdam cohort study of HIV-J infection and AIDS in Homosexual men. A 

summarysummary of the results (1984-1992), Amsterdam, Amsterdam University Press, Spui 21, 

1012WX,, Amsterdam; 1992: 

2.. Anonymous: The Amsterdam cohort study ofHIV-1 infection and AIDS in Homosexual men. A 

summarysummary of the results (1984-1995), Amsterdam, Amsterdam University Press, Spui 21, 

1012WX,, Amsterdam; 1992: 

3.. Coutinho RA, Goudsmit J, Paul DA, et al: The natural history of HIV-1 infection in homosexual 

men.. Ann.Inst.Pasteur/Virol. 1987;138:67-74. 

4.. Coutinho RA: The Amsterdam Cohort Studies on HIV-1 infection and AIDS. 

Journal.of.Acquired.Immune.Deficiency.Syndromes.Journal.of.Acquired.Immune.Deficiency.Syndromes. & Human.Retrovirology. 1998; 17: S4-

S8 8 

5.. van Ameijden EJC, van den Hoek JAR, van Haastrecht HJA, and Coutinho RA: The harm 

reductionn approach and risk factors for HIV seroconversion in injecting drug users, 

Amsterdamm (correspondence). Am. J.Epidemiol. 1993;138:769-771. 

6.. van Ameijden EJC, van den Hoek JAR, and Coutinho RA: Injecting risk behaviour among drug 

userss in Amsterdam, 1986 to 1^92, and its relationship to AIDS prevention programs. 

Am.Am. J.Public Health 1994;84:275-281. 

7.. de Wolf F, Spijkerman I, Schellekens PTA, et al: AIDS prognosis based on HIV-1 RNA CD4+ T-

celll  count and function: markers with reciprocal predictive value over time after 

seroconversion.. AIDS 1997;11:1799-1807. 

8.. de Roda Husman AM, Koot M, Comelissen M, et al: Association between CCR5 genotype and 

clinicall  course of HIV-1 infection. Ann Intern Med. 1997;127:882-890. 

9.. Coutinho RA, Lelie N, Albrecht-van Lent P, et al: Efficacy of a heat inactivated hepatitis B 

vaccinee in male homosexuals: outcome of a placebo controlled double blind trial. BMJ 

1983;286:1305-1308. . 

36 6 



Markerss of HIV-1 infection and its pathogenesis 

10.. Danner SA, Lange JMA, van de Meer JWM, et al: AIDS in the Netherlands. Clinical and 

microbiologicall  data on 36 cases. Netherlands Journal of Medicine 1985;28: 487-497. 

11.. Coutinho RA, Krone WJA, Smit L, et al: Introduction of lymphadenopathy associated virus or 

humann T lymphotropic virus (LAV/HTLV-III ) into the male homosexual community in 

Amsterdam.. Genitourin.Med. 1986;62:38-43. 

12.. Yarchoan R, Klecker RW, and Weinhold KJ: Administration of 3'-azido-3'-deoxythymidine) an 

inhibitorr of HTLV-III/LA V replication, to patients with AIDS or AIDS-related complex. 

TheThe Lancet 1986;i: 575-580. 

13.. Fischl MA, Richman D, and Grieco MH: The efficacy of Azidothymidine (AZT) in the treatment 

off  patients with AIDS and AIDS-related complex. A double-blind, placebo-controlled trial. 

NewNew England Journal of Medicine 1987;317(4): 185-191. 

14.. Kingsley LA, Kaslow R, Rinaldo CR, et al: Risk factors for seroconversion to human 

immnodeficiencyy virus among male homosexuals. The lancet 1987;8529:345-348. 

15.. Winkelstein W, Lyman DM, Padian N, et al: Sexual practices and risk of infection by the human 

immunodeficiencyy virus. JAMA 1987;257 (3):321-325. 

16.. van Griensven GJP, de Vroome EMM, Goudsmit J, and Coutinho RA: Lagere incidentie van 

HIV-infectiee na veranderd seksueel gedrag in een cohort homoseksuele mannen in 

Amsterdam.. Ned.Tijdschr.Geneeskd. 1989;133:828-830. 

17.. van Griensven GJP, de Vroome EMM, Goudsmit J, and Coutinho RA: Changes in sexual 

behaviorr and the fail in incidence of HIV-1 infection among homosexual men. BMJ 

1989;298:218-221. . 

18.. de Wit JBF, de Vroome EMM, Sandfort TGM, van Griensven GJP, Coutinho RA, and Tielman 

RAP:: Stijging van de incidentie van HIV-infecties, het gevolg van een toename in onveilig 

seksueell  gedrag? Bevindingen in een cohort homoseksuele mannen in Amsterdam. 

Tijdschr.Soc.Tijdschr.Soc. Gezondheidsz. 1991 ;69:26-30. 

19.. de Wit JBF, van den Hoek JAR, Sandfort TGM, and van Griensven GJP: Increase in unsafe sexual 

behaviorr among homosexual men. Am.J.Public Health 1993;83:1451-1453. 

37 7 



Ann historic overview of the Amsterdam Cohort study 

20.. de Wit JBF, van Griensven GJP, Kok G, and Sandfort TG: Why do homosexual men relapse into 

unsafee sex? Predictors of resumption of unprotected anogenital intercourse with casual 

partners.. AIDS 1993;7:1113-1118. 

21.. de Wit JBF, van Griensven GJP, Sandfort TGM, and Coutinho RA: Toename van onveilig 

seksueell  gedrag onder homoseksuele mannen in Amsterdam. Ned. Tijdschr.Geneeskd. 

1993;137:209-210. . 

22.. Janssen M, de Wit JBF, Hospers H, Kok G, and Stroebe W: Jonge homoseksuele mannen, 

voorlichtingsfolderr en opvattingen over risico van HIV-infectie. Gedrag en Gezondheid 

1998;26:210-222. . 

23.. Denning PH, Jones JL, and Ward JW: Recent trends in the HIV epidemie in adolescent and young 

adultt gay and bisexual men. J.Acquir.Immune Defic.Syndr.Hum.Retrovirol. 1997;16:374-

379. . 

24.. Strathdee SA, Hogg RS, Martindale SL, et al: Determinants of sexual risk-taking among young 

HIV-negativee Gay and bisexual men. J.Acquir.Immune Defic.Syndr. 1999;19:61-66. 

25.. Keet IPM, van den Bergh HSP, van Griensven GJP, Coutinho RA, Sandfort ThGM, and van den 
i i 

Hoekk JAR: HIV-infectie en riskant seksueel gedrag onder jonge homoseksuele mannen te 
Amsterdam,, 1992. Ned.Tijdschr.Geneeskd. 1993;137:2709-2712. 

26.. Geskus RB: Methods for estimating the AIDS incubation time distribution when date of 

seroconversionn is censored, 1999:(submitted) 

27.. Centers for Disease Control: Revised classification system for HIV-1 infection and expanded 

surveillancee case definition for AIDS among adolescents and adults. MMWR 1992;41/RR-

17:1-19. . 

28.. Burger DM, Kraaijeveld CL, Meenhorst PL, et al: Penetration of zidovudine into the cerebrospinal 

fluidfluid  of patients infected with HIV. AIDS 1993;7:1581-1587. 

29.. de Gans J, Lange JMA, Derix MMA, et al: Decline of HIV antigen levels in cerebrospinal fluid 

duringg treatment with low dose zidovudine. AIDS 1988;2:37-40. 

30.. Gray F, Bélec L, Keohane C, et al: Zidovudine therapy and HIV encephalitis: a 10-year 

neuropathologicall  survey. AIDS 1994;8: 489-493. 

38 8 



Markerss of HIV-1 infection and its pathogenesis 

31.. Centers for Disease Control: Revision of the CDC surveillance case definition for acquired 

immunodeficiencyy syndrome. MMWR 1987;36:1S-5S. 

32.. de Wolf F, Lange JMA, Goudsmit J, et al: Effect of zidovudine on serum human 

immunodeficiencyy virus antigen levels in symptom-free subjects. The lancet 1988;i:373-

376. . 

33.. Lange JMA, de Wolf F, Mulder JW, Coutinho RA, van der Noordaa J, and Goudsmit J: Markers 

forr progression to acquired immune deficiency syndrome and zidovudine treatment of 

asymptomaticc patients. J.Infect.Dis. 1989;18:85-91. 

34.. Mulder JW, de Wolf F, Goudsmit J, et al: Long-term zidovudine treatment of asymptomatic HIV-

1-infectedd subjects. Antiviral Research 1990;13:127-138. 

35.. Mulder JW, Lange JMA, de Wolf F, et al: Serum p24 antigen levels in untreated and zidovudine-

treatedHIV-- 1 infected subjects. Netherlands Journal of Medicine 1990;37:4-10. 

36.. Mulder JW, Cooper DA, Mathiesen L, et al: Zidovudine twice daily in asymptomatic subjects 

withh HIV-1 infection and a high risk of progression to AIDS: a randomised, double-blind 

placebo-controlledd study. The European-Australian Collaborative Group (Study 017). 

AIDSAIDS 1994;8:313-321. 

37.. Boucher CA, Tersmette M, Lange JM, et al: Zidovudine sensitivity of human immunodeficiency 

virusess from high-risk, symptom-free individuals during therapy. The lancet 

1990;336:585-590. . 

38.. Boucher CA, O'Sullivan E, Mulder JW, et al: Ordered appearance of zidovudine resistance 

mutationss during treatment of 18 human immunodeficiency virus-positive subjects. 

J.Infect.Dis.J.Infect.Dis. 1992;165:105-110. 

39.. Kellam P, Boucher CAB, and Larder BA: A novel fifth mutation in HIV-1 reverse transcriptase 

contributess to the development of high level resistance to zidovudine. Proc.Natl.Acad.Sci. 

1992;89:1934-1938. . 

40.. de Jong M, Veenstra J, Stilianakis NI, et al: Host-parasite dynamics and outgrowth of virus 

containingg a single K.70R amino acid change in reverse transcriptase are responsible for 

39 9 

http://Proc.Natl.Acad.Sci


Ann historic overview of the Amsterdam Cohort study 

thee loss of human immunodeficiency virus type 1 RNA load suppression by zidovudine. 

Proc.Natl.Acad.Sci.Proc.Natl.Acad.Sci. 1996;93:5501-5505. 

41.. Delta Coordinating Committee: Delta: a randomised double-blind controlled trial comparing 

combinationss of zidovudine plus didanosine or zalcitabine with zidovudine alone in HIV 

infectedd patients. The Lancet 1996;348: 283-291. 

42.. Pinching A: Managing HIV disease after Delta. BMJ 1996;312:-521 

43.. Notermans DW, Jurriaans S, de Wolf F, et al: Decrease of HIV-1 RNA levels in lymphoid tissue 

andd peripheral blood during treatment with ritonavir, lamivudine and zidovudine. AIDS 

1998;12:167-173. . 

44.. Katlama C, Murphy R, Johnson V, Squires K, and Horban A: The Atlanic Study: A randomised 

Open-labell  study competing two protease inhibitors (Pl)-sparing antiretroviral stategies 

versuss a standard Pi-containing regimen. 6th conference on Retroviruses and 

OpportunisticOpportunistic infections 1999;(Abstract) 

45.. Foudraine NA, de Jong JJ, Weverling GJ, et al: An open randomised controlled trial of 

zidovudinee plus lamivudine versus stavudine plus lamivudine. A IDS 1998;12:1513-1519. 

46.. Foudraine NA, de Jong J J, Weverling GJ, et al: An open randomised controlled trial of zidovudine 

(AZT)) + lamivudine (3TC) versus stavudine (d4T) + lamivudine in antiretroviral therapy-

naivee patients infected with human immunodeficiency virus type 1, 1998:(submitted) 

47.. Carpenter CCJ, Fischl MA, Hammer SM, et al: Antiretroviral therapy for HIV-1 infection in 1998. 

JAMAJAMA 1998;280:78-86. 

48.. Brinkman K, Kroon F, Hugen PWN, and Burger DM: Therapeutic concentrations of indinavir in 

cerebrospinall  fluid of HIV-1-infected patients. AIDS 1998; 12:537 

49.. Veenstra J, Williams IG, Colebunders R, et al: Immunization with recombinant pi 7/p24:Ty virus-

likee particles in human immunodeficiency virus-infected persons. J. Infect. Dis. 

1996;174:862-866. . 

50.. Lindenburg K, Langendam M, Veenstra J, Miedema F, and Coutinho RA: Long-term effects of 

therapeuticc vaccination with RGP 120,1999: (submitted) 

40 0 

http://Proc.Natl.Acad.Sci


Markerss of HIV-1 infection and its pathogenesis 

51.. Stephenson J: AIDS vaccine moves into phase 3 trials. JAMA 1998;280:7-8-. 

52.. Barré-Sinoussi F: HIV as the cause of AIDS. The Lancet 1996;348:31-35. 

53.. Hendriks JCM, Medley GF, van Griensven GJP, Coutinho RA, Heisterkamp SH, and van Druten 

HA:: The treatment-free incubation period of AIDS in a cohort of homosexual men. AIDS 

1993;7:231-239. . 

54.. Hendriks JCM, Satten GA, Longini IM, van Druten JAM, Coutinho RA, and van Griensven GJP: 

Usee of immunological markers and continuous-time Markov models to estimate 

progressionn of HIV-1 infection in homosexual men. AIDS 1996;10:649-656. 

55.. Editor: Wrong kind of chemokine research. Nature Medicine 1997;3:1051 

56.. Kostrikis LG, Huang Y, Moore JP, et al: A chemokine receptor CCD2 allele delays HIV-1 disease 

progressionn and is associated with a CCR5 promoter mutation. Nature Medicine 

1998;4:350-353. . 

57.. Littman DR: Chemokine receptors: keys to AIDS pathogenesis? Cell 1998;93:677-680. 

58.. Stewart GJ, Ashton LJ, Biti RA, et al: Increased frequency of CCR-5 -32 heterozygotes among 

long-termm non-progressors with HIV-1 infection. AIDS 1997;11:1833-1838. 

59.. van Rij RP, Broersen S, Goudsmit J, Coutinho RA, and Schuitemaker H: The role of a Stromal 

cell-derivedd factor-1 chemokine gene variant in the clinical course of HIV-1 infection. 

^/£>51998;12:F85-F90 0 

60.. van Rij RP, de Roda Husman AM, Brouwer M, Goudsmit J, Coutinho RA, and Schuitemaker H: 

Rolee of CCR2 genotype in the clinical course of syncytium-inducing (SI) or non-SI human 

immunodeficiencyy virus type 1 infection and in the time to conversion to SI virus variants. 

JournalJournal of Infectious Diseases. 1998; 178:1806-1811. 

61.. Keet IPM, Tang J, Klein MR, et al: Consistent association of HLA class I and LL and transporter 

genee products with progression of human immunodeficiency virus type 1 infection in 

homosexuall  men. J.Infect.Dis. 1999;180:299-309. 

62.. Keet IPM, Klein MR, Just JJ, and Kaslow RA: The role of host genetics in the natural history 

HIV-11 infection: the needles in the haystack. A IDS 1996; 10: S59-S67. 

41 1 



Ann historic overview of the Amsterdam Cohort study 

63.. Saah AJ, Hoover DR, Weng S, et al: Association of HLA profiles with early plasma viral load, 

CD4++ cell count and rate of progression to AIDS following acute HIV-1 infection. AIDS 

1998;12:2107-2113. . 

64.. Malkovsky M: HLA and natural history of HIV-1 infection. The lancet 1996;348:142-143. 

65.. Detels R, Mann D, Carrington M, et al: Resistance to HIV-1 infection may be genetically 

mediated.. AIDS 1996; 10:102-104. 

66.. Keet IPM, Krijnen P, Koot M, et al: Predictors of rapid progression to AIDS in HIV-1 

seroconverters.. AIDS 1993;7:51 -57. 

67.. Keet IPM, Krol A, Klein MR, et al: Characteristics of long-term asymptomatic infection with 

humann immunodeficiency virus type 1 in men with normal and low CD4+ cell counts. 

JournalJournal of Infectious Diseases 1994;169:1236-1243. 

68.. Goudsmit J, de Wolf F, Paul DA, et al: Expression of human immunodeficiency virus antigen 

(HIV-Ag)) in serum and cerebrospinal fluid during acute and chronic infection. The lancet 

1986;ii:177-180. . 

69.. Goudsmit J, Paul DA: Circulation of HIV antigen in blood according to stage of infection, risk 

group,, age and geographical origin. Epidemiol. Infect. 1987;99:701-710. 

70.. Goudsmit J, Lange JMA, Paul DA, and Dawson GJ: Antigenemia and antibody titers to core and 

envelopee antigens in AIDS, AIDS-related complex and subclinical human 

immunodeficiencyy virus infection. Journal of Infectious Diseases 1987;155:558-560. 

71.. Goudsmit J: Natural History of HIV-1 infection. Excerpta Medica 1988; 38-41. 

72.. Lange JMA, Paul DA, Huismann HG, et al: Persistent HIV antigenaemia and decline of HIV core e 

antibodiess associated with transition to AIDS. BMJ 1986;293:1459-1462. 

73.. Lange JMA, Goudsmit J: Decline of antibody reactivity to HIV core protein secondary to 

increasedd production of HIV antigen. The lancet 1987;i:448 

74.. Goudsmit J, de Wolf F: Markers for progression to AIDS during natural infection and 

antiretrovirall  therapy. Path Biol 1991;39:873 

42 2 



Markerss of HIV-1 infection and its pathogenesis 

75.. Lange JMA, Paul DA, de Wolf F, Coutinho RA, and Goudsmit J: Viral gene expression, antibody 

productionn and immune complex formation in human immunodeficiency virus infection. 

AIDSAIDS 1987;1:15-20. 

76.. Goudsmit J, Lange JMA, Krone MR, et al: Pathogenesis of HIV and its implications for 

serodiagnosiss and monitoring of antiviral therapy. J. Vir.Meth. 1987;17: 19-34. 

77.. Tersmette M, de Goede RE, Al BJ, et al: Differential synctytium-inducing capacity of human 

immunodeficiencyy cirus isolates: frequent detection of syncytium-inducing isolates in 

patientss with acquired immunodeficiency syndrome (AIDS) and AIDS-related complex. 

J.J. Virol. 1988;62 (6):2026-2032. 

78.. Tersmette M, Lange JMA, de Goede REY, et al: Association between biological properties of 

humann immunodeficiency virus variants and risk for AIDS and AIDS mortality. The 

lancetlancet 1989;i:983-985. 

79.. Tersmette M, Lange JMA, and de Goede REY: Differences in risk for AIDS and AIDS mortality 

associatedd with biological properties of HIV variants. The lancet 1989;i: 983-985. 

80.. Tersmette M, Gruters RA, de Wolf F, et al: Evidence for a role of virulent human 

immunodeficiencyy virus (HIV) variants in the pathogenesis of acquired immunodeficiency 

syndrome:: studies on sequential HIV isolates. J, Virol. 1989;63:2118-2125. 

81.. Koot M, Keet IPM, Vos AH, et al: Prognostic value of HIV-1 syncytium-inducing phenotype for 

ratee of CD4+ cell depletion and progression to AIDS. Ann.Intern.Med. 1993;118:681-688. 

82.. Roos MTL, Miedema F, Koot M, et al: T cell function in vitro is an independent progression 

markerr for AIDS in human immunodeficiency virus-infected asymptomatic subjects. 

J.Infect.Dis.J.Infect.Dis. 1995;171:531-536. 

83.. Roos MTL, Miedema F, Meinesz AP, et al: Low T cell reactivity to combined CD3 plus CD28 

stimulationn is predictive for progression to AIDS: correlation with decreased CD28 

expression.. Clin. Exper. Immunol. 1996; 105:409-415. 

84.. Schellekens PTA , Roos MTL, de Wolf F, Lange JMA, and Miedema F: Low T-cell responsiveness to 

activationn via CD3/TCR is a prognostic marker for acquired immunodeficiency syndrome 

43 3 



Ann historic overview of the Amsterdam Cohort study 

(AIDS)) in human immunodeficiency virus-1 infected men. J.ClinJmmunol. 1990;10:121-

127. . 

85.. Schellekens PTA, Koot M, Roos MTL, Tersmette M, and Miedema F: Immunologic and virologie 

markerss determining progression to AIDS. J. Acquir.Immune Defic.Syndr.Hum.Retrovirol. 

1995;10(suppl2):S62-S66 6 

86.. Gruters RA, Terpstra FG, Lange JM, et al: Differences in clinical course in zidovudine-treated 

asymptomaticc HIV-infected men associated with T-cell function at intake. AIDS 

1991;5:43-47. . 

87.. Ho DD, Neumann AU, Perelson AS, Chen W, Leonard JM, and Markowitz M: Rapid turnover of 

plasmaa virions and CD4 lymphocytes in HIV-1 infection. Nature 1995;373:123-126. 

88.. Wolthers, KC, Wisman, GBA, Otto, SA, et al: T cell telomeres length in HIV-1 infection: no 

evidencee for increased CD4+ T cell turnover. Science 1997;274: 1543-1547. 

89.. Wolthers, KC, Schuitemaker, H, and Miedema, F: Rapid CD4+ T cell turnover in HIV-1 

infection:: a paradigm revisited. Immunology Today 1998;19(1): 44-48. 

90.. Fleury S, de Boer RJ, Rizzardi GP, et al: Limited CD4+ T-cell renewal in early HIV-1 infection: 

effectt of highly active antiretroviral therapy. Nature Medicine 1998;4:794-801. 

91.. Baiter M: How does HIV overcome the Body's T cell bodyguards? Science 1997;278:1399-1400. 

92.. Veenstra, J, Krol, A, van Praag, RME, et al: Herpes zoster, immunological deterioration and 

diseasee progression in HIV-1 infection. AIDS 1995;9: 1153-1158. 

