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Abstrac t t 

Sexuall  and non-sexual modes of transmission of human herpesvirus 8 (HHV8) have been suggested, but specific routes remain 
unclear.. Therefore, the objective of this study was to assess risk factors for HHV8 seropositivity and determine specific sexual 
practicess associated with HHV8 seroconversion. Sera from 1458 homosexual men (Amsterdam Cohort Study, 1984-1996) 
weree tested for antibodies against HHV8 with a modified version of an Enzyme Immunoassay (EIA), using recombinant 
HHV 88 lytic phase capsid (ORF65) and latent phase nuclear (ORF73) proteins. HHV8 seroprevalence at study entry was 20.9% 
(305/1458),, was highest among those with positive HIV status, no steady partner, Southern European or Latin American na-
tionality,, and increased with older age and higher number of sexual partners. During follow-up, 215 men seroconverted for 
HHV 88 (incidence^.6/100PY). Both prevalence and incidence rates remained more or less stable during the study period. 
Oro-gemtall  insertive sex (OR: 5.95,95%CI: 2.88-12.29) or oro-genital receptive sex (OR: 4.29 ,95%CI: 2.11-8.71) with more 
thann five partners in the past six months, older age (OR: 2.89, 95% CI: 1.13-7.34, when older than 45 years) and preceding HIV 
infectionn (OR: 2.47,95%CI: 1.53-3.99) were independent predictors for HHV8 seroconversion. In conclusion, we found 
strongg evidence for oro-genital transmission of HHV8 among homosexual men. 

Introductio n n 

H u m ann herpesvirus 8 (HHV8), also called Kaposi 's sar-

coma-associatedd herpesvirus, has been detected in almost 

1000 percent of bo th acquired immunodefic iency syndrome 

(AIDS)-relatedd and non AIDS-related Kaposi' sarcoma tis-

suess (1-3). H H V 8 infection has been shown to precede de-

ve lopmentt of Kaposi 's sarcoma among homosexual men 

(4-6).. However, t ransmission routes of this virus remain un-

clearr and identifying these routes is a real challenge. The epi-

demiologyy of AIDS-related Kaposi 's sarcoma and high 

H H V 88 prevalence in homosexual men suggest a sexual 

routee (7-9). In addit ion, frequent occurrence of Kaposi 's sar-

comaa and high H H V 88 prevalence is seen among heterosexu-

alss in specific areas, such as Southern Africa and Southern 

Eu ropee (10-15). In Africa, chi ldren also appear to be fre-

quent lyy infected, suggesting a nonsexual transmission route. 

Wit hh the use of polymerase chain reaction techniques, re-

searcherss have found H H V 8 in saliva (16-18) and in semen 

(19). . 

Severall  cross-sectional studies revealed a correlation be-

tweenn the number of sexual partners and H H V 8 seropositi-

vityy (5,20). Some investigators found a relation with anoge-

nitall  receptive sex (20,21) or oroanal sex (22). Recently, oral 

contactt as a possible transmission route has been postulated 

(17).. Until now only one study has been reported that in-

cludedd incident cases to elucidate modes of transmission. In 

thiss study, no association between specific sexual practices, 

includingg oral sex, and seroconversion was found (20). Most 

otherr studies were cross-sectional in which specific sexual 

practicess at the time of infection could not be determined. 

Thee strength of the present study (cohort study) is that a 

largee number of incident H H V 8 infections were available to 

identifyy possible transmission routes. First, we assessed risk 

factorss associated with the presence of H H V 8 antibodies. 

Second,, we studied whether specific sexual acts were predic-

torss for H H V 8 seroconversion. We attempted to elucidate 

andd take into consideration the many epidemiologic pitfalls 

off  identifying correlated sexual routes of transmission. Es-

tablishingg these routes is important for insight into the epi-

demiologyy of H H V 8 and Kaposi 's sarcoma, and for preven-

tionn of this infection. 
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MATERIAL SS AND METHODS 

Subjects s 

Inn 1984 a prospective study on human immunodeficiency 

viruss (HIV) seroconversion and AIDS among sexually ac-

tivee HIV seronegative and -seropositive homosexual men 

wass started (Amsterdam Cohort Study) (23). From the start 

off  the cohort through December 31, 1996, a total number 

off  1,674 homosexual men were enrolled. At entry, 480 men 

weree seropositive for HIV and 1,188 were seronegative, of 

whomm 136 seroconverted for HIV during follow-up. Over 

time,time, the intake-criteria changed: 1) from October 1984 un-

till  May 1985, both HIV-positive and HIV-negative homo-

sexuall  men were eligible to enter the study {n — 748), 2) 

fromm May 1985 until February 1988 only HIV negatives 

weree allowed into the study (« = 229), 3) from February 

19888 through 1994 entry for both HIV-negative and 

HIV-positivee homosexual men was allowed (n = 229), 4) in 

additionn to the regular cohort, in 1995 a second cohort 

studyy was started among young homosexual men (<30 

years),, irrespective of their HIV status {n — 468). 

Participantss returned for follow-up every 3-6 months. At 

eachh visit medical history7 was taken and blood was drawn 

andd stored for virologie and immunologic testing. At entry 

andd every 6 months, participants filled in a standardized be-

haviorall  questionnaire. 