93.. Veenstra J, van Praag RME, Krol A, et al: Complications of varicella zoster virus reactivation in 

HIV-- infected homosexual men. AIDS 1996;10:393-399. 

94.. Dukers NHTM, Bruisten SM, van den Hoek JAR, de Wit JBF, van Doornum GJJ, and Coutinho 

RA:: Strong decline in herpes simplex antibodies over time among young homosexual men 

iss associated with changing sexual behavior. AIDS 1999:(submitted) 

95.. Dukers NHTM, Renwick N, Prins M, et al: Risk factors for HHV8 seropositivity and HHV8 

seroconversionn in a cohort of homosexual men, 1999: (submitted) 

44 4 



Markerss of HIV-1 infection and its pathogenesis 

96.. Renwick N, Halaby T, Weverling GJ, et al: Seroconversion for human herpes virus 8 during HIV-

11 infection is highly predictive of Kaposi's sarcoma. AIDS 1998;12:2481-2488. 

97.. de Wolf F, Lange JMA, Bakker M, et al: Influenza-like syndrome in homosexual men: a 

prospectivee diagnostic study. J Royal Coll of Gen Practitioners 1988;38:443-446. 

98.. Veugelers PJ, Kaldor JM, Strathdee SA, et al: Incidence and prognostic significance of 

symptomaticc primary human immunodeficiency virus type 1 infection in homosexual men. 

JournalJournal of infectious diseases 1997; 176:112-117. 

99.. Bindels PJE, Poos RMJ, Jong JT, Mulder JW, Jager JC, and Coutinho RA: Trends in mortality 

amongg AIDS patients in Amsterdam, 1982-1988. AIDS 1991;5:853-858. 

100.. Bindels PJE, Mulder-Folkerts DKF, van den Hoek JAR, van Ameijden EJC, and Coutinho RA: 

Survivall  differences between men and women with AIDS (1985-1991) and trends in 

overalll  survival in the Amsterdam region. IX International Conference on AIDS, Berlin, 

GermanyGermany 1993;(Abstract) 

101.. Bindels PJE, Reijneveld SA, Mulder-Folkerts DK, Coutinho RA, and van den Hoek JAR: Impact 

off  AIDS on premature mortality in Amsterdam, 1982-1992. AIDS 1994;8:233-237. 

102.. Bindels PJE, Mulder-Folkerts DK, Boer K, et al: The HIV prevalence among pregnant women in 

thee Amsterdam region (1988-1991). Eur. J.Epidemiol. 1994;10:331-338. 

103.. Bindels PJE, Krol A, Roos MTL, et al: The predictive value of T cell function in vitro and pre-

AIDSS zidovudine use for survival after AIDS diagnosis in a cohort of homosexual men in 

Amsterdam.. J.Infect.Dis. 1995;172:97-104. 

104.. Bindels PJE: Surveillance and survival studies on HIV/AID S in Amsterdam. 1996. GG&GD. 

105.. Houweling H, Heisterkamp SH, Wiessing LG, Coutinho RA, van Wijngaarden JK, and Jager JC: 

Methodss for estimating HIV prevalence: a comparison of extrapolation from surveys on 

infectionn rate and risk behaviour with back-calculation for the Netherlands. 

Eur.Eur. J.Epidemiol. 1998; 

106.. Houweling H, Heisterkamp SH, Wiessing LG, Coutinho RA, van Wijngaarden JK, and Jager HJ: 

Methodss for estimating HIV prevalence: A comparison of extrapolation from surveys on 

45 5 



Ann historic overview of the Amsterdam Cohort study 

infectionn rate and risk behaviour with back-calculation for the Netherlands. 

European.European. Journal, of. Epidemiology. 1998; 14:645-652. 

107.. Houweling H, Hamers FF, Termorshuizen F, Gill ON, Jager JC, and Coutinho RA: A birth cohort 

analysiss of AIDS in Europe: high incidence among young persons at risk. AIDS 

1998;12:85-93. . 

108.. Carotenuto P, Looij D, Keldermans L, de Wolf F, and Goudsmit J: Neutralising antibodies are 

positivelyy associated with CD4+ T-cell counts and T-cell function in long-term AIDS-free 

infection.. AIDS 1998;12:1591-1600. 

109.. Pakker NG, Notermans DW, de Boer PJ, et al: Biphasic kinetics of peripheral blood T cells after 

triplee combination therapy in HIV-1 infection: A composite of redistribution and 

proliferation.. Nature Medicine 1998;4:208-214. 

110.. Pakker NG, Notermans DW, De Boer R, et al: Kinetics of CD4+ T cell repopulation after triple 

combinationn therapy: distinct patterns for naive and memory cells. Immunology Letters 

1997;16:318-326. . 

111.. Pakker NG, Kroon EDMB, Roos MTL, et al: Immune restoration does not invariably occur 

followingg long-term HIV-1 suppression during antiretroviral therapy. AIDS 1999;13:203-

212. . 

112.. Meyaard L: Mechanisms of T cell dysfunction in HIV-1 infection. PhD Dissertation. 1995. 

Universityy of Amsterdam, the Netherlands. 

113.. Kampinga GA: HIV-1 variation and transmission. PhD Dissertation. 1996. 

114.. de Wolf F, Lange JMA, and Houweling JTM: Numbers of CD4+ cells and the level of core 

antigenss of and antibodies to the human immunodeficiency virus as predictors of AIDS 

amongg seropositive homosexual men. Journal of Infectious Diseases 1988;158: 615-622. 

115.. Schellekens PTA, Tersmette M, Roos MTL, et al: Biphasic rate of CD4+ cell count decline during 

progressionn to AIDS correlates with HIV-1 phenotype. AIDS 1992;6:665-669. 

116.. Roos MTL, Miedema F, Koot M, et al: T cell function in vitro is an independent progression 

markerr for AIDS in human immunodeficiency virus-infected asymptomatic subjects. 

J.J. Infect. Dis. 1995;171:531-536. 

46 6 



Markerss of HIV-1 infection and its pathogenesis 

117.. Schellekens PTA, Koot M, Roos MTL, Tersmette M, and Miedema F: Immunologic and virologie 

markerss determining progression to AIDS. J.Acquir.Immune Defic.Syndr.Hum.Retrovirol 

1995;10(suppl2):S62-S66 6 

118.. Keet IPM, Krol A, Koot M, et al: Predictors of disease progression in HIV-infected homosexual 

menn with CD4+ cell <200xl0(6)/l but free of AIDS defining clinical disease. AIDS 

1994;8:1577-1583. . 

119.. Bloemena E, Roos MTL, Heijst JLAM, Vossen JMJJ, and Schellekens PTA: Whole-blood 

lymphocytess cultures. J Immunol Methods 1989; 122:161 -167. 

120.. Schuitemaker H, Koot M, and Kootstra NA: Biological phenotype of human immunodeficiency 

viruss type 1 clones at different stages of infection: progression of disease is associated with 

aa shift from monocytotropic to T-cell-tropic virus populations. Journal of Virology 

1992;66:: 1354-1360. 

121.. Koot M, van Leeuwen R, Keet IPM, et al: Conversion rate towards a syncytium-inducing (SI) 

phenotypee during different stages of human immunodeficiency virus type 1 infection and 

prognosticc value of SI phenotype for survival after AIDS diagnosis. Journal of Infectious 

DiseasesDiseases 1999; 179: 254-258. 

122.. Koot M, Vos AH, Keet IPM, et al: HIV-1 biological phenotype in long-term infected individuals 

evaluatedd with a MT-2 co-cultivation assay. AIDS 1992;6:49-54. 

123.. Koot M, Keet IPM, Vos AH, et al: Prognostic value of HIV-1 syncytium-inducing phenotype for 

ratee of CD4+ cell depletion and progression to AIDS. Ann.Intern.Med. 1993;118:681-688. 

124.. Daar ES, Chernyavskiy T, Zhao JQ, Krogstad P, Chen ISY, and Zack JA: Sequential 

determinationn of viral load and phenotype in human immunodeficiency virus type 1 

infection.. AIDS Res.Human Retroviruses 1995; 11:3-9. 

125.. McGavin CH, Land SA, Sebire KL, Hooker DJ, Gurusinghe AD, and Birch CJ: Syncytium-

inducingg phenotype and zidovudine susceptibility of HIV-1 isolated from post-mortem 

tissue.. AIDS 1996;10:47-53. 

126.. Antonioli IM, Baumberger C, Yerly S, and Perrin L: V3 sequences in primary HIV-1 infection. 

AIDSAIDS 1995;9:11-17. 

47 7 



Ann historic overview of the Amsterdam Cohort study 

127.. Kuiken CL, Lukashov VV, Baan E, Dekker J, Leunissen JAM, and Goudsmit J: Evidence for 

limitedd intra-patient evolution of th V3 domain of the HIV-1 envelope in the Amsterdam 

population.. AIDS 1996;10:31-37. 

128.. Gürtler L: Difficulties and strategies of HIV diagnosis. The lancet 1996;348:176-179. 

129.. Katrensten DA, Holodniy M: HIV viral load quantification, HIV resistance. AIDS Clinical Review 

1994:279-303. . 

130.. Mellors JW, Kingsley LA, Rinaldo CR, Jr., et al: Quantitation of HIV-1 RNA in plasma predicts 

outcomee after seroconversion. Ann.Intern.Med. 1995;122:573-579. 

131.. Mellors JW, Rinaldo CR, Jr., Gupta P, White RM, Todd JA, and Kingsley LA: Prognosis in HIV-

11 infection predicted by the quantity of virus in plasma. Science 1996;272:1167-1170. 

132.. Joubert L, Meyohas MC, Ollivier I, et al: Viral load in symptomatic primary HIV-1 infection. 

AIDSAIDS 1993;7:1127-1128. 

133.. Loannidid JPA, Cappelleri JC, Lau J, Sacks HS, and Skolnik PR: Predictive value of viral load 

measurementss in asymptomatic untreated HIV-1 infection: a mathematical model. AIDS 

1995;10:255-262. . 

134.. Riddler SA, Mellors JW: HIV-1 viral load and clinical outcome: review of recent studies. AIDS 

1997;11:S141-S148 8 

135.. Henrard DR, Phillips JF, Muenz LR, et al: Natural history of HIV-1 cell-free viremia. JAMA 

1995;274:554-558. . 

136.. O'Brien TR, Blattner WA, Waters D, et al: Serum HIV-1 RNA levels and time to development of 

AIDSS in the multicenter Hemophilia Cohort Study. JAMA 1996;276:105-110. 

137.. O'Brien, TR, Rosenberg, PS, Yellin, F, and Goedert, JJ: Longitudinal HIV-1 RNA levels in a 

Cohortt of homosexual men. Journal of A cquired Immune Deficiency Syndromes 1998; 18: 

155-161. . 

138.. Katzenstein TL, Pedersen C, Nielsen C, Lundgren JD, Jakobsenn PH, and Gerstoft J: Longitudinal 

serumm HIV RNA quantification: correlation to viral phenotype at seroconversion and 

clinicall  outcome. AIDS 1996;10:167-173. 

48 8 



Markerss of HIV-1 infection and its pathogenesis 

139.. Finzi D, Sillciano RF: Viral Dynamics in HIV-1 infection. Cell 1998;93:665-671. 

49 9 



Chapterr  3 

Strongg association between failur e of T cell homeostasis and the 
syncytium-inducingg phenotype among HIV- 1 infected men in the 

Amsterdamm Cohort Study. 

J.. J. Maas, S. J. Gange, H. Schuitemaker, R. Coutinho, R. van Leeuwen, 
andd J. B. Margolick 

AcceptedAccepted for publication in AIDS 

50 0 



51 1 



Markerss of HIV-1 infection and its pathogenesis 

Abstract t 

Objective:Objective: We investigated T cell homeostasis in the Amsterdam Cohort Study, and whether its failure, 

associatedassociated with downward inflection in the total T cell counts, was related to the switch from the non-

syncytium-inducingsyncytium-inducing (NSI) to the syncytium (SI) virus phenotype. Methods: For each of 325 homosexual 

men,men, the slope of the CD3+ T cell count before and after the estimated T cell inflection point (IP) was 

determineddetermined and correlated with the time of the NSI/SI switch. Results: Median T cell slopes before the IP 

(pre-IP)(pre-IP) were nearly zero regardless of whether AIDS occurred, but the slopes after the IP (post-IP) were 

associatedassociated with clinical outcomes, with a median annual decline of 17.6% among AIDS cases and 4.6% 

inin those remaining AlDS-free. Among subjects considered to have a true IP (>8.2%/year post-IP), the 

timestimes of the SI switch and the IP slope were highly correlated (r=0.65); among AIDS cases the SI switch 

precededpreceded the IP by a median of'0.63 years. Conclusion: These results support the concept of blind T cell 

homeostasis,homeostasis, and also suggest that HIV-1 SI variants play an important role in the failure of T cell 

homeostasis. homeostasis. 
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Introduction n 

Immunologicc and virologie markers such as 

CD4++ T cell count, HIV RNA concentration, and 

HIV-11 phenotype (non-syncytium-inducing 

(NSI)) or syncytium-inducing (SI) virus variant), 

playy an important role in assessing the stage of 

HIVV disease in HIV-1 infected subjects. 

Althoughh the relations between the various 

markerss and the natural history of HIV-1 

infectionn have been the subject of many studies, 

biologicc mechanisms that may explain these 

relationss are still far from clear. In order to study 

thosee mechanisms, various attempts have been 

madee to model associations between marker 

trajectoriess and clinical endpoints such as AIDS 

andd death. 

Recently,, the hypothesis of blind T 

celll  homeostasis has been proposed, based on the 

observationn that in various experimental and 

clinicall  conditions a constant level of circulating 

TT cells is maintained without regard to the subset 

phenotypee (e.g. CD4+ or CD8+ cel ls)M . For 

example,, MHC Class I knockout mice, which 

cannott produce CD4+ T cells, generate a CD8+ T 

celll  lymphocytosis and maintain normal T cell 

Inflectionn points 

countss 5. In HIV-1 infection, progressive loss of 

CD4+TT cells is balanced by an increase in 

CD8+TT cells for many years after HIV-1 

seroconversionn 4. Furthermore, it has been found 

thatt T cell homeostasis failed in subjects who 

developedd AIDS, as manifested by an abrupt 

decreasee in the CD3+ T cell counts a median of 

1.5-2.55 years before the onset of AIDS 3;6. The 

onsett of this decline was denoted as the T cell 

inflectionn point (IP). 

Usingg methods which were 

developedd to identify T cell IPs on an individual 

level7,, Gange et al. found that more than 75% of 

participantss in the Multicenter AIDS Cohort 

Studyy (MACS) who developed AIDS had T cell 

IPs,, with a median time of 1.7 years from the T 

celll  IP to AIDS 7. While these methods are not 

appropriatee for clinical diagnosis, they allow for 

investigationn of the pathogenesis of T cell IPs. 

Severall  recent studies have investigated HIV 

RNAA and CTL patterns 8, HIV genetic diversity, 

divergencee and predicted chemokine co-receptor 

usagee 9, and T cell subset composition 10 in 

relationn to T cell IPs. 
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Earlyy in HIV-1 infection, slow-replicating, 

macrophage-tropic,, non-syncytium-inducing 

(NSI)) viruses are the predominant isolates from 

thee peripheral blood. However, in 50% of AIDS 

casess ', ; I 2 there is a shift of the virus population 

towardss the more rapidly replicating, T cell 

tropic,, syncytium-inducing (SI) phenotype virus. 

Thee median time interval between the switch 

fromm the NSI to the SI virus phenotype and the 

onsett of AIDS has been estimated as 6-18 

monthss ,3 and 23 months '4. The similarity of 

thesee intervals to the time between the T cell IP 

andd AIDS suggests that these events may be 

related.. However, no studies have directly 

investigatedd whether this is true. Therefore, the 

presentt study was undertaken to investigate this 

relationn in the Amsterdam Cohort Study (ACS), 

inn which HIV-1 phenotype has been assessed on 

cohortt members every three months since the 

beginningg of the study in 1984. In the present 

study,, we first evaluated the validity of the blind 

TT cell homeostasis hypothesis in the ACS, 

determiningg individual T cell IPs and CD3+ cell 

slopess before and after this point. Subsequently, 

thee association between the calculated IP 
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parameterss and the appearance of the SI virus 

phenotypee was studied. 

Material ss and Methods 

Studyy group 

Sincee October, 1984,1294 homosexual men 

havee been enrolled in the Amsterdam Cohort 

Studyy (ACS) according to procedures that have 

beenn previously described l5. Briefly, 

participantss have been seen every three months, 

att which time a medical history was taken, a 

physicall  examination was performed, and blood 

wass drawn for immunological and virological 

laboratoryy evaluations. Sera were tested for the 

presencee of HIV-1 antibodies with two 

commerciallyy available enzyme-linked 

immunosorbentt assays (ELISA: Abbott 

Laboratories,, North Chicago, IL, USA; 

Vironostikaa Teknika, Organon, Oss, The 

Netherlands)) and results confirmed with Western 

blot.. All serological tests were carried out using 

freshh sera. T cell subsets were measured as 

describedd using fresh cells, using directly 

conjugatedd monoclonal antibodies and flow 

cytometryy '6. 



Participantss in the present study were 

selectedd from the 679 HIV-1 infected individuals 

(5433 seroprevalents and 136 seroconverters) who 

hadd been enrolled in the ACS through February 

1998,, according to three criteria: 1) individuals 

hadd to have at least six T cell measurements; 2) 

theyy had to have at least three years follow-up; 

andd 3) the first two criteria had to be met before 

155 June 1996, the date on which Highly Active 

AntiRetrovirall  Therapy (HAART) was 

introducedd in the ACS. No distinction was made 

betweenn seroprevalent cases and seroconverters 

11.. The median age of the participants was 33.7 

yearss (interquartile range (IQR): 29-58). Those 

whoo met these criteria (n=338) were divided into 

threee groups; (1) those who developed AIDS, 

accordingg to the 1987 Center for Disease Control 

andd Prevention case definition l7, by 15 June 

19966 (the AIDS group, n=178); (2) those who 

developedd AIDS between 15 June 1996 and 

Februaryy 1998 (n=13); and (3) those who had not 

developedd AIDS as of February 1998 (the AIDS-

freee group, n=147). Members of the second 

groupp were excluded from analysis in this study. 

TT cell counts from the third group were truncated 

Inflectionn points 

att 1 January 1995, to assure that T cell counts in 

thiss group were not affected by any imminent 

developmentt of AIDS. Finally, persons who 

startedd HAART within an interval of two years 

afterr the IP or NSI/SI switch were excluded from 

thee analysis. 

Analysiss of T cell inflections and trajectories. 

Thee statistical methods used to estimate T cell 

inflectionn points (IP), and the CD3+ T cell slopes 

beforee and after the IP for a given individual, 

havee been described elsewhere 7 (Figure 1). 

Briefly,, a segmented regression model of the 

formm ysj = Bi0 + Buftj - IPiV + Bi2 (tj, - IPi)+ + By 

wass fit, where yy represents the logio CD3+ cell 

countt for the measurement of the ith individual 

att the time tij , IPi is the estimated time of loss of 

TT cell homeostasis for the ith individual, and fijj 

iss a random normal error term. The parameter Bio 

representss the logio CD3+ T cell count at the time 

TT cell homeostasis fails, and the parameters fin 

andd B,2 represent the slope of the logio CD3+ cell 
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Figuree 1 Illustration of the algorithm used for estimating the time of inflection point (IP) and 
determiness the CD3+ T cell slopes before and after IP. 
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countt before and after the IP, respectively. We 

evaluatedd the parameters J3\\ (pre-IP slope), J3a 

(post-IPP slope), and fin -6,2 (difference between 

thee pre- and post-IP slopes) for distinguishing 

individualss in the AIDS and AIDS-free groups. 

Too determine the slope value that best 

discriminatedd these two groups, we calculated 

thee value that maximised the sensitivity and 

specificityy for the development of AIDS using 

receiver-operatorr characteristic (ROC) curves l8. 

Subjectss with post-IP slopes steeper than the cut-

offf  were defined as "true inflectors" while those 

withh a slope less steep than the cut-off were 

definedd as "noninflectors". 

Determinationn of NSI  to SI  switch and 
relationn of the switch to T cell inflections. 

Too detect the presence of syncytium-inducing 

(SI)) HIV-1 variants, peripheral blood 

mononuclearr cells were co-cultivated with MT-2 

cells.. Briefly, HIV-1 was isolated from 0.5x106 

freshh or 1 xlO6 cryopreserved PBMC from 

infectedd men by cocultivation with 1.0x106 MT-2 

cellss (MRC AIDS Reagent Project, 

Hertfordshire,, United Kingdom), as previously 

describedd '6. Cryopreserved cells were used until 

Inflectionn points 

Octoberr 1992, and fresh cells thereafter. Cultures 

weree kept 3 weeks. Virus replication was 

detectedd by observation of syncytium formation 

andd detection of HIV-1 p24 in the culture 

supernatant.. Cocultivation of patient PBMC with 

MT-22 is a sensitive and specific method for 

detectionn of SI isolates 16. From subjects with at 

leastt two virus phenotype measurements, the 

timee of the NSI to SI switch was taken as the 

midpointt between the time of the last NSI 

measurementt and the first SI measurement, with 

thee restriction that the two measurements had to 

bee within 12 months of each other. Furthermore, 

personss who started HAART within two years 

afterr the IP or NSI/SI switch were also excluded 

(n=9).. With this restriction, there were 267 

personss with phenotypic measurements. The 

mediann number of phenotypic measurements per 

personn was 15 (IQR: 7-23), and the median 

intervall  between measurements was 3.6 months 

(IQR:: 3.0-6.3)). The association between the NSI 

too SI switch and T cell IP was analysed by non-

parametricc tests (Mann-Whitney and Wilcoxon 

signedd rank test or sign test, depending on the 

57 7 



Markerss of HIV-1 infection and its pathogenesis 

symmetryy of the distribution) and by least-

squaress linear regression. 

Results s 

TT cell homeostasis and its failur e in relation to 
AIDS. . 

Off  the 325 subjects who met the selection 

criteriaa for this study, 178 developed clinically-

definedd AIDS by June 1996, and 147 remained 

AIDS-freee through February 1998. Three 

subjectss were excluded because they had started 

withh HAART therapy within two years after IP. 

Figuree 2 illustrates 

thee slopes of the 

CD3++ T cell counts 

beforee and after the 

IPP for the AIDS 

(n=176)) and AIDS-

freee (n=146) 

groups.. For both 

groups,, the 

distributionn of the 

pre-IPP slopes was 

essentiallyy centered 
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andd -3.5%/year for the AIDS-free group. In 

contrast,, the post-IP slopes differed significantly 

(p<0.001)) between the two groups: the median 

post-IPP slope was -17.6%/year (IQR: -46.0 to -

0.09%)) for the AIDS group and +4.6%/year 

(IQR:: -6.1 to 19.0%) for the AIDS-free group. 

Thesee data are in complete agreement with the T 

celll  homeostasis hypothesis, which predicts 

CD3++ cell stability at all time periods in the 

AIDS-freee group and prior to the T cell IP in the 

AIDSS group. 

Thee ROC analysis demonstrated that the 

Figuree 2 

TT cell slopes before and after time of IP 

|%% before-IP slope 

%% after-IP slope 
1466 146 

AIDS-free e 
1766 176 

AIDS S 

aroundd zero (-0.02%/year for the AIDS group 
post-IPP slope (P>a) was the strongest predictor for 

AIDS,, followed by the difference in pre- and 
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post-IPP slopes (Uu -Bi2 ) (data not shown). The 

optimall  cut-off for distinguishing true inflectors 

fromfrom noninflectors based on the post-IP slope 

wass a slope of-8.2%/year. This cut-off, which 

resultedd in sensitivity and specificity for 

predictionn of AIDS onset that were both 66%, 

wass used to define the individuals included in the 

subsequentt analyses of the relations between the 

TT cell IP and AIDS, and the T cell IP to the SI 

switch,, as described below. 118 of the 176 AIDS 

casess (67%) and 32 of the 146 AIDS free cases 

(22%)) were classified as true inflectors. Among 

thee 118 true inflectors who developed AIDS, the 

mediann time between the T cell IP and AIDS 

wass 1.58 years (IQR: 0.83 to 2.6 years). Again, 

thesee estimates were not influenced by HAART, 

becausee all individuals with an interval of 2 

yearss or less between IP and therapy were 

excluded. . 

Thee median CD3+, CD4+, and CD8+ T cell 

countss at the visit just prior to the estimated T 

celll  IP were 1490,420, and 1000 cells/ul, 

respectively;; and 1110, 330, and 760 cells/ul, 

respectively,, at the first visit after the T cell IP. 

Relationn of the SI  switch to the T cell IP and 
too AID S 

NSI/SII  phenotype data weree available for 267 of 

thee 325 individuals eligible for this study 

133/1766 (75.6 %) of the AIDS group, and 

134/1466 (91.7%) of the AIDS-free group. In 

addition,, to the three subjects described above, 

ann additional six subjects were excluded because 

thee they had a SI-HAART interval shorter than 

twoo years. Overall, there was a strong 

associationn of T cell IP and SI switch (odds ratio 

== 3.9; PO.001), with 52.1% (61 out of 119) of 

thosee with a true IP showing an SI switch, but 

onlyy 21.0%(31 out of 148) of those without a 

truee IP. There were 92 switches from the NSI to 

thee SI phenotype which occurred within a 12-

monthh interval, and subsequent analyses were 

basedbased on these, with the exclusion of nine cases 

ass described below. The incidence of a switch 

fromm the NSI to the SI phenotype was 62/133 

(46.6%)) among the AIDS group but only 30/134 

(22.4%)) in the AIDS-free group. For those who 

hadd both a SI switch and AIDS (n=62), the 

mediann time between these two events was 1.89 

yearss (IQR: 1.3 to 3.4 years). Because applying 
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dataa censoring can cause a selection bias we also 

performedd the same analysis with the total 

numberr of SI switches, without any restrictions. 

Ann incidence of 47.3% (80 out of 169) among 

AID SS cases was found compared to 22.7 % 

(32/141)) among persons who remained AIDS-

free,, with a median interval between the switch 

andd AIDS of 2.0 years (IQR: 1.4-3.6). 

Subsequently,, we analysed the 

switchh (42%) than in those who did not (25%). 

Thesee results are consistent with the hypothesis 

thatt some of the association between the SI 

switchh and the development of AIDS is mediated 

byy the failure of T cell homeostasis. However, 

sincee a higher risk of AIDS persisted among the 

non-inflectorss with a SI switch than those 

withoutt a switch, there appears to be an 

associationn of SI with AIDS via a pathway 

proportionn of men 

whoo developed AIDS, Table 1 Occurrence of AIDS stratified by T cell inflection and SI phenotype 

ass a function of the SII  switch Noo SI switch Overall l 

presencee or absence 

off  SI switch and T 

celll  IP, as shown in 

Tablee 1. There were 

1199 men who had 

Truee inflectors 49/61 = 80% 42/58 = 72% 91/119 = 76% 

Noninflectorss 13/31= 42% 29/117 = 25% 42/148 = 28% 

Overalll  62/92 = 67% 71/175=41% 

bothh eligible NSI/SI phenotype assessments and 

aa true T cell IP (i.e., post-IP slope <-8.2%/yr). 

Amongg these true inflectors, the proportion who 

developedd AIDS was high, regardless of whether 

ann SI switch was present (80%) or not present 

(72%).. Among non-inflectors, the proportion 

whoo developed AIDS was much lower, although 

itt was somewhat higher in those who had an SI 

independentt of T cell homeostasis failure. 

Thee distribution of the time intervals 

betweenn the true IP and the SI switch is shown in 

Fig.3.. Among true inflectors who developed 

AIDSS (n=49), the SI switch generally preceded 

thee IP (median interval = -0.63 years, IQR = -

1.355 to -0.06 years, p<0.001). However, for true 

inflectorss without AIDS (n=12), these events 
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occurredd more contemporaneously (median: 0.0 

yearr (IQR:-1.3 - 0.8)). Overall, there was a very 

strongg linear relation between the time of the SI 

switchh and the time of the true IP, as shown in 

Fig.. 4. 

Finally,, we compared the influence of 

virall  phenotype on T cell slopes before and after 

thee IP. Using only data from the 119 true 

inftectors,, the T cell decline after the T cell IP 

wass substantially steeper for men with an SI 

viruss (median slope = -40.2%/year; IQR = -54.8 

too -17.3) than for men with NSI viruses (median 

slopee = -25.2%/year; IQR= -44.8 to -15.9). This 

differencee was of borderline statistical 

significancee (p=0.07). As expected there was 

alsoo no difference regarding the pre-IP slopes 

(4.7%/yearr versus 6.3%/year, p=0.16). If the 

analysiss was extended to all 267 subjects (i.e., 

withoutt regard to whether they were true 

inftectors),, there was no difference in the pre-IP 

slopess (medians -0.06%/year versus -2.7%/year, 

p=0.3),, but subjects who had an SI switch had 

significantlyy steeper post-IP T cell declines than 

thosee who had an IP without an SI switch 

Inflectionn points 

(medianss = -17.3 %/year and -1.1 %/year, 

respectively;; pO.001). 
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Figuree 3 Time between the first appearance of the SI virus phenotype and the T cell inflection point (IP) of 

Individualss who developed AIDS or remained AIDS free. 
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Figuree 4 Time between the first appearance of the SI virus phenotype and the T cell inflection point (IP) of 

individualss who developed AIDS or remained AIDS-free. 
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Discussion n 

Thiss study has provided further support for the 

blindd T cell homeostasis concept, in that a 

biphasicc trajectory was observed, with nearly a 

stablee number of peripheral CD3+ T cells in the 

firstt phase followed by a steep decline in CD3+ T 

cellss in the second phase. This started a median 

off  1.58 years before the onset of AIDS. This is in 

closee accordance with the results found in the 

MACS,, where a median of 1.72 years was found 

7 7 

Inn the second part of this study, we 

examinedd the association between the 

appearancee of the SI phenotype in peripheral 

bloodd and the time and magnitude of the T cell 

IP.. In subjects who developed AIDS, there was a 

strongg temporal association between the T cell IP 

andd the first appearance of SI virus phenotype. 

Specifically,, the SI switch occurred a median of 

0.633 years before the T cell IP, which agrees 

closelyy with the finding by Shankaprappa et al. 

thatt X4 viruses were maximally represented 0.6 

yearss before the T cell IP in 8 homosexual men 

inn the MACS who progressed to advanced HIV-

11 disease 9. While NSI/SI phenotype did not 

Inflectionn points 

affectt the pre-IP slopes, post-IP CD3+ T cell 

slopess were significantly steeper among SI 

carrierss than NSI carriers. 

Theree are several possible mechanisms by 

whichh SI HIV-1 variants may be associated with 

failuree of T cell homeostasis. One of the 

mechanismss may be an expanded host range of 

SII  variants as compared to NSI variants. CCR5, 

thee co-receptor for NSI variants, is expressed 

primaryy on memory T cells whereas CXCR4, the 

SII  co-receptor, is expressed both memory and 

naivee cells. In agreement with this expression 

pattern,, NSI variants were mainly isolated from 

memoryy cells whereas SI variants were equally 

distributedd among naive and memory cell 

populationss '9. Not only the greater target cell 

populationn for SI HIV-1 variants 20 but also the 

infectionn and destruction of naive cells that 

normallyy contribute to the T cell population may 

bothh have large impact in T cell homeostasis. 

Herbeinn et al. found that the SI phenotype can be 

associatedd with apoptosis of non-infected T cells 

21.. Another possible explanation is that in some 

casess with rapid progression to AIDS, dual tropic 

SII  variants (i.e., capable of replicating in both T 
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cellss and macrophages) were isolated 22. It has 

beenn postulated that the observed T cell turnover 

inn HIV-1 infection can be viewed as the reverse 

off  the process by which immune reconstitution 

occurss after stem cell transplantation 4, and 

Hellersteinn et al. 23 found that T cells from HIV-

11 infected individuals had reduced half-lives as 

comparedd to those from healthy, HIV negative 

individuals.. Finally, Glushakova et al. 24 found 

thatt specific immune responses were enhanced 

byy productive infection of the tissue with NSI 

isolates,, but were blocked by SI isolates. In other 

words,, broadening of the HIV target cell 

populationn 20 - including the naive T cell 

populationn - together with the SI induced 

impairmentt of the immune responses and a 

reducedd T cell half-life, may be the driving 

forcess behind loss of T cell homeostasis and an 

acceleratedd progression of infection. 
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Inn Vivo Delayed-Type Hypersensitivity Skin Test Anergy in Human 
Immunodeficiencyy Viru s Type 1 Infection Is Associated with T Cell 
Nonresponsivenesss In Vitr o 

J.. J. Maas, M. T. L. Roos, I. P. M. Keet, E. A. M. Mensen, 
A.. Krol, J. Veenstra, P. T. A. Schellekens, S. Jurriaans, 
R.. A. Coutinho, and F. Miedema 

Infectionn with human immunodeficiency virus (HIV) induces 
profoundd defects of cell-mediated immunity, which wil l even-
tuallyy result in AIDS. The hallmark of progression of HIV-1 
infectionn is depletion of CD4 T cells, but several other surrogate 
markers,, such as HIV-1 RNA load [1] and T cell reactivity in 
vitroo [2], have also been shown to provide important additional 
informationn regarding the prognosis of HlV- l -infected per-
sons.. Although not frequently used, delayed-type hypersensi-
tivit yy (DTH) skin testing was recognized early on as a marker 
too assess the immune status of HIV-1 -infected persons [3-5]. 

Thee DTH reaction is mediated by Thl cells, which produce 
interleukin-22 and interferon--y [6]. It has been shown in asymp-
tomaticc HIV-1-infected persons that peripheral blood T cells 
[7,, 8] and lymph node T cells [9] have a reduced capacity to 
producee interleukin-2 and interferon-?, which is probably the 
causee of the diminished capacity to induce DTH reactions. The 
Thll  dysfunction in HIV-1-infected persons could, at least in 
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:ss part, be caused by diminished release of interleukin-12, a cyto-
i-- kine that directs Thl responses [10, 11] and that has been 
11 reported as able to restore HIV-specific T cell responses in 
ee patients [12, 13]. 
nn DTH anergy (DTHA) has been observed in 20%-30% [14, 
ill  15] of asymptomatic HIV-1-infected persons with normal or 
r-- slightly decreased CD4 T cell counts. The prognostic signifi-
i-- cance of DTH A has been recognized in the Walter Reed classi-
err fication, in which it was an independent indicator for progres-
] .. sion to disease [16-18]. 
:ee We therefore investigated the possible relation between 
)-- DTHA and T cell function in vitro by using different stimula-
lss tion protocols, as well as the wider association with the other 
:oo virologie and immunologic markers used for monitoring pro-

iee gression of HIV-1 infection, 

ie e 
in n 

Materialss and Methods 

__ Study population. The study population consisted of HIV-1 -
infectedd white homosexual men who were participating in the 
Amsterdamm Cohort study on HIV infection and AIDS [19]. Partici-

ntt pants were seen at 3-month intervals. At each 3-monthly visit, as 
<**  well as a physical examination and a medical history, immunologic 

andd virologie laboratory evaluations were done. 
jJDD A multitest cellular-mediated immunity (CMI) skin test was 
;e,, done on all 136 HIV-1-infected participants who visited the Mu-

nicipall  Health Service in the period from September 1995 through 
**  February 1996, at one of the routine visits or shortly afterwards. 
188 DTH skin testing. For evaluation of DTHA, we used the com-

merciallyy available Multitest CMI applicator (Institut Mérieux, 
Lyon,, France) {20-22]. The recall antigens applied with the 
multitestt were tetanus, diphtheria, Streptococcus group C, tubercu-

Inn a cross-sectional study, the prevalence of delayed-type hypersensitivity skin test anergy (DTHA) 
wass examined in 136 asymptomatic human immunodeficiency virus-infected participants in relation 
too immunologic and virologie parameters. DTHA was assessed with a multitest cell-mediated immu-
nityy skin test. Of the 136 participants, with a mean CD4 T cell count of 335 x 10*/L, 25 were 
anergicc (18.4%). In the stepwise forward multivariate logistic regression models, after adjustment 
forr CD4 T cell counts, depending on whether it was analyzed continuously or after dichotomization 
(20thh percentile), both T cell reactivity to CD2 plus CD28 antibodies or to CD3 antibodies were the 
mostt predictive markers of DTHA (odds ratio, 0.80; 95% confidence interval, 0.67-0.94; and odds 
ratio,, 2.97; 95% confidence interval, 1.1-8.3, respectively). This study shows a strong correlation 
betweenn the decreased T ceil responses in vitro and DTHA. Therefore, next to DTHA testing, T 
celll  function assays may be useful to test immune reconstitution observed during ant [retroviral 
treatment. . 
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lin,, Proteus, Candida albicans, and Trichophyton along with a 
glycerinee control. The result of the skin test was assessed after 48 
h.. The test was administered and interpreted by trained nurses [23] 
off  the tuberculosis prevention department of the Municipal Health 
Servicee of Amsterdam. Furthermore, for a reference, the multitest 
wass also applied to 20 staff members of the Municipal Health 
Servicee of Amsterdam and to 4 HIV-negative homosexual men. 
Noo blood was drawn from these controls. DTHA is frequently 
definedd as none of the skin test indurations >2 mm [24]. However, 
thiss definition was not feasible because the number of anergic 
personss was too small to perform an analysis. Therefore, the fol-
lowingg DTHA definition was used: A skin induration 3*2 mm to 
ann individual recall antigen was considered a response. The mean 
DTHH score was defined as the sum of all of the indurations 5*2 
mmm (nominator), divided by the number of responding antigens 
(denominator).. DTHA was defined as a mean DTH score «2 mm. 

LaboratoryLaboratory methods. Sera were tested for the presence of HI V-
11 antibodies with two commercially available ELISAs (Abbott 
Laboratories,, Abbott Park, IL; Vironostika Teknika, Organon, Oss, 
Thee Netherlands) and confirmed with Western blot. HIV-1 p24 
antigenn was detected with a solid-phase, sandwich-type EIA (Ab-
bottt Laboratories). The HIV-1 RNA virus load was assessed with 
thee nucleic acid sequence-based amplification [25] assay in cryo-
preservedd sera. All serologic and immunologic tests were carried 
outt in fresh specimens. T cell subsets were enumerated by a direct 
immunofluorescentt technique using monoclonal antibodies 
(MAbs)) and a flow cytometry system. Cocultivation of peripheral 
bloodd mononuclear cells with MT-2 cells was used to detect the 
presencee of syncytium-inducing HIV-1 variants [26]. To measure 
TT cell reactivity, fresh cells were stimulated in a whole blood 
culturee system with CD3 MAb, CD3 plus CD28 MAb [27], CD2 
pluss CD28 MAb, and phytohemagglutinin [28], Reactivity was 
expressedd as the percentage of median responses detected in con-
currentlyy running cultures of 5 healthy controls. 

StatisticalStatistical analysis. In a cross-sectional design, continuous 
variabless with an approximately normal distribution were tested 
withh Student's / test. Variables with a skewed distribution were 
testedd with the Mann-Whitney test or, after the most appropriate 
transformationn (log or square root), tested with the Student's t test. 
Inn addition, categorical variables were examined with the x2 'est. 
Thee predictive value for developing DTHA was assessed in two 
ways,, continuously and after dichotomization. In the latter analysis, 
thee continuous variables were dichotomized at the 20th percentile. 
Thiss level was chosen because it approximates the lower reference 
rangee that is used by our laboratory. In this analysis, the odds ratio 
(OR)) of DTHA was calculated in the group with marker levels 
beloww the 20th percentile compared with others in the study group 
(ss20thh vs. >20th percentile). Plasma HIV-1 RNA vims load was 
log-transformed,, and the dichotomization threshold was set at 10* 
copies/mL,, the level at which antiretroviral treatment is recom-
mendedd [1]. 

ORss with 95% confidence intervals (95% CIs) were calculated 
withh logistic regression. The associations between the presence of 
DTHAA and the various immunologic and virologie variables were 
analyzedd univariately and after adjustment for CD4 T cell count. 
Finally,, the variables that predicted DTHA significantly were ana-
lyzedd in a stepwise forward model. The following levels of signifi-
cancee were used: P 3= .10 for removal and P < .10 for addition. 

Results s 

Thee mean age of the 136 HIV-1-positive homosexual men 
wass 41.5 years (range, 25-59). Ninety-four were HIV-1-posi-
tivee at entry and 42 seroconverted during follow-up. The mean 
HIV-positivee follow-up period was 6.4 years, with a range of 
33 months to 11 years. The mean age of the 24 controls (15 
menn and 9 women) was 41 years (range, 28-56). In 60% of 
subjects,, time between blood drawing at one of the routine 
visitss and applying the multitest was <2 weeks, with a maxi-
mumm range of 3 months. 

Off  the 136 HIV-1-positive men included in this study, 25 
weree found to be anergic (18.4%), compared with 1 in the 
controll  group (4.2%) (P = .13). However, the sum of skin test 
indurations,, the number of responding antigens per subject, 
andd the mean DTH score were all significantly lower in the 
HIV-11 -positive subjects than in controls (P < .001, P < .001 
[figuree 1], and P = .002, respectively). Eleven subjects showed 
noo response whatsoever against any of the antigens (8%), com-
paredd with none of the controls (P = .16). 

Tablee 1 shows that the mean induration and the percentage of 
respondingg subjects per recall antigen was in general lower— 
exceptt for Trichophyton antigen—in the HIV-1-infected 
groupp than in the control group, although statistical significance 
wass not always reached. 

Thee HIV-1-infected subjects were divided into 2 groups, 
anergicc (n = 25) and responders (n = 111), and compared 
regardingregarding virologie and immunologic markers (table 2). The 
meann CD4 T cell count for the 136 HIV-1 -positive participants 
wass 335 X 106/L, with a mean for responders and anergic men 
off  355 X 106/L and 246 X 106/L, respectively (P = .01). 
Moreover,, T cell responses induced by CD3 MAb, CD3 plus 
CD288 MAb, and CD2 plus CD28 MAb were significantly 
higherr in the responders than in the anergic men. Of the viro-
logiee markers, only HIV-1 p24 antigen differed significantly 
betweenn the groups. Plasma HIV-1 RNA virus load did not. 
Theree was no association of DTHA with age or length of 
follow-upp (P = .37 and .67, respectively). 

Inn the univariate logistic regression analysts, the following 
continuouss markers were shown to be significantly associated 
withh DTHA (table 3): CD4 T cell count and low T cell reactiv-
ityy after stimulation with CD3 plus CD28 MAb and CD2 plus 
CD288 MAb. The presence of HIV-1 p24 antigen was also 
significantlyy associated with DTHA. In the stepwise forward 
multivariatee model (including CD4 T cell count, T cell reactiv-
ityy after stimulation with CD3 plus CD28 MAb and CD2 plus 
CD288 MAb, and HIV-1 p24 antigen), low T cell reactivity 
afterr stimulation with CD2 plus CD28 MAb appeared to be 
thee most predictive marker, with an OR of 0.80 (95% CI, 0.67-
0.95)) (P = .01). 

Inn the univariate logistic regression analysis, the following 
dichotomizedd markers were shown to be significantly associ-
atedd with DTHA (table 3): low T cell reactivity after stimula-
tionn with CD3 MAb and CD2 plus CD28 MAb. In a bivariate 
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Figuree 1. Median, quartiles, and 
extremee values (O) for sum of skin 
testt indurations and number of re-
spondingg recall antigens observed in 
HIV-seronegativee controls and HIV-
seropositivee participants. 

analysiss with CD4 T cell count forced into the logistic model, 
thee ORs for the other markers remained similar. In the final 
stepwisee forward multivariate model, including CD3 MAb, 
CD22 plus CD28 MAb, and HIV-1 p24 antigen, low T cell 
reactivityy to CD3 MAb appeared to be the best discriminating 
marker,, with an OR of 2.97 (95% CI, 1.1-8.3) [P = .04). 

Furthermore,, we performed a third logistic analysis in which 
wee defined DTHA as none of the indurations >2 mm (11 
anergicc men vs. 125 responders). In this analysis, low T cell 
reactivityy to CD2 plus CD28 MAb appeared to be the strongest 

predictorr of DTHA, with an OR of 3.0 (95% CI, 0.8-11.9) (P 

== • ! ) • 

Discussion n 

Increasingly,, sets of progression markers are being used to 
stagee HIV-1-infected patients. Most of these surrogate mark
ers,, for example, plasma HIV-1 RNA load and CD4 T cell 
count,, have proven to be useful as predictors of progression to 
symptomaticc HIV-1 infection and death. DTH skin induration 

Tablee 1 
antigen. . 

Resultss of multitest CMI: mean DTH induration and % of responding subjects per recall 

DTHH antigen 

Candida Candida 
Proteus Proteus 
Tetanus s 
Trichophyton Trichophyton 
Streptococcus Streptococcus 
Diphtheria a 
Tuberculin n 
Glyceroll control 

Skinn test 

HIV-infected d 
(n(n = 136) 

2.55 (0.20) 
2.00 (0.14) 
2.33 (0.22) 
1.11 (0.16) 
1.0(0.12) ) 
1.11 (0.14) 
1.0(0.15) ) 
0(0) ) 

induration,, mm 

Control l 
(nn = 24) 

3.33 (0.39) 
2.88 (0.29) 
4.22 (0.84) 
1.0(0.44) ) 
2.00 (0.34) 
2.77 (0.59) 
3.33 (0.75) 
0(0) ) 

(SE) ) 

P P 

.11 1 

.02 2 

.03 3 

.15 5 

.007 7 

.008 8 
•c.001 1 

— — 

No. . 

HIV-infected d 
(nn = 136) 

822 (60) 
86(64) ) 
744 (54) 
388 (28) 
433 (32) 
488 (54) 
21(15) ) 
0 0 

off responders (%) 

Control l 
(«« = 24) 

200 (83) 
211 (88) 
166 (67) 
5(21) ) 

144 (58) 
155 (63) 
133 (54) 
0 0 

P P 

.03 3 

.02 2 

.26 6 

.46 6 

.02 2 

.01 1 
<.001 1 

— — 
NOTE.. Responder is defined as skin test induration for specific recall antigen 3=2 mm. P values were determined 

withh Mann-Whitney or x2 test. 

73 3 



Tablee 2. Immunologic and virologie characteristics of anergic and 
non-anergicc HIV-1 -positive participants. 

Markerr  of progression 

TT cell subset 
CD4 4 
CD8 8 
CD3 3 

TT cell reactivity to 
phytohemagglutinin n 

CD3MA b b 
CD33 plus CD28 MAb 
CD22 plus CD2S MAb 

Virologi ee marker 
HIV- II  RNA virus load 
HIV- II  p24 antigen 
HIV- II  syncytium-inducing variant 

Anergic c 
(«« - 25) 

2466 (31) 
1073(511) ) 
14099 (707) 

39.77 (4.6) 
15.44 (4.6) 
27.33 (5.9) 
45.99 (4.0) 

4.44 (0.95) 
11/255 (44) 
5/255 (20) 

Non-anergic c 
(n== 111) 

3555 (33) 
1174(577) ) 
16188 (683) 

53.11 (4.9) 
33.77 (4.0) 
41.3(6.2) ) 
64.55 (3.9) 

4.22 (0.78) 
25/1111 (23) 
13/111(12) ) 

P P 

.01 1 

.43 3 

.18 8 

.06 6 

.03 3 

.04 4 

.008 8 

.26 6 

.02 2 

.26 6 

NOTE.. Data are mean (SD) or no. positive/total (%). T cell subsets are 
cellss x 10*/L. T cell reactivity is % in relation to median of responses of 5 
healthyy controls cultured simultaneously. HIV load is logm-transformed copies/ 
mL.. Categorical values were analyzed with x1 test; continuous variables were 
analyzedd with Student's I test. 

followingg a standardized amount of intracutaneously applied 
recalll  antigens is a direct in vivo measure of cellular  immunity. 
Inn the present study, we examined the association between 
severall  immunologic and virologie laboratory markers of pro-
gressionn and the occurrence of DTHA . 

Ourr  result, a DTHA percentage of 18.4% with a relatively 
highh CD4 T cell count of 335 X 10*/L, is in accordance with 
previouslyy published results [14, 15]. Furthermore, studies by 

MacDonelll  et al. [16], Blatt et al. [17], and Birx et al. [29] 
demonstratedd that DTHA is an independent marker  for  progres-
sionn to AIDS. DTHA can therefore be useful in distinguishing 
progressorss from nonprogressors in the group of HIV- 1 -in-
fectedd asymptomatic persons. 

Dependingg on whether  analyses were done with continuous 
variabless or  after  dichotomization, we found a strong associa-
tionn between DTHA and depressed T cell responsiveness to 
activationn signals induced by CD2 plus CD28 MAb or  CD3 
MAb .. However, T cell reactivity after  stimulation with CD2 
pluss CD28 MAb appeared to be a more universal predictor  of 
DTHAA than was T cell reactivity after  stimulation with CD3 
MAb .. This can be explained by the fact that, in addition to 
activationn via the CD3 T cell receptor  complex or  the CD2 T 
celll  receptor, CD28 MAb delivers a second signal to T cells 
[27].. In vitro , the CD28 MAb , not being mitogenic on its own, 
stronglyy enhances proliferatio n of T cells stimulated by CD3 
MA bb or  CD2 MAb . Therefore, in patients with more advanced 
HI VV infection, T cell reactivity to CD2 plus CD28 MAb is 
longerr  preserved and more robust than T cell reactivity to CD3 
MAb . . 

Althoughh a significant association between DTHA and HIV 
p244 antigen was found, surprisingly, no association with plasma 
HIV- 11 RNA at the level of 10,000 copies/mL could be found. 
However,, if a higher  cutoff value was used, the plasma HIV 
RNAA level became more predictive (data not shown). From 
thiss we have concluded that HIV RNA is only capable of 
predictingg DTHA at higher  RNA levels. 

Inn previous studies, we have demonstrated that early in infec-
tion,, CD3 MAb-induced T cell responses are depressed in 

Tablee 3. Results of univariate logistic regression analyzing predictive value of various immunologic and virologie markers in predicting 
DTHH skin test anergy. 

Markerr  of progression 

TT cell subset 
CD4 4 
CD8 8 
CD3 3 

TT cell reactivity to 
phytohemagglutinin n 

CD33 MAb 
CD33 plus CD28 MAb 
CD22 plus CD28 MAb 

Virologi ee marker 
HIV- 11 RNA virus load 
HIV- 11 p24 antigen 
HIV- 11 syncytium-inducing variant 

OR R 

0.75 5 
0.97 7 
0.95 5 

0.85 5 
0.91 1 
0.83 3 
0.80 0 

1.41 1 

— — 
— — 

Continuous s 

95%%  CI 

O.57-0.97 7 
0.88-1.05 5 
0.88-1.02 2 

0.72-1.01 1 
0.82-1.02 2 
O.69-0.99 9 
0.67-0.95 5 

0.78-2.55 5 

— — 
--

Results, , 

P P 

.03 3 

.43 3 

.18 8 

.07 7 

.10 0 

.04 4 

.01 1 

.25 5 

— — 
„ „ 

univariatee logistic regression 

Cutoff* * 

1922 X 10*/L 
6622 X ICrVL 
9966 x I0M. 

30.0% % 
9.0% % 

16.0% % 
37.2% % 

10''  copies/mL 
Yes/no o 
Yes/no o 

Dichotomizedd (20%) 

OR R 

2.5 5 
0.8 8 
1.1 1 

1.1 1 
3.0 0 
1.9 9 
3.0 0 

1.7 7 
2.9 9 
1.9 9 

95%%  CI 

0.9-6.7 7 
0.2-2.5 5 
0.4-3.3 3 

0.4-3.4 4 
1.1-8.3 3 
0.7-5.3 3 
1.1-8.2 2 

0.6-4.8 8 
1.2-7.2 2 
0.6-6.0 0 

P P 

.07 7 

.68 8 

.87 7 

.84 4 

.04 4 

.21 1 

.03 3 

.29 9 

.02 2 

.26 6 

NOTE.. Continuous markers were dichotomized at 20th percentile. T cell subsets are changes in odds ratio (OR) per 100 X 10*/L; T cell reactivity is changes 
inn OR per 10%: HIV-1 load is changes in OR per 1 log HIV-1 RNA level. CI, 95% confidence interval. 

**  Marker value found at 20% cutoff. 
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asymptomaticc persons who are at risk of progression toward 

clinicall  symptoms or AIDS [2, 30]. Years before the critical 

reductionn in CD4 T cell numbers, subtle defects in T helper 

celll  function can be detected [2, 27, 31]. Onn the basis of these 

andd other observations, it can be suggested than an early decline 

inn T cell function may contribute to a poor control of virus 

infection,, which wil l result in a more rapid depletion of CD4 

TT cells and, hence, faster progression to AIDS. 

Becausee our results showed a direct correlation between T 

celll  reactivity to CD3 MAb and CD2 plus CD28 MAb in vitro 

andd the observed skin test anergy in vivo, this relatively simple 

DTHH test could be useful in determining the extent of immune 

reconstitution.. The extent of skin test induration following a 

standardizedd amount of intracutaneously applied recall antigens 

mayy be considered as a close reflection of the quality of cellular 

immunity.. However, there are several drawbacks to the applica-

tionn of DTH tests for clinical practice as a tool for intensive 

monitoring.. For instance, the application of the antigens and 

thee skin induration can cause discomfort, and patients have to 

presentt again after 48 h. On the other hand, in vitro T cell 

reactivityy can be determined along with CD4 T cells in blood 

sampless and is therefore more suitable for frequently monitor-

ingg the course of the cellular immunity. 

Wee and others previously showed improved T cell function, 

onn a per-cell basis, in zidovudine-treated patients [32] and in 

patientss treated with combination therapy [33, 34]. From this, 

wee conclude that T cell reactivity in vitro can be useful for 

determiningg effectiveness of antiretroviral treatment and the 

extentt of in vivo immune reconstitution. 

Inn summary, to our knowledge, this is the first study to 

examinee the direct relationship between DTH skin tests and 

thee various virologie and immunologic in vitro markers of 

progressionn of HIV. We found, independent of CD4 T cells, 

associationss between DTHA and T cell reactivity to CD3 MAb 

andd CD2 plus CD28 MAb. For a more intensive monitoring 

off  cellular immunity, determination of T cell reactivity in vitro, 

nextt to CD4 T cells and HIV-1 RNA load, may be included. 
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Presenc ee of the varian t mannose-bindin g lecti n alleles 
associate dd wit h slowe r progressio n to AIDS 

Jaapp Maas, Ana-Mari a de Roda Husman* , Margree t Brouwer* , 
Annek ee Krol , Roel Coutinho , Ireneus Keet, Remko van Leeuwen and 

Hannekee Schuitemaker * fro m the Amsterda m Cohor t Study 

Introductio n n 

Objective ::  To examine the association between mannose-binding lectin (MBL) 
polymorphismm and progression to AIDS and death in HIV-1 infection. 
Desig nn and methods : In 131 HIV-1-infected homosexual seroconverters, survival 
analysess were performed to determine both the association between MBL genotype 
andd time from HIV-1 seroconversion to AIDS and death, and time from AIDS to 
death. . 

Results ::  Of the 131 seroconverters, of whom 61 developed AIDS, 76 were typed as 
homozygouss wild-type and 55 as carriers of variant alleles (52 heterozygous and 
threethree homozygous variant alleles). A Survival analyses suggested that HIV-1-infected 
menn with the variant alleles progressed somewhat slower to AIDS [relative hazard 
(RH),, 0.62; 95% confidence interval (CI), 0.36-1.10] and death <RH, 0.73; 95% CI, 
0.42-1.25).. Interestingly, CD4+ T-cell count determined at the moment of AIDS 
wass found to be significantly lower among persons with the mutation (97 x10 /I 
versuss 204 x 10*71; P = 0.03). Furthermore, when AIDS-free times before the 
diagnosiss of an opportunistic infection were compared with those preceding a 
diagnosiss of Kaposi's sarcoma, Kaposi's sarcoma diagnosis was more postponed than 
thatt of an opportunistic infection (RH, 0.21; 95% CI, 0.05-0.95; versus RH, 0.67; 
95%% CI, 0.35-1.27). 
Conclusion ::  Indications for a weak pre-AIDS protective effect of variant MBL alleles 
weree demonstrated. © 1998 Lippincott Williams & Wilkins 

AIDSAIDS 1998,12:2275-2280 

Keywords ::  HIV-1, AIDS, geneti c markers , coreceptors , 
mannose-bindin gg lectin , mannose-bindin g protein , progression , genotype , 
survival ,, HIV-1 seroconverters , Kaposi' s sarcoma , opportunisti c infections , 

huma nn herpesviru s typ e 8 

However,, the moment of HIV- 1 seroconversion was 
unknownn in this study and therefore an early effect 
couldd have been missed. Insightt into the role of host genetic factors in the nat-

urall  history of HIV- 1 infection is rapidly increasing. 
Recently,, mutations in the gene encoding mannose-
bindingg lectin (MI3L), also known as mannose-binding 
protein,, were found to be associated with a significantly 
shorterr survival time after AID S [1]. Interestingly, no 
associationn between the occurrence of these variant 
MBLL alleles and progression to AID S could be found. 

Serumm MBL is a liver-synthesized protein with binding 
specificityy towards mannose and N-acetylglycosamines, 
whichh can be found on the surface of several bacteria, 
yeastt and the envelope of HIV- 1 (gpl20) [2], and 
whichh plays a role in first-line defence immunity. Low 
serumm levels are closely associated with opsonization 
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defectss and impa i red phagocy tos is ( 2 - 5 ]. After 
opsonizationn of the organisms, both the alternative and 
thee classical complement pathway are activated [6] . 
Lowerr MBL serum concentrations are explained by the 
dominantt actions of point mutat ions in codons B 
(Asp-54),, C (Clu-57) and D (Cys-52) [7J. According to 
thee studies of Ezekowitz et at. [8], serum MBL can 
inhibitt HIV- 1 infection in vitro, whereas Nielsen et al. 
[9]]  was unable to find any relationship between MBL 
serumm levels and progression of disease. 

Thee aim of this study was to analyse whether the vari-
antt MB L alleles are associated with progression to 
AID SS and death as well as with the survival time after 
AID SS diagnosis. In addition, the correlation between 
MB LL genotype and the occurrence of specific AIDS-
definingg diseases was studied. 

Material ss  and method s 

Subject s s 
Sincee October 1984, HIV-seronegative and seroposi-
t iv ee homosexual men have been enro l led in the 
Amsterdamm Cohort Study on the natural history of 
HIV- 11 infection and AID S [10]. As of October 1996, 
1311 men with a mean age of 36 years (range, 21-58 
years)) seroconverted for HIV- 1 during follow-up, of 
w h omm 61 developed AID S according to the 1987 
Centerss of Disease Control and Prevention case defini-
tionn [11]. The median time between the last HIV-1 -
negativee and the first HIV-1-positive blood sample was 
3.11 months (range, 1.6-11.1 months). All participants 
weree seen at 3-monthly visits at which a medical his-
toryy was taken, a physical examination was perfonned, 
andd blood was drawn for immunological and serologi-
call  laboratory evaluations. 

Inn a nested matched case-control study, 16 seropreva-
lentt non-progressors (AIDS-free after at least 9 years of 
seropositivee follow-up with a mean CD4 T-ccll count 
abovee 400 X 10 VI in years 8 and 9 of follow-up) were 
individuallyy matched with two seroprevalent progres-
sorss (AID S within 2-7 years) for age (  10 years) and 
C D 4++ T-cell counts 0 X 10r,/l ) in year 2 of HIV -
1-seropositivee follow-up. Due to the small number of 
carrierss of homozygous ( O / O) variant MBL alleles, 
heterozygouss (A/O) and homozygous (O /O) variant 
allelee carriers were analysed together. All 179 partici-
pantss analysed were Caucasian. 

Statistica ll  method s 
Inn survival analyses, Kaplan—Meier and Cox propor-
tionall  hazards analyses were performed to estimate the 
timee between the moment of HIV- 1 seroconversion 
andd the fo l lowing endpo in ts: A ID S according to 
thee Centers for Disease Control and Prevention case 

definitionss of 1987 [11], Kaposi's sarcoma (KS), AIDS-
relatedd opportunistic infections and death. Those who 
hadd not reached an endpo int were censored at 1 
Januaryy 1996. We used the midpoint between the last 
HIV-1-negat ivee and the first HIV-1-posit ive blood 
samplee as the estimated time of HIV- 1 seroconversion. 
Thee Cox proportional hazards analyses were repeated 
withh AIDS, KS and opportunistic infection as starting 
pointt and death as endpoint. Furthermore, we exam-
inedd the association between the MBL genotype and 
AIDS-freee follow-up after adjusting for the following 
markerss of progression: HIV- 1 R NA load, determined 
11 year after HIV- 1 seroconversion and dichotomized at 
abovee and below 10 000 copies/ml [12] and CD4+ 
T-ce lll  coun t, d i cho tomized at above and be low 
2000 X 10 VI. All covariables, except MBL genotype and 
H I V - 11 R N A , were analysed as t i m e - d e p e n d e nt 
variables. . 

I nn all se roconver te rs, di f ferences be tween MB L 
genotypee and continuous variables with a normal distri-
bution,, such as T-cell subsets at moment of serocon-
versionn (range, 6 months) and mean C D 4+ T-cell 
declinee per year, were tested using the Student's t-test. 
T hee individual slope of C D 4+ T-cell decline was 
determinedd using linear least squares regression for each 
HIV-1-positivee subject with at least three CD4+ T-cell 
countss available for analysis. Variables with a skewed 
distribution,, such as HIV- 1 R NA levels and CD4+ 
T-celll  count less than 6 months before AIDS, were 
usedd after log,,, transformation and square-root transfor-
mation,, respectively. If normality was not reached, a 
non-parametricc test was applied. 

Condit ionall  logistic regression analysis was used to 
studyy the genotypic frequency in a matched case-
controll  study, in which the non-progressors were the 
referencee group. Statistical significance was determined 
byy log-likelihood ratio statistics (P < 0.05). 

Laborator yy method s 
Forr MBL genotyping, genomic DNA was extracted 
fromm PBMC of 131 seroconverters and 48 seropreva-
lentt individuals using the QIAamp blood kit (Qiagen, 
Dusseldorf,, Ge rmany ). As prev ious ly descr ibed, 
amplificationn using a general PCR and a site-directed 
mutagenesiss PCR was followed by detection of MBL 
variantt alleles by restriction fragment-length polymor-
phismm analyses [7]. Briefly, general PCR products were 
subjectedd to Baul digestion, which only cleaves the A 
allele,, and to Mboll digestion cleaving only the C allele. 
Subsequently,, site-directed mutagenesis PCR was per-
fonned,, which introduced an Hha\ or Mini restriction 
sitee into the A and D alleles, respectively. Digestion 
withh Hha\ only leaves the D allele uncleaved, whereas 
MiniMini  specifically cleaves the D allele. Restriction frag-
mentss were analysed by agarose gel electrophoresis. 
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Results s 

Off  the 131 seroconverters, 76 (58%) were typed as 
h o m o z y g o uss w i l d - t ype (A /A ; M B L - W T ) . T he 
remainingg 55 were typed as carriers of the MBL variant 
alleless [MBL-VA ; 32 heterozygous A/B (24%), two 
A / CC (2%), 18 A / D (14%), and three homozygous B/B 
(2%)].. At the moment of HIV- 1 seroconversion there-
wass no difference in CD3 + , CD4+ and CD84- T-cell 
countss or HIV- 1 RNA levels between MBL-W T and 
MBL-V AA carriers (Table 1). 

Comparedd with HIV- 1 MBL-W T seroconverters, car-
rierss of MBL-V A progressed somewhat slower to AIDS 
[relativee hazard (RH), 0.62; 95% confidence interval 
(CI),, 0.36-1.1; Fig. la, Table 2] and death (RH, 0.73; 
95%% CI, 0.42-1.25; Fig. lb). We did not observe an 
effectt of the MBL genotype on survival after AID S 
(Fig.. 2, Table 2). 

Despitee the indications of somewhat slower progression 
inn the group of MBL-V A carriers, there was no differ-
encee in the rate of CD4+ T-cell decline (101 X 10'Vl 
andd 94 X Kl'V l per year for MBL-W T and MBL-V A 
carriers,, respectively). However, interestingly, the 
groupp with MBL-V A appeared to have lower absolute 
C D 4++ T-ce ll counts at t ime of AID S diagnosis 
(2044 X K/'/ l and 97 X Kl'V l for MBL-W T and VlBL -
VAA carriers, respectively; P = 0.03). 

Sincee KS is an AIDS-defining event that generally 
occurss at a higher CD4+ T-cell count, we compared 
thee progression rates of KS and opportunistic infection 
casess for the two genotypic groups. Indeed, carriers of 
MBL-V AA showed a significantly lower risk for devel-
opingg KS (RH, 0.21; 95%, CI,' 0.05-0.96). The per-
centagee of KS cases (n = 15) compared with all AIDS 
casess (n = 61) with MBL-W T was 31%, (13 out of 42), 
versuss 11%, (two out of 19) for MBL-V A carriers 
(PP = 0.12). Three persons were diagnosed with AIDS 
diagnosess other than opportunistic infections or KS. 
Thiss significantly lower progression rate to develop KS 
andd the lower percentage of KS cases together with a 
lowerr CD44- T-cell count in the KS-diagnosed indi-
vidualss (347 X 10'Vl and 49 X Kl'71 for MBL-W T and 
MBL-V AA carriers, respectively; P = 0.11), although not 
significant,, were suggestive for a protective association 
off  the MBL-V A carriers towards developing KS, when 
comparedd with MBL-W T carriers. 

AA borderline significant difference in CD4+ T-cell 
countt at time of AID S diagnosis between genotypic 
groupss was, however, also observed when an oppor-
tunist icc infect ion was the A IDS-de f in ing event 
(1544 X 10'Vl and 83 X Kl'V l for MBL-W T and MBL -
VAA carriers, respectively; P = 0.06). The percentage of 
opportunisticc infection cases (n = 43) compared with 
alll  AIDS cases (n = 61) in MBL-W T was 69% (29 out 
off  42) versus 74% (14 out of 19) for MBL-V A carriers. 

Tablee 1. Immunological and virological baseline characteristics 
foundd in all 131 HIV-1 seroconverters participating in the 
Amsterdamm Cohort Study at moment of seroconversion. 

Meann (SD) 

Markerss of progression 

MBLL variant Wild-type 
alleless alleles 

(nn = 55) (n = 76) 

Immunologicall mar 
CD33 + T cells 
CD4++ T cells 
CD8++ T cells 

Virologicall markers 
HIV-11 RNA (log,,, 

<ers s 

cop p 

(xlo'VI) ) 

es/ml) ) 

1588(678) ) 
7755 (319) 
6844 (308) 

4.266 (0.76) 

15611 (668) 
7333 (279) 
752(501) ) 

4.299 (0.75) 

0.82 2 
0.43 3 
0.38 8 

0.83 3 

ss t-test. Obtained 1 year after seroconversion. MBL, 
Mannose-bindingg lectin. 

i ll probabilBy x 100(%j 

•• wild t>pe 

-- vanam alleles 

Yearss seice HIV-1 

Survivall piobabiliry \ 100(%) 

Yearss saice HIV-1 

Fig.. 1 . Kaplan-Meier analysis of (a) AIDS-free survival time 
andd (b) overall survival in 131 HIV-infected seroconverters 
off the Amsterdam Cohort Study, of whom 55 were carriers 
off the var iant mannose-b ind ing lect in (MBL) al leles. 
Startingg point was HIV seroconversion, and endpoint was 
(a)) AIDS diagnosis, according to the Centers for Disease 
Controll and Prevention 1987 case definition and (b) death. 
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Tablee 2. Median AIDS-free follow-up and survival time observed in all 131 HIV-1 seroconveiters. 

Mediann years of survival (95% CI) 

Endpointss and markers 
MBLL varian 

(nn = 5 

10.11 (8.3-
>11.3* * 

10.4(8.9--
10.0(7.3--

1.33 (0.9-
1.9" " 
1.11 (0.8-

alleles s 
5) ) 

11.9) ) 

12.0) ) 
12.6) ) 
1.7) ) 

-1.5) ) 

Wild-type e 
(nn = 

7.99 (6.0 
11.6(8.5 5 

9.0(7.5 5 
8.22 (7.6 
1.8(1.3 3 
2.0(0.3 3 
1.66 (1.1 

alleles s 
76) ) 

-9.8) ) 
-14.7) ) 

-10.6) ) 
-8.9) ) 
-2.3) ) 
-3.7) ) 
-2.0) ) 

P' ' 

0.08 8 
0.02 2 

0.21 1 
0.24 4 
0.61 1 
0.57 7 
0.55 5 

HIV-11 seroconversion to AIDS* 
HIV-11 seroconversion to Kaposi's sarcoma 
HIV-11 seroconversion to AIDS-defining 

opportunisticc infection 
HIV-11 seroconversion to death1 

AIDSS to death 
Kaposi'ss sarcoma to death 
AIDS-definingg opportunistic infection to death 

"AIDSS diagnosis according the 1987 Centers for Disease Control and Prevention case definition. 'Six patients died of reasons other than AIDS 
orr the cause of death remained unclear. 'Log-likelihood ratio. 'Estimated median survival time exceeded the maximal length of follow-up. 
"Calculationn of confidence interval (CI) was not possible due to small numbers. 

Survivall  probabüily xl00(%) 

Yearss after diagnosis of AIDS 

Fig.. 2. Kaplan-Meier analysis of 61 HIV-infected serocon-
verterss of the Amsterdam Cohort Study. Starting point was 
thee moment of AIDS diagnosis, according to the Centers for 
Diseasee Control and Prevention 1987 case definition, and 
endpointt was death. 

Likewise,, as seen in individuals who developed KS, we 
alsoo found in those who developed opportunist ic 
infectionss indications for a trend of slower progression 
a m o ngg M B L - V A carr iers ( R H, 0 .67; 95% C I , 
0.35-1.27).. No effect of the MBL genotype on survival 
afterr KS and opportunistic infection diagnoses could be 
foundd (Table 2). 

Inn the multivariate Cox proportional hazards model, 
afterr adjustment for CD44- T cells and plasma HIV- 1 
R N A ,, the RH for MBL-V A remained similar at 0.59 
(95%% CI, 0.33-1.06; P = 0.08). This was suggestive for 
thee fact that the protective effect of the MBL mutation 
wass working by another mechanism than that of the 
establishedd markers. 

Finally,, the matched case—control study confirmed the 
directionn of the protective association with an odds 

ratioo of 0.61 (95% CI. 0.15-2.42). with seven (44%) 
outt of 16 non-progrcssdrs compared with 11 (34%) out 
off  32 progressors earning MBL-VA . 

Discussion n 

Inn this study, we found indications for a protective 
associationn of variant MBL alleles with AIDS-free sur-
vivall  amongst a group of HIV-1-infected individuals 
withh a well-documented moment of seroconversion. 
Thiss association was confirmed in a matched case-con-
troll  study with scroprevalent HIV- 1 -infected cases. 
Thee mean CD4+ T-cell count found at the moment of 
AID SS diagnosis was lower in the group of individuals 
thatt carried MBL-V A than the group of MBL-W T car-
riers,, although CD44- T-cell decline was the same in 
bothh genotypic groups. It thus seems that the delayed 
onsett of AIDS in MBL-V A carriers is simply due to the 
factt that AID S develops at a lower level of CD44-
T-celll  count in MBL-V A carriers. 

However,, if we look at the median survival times after 
AID SS diagnosis, in both the overall analysis and in 
personss diagnosed with only opportunistic infections, 
survivall  was somewhat shorter in MBL-V A carriers. 
Thiss is in accordance with the results presented in the 
studyy of Garred el al. [1]. It may well be that the 
discrepancyy between our study and the study by Garred 
ctct al. [1] is due to the fact that we studied well-defined 
seroconverters,, thus disregarding possible biases that 
mayy be introduced by studying seroprevalent cases. 

Inn this study we did not find any person with a B /D 
subtypee [13,14] as would be expected, which is possible 
duee to the relatively small sample size of the study. 
Furthermore,, we also observed a significantly lower 
progressionn rate of KS in the group of MBL-V A carri-
ers,, an AIDS-defining event that in general occurs at a 
higherr CD44- T-cell count. Indeed, a weak protective 
effectt of MBL-V A on the time to KS was observed. 

82 2 



Anotherr explanation may be that carriers of MBL-VA 
aree more resistant to developing AIDS per se, even in 
thee presence of only low CD4+ T-cell counts. 

Solublee serum M13L [3,15] bear close resemblance to 
thee first complement factor of the classical complement 
pathwayy (Clq) [16], both of which belong to the 
familyy of collectines. After binding to the terminal 
mannosee and N-acetylglucosamine moieties of some 
bacteria,, yeast, Pneumocystis carinii [15] and the HIV-1 
envelopee [2], both the alternative and classical [6,7] 
complementt pathways are activated, leading to the 
killin gg of the microorganism. 

Recently,, Prohaszha et al. [17] showed that fixation of 
Clqq to intact virions results in an enhanced productive 
HIV-11 infection in MT-4 cell cultures. Haurum et al. 
[2]]  found that binding of the HIV envelope gpl20 and 
gpllOO by MBL was capable of initiating the classical 
complementt pathway. Furthermore, in another recent 
studyy by Prohaszha et al. [18], significantly lower MBL 
serumm levels were found in asymptomatic HIV-1-
infectedd persons when compared with healthy HIV-1-
scronegativee individuals and persons with AIDS. In 
addition,, they also found a negative correlation 
betweenn MBL serum levels and CD4+ T-cell counts. 
Itt can therefore be hypothesized that, due to the close 
molecularr resemblance between MBL and Clq, the 
mechanismm of infection enhancement also applies to 
MBL.. In other words, due to the association between 
highh serum levels of the complement factor C1q and 
infectionn enhancement, low serum levels of MBL as 
seenn in carriers of MBL-VA [2,19,20] may be benefi-
cial.. In particular, it seems that the MBL-VA genotype 
iss associated with a protective effect against KS. 
Furthermore,, we found indications that the MBL-VA 
genotypee postponed the moment of KS diagnosis. 
However,, the numbers were small and the results far 
fromm conclusive. Nevertheless, these results remain 
intriguing,, especially in light of a study of Uccini et al. 
[21],, who found a nearly 100% MBL receptor expres-
sionn in KS lesions. Human herpesvirus (HHV}- 8 is 
knownn to be associated with Kaposi's sarcoma [22,23]. 
Wee therefore also examined the association between 
thee MBL genotype and the presence of HHV-8 
antibodies.. We did not find an association between the 
presencee of HHV-8 antibodies and the MBL genotype 
inn homosexual men {N. Renwick and J. Goudsmit, 
personall  communication, 1998). 

Inn this study, indications for a weak pre-AIDS protec-
tivee effect of MBL-VA was demonstrated. In contrast 
too the findings reported by Garred et al. [1], we did not 
observee an association between MBL variant alleles and 
aa decreased survival time after AIDS diagnosis. 
However,, such a post-AIDS effect cannot be ruled out, 
becausee both studies comprised relative small numbers 
off  individuals. Therefore, additional analyses with 

largerr numbers as well as detailed analyses on the possi-
blee mechanism by which MBL genotype may influence 
AIDSS pathogenesis should be subject of future studies. 
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off  Body Mass Index for Progression to AIDS 
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Summary::  Weight loss is a common characteristic of advanced stages of HIV infec-
tion.. Weight changes during the asymptomatic stage of HIV infection have not been 
welll  documented and the possible predictive value of early weight loss for progression 
too AIDS is unknown. In 122 HIV seroconverters, the natural course of body mass 
indexx (BMI) following seroconversion was studied. No BMI decline was seen imme-
diatelyy following seroconversion. In the 56 AIDS cases, however, a steep BMI decline 
off  1.14 kg/m2 occurred 6 months before AIDS. This BMI decline was more pro-
nouncedd in those with low CD4* T cell counts (<100 x 106/L) at the time of AIDS 
diagnosiss (1.8 kg/m2). The relative hazard for progression to AIDS of a BMI decline 
off  1.14 kg/m2 per 6 months was 3.1, which remained similar after adjustment for CD4 
countt and p24 antigenemia. We conclude that the course of BMI in HIV-1 infection is 
biphasic:: a relatively stable period is followed by a rapid decline in the 6 months 
precedingg onset of AIDS. Furthermore, we found that this steep BMI decline was 
associatedd with faster progression to AIDS. Key Words: HIV infection— 
Asymptomatic—BMI—Weight—Weightt loss—AIDS—Disease progression—CD4* 
lymphocytes—p244 antigen—HIV-1 RNA load. 

Wastingg syndrome, which is defined as an uninten-
tionall  weight loss of >10%, combined with diarrhea or 
feverr (1), is one of the most devastating symptoms of 
advancedd HIV infection. Between 1987 and 1991, it was 
thee second most common AIDS-defining diagnosis in the 
Unitedd States (2). Some of the pathogenetic factors that 
causee weight loss are diminished food intake resulting 
fromm anorexia or opportunistic infections, bowel dys-
functionn with nutrient malabsorption (3-5), a disturbance 
betweenn energy intake and energy expenditure (6,7), and 
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pall  Health Service, Department of Public Health and Environment, 
Nieuwee Achtergracht 100, Room 411, 1018 WT Amsterdam, The 
Netherlands. . 
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alterationss of levels of interleukin, cytokines, or tumor 
necrosiss factor (8). 

Onee of the most important strategies to reverse the 
wastingg process is to start antiretroviral therapy. If anti-
retrovirall  therapy is not sufficient to reverse wasting, 
otherr therapies, such as hyperalimentation and the use of 
appetite-stimulatingg drugs, can also be applied (9-11). 
Failuree of antiretroviral therapy is often associated with 
aa progression of weight decline. 

Att present it remains unclear whether AIDS is pre-
cededd by a gradual weight loss. Some studies have re-
portedd early changes in body composition in absence of 
weightt loss (12-16), whereas others have reported a de-
clinee as early as 3 to 9 (17) and 12 to 18 months (18) 
beforee onset of the first AIDS-defining illness. The aim 
off  the present study was to determine early pre-AIDS 
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weightt loss among asymptomatic HIV-infected homo-
sexuall  men and to determine whether early weight loss is 
predictivee for progression to AIDS. 

MATERIAL SS AND METHOD S 

Studyy Population 

Sincee October 1984, 773 HIV-seronegative homosexual men have 
beenn enrolled in the Amsterdam cohort study on the natural history of 
HIVV infection and AIDS (19). As of October 1996, 122 men «recon-
vertedd for HIV during follow-up, of whom 57 developed AIDS accord-
ingg to the 1987 U.S. Centers for Disease Control and Prevention (CDC) 
casee definition (1). Al l participants were seen at three monthly visits at 
whichh a medical history was taken, a physical examination was per-
formed,, and blood was drawn for extensive immunologic and virologie 
laboratoryy evaluations. Body weight was measured as part of the physi-
call  examination, with the patient unclothed and always on the same 
scales.. As a measure of body weight, we used the height-adjusted body 
masss index (BMI; kg/m2). The midpoint between the last seronegative 
andd the first seropositive blood sample was used as estimated time of 
HIVV seroconversion. 

Inn this study, we used the following case definitions: slow progres-
sorss (« = 68) for those persons who had not developed AIDS after 5 
yearss and fast progressors for those persons who developed AIDS 
withinn 5 years (n = 28). Twenty-six seroconverters could not be clas-
sifiedd because they had a follow-up lasting <5 years. To determine 
whetherr the BMI of the participants was comparable in general, we 
comparedd them with a reference group consisting of 893 randomly 
selectedd men living in Amsterdam within the same age range. These 
dataa were collected in the scope of general public health surveys. 

Laborator yy Methods 

Seraa were tested for the presence of HIV-1 antibodies with two 
commerciallyy available enzyme-linked immunosorbent assays (ELISA; 
Abbottt Laboratories, North Chicago, Illinois, U.S.A.; Vironostika 
Teknika.. Organon, Oss, The Netherlands), and confirmed with Western 
blot.. HIV p24 antigen was detected with a solid phase, sandwich-type 
enzymee immunoassay <EIA, Abbott Laboratories). All serologic tests 
weree carried out in fresh sera. T-cell subsets were tested using fresh 
cells.. CD4* and CDS* T cells were enumerated by a direct immuno-
fluorescencee technique using monoclonal antibodies and a flow cytom-
etryy system. Cocultivation of cryopreserved (before October 1992) and 
freshh peripheral blood mononuclear cells with MT-2 cells was used to 
detectt the presence of syncytium-inducing (SI) HIV-1 variants (20). 
HIV-11 RNA was quantified by a nucleic acid sequence based ampli-
ficationfication assay (NASBA HIV-1 RNA QT, Organon Teknika, Boxtel, 
Thee Netherlands) (21), performed according to the instructions of the 
manufacturer.. The threshold of quantification, using 100 u.1 serum, was 
I033 HIV-1 RNA copies/ml. 

Statisticall  Methods 

Threee analyses were performed. First, in all 122 subjects, early BMI 
declinee was studied from the estimated moment of seroconversion. 
Second,, in all seroconverters diagnosed with AIDS, the BMI decline in 
thee 5 years preceding AIDS was studied. Finally, in all subjects, a Cox 
proportionall  hazards analysis was performed to assess the predictive 
valuee of an early pre-AIDS BMI decline for progression to AIDS. 

Outlierss were identified after visual inspection of the individual data. 
Onee outlier was found and subsequently excluded from all analyses 
becausee of a disproportional influence on the variance of the mean BMI 
decline.. This outlier was also the only patient diagnosed with wasting 
syndrome. . 

Thee statistical analysis of the longitudinal trend of BMI was per-
formedd using a linear regression method for repeated measurements. 
Thee general least square linear regression method was not applicable 
becausee of the dependency of measurements taken within one person. 
Inn repeated measurement analysis, we used a first order autoregressive 
correlationn structure, which assumes a decrease of correlation with 
everyy increase in time between measurements. The mean BMI was 
modelledd as a piecewise function, allowing the rate of change of BMI 
too differ from one time interval to another. The inflection point of 
differentt time intervals—where the change in slopes was greatest—was 
establishedd on the basis of the likelihood ratio statistic. To assess 
whetherr differences in markers at AIDS diagnosis were associated with 
thee decline in BMI before AIDS diagnosis, the following covariates 
weree included in a multivariate model: CD4* T cell count (<100 x 
10ft/LL versus a 100 x 10<7L). This dichotomization was used because 
loww CD4 counts are observed at the time of AIDS; HIV RNA level 
«10.0000 versus & 10.000 copies/ml) was dichotomized at the level that 
iss used in many guidelines to start antiretroviral treatment; the age at 
timee of AIDS (<45 versus 2*45 years), which is the 75th percentile; 
antiretrovirall  treatment (yes/no); presence of HIV-1 p24 antigen: pres-
encee of SI variants; HIV-1-relaled clinical events (classified as the 
presencee or absence of AIDS-related complex [ARC] [ID, and the 
AID SS index diagnosis (Kaposi's Sarcoma [KS] as AIDS index diag-
nosiss versus other AIDS index diagnoses). 

Too assess the predictive value of a BMI decline for progression to 
AIDS,, a Cox proportional hazards analysis was performed in which 
BMII  was analyzed as a time-dependent covariate. BMI decline was 
dichotomizedd according to the results of the repeated measurements 
analysis.. In this analysis, all 122 seroconverters were included. To 
determinee whether or not a higher risk of progression could be ex-
plainedd by other covariates than BMI. we also included the following 
time-dependentt covariates: CD4* T cell count (>500 x lf/VL , 200-500 
xx I0"/L, <200 x 106/L), HIV RNA level by the 25th, 50th and 75th 
percentiless (>\0,°copies/ml, 10*-°-104-5 copies/ml, 10*-*-Iff " copies/ 
ml.. >104S> copies/ml) and the covariates: antiretroviral treatment (yes/ 
no),, ARC events (yes/no) and the presence of HIV-1 p24 antigen, (yes/no) 
andd SI variants (yes/no). In the forward stepwise multivariate Cox model, 
wee used the following levels of significance: p ss .15 was considered 
eligiblee for removal, and p < . 15 was considered eligible for addition. All 
covariatess were allowed, where appropriate, to switch forward and back-
wardd from one risk category to another more than once. 

RESULTS S 

Baselinee Characteristics 

Thee mean BMI found at the first HIV-1 -seropositive 
visitt was 22.2 kg/m2 (95% confidence interval [CI], 21.7-
22.7)) and the mean BMI found at time of AIDS diagnosis 
wass 21.0 kg/m2 (95% CI, 20.0-22.0). The mean age of the 
seroconverterss was 35.8 years (range, 22-57 years), with a 
meann follow-up time between seroconversion and AIDS 
diagnosiss of 5.3 years (range, 0.6-10.8 years). Furthermore, 
thee mean CD4+ T cell count, determined in the first HIV-
1-seropositivee blood sample, and HIV-1 RNA load, deter-
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minedd in the blood sample 12 months after seroconversion, 
foundd in the 122 participants was: 727  294 x 106/L and 
4.00 1 logjQ, respectively. After direct standardization for 
age,, the BMI distribution of the reference population of 
menn in Amsterdam was 23.7 kg/m2. 

Off  the 57 AIDS cases, 14 were diagnosed with a Can-
didaa esophagitis, 12 with Pneumocystis carinii pneumo-
nia,, 13 with KS, two with HIV encephalopathy, three 
withh toxoplasmosis cerebri, four with herpes simplex in-
fection,, three with cytomegalovirus infections and five 
peopless with Mycobacterium avium-intracellulare infec-
tion,, cryptococcosis, cryptosporidiosis (n = 2) and mi-
crospiridiosis,, respectively. One person diagnosed with 
thee wasting syndrome was excluded from the analyses. 

Coursee of Body Mass Index Since 
HIVV  Seroconversion 

Afterr alignment of the total number of 122 serocon-
verterss at the time of HIV seroconversion, no decline in 
BMII  could be found. However, although no significant 
differencee was found between the course of BMI of the 
twoo groups—slow and fast progressors—the course of 
BMII  of the fast progressors suggested a BMI decline in 
thee years preceding AIDS (Fig. 1). 

Inn Figure 2, the mean course of BMI of the 56 AIDS 
casess in the period 5 years before AIDS is shown. A 
stablee BMI was followed by a marked decline in the 
monthss preceding AIDS. 

Usingg the piecewise linear regression method for re-
peatedd measurements, allowing the rate of change of 
BMII  to differ from one time interval to another, we ex-
aminedd the various inflection points at 3, 6, 9, 12, 15, 18, 
21,, and 24 months before AIDS diagnosis. 

Thee data were best described by a model using a dif-
ferentt BMI slope in the 6 months before AIDS diagnosis, 
comparedd with the preceding time interval. The mean 
intraindividuall  variation was 3.3 kg/m2. In the preceding 
4.55 years, the BMI slope was relatively stable (0.001 
BMII  per 6 months). In the last 6 months before AIDS 
diagnosis,, the modeled BMI decline was 1.14 kg/m2 per 
66 months (959c CI, 0.78-1.45). The estimated intercept 
wass 21.2 kg/m2 (95% CI, 20.5-22.0), reflecting the BMI 
att time of AIDS diagnosis. A BMI decline of 1.14 kg/m2 

perr 6 months approximately equals weight loss of 3.7 kg 
perr 6 months for an average participant with a height of 
1.811 meters. In both the univariate (data not shown) as 
welll  as the multivariate piecewise analysis (Table I), we 
foundd that a CD4+ T cell count lower than 100 x 106/L 
att the time of AIDS diagnosis was associated with a 
steeperr BMI decline in the time interval 6 months before 
AIDSS diagnosis than higher CD4+ T-cell counts (1.8 and 
1.00 BMI per 6 months, respectively). An age above 45 
yearss and the presence of KS were associated with higher 
BMIss at AIDS (23.4 versus 20.3 and 21.9 versus 20.3, 
respectively).. HIV-1 RNA viral load, presence of HIV-1 
p244 antigen and SI variants, ARC events, or antiretroviral 
treatmentt were not associated with a BMI decline, nor with 
BMII  at the time of AIDS diagnosis. 

622 02 56 54 45 42 42 36 36 51 33 30 30 23 23 20 22 I 2 16 12 I 

FIG.. 1. The crude mean body 
masss index (BMI) courses of slow 
andd fast progressors after HIV se-
roconversion.. Because of the low 
numberr of measurements after 
1200 months of follow-up, the 
graphh was truncated at 120 
months.. The upper row at the bot-
tomm of the graph represents the 
numberr of fast progressors per 3 
months.. The lower row represents 
thee number of slow progressors 
perr 3 months. The gray and 
hatchedd areas represent the 95% 
confidencee intervals. 

Monthss after HIV-seroconversion 
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Monthss preceding AIDS 

FIG.. 2. Body mass index (BMI) 
timee path of the 56 seroconverters 
withh AIDS. The course of the 
meann BMI of the 56 AIDS cases in 
thee 5 years preceding AIDS diag-
nosis.. The gray area represents 
thee 95% confidence interval. The 
numberr of persons is shown at the 
bottomm of the graph. 

Bodyy Mass Index as Predictor  for  Progression 
too AIDS 

Forr a Cox proportional hazards analysis (n = 122), 
accordingg to the piecewise model described above, BMI 
declinee was defined as 1.14 kg/m2 per 6 months (Table 
2).. This BMI decline of 1.14 kg/m2 per 6 months was 
presentt in only 19 of 56 AIDS cases (34%) and was 
significantlyy associated with faster progression of dis-
ease,, with a relative hazard (RH) of 3.1 (95% CI, 1.09-
8.96).. In a multivariate model, with only 105 of 122 
casess because of missing data and with BMI forced into 
thee model, the RH remained similar, namely 3.6 (95% 
CI,, 0.88-15.03) with a borderline significant p value of 
.07.. CD4+ T-cell counts and the presence of p24 antigen 
remainedd significant. 

DISCUSSION N 

Thee present study on BMI in HIV infection showed a 
biphasicc BMI time path during the asymptomatic stage 
off  HIV-1. The BMI remained relatively stable from time 
off  HIV-1 seroconversion until 6 months before AIDS 
diagnosis,, at which point an abrupt decline of BMI was 
seen.. In a univariate analysis, we found that a BMI de-
clinee of 1.14 kg/m2 (or 3.7 kg) per 6 months was sig-
nificantlyy associated with faster progression to AIDS. In 
aa multivariate analysis, when adjusted for CD4* T cells 
andd HIV- 1 RNA, the relative hazard of BMI remained 
relativelyy unaffected. BMI was found to be predictive at 
borderlinee significance. This suggests that a BMI decline 

off  1.14 kg/m2 or more can be useful as an additional 
markerr of progression to AIDS. Our findings endorse the 
findingss from previous studies. Hoover and Graham 
foundd that a pre-AIDS weight decline could start as early 
ass 12 to 18 months before onset of AIDS. However, in 
thiss study weight loss was also found to be most promi-
nentt in the last 6-month pre-AIDS semester (18). 
Palenicekk et al. (17) found that HIV-infected men with a 
self-reportedd unintentional weight loss of >4.6 kg 3 to 9 
monthss before AIDS diagnosis had a significantly poorer 
survival.. Palenicek et al. (17) and Guenter et al. (22) 
showedd that a decline of >10% was associated with 
poorerr survival after AIDS. Although BMI decline can 
bee a useful marker of progression to AIDS, sensitivity is 

TABL EE 1. Results by multivariate repeated measurement analysis: 
characteristicscharacteristics at the time of AIDS diagnosis and their association 
withwith BMI decline in the 6 months preceding AIDS diagnosis and 

BMIBMI at the lime of AIDS 

Characteristicss at AIDS 

CD4**  T-cell count 
<IO00 x I0"/L 
33 100x 10*/L 

Age e 
<455 years 
s*455 years 

AIDSS events 
Kaposi'ss sarcoma 
Otherr events 

BMI I 
decline" " 

1.8 8 
1.0 0 

1.7 7 
1.8 8 

1.3 3 
1.8 8 

P P 
Value'' ' 

.05 5 

.89 9 

.22 2 

BMII  at 
AIDS' ' 

20.3 3 
20.1 1 

20.3 3 
23.4 4 

21.9 9 
20.3 3 

P P 
Value'' ' 

.84 4 

.003 3 

.07 7 

""  BMI decline per 6 months. 
bb p Value of the corresponding piecewise model. 
cc BMI at time of AIDS. 
BMI ,, body mass index. 
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TABL EE 2. Results of a time-dependent Cox proportional hazards 
analysis,analysis, including all 122 seroconverters, to determine the 

predictivepredictive properties of immunologic and virologie markers of 
progression,progression, antiretroviral treatment, and a BMI decline of1.14 

kg/mkg/m22 per 6 months in predicting progression to AIDS 

Marker ss of 
progression n 

BMI I 
<1.14BMII  kg/in2 

perr  6 months 
5*1.144 BMI kg/m2 

perr  6 months 
CD4**  count* 

>500 0 
>2000 and «500 
«200 0 

HIV- 11 RNAC 

«4.5 5 
>4.55 and «4.9 
>4.9 9 

SII  variants'* 
absent t 
present t 

P244 antigen 
absent t 
present t 

ARCC event* 
no o 
yes s 

Treated̂  ^ 
no o 
yes s 

Univariat ee results 

RH H 

1 1 

3.1 1 

1 1 
4.2 2 

42.1 1 

1 1 
1.8 8 
3.8 8 

1 1 
4.8 8 

1 1 
2.1 1 

1 1 
3.1 1 

1 1 
2.6 6 

95%%  CI 

— — 
1.4-7.8 8 

— — 1.0-21.0 0 
9.3-188.4 4 

— — 0.8-4.1 1 
1.9-7.4 4 

— — 2.6-8.9 9 

— — 1.2-3.6 6 

— — 1.7-5.6 6 

— — 1.4-^.5 5 

Multivariat ee results 

RH H 

1 1 

3.6" " 

1 1 
3.5 5 

22.4 4 

I I 
2.1 1 

95%%  CI 

— — 
0.8-15.0 0 

— — 0.7-16.0 0 
5.1-98.2 2 

— — 1.0-4.2 2 

""  BMI forced into the multivariate model (p = .07). 
**  x 10*/L. 
clog100 HIV-1 RNA viral load (NASBA). 
***  Syncytium versus nonsyncytium variant. 
'' According the CDC classification of 1987. 
ff Whether or not antiretroviral treatment was received. 
BMI,, body mass index; SI, syncyntium inducing; ARC, AIDS-

relatedd complex; CDC, U.S. centers for Disease Control and Preven-
tion;; RH, relative hazard; CI, confidence interval. 

aboutt one third. In other words, weight loss is only seen 
inn one third of the HIV-1-infected patients who develop 
AIDS,, but if weight loss is present, it is predictive for 
AIDS.. Furthermore, after looking at the graphs of the 
individuall  courses of the BMIs, we found that in most 
casess a steep BMI decline in the 6 months before AIDS 
diagnosiss occurred. Individual curves of some of the se-
roconverters,, however, showed that a BMI decline of at 
leastt 1.14 kg/m2 per 6 months could start as early as 2 
yearss before onset of AIDS. 

Itt can be argued, however, that pre-AIDS weight loss 
iss actually part of an AIDS defining illness—a conse-
quencee of the fact that the diagnostic process inevitably 
takess a finite period of time and AIDS-defining illnesses 
aree not infrequently subacute (23). To further investigate 
this,, we have also examined the mean BMI courses per 
AIDSS diagnosis (data not shown). In doing so, we found, 

inn individuals diagnosed with Candida esophagitis, P 
cariniicarinii  pneumonia, or KS, that the BMI courses followed 
aa biphasic BMI pattern. For the remaining AIDS diag-
noses,, however, the mean BMI decline was more 
gradual.. In particular, the presence of weight loss in pa-
tientss diagnosed with localized KS (in most patients no 
systemicc involvement of KS took place) suggests that the 
pre-AIDSS weight loss is at least in part related to the HIV 
infection,, as opposed to an effect of the underlying op-
portunisticc disease. Another suggestion for a direct HIV-
relatedd effect is that we have found, in line with the 
resultss from previous studies, that in individual cases, 
weightt loss may start several years before onset of AIDS 
(18). . 

Wee distinguished a steeper BMI decline for persons 
withh CD4+ T-cell counts <100 x 106/L. Older age and 
KSS as AIDS index diagnosis were associated with a 
higherr BMI at time of AIDS. The higher BMI at the time 
off  AIDS seen in older patients could result from the fact 
thatt older people on average have a higher BMI. Those 
withh KS were on average older than those with other 
AIDSS events (data not shown). Furthermore, KS is one 
off  the few AIDS events that is frequently observed ear-
lierr in HIV-1 infection and in people with relatively high 
CD4++ T-cell counts (24). 

Wee conclude that weight loss can be considered as a 
useful,, but late, marker of progression to AIDS. Whether 
thee observed weight loss is an early manifestation of an 
AIDS-definingg illness or a true pre-AIDS decline cannot 
bee fully answered in this study design, although we con-
siderr that this distinction is of no great relevance for 
clinicians.. Our study also shows considerable variation 
inn the decline in body weight, which thus limits the use 
off  this marker to some extent. In addition, clinicians 
oughtt to be aware that weight loss may be one of the 
earlyy signs of AIDS-defining illnesses. Where appropri-
ate,, they should start prophylaxis for opportunistic infec-
tions.. Moreover, early and effective antiretroviral 
therapyy should be considered before the first signs of 
weightt loss appear. 
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Markerss of HIV-1-infection and its pathogenesis 

Abstract t 

IntroductionIntroduction Whether sunlight (especially ultraviolet B radiation: UVB) exposure is harmful to the 

cellularcellular immunity ofHIV-I infected individuals and whether it is associated with an accelerated 

progressionprogression toward AIDS is still under debate. Study and methods Among HIV+ homosexual participants 

ofof the Amsterdam Cohort Study, the degree of exposure to UVB was, assessed over a period from 1995 

untiluntil 1997 by means of a retrospective questionnaire. Two UVB measures were calculated: a cumulative 

measuremeasure (the total amount of UVB exposure received over two years) and a short-term measure (the 

amountamount of UVB exposure per stated period). Using both the nonparametric Mann-Whitney test and robust 

regression,regression, the association between the total amount of UVB received in the two-year interval and the 

slopesslopes of the following immunological parameters were studied: CD4+ T-cell count, CD4/CD8 ratio and 

TT cell reactivity after stimulation with CD3 antibodies. Secondly, the short-term association between 

UVBUVB exposure per period and the immunological parameters were studied with linear mixed-effect 

modelsmodels (LME). Results In the study group with a median CD4+ T-cell count of 480 x 106/l, no association 

couldcould be established between UVB exposure, and the immunological parameters. Conclusion Among 

HIV-1HIV-1 infected individuals, no indications could be found between either the cumulative or short-term 

UVBUVB exposure and markers of cellular immunity. 
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HIVV and UVB exposure 

Introductio n n 

Despitee the great number of publications on the 

harmfull  effects of Ultraviolet Radiation-B 

(UVB),, as is present in sunlight, on the cellular 

immunityy in HIV-1 -infected subjects, this issue 

iss still a matter of debate. It is evident from ex 

vivovivo in vitro research that UVB has a negative 

effectt on the number and function of peripheral 

TT cells, Langerhans cells M and contact 

hypersensitivityy response 5, and that UVB is 

capablee of HIV reactivation in vitro 6. An 

importantt indication that UVB suppresses human 

immunee responsiveness was the finding that 

exposuree of human skin to sub-erythemal doses 

off  UVB followed by the application of a contact 

sensitizerr to the irradiated site results in a 

decreasedd hypersensitivity (CHS) response 7. It 

wass shown that such suppression was also 

inducedd when whole body radiation was applied, 

evenn though the site of application of the contact 

sensitizerr was shielded from UVB radiation. 

Thiss is an indication that the effects of UVB on 

thee skin immune system do not stay confined 

locally.. It was demonstrated that skin type has no 

influencee on potential of UVB. Black volunteers 

weree as equally susceptible as Caucasians to 

UVB-inducedd suppression of CHS 8. 

Furthermore,, because a decrease in the CD4+ T-

celll  count and CD4/CD8-ratio has been 

describedd among healthy subjects after non-

experimentall  UVB exposure 9, we hypothesised 

thatt HIV-1 infected subjects are possibly more 

vulnerablee to the immuno-suppressive effects of 

UVBB . The aim of this uniquely designed study 

thereforee was to investigate the association 

betweenn non-experimental and day-to-day UVB 

exposuree and the cellular immunity of HIV-1 -

infectedd subjects. For the assessment of the 

exposuree to UVB, we designed a two-year 

retrospectivee questionnaire. This questionnaire 

enabledd us to estimate both short-term and 

cumulativee exposure to UVB. Subsequently, we 

investigatedd whether there was an association 

betweenn the calculated exposure to UVB and the 

immunologicall  assessments determined in the 

two-yearr time interval. 
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Materiall  and methods 

Studyy group 

Sincee October 1984 HIV seronegative and 

seropositivee homosexual men have been enrolled 

inn the Amsterdam Cohort study on the natural 

historyy of HIV and AIDS ".AU HIV-1 

seropositivee participants were seen at three 

monthlyy visits, at which a medical history was 

taken,, a physical examination was done and 

bloodd was drawn for various virological and 

immunologicall  tests. 

Exposuree assessment 

Inn the period from January until April 1997, 

questionnairess were handed out to all 

participantss who visited our study site. The self-

administeredd questionnaire was designed to 

assesss the exposure of sunlight and artificial 

UVBB sources in the two preceding years 12. A 

moree detailed explanation of the exposure 

assessmentt used is described elsewhere 13. 

Sunlightt exposure was expressed as the daily 

numberr of hours outdoors reported during: 

holiday,, occupational, and leisure associated 

:ss of HIV-1-infection and its pathogenesis 

activities.. In addition, self reported data on the 

coveragee by clothing, the sort of activities (e.g. 

swimming,, sailing), the countries of destination 

andd the season enabled us to weight each 

reportedd hour for the effects of these factors on 

thee UVB dose received. The weighting factors 

forr the effects of clothing and activity were 

derivedd from literature. Weighting factors for the 

effectt of latitude and season were calculated on 

thee basis of data on environmental irradiances 

obtainedd from the Laboratory of Radiation 

Researchh of the RIVM  14"16. Exposure due to the 

usee of a solarium was estimated by assuming that 

eachh visit to the solarium is equivalent to one 

MEDD (=200J/m2 at wavelength 297 nm) l7. 

Thee data from the questionnaire enabled 

uss to assess the exposure to UVB both 

cumulativee - over the two preceding years - and 

separatelyy for different periods such as holiday 

periodss in sunny countries. This latter UVB 

measuree is especially useful in studying the 

short-termm effects of UVB on the immune 

systemm and the possible mechanisms of 

adaptation.. Because the impact of sunscreen use 

andd skin type on the cellular immunity is 
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HIVV and UVB exposure 

questionable,, they were not included in the 

exposuree assessment8:18. Subsequently, we 

examinedd whether there was an association 

betweenn those UVB measures and CD4+ T-cell 

count,, CD4/CD8 ratio and T-cell reactivityy after 

stimulationn with CD3 antibodies (CD3 MAb). 

CD33 MAb is known to be a sensitive marker that 

cann be impaired early in the HIV-1 infection 

19;20 0 

course e 

Statistics s 

Differentt analyses were performed using 

categoricall  as well as continuous UVB data. 

Withh the least square linear regression technique, 

individuall  slopes were calculated using the data 

off  the immunological assessments gathered in 

thee two-year time interval. The Mann-Whitney-

U-testt was used to compare the individual slopes 

off  subjects with a low versus high cumulative 

UVBB exposure (5 75 percentile). Secondly, a 

robustt M-estimates regression analysis was 

performed.. This technique can be used if the data 

doo not satisfy the normality conditions or if the 

dataa contain significant outliers21. In this 

analysis,, we examined whether there was a linear 

correlationn between the continuous cumulative 

UVBB measures and the individual slopes of the 

immunologicall  assessments. Subjects who had 

startedd with Highly Active AntiRetroviral 

Treatmentt (HAART) were excluded from those 

twoo analyses. In the third analysis, by means of a 

linearr mixed-effect model (LME) for 

longitudinall  data, the short-term UVB effect on 

thee immunological parameters was examined22. 

Inn the baseline model, we first investigated the 

associationn between the immunological 

parameterss and calendar time. In an extended 

model,, the short-term cumulative UVB exposure 

perr period was added. The effect of UVB 

exposuree on the markers of cellular immunity 

wass evaluated by examining whether there was 

ann association between the short-term 

cumulativee UVB exposure received during 

periodss of one week, two weeks or three months 

priorr to the immunological assessment, and the 

outcomee of the immunological test. In the case 

off  a suppressive UVB effect a negative deviation 

iss seen of the quartile intercept, compared with 

thee baseline intercept (Figure 1). In the case of a 

beneficiall  effect, a positive deviation is seen. 
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Markerss of HIV-1-infection and its pathogenesis 
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Figuree 1. 

Schematicc representation of the used mixed effects model 

Boldd line: Baseline model 

Quartilee two Ouartilee three 
**  • 

Deviationss from baseline, per quartile 

Quartilee four 
<<  • 

Calendarr time 

Thee short-term cumulative UVB exposure received, for example, three months before 
ann immunological assessment was divided in four equal parts according to the quartiles, 
withh the lowest first quartile as reference. The times of the immunological assessments 
aree represented by the dotted lines. Additionally, because the short-term cumulative 
exposuree is defined as the total UVB exposure received during, for example, three 
months,, prior to the immunological assessment, those dotted lines also represent the 
differentt UVB quartiles. 

Thee bold line represents the development of the immunological parameter over 
calendarr time for a person belonging always to the lowest exposure category. The first 
quartilee is not presented because it is used as a reference. 

Subsequently,, we examined whether UVB exposure was associated with a 
changee of intercept. In other words, whether UVB exposure was capable of causing a 
temporaryy suppression of the immunological marker (a negativee deviation of the 
interceptt from the baseline model) or a positive effect (i.e. a positive deviation from 
intercept).. Depending on the individual number of immunological assessments, persons 
weree able to switch between the different quartiles more than once. 
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HIVV and UVB exposure 

Furthermore,, in this extended model, UVB 

exposuree was categorised in quartiles. HAART 

usagee was included in the model as a time-

dependentt co-variable. 

Laborator yy Methods 

Alll  serological tests were carried out in fresh sera. 

T-celll  subsets were tested using fresh cells. CD4+ 

andd CDS* T-cells were enumerated by a direct 

immunofluorescentt technique using monoclonal 

antibodiess and a flowcytometric system. To 

measuree T cell reactivity, fresh cells were 

stimulatedd in a whole culture system with CD3 

MAb.. Reactivity was expressed as the percentage 

off  median responses detected in concurrently 

runningg cultures of five healthy controls. 

Results s 

Baselinee characteristics of UVB exposure 

Off  the 114 questionnaires handed out to HIV-1 

positivee homosexual men in the period January 

19977 until May 1997,67 were returned (58%). 

Onee subject was excluded from the analysis 

becausee he returned the questionnaire empty. Of 

thee remaining 66 HIV-1 infected asymptomatic 

subjects,, nine had recently started with HAART. 

Thee median CD4+ T cell count, determined at the 

beginningg of the questionnaire period, was 480 x 

106/11 (inter quartile range (IQR): 320-613). The 

mediann number of visits and consequently the 

numberr of serial immunological determinations 

wass 8 (IQR: 6-12), with a median study interval 

off  2.0 years (IQR: 1.4-2.0). The median number 

off  weighted hours of UVB exposure over two 

yearss was 1052 hours (IQR: 537-1803) (Figure 

2)) or 1.4 hours per day (IQR: 0.7-2.5). Many of 

thee participants reported holiday periods in 

southernn sunny countries. Seasonal fluctuations 

alsoo showed up very clearly in the answers to the 

questionnairee (data not shown). By January 

1998,, one year after completing the 

questionnaire,, only one person out of the 57 

untreatedd HIV-1 infected individuals in our 

studyy had developed AIDS (Candida 

oesophagitis). . 

Resultss using the cumulative UVB measure 

Inn none of the two analyses using the cumulative 

UVBB measure could an association be found 
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betweenn UVB exposure and the individual slopes 

off  the immunological markers 

(tablee 1). 

Resultss using the short-term UVB measure 

Inn the two years preceding the finalisation of the 

questionnaire,, 573 immunological assessments 

weree carried out. In the baseline model, 

containingg only the immunological markers and 

calendarr time, both CD4+ T cells and T cell 

reactivityy gradually decreased over calendar time 

ss of HIV-1-infection and its pathogenesis 

(-12.66 cell x 106/1 /year and -0.1%/year, 

respectively),, whereas CD4/CD8 ratio very 

slowlyy increased (1%/year). Although 

indicationss were found in most of the UVB 

quartilee analyses of a negative deviation from the 

baselinee model without UVB, none of these 

findingss were significant.. In all the analyses, 

however,, a significant relation was found 

betweenn the immunological parameters and 

HAARTT usage. In table 2 only the data from the 

analysiss of the three monthly period are shown. 
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HIVV and UVB exposure 

Figuree 2. 

Frequencyy distribution of the cumulative numbers of outdoor hours in the two years preceding the 

completionn of the questionnaire filled in by 57 HIV-1 infected homosexual men, after weighting for 

activity,, clothing, latitude and season. 
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Markerss of HIV-1-infection and its pathogenesis 

Tablee 1. 

Resultss of the non-parametric and robust linear model, using the cumulative UVB measure 

obtainedd from 57 HIV-1 infected individuals. 

Parameterss Non parametric test Robust linear  model 

CD4+ + 

CD4/CD8 8 

ACD3 3 

PP value 

0.89 9 

0.19 9 

0.59 9 

slope e 

-0.05* * 

0.001* * 

0.003* * 

95%cr r 

-1.177 to 1.06 

-0.0044 to 0.006 

-0.0088 to 0.01 

PP value 

0.93 3 

0.66 6 

0.61 1 

Tablee 2. 

Resultss longitudinal analysis, with the degree of CD4+ T cell, CD4/CD8 ratio, and T cell reactivity 

change,, determined in the three months prior to the immunological assessment, per quartile UVB 

exposure e 

Interva ll  immunological assessment and time exposure: three months 

UVBB quartiles 
0-0.55 hours 
0.5-13.66 hours 
13.6-54.33 hours 
54.3-7955 hours 
HAART® ® 

UVBB exposure (number of hours after weighting) 
CD4++ T cell countT 

deviation* * 

0 0 
0.009 9 
-0.008 8 
-0.005 5 
0.03 3 

pp value( ,) 

--
0.44 4 
0.19 9 
0.18 8 
0.06 6 

CD4/88 ratio1 

deviation* * 

0 0 
-0.011 1 
-0.004 4 
-0.010 0 
0.06 6 

pp value(2) 

--
0.55 5 
0.68 8 
0.11 1 
0.03 3 

TT cell reactivity* 
deviation* * 

0 0 
0.022 2 
-0.021 1 
-0.010 0 
0.08 8 

pp valuel ' 

--
0.45 5 
0.20 0 
0.33 3 
0.05 5 

**  CD4 cells, fourth root transformed, :CD4/8 ratio, third root transformed, * T cell reactivity after stimulation 
withh CD3 antibodies (fifth root transformed), * deviation of the intercept from baseline,(1) overall statistics 0.39 
(2)) overall statistics 0.22,(3) overall statistics 0.33,' UVB exposure divided in four UVB exposure quartiles, with 
thee lowest quartile as reference, *  unit: transformed immunological marker per year, ® HAART: Highly Active 
AntiRetroviralee Therapy. 
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Discussion n 

Inn the Western World, a tanned skin is 

consideredd as a sign of good health and 

prosperityy 3. This, however, is only one side of 

thee coin.. Due to the change in sun seeking 

behaviourr in the Western World, a sharp rise in 

thee incidence of UVB associated skin cancers 

suchh as (non) melanomas, is seen24"26. In 

addition,, in a great number of ex vivo in vitro 

andd animal studies harmful UVB effects are 

describedd in the various compartments of the 

immunee system. In our study however, we 

primarilyy focussed on asymptomatic HIV-1 

infectedd individuals to determine whether there 

weree indications of UVB induced immunological 

impairments.. Additionally, we investigated 

whetherr this influenced the progression rate to 

clinicall  AIDS. In this present study, no 

significantt indications were found for UVB 

associatedd immune modulation and HIV 

activation. . 

Theree is a discrepancy between the 

resultss found in the {ex vivo) in vitro animal and 

clinicall  literature. In contrast to clinical studies, 

inn a great number of in vitro and animal studies 

104 4 

clearr indications were found for an UVB 

associatedd immune modulated effect and HIV 

activation.. In a recent review of Akaraphanih et 

al.27,, however, which described the results of 

elevenn clinical UVB studies among HIV-1 

infectedd individuals, an UVB associated CD4+ T 

celll  decline could be established in one study 

only28. . 

Byy assessing individual exposure in this 

way,, different sources of inaccuracy may have 

beenn introduced. First, the exposure assessment 

basedd on a retrospective questionnaire relies 

heavilyy on the recall and reporting of the 

participant,, thereby always introducing a bias. 

Onn the other hand, it is known that the highest 

exposuree per day is received during holidays. 

Assumingg that it is easier to have a more 

accuratee remembrance of a special and joyful 

eventt such as a holiday, both with respect to 

geographicall  location and season, the 

questionnairee can be considered sufficient for 

identificationn of short periods with high exposure 

29'.. Finally, it must be emphasised that due to the 

smalll  sample size, subtle UVB effect can have 

beenn missed. 



Inn summary, although we were capable of 

detectingg periods of high UVB exposure and 

seasonall  fluctuations accurately, in agreement 

withh a clinical study of by Saah et al.30, in 

neitherr of the analyses we were able to detect 

clinicall  relevant short-term adverse UVB effects 

amongg HIV-1 infected homosexual individuals. 
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Theree can be little doubt that the HIV epidemic 

iss one of the most devastating pandemics of this 

century.. In some parts of Africa, AIDS has 

reducedd life expectancy by more than 17 years. 

Untill  now, at least 11 million Africans have died 

andd currently another 22 million are estimated to 

bee HIV-1 infected, thereby j eopardising the 

economicc development of Africa '"3; While the 

numberr of new infections there is still increasing, 

inn Europe 4-7 and the USA8;9, the AIDS 

epidemicc is more or less under control. 9. Based 

onn the epidemiological developments in their 

ownn regions, and the emergence of promising 

neww treatment alternatives as HAART, western 

governmentss have reduced or re-allocated much 

off  their financial contribution to AIDS research. 

Moneyy spent on the prevention of HIV-1 

infectionn no longer holds pace with the number 

off  people affected by the virus; much of the 

fundingg formerly used of studying the natural 

historyy of HIV-1 infection, is now used of 

studyingg treatment possibilities that can only be 

implementedd in Western countries. This severely 

hamperss the swift development and introduction 

rss of HIV-1-infection and its pathogenesis 

off  effective vaccines and/or affordable treatment 

forr AIDS. 

Reductionss in government funding have 

alsoo limited the possibilities of the Amsterdam 

Cohortt Study on HIV-1 infection and AIDS 

amongg homosexual men (ACS). Using an unique 

multidisciplinaryy approach, including: 

epidemiology,, social science, virology, 

immunologyy and clinical medicine, the ACS has 

publishedd approximately 440 articles in scientific 

magaziness and also SO PhD theses. Thus, the 

ACSS has contributed substantially to the 

knowledgee of HIV and AIDS. The introductory 

Chapterr 2 provides a full 'historic' overview of 

thee history, study groups and logistics of the 

Amsterdamm Cohort Study on HIV/AID S among 

homosexuall  men. The other chapters in this 

thesiss are focussed on the use of various markers 

off  progression and their pathogenesis. 

Thee purpose of the study presented in chapter 3 

wass twofold. The first aim was to validate the 

previouslyy described concept of blind T cell 

homeostasiss 10 in the ACS, using the same 

algorithmm applied in the Multicenter AIDS 
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Cohortt Study (MACS), Baltimore, USA. The 

secondd aim was to investigate whether there was 

ann association between failure of T cell 

homeostasis,, which is denoted as the inflection 

pointt (IP), and the NSI/SI switch. This NSI/SI 

switchh has been studied on many occasions in 

thee ACS. 

Inn accordance with the previously 

describedd homeostasis concept, a biphasic 

trajectoryy was observed with a relatively stable 

numberr of peripheral CD3+ T cells in the first 

phase,, followed by a steep CD3+ T cell decline 

inn the last and second phase prior to AIDS. 

Amongstt subjects who developed AIDS, failure 

off  homeostasis was often preceded by a NSI/SI 

switch.. The median post-IP CD3+ T cell decline 

observedd among SI carriers was significantly 

steeperr than that of the NSI carriers. 

Similarr patterns had previously been 

foundd amongst participants of the ACS with 

regardd to the relationship of NSI/SI switch and 

CD4++ T cells. Schellekens et al. and Spijkerman 

att al. " n found a three to fivefold greater CD4+ 

TT cell decrease among SI carriers when 

comparedd with subjects carrying the NSI 

phenotype.. Likewise, also the HIV RNA load 

increasedd exponentially in the time preceding 

bothh the IP and the SI switch, but levelled-off 

afterwardss l3;l4. 

Thee study described in chapter 3 may 

possiblyy provide a further explanation of the 

pathogenesiss of the previously described 

findings.. We speculate that a likely explanation 

forr the acute inflection of the total T cells may be 

ann interference of T cell renewal,1;15, due to the 

broadeningg of the target cell population by 

CXCR44 bearing cells as naive and precursor 

cellss ,6-19. 

Inn chapter 4, a study is presented in which the 

inin vivo Delayed-Type Hypersensitivity (DTH) 

skinn testing is compared with the various in 

vitrovitro assays used to assess the extent of 

immunologicall  deterioration of HIV-1 infected 

individuals.. In this study, an association was 

foundd between the presence of skin test anergy 

andd a suppressed T cell reactivity after 

stimulationn with CD3 antibodies and CD2 and 

CD288 antibodies simultaneously. This is 

consistentt with the findings of Tornar et al. and 
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Kerbyy et al., who both found a relationship 

betweenn DTH skin reactivity and in vitro 

lymphocytee transformation after stimulation 

withh various recall antigens 20'21. Furthermore, 

antigen-specificc lympho-proliferative responses 

(LPRs)) to certain recall antigens such as 

Candidaa and tetanus toxoid and 

standardisedd T cell reactivity as mentioned 

abovee " , have both been shown to be 

stronglyy associated with the degree of immune 

deteriorationn and stage of HIV-1 infection. 

Thee association 

thatt was observed in this 

studyy also provides a 

rationall  for the potential 

usee of skin testing to 

assesss the extent and 

durabilityy of immune 

reconstitutionn in persons 

whoo receive HAART. In 

aa recent study amongst I 

HIV-11 infected 

individualss from the 

ACS,, a group was selected of persons who, 

havingg started treatment with HAART, had 

respondedd well in respect of both an increased 

CD4++ T cell count and a HIV RNA load decline 

beloww the threshold of quantification. In this 

group,, no difference in DTH scores before and 

afterr initiation of HAART (median duration 

HAARTT 2.1 year) could be determined (Figure 

alsoo 1) 28. However, three months after starting 

HAARTT a temporary improvement of the skin 

testt reactivity was observed (Figure 2). A 

similarr DTH improvement was also recognised 

byy Wendland et al. 29. Unfortunately, because 

Figuree 1. DTH scores, measured before and after  HAART. 

Mediann duration HAART 2.1 year (n=42, p=0.9). 

NN = 42 42 

pre-HAART T 

Meann DTH score 

|Summ DTH indurations 

422 42 

post-HAART T 

thee follow-up in this study was limited to only 

sixx months of HAART, no statements could be 

madee regarding the possible long-term 
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improvementt of the in vivo DTH. In this study, 

parallell  to the enhanced DTH reactivity, also an 

increasee of the in vitro antigen-specific T cell 

29 9 

proliferationn response was seen . 

Figuree 2. DTH scores, measured at start ing 

HAAR TT and three months later (n = 4, p = 0.06). 
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However,, if we compare these long-

termm in vivo DTH results with other clinical-

immunologicall  in vitro studies, a discrepancy 

betweenn the in vivo and in vitro results 

becomess apparent. In several studies, T cell 

reactivityy has shown a rapid increase during the 

firstfirst weeks of HAART, followed by a gradual 

unknownn and because the DTH reactivity seen 

amongg treated HIV-1 infected individuals was 

muchh lower than the DTH reactivity seen 

amongg healthy HIV seronegative individuals, it 

iss evident that it must be a 

consequencee of the partial 

immunee restoration. DTH 

skinn testing can therefore 

bee useful as an additional 

tooll  in monitoring the 

extentt of immune 

recoveryy in HIV-1 

infectedd individuals on 

HAART. . 

• M e a nn DTH 

• S u mm DTH 

increasee later on Thiss is in contrast to the 

observedd lack of DTH skin test reactivity, two 

yearss after starting HAART. Although the 

precisee reason for this in vivo/vitro gap is still 

Inn chapter 5 we found that a mutation in the gene 

encodingg for Mannose-Binding Lectin (MBL) 

waswas associated with a delayed progression of the 

disease.. Most notably, this mutation appeared to 

bee associated with a delayed onset of Kaposi's 

sarcomaa (KS) and, to a lesser extent, to the onset 

off other AIDS defining events. Mannose-

Bindingg Lectin (MBL) is a serum protein which 

playss a central role in the opsonisation and 

phagocytosiss 36 of several yeasts, bacteria such 

114 4 



Markerss of HIV-1-infection and its pathogenesis 

Fromm these studies, it can thus be 

postulatedd that carriers of the MBL variant allele 

mayy have a disadvantage at their first encounter 

withh HIV, However, once infected, it may turn 

outout to be beneficial to be carrying the MBL 

variantt allele 50. To explain this advantageous 

effect,, we postulated that HIV-1, besides direct 

bindingg of HIV-gpl20/gp41 51'5S to the cellular 

CD44 receptor, is also capable of infecting host 

cellss through the pathway of (mainly antibody-

dependent)) complement activation 56"58. This is 

inn accordance with the great variability seen in 

incubationn times amongst individuals with solely 

thee non-syncytium-inducing virus phenotype, 

whichh cannot be explained by an expanded usage 

off  known co-receptors such as CCR1, CCR2b, 

CCR3,, CCR5 and CXCR4 16. 

ass N meningitidis , Mycobacterium tuberculosis 

388 and leprae, Pneumocystis carinnii39, and HIV 

40.. In addition, serum MBL levels are also 

associatedd with systemic lupus erythematosus 

andd chronic hepatitis B infection 4 M 3. The MBL 

mutationn is known to be associated with lower 

MBLL serum levels35. Because serum MBL has a 

closee resemblance to Clq, the first factor of the 

complementt cascade, it is able to activate both 

thee classical and the alternative complement 

pathwayss 44_46. Serum MBL is, furthermore, 

capablee of in vitro neutralisation of HIV-1 by 

bindingg to gpl20 or gp41. 

AA protective effect of the MBL mutation 

waswas previously found in a French seroconverters 

study.. The French investigators found an 

associationn between the MBL mutation and 

delayedd CD4+ T cell loss 47. Another important 

consequencee of the variance in MBL alleles is 

thatt carriers of the MBL variant allele are at an 

increasedd risk of becoming infected with HIV 

45;48,499 j t w a s ^emonstrateci that carriers of the 

MBLL variant alleles were more susceptible to 

HIV-11 infection than MBL wild type carriers. 

Ass mentioned before, complement and Fc 

599 receptors on the surface of target cells may act 

ass receptors for HIV-1 60"62. This is nicely 

illustratedd by the positive relation which was 

foundd between the extent of antibody-dependent 

complement-mediatedd antibody enhancement 

andd HIV-1 RNA viral load54:S5;63 and stage of 
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diseasee M. Furthermore, an inverse relationship 

wass found between MBL serum levels and CD4+ 

TT cell count and the stage of HIV-1 infection65. 

Inn general, the higher the serum MBL levels the 

lowerr the CD4+ T cell counts and vice versa. 

Takingg into account that serum MBL is 

capablee of initiating the complement system, 

MBLL variant allele carriers may - due to an 

impairedd first-line defence - be less likely to 

inducee a vigorous immune response during 

primaryy infection, than wild type carriers. It can 

thuss be speculated that the set point of HIV-1 

infectionn is not only influenced by the genetic 

hostt factors of the adaptive immunity such as 

CCR55 and CCR2 but also by the MBL-

complement-mediatedd pathway. 

Howw can we explain the observed 

protectivee effect of MBL variant alleles on the 

developmentt of KS? Here the following is 

hypothesised.. It has been shown that KS is one 

off  the few vascular-proliferations in humans who 

expressess Mannose-receptors on their endothelial 

66.. Low MBL serum levels, as seen amongst 

MBLL variant allele carriers, may therefore 

inhibitt the proliferation of the KS-associated 

herpess 8 67 infected precursor spindle cells 68,69, 

therebyy preventing the development of KS 53. 

Thee aim of the study presented in chapter 6 was 

too determine the occurrence of early pre-AIDS 

weightt loss among HIV-1 asymptomatic 

homosexuall  individuals, and to establish its 

predictivee value for getting AIDS 70;7t. In those 

whoo developed AIDS, a biphasic weight pattern 

wass found showing a relatively stable period 

followedd by a steep weight decline that started 

aroundd 6 months prior to the subsequent 

diagnosiss of AIDS. To rule out that this decline 

wass caused by a not yet diagnosed AIDS-

definingg illness such as an opportunistic 

infection,, we also examined the weight patterns 

perr diagnosis separately. 

Surprisingly,, this biphasic pattern could 

alsoo be recognised amongst individuals 

diagnosedd with localised KS, an affliction that 

iss not considered to have a big impact on 

metabolismm in general. The observed weight 

losss is therefore likely to be, at least in part, a 
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directt consequence of the HIV-1 infection 

itself.. Another additional argument in favour of 

thiss hypothesis is that some individuals may 

startt losing weight several years before the 

onsett of AIDS71. 

Thiss hypothesis is in accordance with 

observationss made by Rivera et al, who 

describedd a close association between weight 

losss and an evaluated HIV RNA load n. This 

groupp also described a more or less biphasic 

patternn amongst subjects without an apparent 

AIDSS diagnosis. Mulligan et al. found a 

relationshipp between an elevated resting energy 

expendituree (REE) and HIV RNA load " . REE, 

iss the rate of consumption of energy by the 

bodyy while inactive and is one of the major 

determinantss for weight maintenance. 

Inn large parts of the world, the use of 

elaboratedd laboratory tests such as CD4+ T cell 

countt and HIV RNA assays are limited or even 

unavailable.. In a non-western patient 

populationn therefore, body weight assessments 

mayy provide additional information to CD4+ T 

celll  measurements74 

rss of HIV-1-infection and its pathogenesis 

Inn the last study of this thesis, we studied 

thee possible suppressive effect of sun light 

exposuree on cellular immunity. This is 

particularlyy relevant because Kaposi's sarcoma 

cann be treated nowadays using photo-therapy 75. 

Thee relation between exposure to sunlight and 

cellularr immunity was studied, using the 

followingg assays: CD4+ T cell count, CD4/CD8 

ratioo and T cell reactivity after stimulation with 

antibodiess targeting the CD3 receptor76"80. By 

meanss of a questionnaire, the exposure to 

ultraviolet-BB radiation (UVB) in the previous 

twoo years was assessed 81. Subsequently, the 

outcomess of those questionnaires were compared 

withh the immunological assessments performed 

withinn that same period. In this study no 

indicationss could be found of a UVB induced 

immunologicall  interaction. This is in agreement 

withh the few available clinical UVB studies 

amongg HIV-1 infected individuals, which were 

alsoo unable to detect any clinical association 

76;82 2 
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Finall  remarks 

Thee aim of this thesis was to investigate the 

validity,, relevance and predictive value of 

severall  markers of progression of HIV-1 

infectionn (both established and not-established) 

andd subsequently to speculate about their 

pathogenesis. . 

Inn several long-term natural history 

studiess on HIV/AIDS, biphasic patterns are 

recognisedd regarding CD4+, CD8+ T cells, 

memory/naivee cells I1 ;1519 and HIV RNA Load 

14.. In the third study of this thesis, a strong 

associationn was found between the moment of 

NSI/SII  switch and failure of blind T cell 

homeostasis.. However, here an inconsistency 

arises.. Currently, as summarised above, there 

havee been many other adequate explanations for 

thee observed homeostatic failure. Despite this 

inconsistencyy regarding the "blindness " of the 

concept,, estimations of the moment of 

homeostaticc failure have proven to have an 

additionall  predictive value, instead of using the 

NSI/SII  switch alone. Finally it could be said in 

thiss time of rapidly evolving knowledge of the 

pathogenicc mechanisms of HIV-1 infection that 

thee adjective 'blind', when referring to the blind 

TT cell homeostasis, has become somewhat 

redundant. . 

Althoughh both antigen-specific and non-

specificc in vitro T cell reactivity recover 

significantlyy during long-term potent HAART, 

thee degree of in vivo DTH skin test reactivity, 

despitee a temporary increase shortly after starting 

HAARTT 29, hardly improves. This discrepancy is 

mostt likely due to the partial character of the 

HAARTT induced immune reconstitution. 

However,, because it can be postulated that this 

gapp wil l eventually become smaller if we are 

ablee to restore cellular immunity sufficiently by 

long-termm viral suppression, standardised DTH 

skinn testing should always be implemented in 

modernn clinical trials. 

Inn this thesis it was shown that the 

morbidityy and mortality of HIV-1 individuals 

aree influenced by a mutation in the gene 

encodingg for MBL, which is part of both the 

innatee immunity and the complement system. To 

obtainn conclusive evidence of the role of MBL, 

adequatelyy sized case-control studies have to be 

designed.. Furthermore, although it is clear from 
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numerouss publications that the extent of 

complementt activation directly affects the level 

off  HIV RNA and survival, the clinical relevance 

hass still to be determined. 

Althoughh in the Western world, severe 

weightt loss is hardly ever seen anymore, in third 

worldd countries systematic weight assessments 

ss of HIV-1-infection and its pathogenesis 

mayy still be useful. Finally, no harmful effects 

couldd be found on the cellular immunity of 

asymptomaticc HIV-1 infected individuals 

followingg exposure to UVB, which is very good 

newss for HIV-1 infected sun lovers. 
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1)) Introductio n 

Afterr the introduction and the historic overview 

off  the different study groups and logistics of the 

Amsterdamm cohort study amongst homosexual 

menn (ACS), a short summary is given of the five 

studiess presented in this thesis. 

2)) The Amsterdam cohort study 

Thee Amsterdam Cohort Study of Human 

Immunodeficiencyy virus (HIV-1) infection and 

AIDSS amongst homosexual men (ACS) was 

startedd in 1984. This was shortly followed by the 

Amsterdamm cohort study amongst intravenous 

drugss users in 1985 . The multidisciplinary 

approachh encompassing epidemiology, social 

science,, virology, immunology and clinical 

medicinee has significantly contributed to the 

knowledgee and understanding of the various 

aspectss of HIV-1 infection and AIDS. Four 

majorr fields of interest were explored. The first 

waswas to study the prevalence and incidence of 

HIV-11 infection and AIDS. This was followed 

byy studies designed to discover and describe the 

naturall  course of HIV-1 infection and AIDS. The 

thirdd point of interest was to examine various 

Summary y 

riskk factors and to monitor changes in sexual 

behaviourr over time. Finally, several 

interventionn studies were performed to 

investigatee the antiretroviral effects and the 

emergencee of resistance to several types of 

treatment. . 

3)) Blind T cell homeostasis 

Recently,, the hypothesis of the blind T cell 

homeostasiss was proposed. This was based on 

thee observation that the level of circulating T 

cellss is maintained without regard to the 

phenotypee of T cell subsets. It was postulated 

thatt in order to keep the level of total T 

lymphocytess constant, the progressively 

decliningg number of CD4+ T cells is 

compensatedd for by an increased number of 

CD8++ T cells. In the study presented, we have 

investigatedd the presence of T cell homeostasis 

inn the ACS and whether homeostatic failure, 

associatedd with downwards inflection of the total 

TT cells, was related to the switch from a non 

syncytium-inducingg (NSI) to syncytium-

inducingg (SI) virus phenotype. 
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Ass predicted by the homeostasis concept, 

indicationss were found of an acute downward 

inflectionn of the total T cell count two year 

beforee the onset of AIDS. Furthermore, we 

foundd that the times of SI switch and IP were 

highlyy correlated. 

Inn summary, these results convincingly 

supportt the concept of blind T cell homeostasis 

andd shown that the SI virus phenotype plays an 

importantt role in the failure of T cell 

homeostasis. . 

4)) Delayed-type hypersensitivity skin testing 

Skinn test anergy (the inability to induce a skin 

reactionn after intra-cutaneous administration of 

so-calledd recall antigens) is seen in 20-30% of 

thee HIV-1 infected individuals. In the study 

presentedd in chapter 4 we investigated the 

relationshipp between skin test anergy and the 

outcomess of various immunological and 

virologicall  laboratory assays used in the daily 

routinee of the ACS. For the evaluation of skin 

testt anergy we used the commercially available 

Multitestt CMI applicator. 

Inn this study, a strong association was 

foundd between decreased T cell reactivity in 

vitrovitro and skin test anergy. Based on the findings 

presentedd in this study we concluded that the 

usedd T cell reactivity tests can be considered as 

ann accurate reflection of the cellular-mediated 

immunity. . 

5)) Mannose-binding lectin 

Inn chapter 5 a study is presented in which the 

morbidityy and mortality of HIV infected 

individualss is studied in relation to Mannose-

Bindingg Lectin (MBL) polymorphism. MBL is a 

serumm protein that plays a central role in the 

opsonisation,, phagocytosis and activation of the 

complementt cascade. In this study, indications 

weree found of a relationship between a mutation 

inn the gene encoding for MBL and a slightly 

delayedd onset of AIDS. In addition, this mutation 

alsoo appeared to be protective against developing 

Kaposi'ss sarcoma (KS). Finally, we speculate 

thatt these findings are suggestive of the fact that, 

nextt to the traditional routes such as the CD4 cell 

membranee receptor or by co-receptors such as 
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CCR55 and CXCR4, HIV is also able to infect 

hostt cells through complement activation. 

6)) Early weight loss in asymptomatic HIV 
infectedd individuals 

Inn advanced stage HIV-1 infected individuals, 

severee weight loss often heralds the beginning of 

aa more aggressive course of infection, mostly 

leadingg to AIDS and/or death. The aim of the 

studyy presented in chapter six of this thesis, 

however,, was to investigate whether there were 

indicationss of early weight loss, and if so, 

whetherr those early pre-AIDS weight losses 

weree predictive of getting AIDS. 

Wee found amongst persons who developed 

AIDSS a biphasic weight pattern. After a 

relativelyy long period in which the body weight 

hardlyy changed, there was a sudden decline six 

monthss before AIDS. We speculated that, due to 

thee close correlation between weight 

maintenancee and HIV RNA, this rapid weight 

declinee six months before AIDS is probably 

causedd by an increase of HIV RNA load shortly 

beforee AIDS. 

7)) Sun light exposure and progression of HIV -
11 infection. 

Itt has been known for a long time that exposure 

too sunlight, and especially to ultraviolet radiation 

(UVB),, can suppress cellular immunity. 

Furthermore,, it can also cause the activation of 

somee viruses such as the herpes simplexx type I, 

sometimess resulting in a herpes labialis (cold 

sores).. Additionally, there are some case-reports 

describingg a more aggressive course of disease in 

advancedd HIV infected individuals after 

exposuree to high doses of UVB. Because of this 

manyy clinics discourage HIV infected 

individualss from submitting themselves to high 

dosess of UVB exposure during holidays. 

Thee aim of the final study presented in 

thiss thesis therefore was to investigate whether 

wee could find indications that exposure to 

sunlightt and especially UVB was indeed harmful 

too HIV infected individuals. By means of a 

questionnaire,, we assessed each person's 

exposuree to UVB over the previous two years. 

Fromm this, two exposure measurements were 

calculated:: a total cumulative exposure measure, 

comprisingg of the total amount of received UVB 
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andd a short-term cumulative measure, 

comprisingg the amount UVB received per 

period.. Subsequently, those UVB exposures 

weree compared with the outcomes of three 

differentt immunological markers (CD4+ T cell 

count,, CD4/CD8 ratio and T cell reactivity after 

stimulationn with CD3 antibodies) that had been 

assessedd in the same period. In neither of the 

UVBB analyses, using the total and short-term 

exposuree calculations, indication could be found 

off  an interaction between UVB exposure and 

cellularr immunity. 
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1)) Inleidin g 

DitDit  proefschrift is als volgt opgebouwd. Na een 

inleidingg (hoofdstuk 1) en een historisch 

overzichtt van de Amsterdamse cohort studie naar 

HIVV en AIDS bij homoseksuele mannen (ACS) 

(hoofdstukk 2) worden er een vijftal studies 

besproken.. Deze studies kunnen worden 

onderverdeeldd in een tweetal immunologische en 

eenn drietal z.g.n natuurlijk beloop studies. Het 

doell  van de immunologische studies was om 

meerr inzicht te krijgen in de werking en afbraak 

vann het immuunsysteem door het HIV virus. In 

dee laatste drie studies is onderzocht hoe bepaalde 

genetische,, klinische en life-style 

karakteristiekenn van invloed kunnen zijn op de 

morbiditeitt en mortaliteit van HIV geïnfecteerde 

homoseksuelee mannen. 

2)) De Amsterdamse cohort studie 

Inn 1981 kwamen er uit Amerika verontrustende 

berichtenn over een ziekte die in korte tijd in staat 

zouu zijn het immuunsysteem van m.n. 

homoseksuelee mannen volledig te ruineren, met 

allee gevolgen van dien. Deze, toen nog 

onbekendee ziekte, kreeg al snel de naam 

Nederlandsee samenvatting 

Acquiredd Immuno Deficiency Syndrome, ofwel 

AIDS.. De primaire reden voor dee oprichting van 

dee ACS in 1984 was dan ook het bestuderen van 

hett natuurlijk beloop van de ziekte, via wat voor 

mechanismee het immuunsysteem werd 

afgebrokenn en hoe AIDS voorkomen c.q. 

behandeldd kon worden. In de loop van de tijd 

zijnn er ongeveer 1200 homoseksuele mannen 

geïncludeerd,, waarvan ongeveer de helft 

geïnfecteerdd is met het HIV virus. 

Doorr deze deelnemers langdurig te 

volgenn hebben we veel geleerd over het spontane 

beloopp van de HIV infectie, het z.g.n. natuurlijk 

beloop,, maar ook hoe het virus inwerkt op de 

menselijkee afweer. Om al in een vroeg stadium 

vann de HIV infectie een onderscheid te kunnen 

makenn tussen personen met een agressief beloop 

versusversus personen met een langzaam beloop, is er 

veell  onderzoek gedaan naar de voorspellende 

waardee van een groot aantal immunologische en 

virologischee markers. In hoofdstuk 2 wordt er 

dieperr ingegaan op de geschiedenis, de 

verschillendee studiegroepen, de organisatie en de 

logistiekk van de ACS. 
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3)) Blind T cell homeostasis 

Eenn van de belangrijkste aspecten van een HIV-1 

infectiee is de daling van het aantal CD4+ cellen. 

CD44 cellen spelen een centrale rol in het 

functionerenn van het afweersysteem en zorgen 

voorr het adequaat reageren op verschillende 

soortenn micro-organismen, zoals het HIV virus. 

Hett "blind T cell homeostasis concept" is een 

recentt gepostuleerde verklaring voor de acute 

CD33 daling bij sommige patiënten die enige tijd 

daarnaa AIDS krijgen. CD3+ cellen zijn de 

voorloperr cellen van CD4+ cellen. Omdat deze 

"knik""  in het CD3+ beloop ongeveer samenvalt 

mett de eerste presentatie van het meer 

agressieveree SI virus, is het aannemelijk dat deze 

acutee CD3+ daling (failure of homeostasis) en 

NSI/SII  switch op een of andere manier met 

elkaarr geassocieerd zijn. Deze studie wordt 

beschrevenn in hoofdstuk 3. 

Zoalss voorspeld door het "blind T cell 

homeostasiss concept" vonden we bij een groot 

aantall  patiënten met AIDS aanwijzingen voor 

eenn acute CD3+ cel daling ongeveer twee jaar 

voorr de diagnose AIDS. Verder vonden we 

inderdaadd aanwijzingen voor een associatie 

tussenn de NSI/SI switch en de acute CD3+ 

daling.. Het bleek dat de acute CD3+ daling bij 

eenn groot aantal AIDS patiënten voorafgegaan 

werdd door een NSI/SI switch en dat de CD3+ 

dalingg bij personen met een NSI/SI switch over 

hett algemeen veel meer uitgesproken was dan bij 

dragerss van het gewone NSI virus. 

4)) Delayed-rype hypersensitivity huid 
reactiviteit t 

Huidtestt anergie (het niet in staat zijn tot het 

ontwikkelenn van een huidreactie na toediening 

vann een "recall" antigeen) komt volgens de 

literatuurr bij 20 a 30% van de HIV 

geïnfecteerdenn voor. Met het doel om de relatie 

tee onderzoeken tussen huidtest anergie en de 

cellulairee immuniteit, is bij 136 HIV positieve 

personenn een Multitest CMI gezet. Met de 

Multitestt worden zeven verschillende recall 

antigenenn intra-cutaan ingebracht. Een recall 

antigeenn bestaat uit een stof waartegen het 

merendeell  van de bevolking antistoffen heeft 

(bijvoorbeeldd door vaccinatie), met als gevolg 

datt er een huidzwelling optreedt. Het ontbreken 

vann deze zwellingen wordt huidtest anergie 
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genoemd.. Het doel van de studie, gepresenteerd 

inn hoofdstuk 4, was om te onderzoeken welke 

gebruiktee routine laboratoriumtest het beste in 

staatt was huid anergie te voorspellen. Van alle 

onderzochtee immunologische en virologische 

laboratoriumtestenn bleek de test voor T cel 

reactiviteitt na stimulatie met antistoffen tegen de 

CD22 en CD28 receptor het best in staat te zijn 

omm huidanergie te voorspellen. 

5)) Mannose-binding lectin 

Inn hoofdstuk 4 wordt een studie gepresenteerd 

waarinn de invloed van een mutatie in het gen dat 

codeertt voor het serum eiwit Mannose-Binding 

Lectinn (MBL) onderzocht in relatie tot de 

morbiditeitt en mortaliteit van HIV 

geïnfecteerden.. MBL is een eiwit dat ervoor 

zorgtt dat micro-organismen bij binnenkomst in 

hett lichaam efficiënt kunnen worden opgeruimd. 

Daarnaastt is dit eiwit in staat het complement 

systeemm te activeren, bijvoorbeeld na binding 

aann het HIV virus. 

Wee vonden aanwijzingen dat personen 

mett een gemuteerd MBL gen over het algemeen 

ietss later AIDS kregen dan personen met het 

Nederlandsee samenvatting 

normalee gen. Dit beschermend effect gold met 

namee voor de AIDS diagnose Kaposi's sarcoom 

(KS).. Ten slotte speculeerden we in hoofdstuk 4 

datt infectie van de CD4+ cellen door HIV, naast 

dee klassieke routes via CD4 receptoren en co-

receptorenn zoals CCR5, CCR2 en CXCR4, 

mogelijkk ook via complement activatie kan 

geschieden. . 

6)) Vroeg gewichtsverlies bij  asymptomatische 
HI VV geïnfecteerde deelnemers 

Err zijn enkele publicaties verschenen die hebben 

aangetoondd dat ernstig gewichtsverlies bij AIDS 

patiëntenn een sterk voorspellende waarde heeft 

voorr progressie van de HIV infectie en dood. 

Hett doel van de vijfde studie in dit proefschrift is 

tee kijken naar vroege gewichtsdalingen in het 

asymptomatischee stadium van de HIV infectie en 

dee voorspellende ervan. Hiervoor is gebruik 

gemaaktt van gewichtsmetingen van 122 cohort 

deelnemerss met een bekend tijdstip van HIV 

besmetting. . 

Hett gewichtsverloop bij asymptomatische 

HIVV geïnfecteerden had een bifasisch patroon: 

naa een periode met een stabiel gewicht was een 
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sterkee gewichtsdaling van ca. 3.7 kg te zien, zes 

maandenn voor het krijgen van AIDS. 

7)) De invloed in zonlicht expositie of de afweer 
vann HI V geïnfecteerde deelnemers 

Hett is al lang bekend dat het ultraviolette 

gedeeltee van zonlicht (UVB) een negatieve 

invloedd heeft op de menselijke immuniteit en 

ookk in staat is tot het activeren van latent 

aanwezigee virussen. Het bekendste voorbeeld 

hiervann is de door de herpes Simplex 

veroorzaaktee koortslip. De negatieve invloed op 

dee immuniteit is niet alleen aan het 

huidoppervlakk meetbaar, maar ook systemisch: 

eenn lagere IL2 en een hogere IL 10 concentratie, 

eenn daling van de aantallen CD4+ cellen en een 

verminderdee huidtest reactiviteit. In 

verschillendee publicaties wordt dan ook op grond 

vann deze mogelijk schadelijke invloed, HIV 

geïnfecteerdee personen ontraden zich langdurig 

bloott te stellen aan zonlicht. 

Inn hoofdstuk 7 wordt een studie 

gepresenteerdd waarin de relatie tussen zonlicht 

expositiee en de afweer van HIV geïnfecteerden 

naderr wordt onderzocht. Om dit te realiseren 

hebbenn de deelnemers enquêtes ingevuld over 

hunn mate van blootstelling aan zonlicht 

(vakanties,, zonnebank etc.) in de afgelopen twee 

jaren.. Vervolgens zijn deze expositie gegevens 

vergelekenn met de gegevens van een drietal 

immunologischee testen (aantal CD4 cellen, 

CD4/CD88 ratio en T cel reactiviteit na stimulatie 

mett CD3 antistoffen). 

Hoewell  de relatie tussen zonlicht 

blootstellingg en immunologie op verschillende 

manierenn werd bestudeerd, zijn er in geen van de 

analysess aanwijzingen gevonden voor een 

mogelijkk schadelijk effect van zonlicht op de 

immuniteit. . 
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Eindelijkk is het zo ver. Het manuscript ligt bij de 

commissiee en de drukker en het feest zijn zo 

goedd als geregeld. Een mooi moment dus om 

iedereenn waarmee ik heb samengewerkt te 

bedanken.. In het begin van mijn medische 

carrièree had ik wat moeite mijn draai te vinden. 

Bijj  de ACS had ik echter al snel het gevoel op de 

goedee plaats te zijn. De unieke combinatie van 

enerzijdss onderzoek en anderzijds patiëntenzorg 

vindd ik nog steeds erg inspirerend en het meest 

bijj  mij passen. 

Allereerstt wil ik de deelnemers bedanken. Velen 

hebbenn voor vele jaren zeer gemotiveerd 

meegewerktt aan de studie en waren (bijna) altijd 

bereidd tot het afstaan van een extra buisje bloed. 

Bestee promotor Roel. Je bent er in de loop van 

dee tijd in geslaagd een gemotiveerde 

onderzoeksgroepp bij elkaar te krijgen, hoewel de 

samenstellingg de laatste tijd wel erg eenzijdig is 

gewordenn (11 vrouwen op drie mannen). Je zegt 

well  dat je er geen invloed op hebt, maar ik weet 

datt nog niet zo! Ik heb erg veel van je geleerd. In 

dee eerste plaats je vermogen om hoofdzaken te 

onderscheidenn van bijzaken. Met name in het 

beginn had ik de neiging om te verzanden. 

Bestee René, mijn eerste co-promotor. Enkele 

jarenn geleden heb je de overstap naar de 

psychiatriee gemaakt. In je functie als 

studiecoördinatorr ging je op den duur toch de 

patiëntenzorgg missen. Hierbij wil ik je bedanken 

voorr het mij bijbrengen van de beginselen van 

onderzoekk doen. 

Bestee Remko, mijn huidige co-promotor. 

Behalvee het feit dat we het samen goed kunnen 

vinden,, heb ik erg veel van je geleerd. Naast het 

feitt dat je een buitengewoon begaafde schrijver 

bentt met een grote kennis van statistiek en AIDS 

behandeling,, is je grootste kwaliteit toch wel 

iemandss sterke kanten zodanig te stimuleren, dat 

dee minder uitgesproken eigenschappen op den 

duurr vanzelf volgen. Bovendien ben je volgens 

mijj  één van de eerste cyberspace co-promotoren. 

Doorr je vele reizen was e-mail vaak de enige 

communicatielijnn tussen ons. Het maakte niet uit 

waarr je zat, je reageerde (bijna) altijd binnen 48 

uur. . 

Toenn het homocohort overging naar de Jan van 

Goyenn kliniek, werd ik gedwongen van de vierde 

verdiepingg af te dalen naar de eerste. Ik moet 

bekennen,, het was wel even wennen. Gelukkig 

viell  het allemaal erg mee. Het bleek daar tot mijn 

verbazingg erg gezellig te zijn. Allereerst Birgit, 

mijnn kamergenoot. Aan gespreksonderwerpen 

nooitt gebrek, hoewel het de laatste tijd wel erg 

vaakk over huizen en hypotheken ging. Bedankt 

voorr j e Brabantse gezelligheid. Joke en Ans. 

Ondankss het feit dat julli e 3 a 4 keer per dag 

absoluutt niet aanspreekbaar zijn - ik weet nu dat 

julli ee samen zitten te roken op kamer 101 - zijn 

julli ee desondanks (of misschien dankzij) toch de 
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spill  van de drugsafdeling. Even koffie bijvullen 

opp kamer 102 was vaak een welkome 

onderbrekingg van de dagelijkse sleur. Ook de 

anderen:: Anneke, Eline, Esther, Ethel, Ewald, 

Dieuwke,, Figen, Ingrid Kuiper, John, Karen, 

Liselotte,, Mark, Maud, Maria Knapen, Maria 

Oud,, Maria Prins, Maria, Merel, Miranda, Mitzi, 

Nicole,, Norbert, Udi, Ronald, Wim en Willy wil 

ikk bedanken voor de ondersteuning, prettige 

sfeerr en gezelligheid 

Leny,, je was mijn grote steun en 

toeverlaat.. Even een pakketje, briefje wegsturen. 

Evenn wat uittypen controleren enz., je zei nooit 

nee.. Hartelijk bedankt. 

Bestee Nel. Je inzet en je betrokkenheid 

mett het Cohort en de deelnemers is fenomenaal. 

Bedanktt voor de prettige samenwerking. 

Margreett Bakker van de afdeling Humane 

Retrovirologiee en Marijke Roos van het CLB wil 

ikk bedanken voor het verstrekken van gegevens, 

nodigg voor het historisch overzicht gepresenteerd 

inn hoofdstuk 2. Gillian Cowie wil ik bedanken 

voorr het corrigeren en verfijnen van het engels. 

Tenslotte,, wil ik mijn gezin, Iris en Lea, 

bedankenn voor hun geduld. 
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