Serologicc assays 

Bankedd sera, stored at — 70°C, were tested for HHV8 anti-

bodiess with a modified enzyme immunoassay using recom-

binantt HHV8 lytic phase capsid (ORF65) and latent phase 

nuclearr (ORF73) proteins (6,13,24). Cutoff values for the 

enzymee immunoassay (absorbance: 0.350 for ORF65 and 

0.3755 for ORF73) were three times the standard deviation 

off  the mean absorbance from a panel of 40 individuals at 

loww risk for Kaposi's sarcoma. Seventy-one cases from the 

cohortt of homosexual men were used as the index for true 

HHV88 positivity and all 302 women from the Amsterdam 

drugg user cohort as the index for true negativity, since in 12 

yearss of follow-up no Kaposi's sarcoma occurred in these 

groups.. Based on these parameters, the specificity of the 

combinedd assay format (positive for ORF65, ORF73, or 

both)) was 90.7 percent (95% confidence interval (CI): 

86.9-93.8)) and the sensitivity was 87.3 percent (95 percent 

CI:: 77.3-94.0). The seroreversion rate was approximated at 

4.55 percent (95% CI: 2.1-8.4) based on the tests at enroll-

mentt of 200 randomly chosen individuals negative for 

HHV88 antibodies at the end of follow-up (6). 

Storedd sera were available for 1,458 (87.1 %) of the 1,674 

participants.. They were tested at the end of follow-up. 

Whenn negative, the participant was considered to have had 

noo antibodies against HHV8 throughout the study. If a 

samplee tested positive, the enrollment sample was tested. In 

casee of a converter the seroconversion interval was deter-

minedd by testing samples taken in between. Of the 215 sero-

converters,, 194 (90.2 %) had a conversion-interval of less 

thann 6 months and 208 (96.7 %) of less than 1 year. 

Analysiss of CD4 cell counts was performed with a direct 

immunofluorescencee technique using monoclonal antibod-

iess and a flow cytometry system. Analysis of HIV antibodies 

wass performed with two commercially available en-

zyme-linkedd immunosorbent assays (Abbot Laboratories, 

Northh Chicago, Illinois, USA; Vironostika Teknika, Orga-

non,, Oss, The Netherlands) and confirmed by Western blot 

analyses. . 
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Variables s 

Variabless used and measured at enrollment were HIV sta-

tus,, nationality (regrouped in the Netherlands, other north-

westernn Europe, southern Europe, northern America, Latin 

America,, and other), age, education, steady partner (living 

togetherr with steady partner and/or having had one steady 

partnerr in the past 6 months), and number of sexual part-

nerss in the past 5 years (stratified into quartiles). 

Thee variables used and measured at follow-up visits were 

sexuall  behavior and noninjection (recreational) drug use in 

thee past 6 months. The total number of partners was strati-

fiedd into quartiles. We evaluated the following sexual tech-

niques:: anogenital receptive, anogenital insertive, orogenital 

receptive,, orogenital insertive, oroanal receptive (receptive 

rimming)) and oroanal insertive (insertive rimming) sex. Sex-

uall  techniques were examined according to the number of 

partnerss they were performed with (categorized into 0, 1, 

2-5,, and > 5 partners), as this information was consistently 

gatheredd over time. Variables on drug use (cocaine, canna-

bis,, nitrite and alcohol) were considered dichotomously 

(yes/no). . 

Somee changes were made in the questionnaires over the 

years.. Rimming and drug use were not asked for from 1989 

untill  1994, resulting in approximately 25 percent missing 

valuess on these variables in our nested case-control sample 

(seee Statistical methods). All other variables in this sample 

hadd less than 1 percent missing values. From 1995 onward, 

afterr the start of the second (young men) cohort, two differ-

entt questionnaires were used in the same calendar time, 

withh the most important difference that orogenital sex with 

ejaculationn was asked in the cohort of young homosexual 

men,, whereas orogenital sex in general was consistently 

askedd in the regular cohort. It is reasonable to assume that 

nott even' orogenital act included ejaculation. However, in 

ourr nested case-control study, we collapsed the two defini-

tionss of orogenital sex. We chose not to match on cohort 

becausee this would lead to matching on age and (age-re-

lated)) sexual techniques, in which we were particularly inter-

ested.. Therefore, we could introduce systematic bias in esti-

matingg the role of orogenital sex in seroconversion for 

HHV8,, when in a matched case-control study a dispropor-

tionatee number of participants from the second cohort 

weree matched to participants from the regular cohort after 

1995,, or vice versa. Therefore, we repeated analyses on the 

effectt of orogenital sex excluding the second cohort, to ex-

aminee whether bias was present. 

Too examine if immunosuppression could facilitate HHV8 

infection,, HIV positives were dichotomized in those with 

CD44 cell counts <500xlO /liter and >500xl06 /liter, with 

CD44 being the mean of CD4 cell counts in the year prior to 

HHV88 seroconversion for cases, and the mean in the year 

priorr to the matched visit date for controls. The cut-off 

valuee of 500 CD4 cell counts was chosen for comparison 

withh other studies (5,20) and for having a substantial num-

berr of participants in each category. Seroconversion dates 

forr HIV and HHV8 were estimated as the midpoint be-

tweenn last seronegative and first seropositive visit. 

Statisticall methods 

RiskRisk factors for HHV8 positivity 

(cross-sectional(cross-sectional study). 

Thee prevalence of HHV8 was calculated at study entry, and 

riskk factors for HHV8 positivity7 were assessed using vari-

abless from the intake questionnaire. To examine changes in 

HHV88 prevalence over time, we divided the study group ac-

cordingg to both age (dichotomized as younger and older 

thann 30 years) and HIV status and calculated the prevalence 

amongg these groups for the four different intake periods. 
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Al ll  univariately statistically significant variables were in-

cludedd in the multivariate analysis, using a stepwise forward 

procedure.. We tested for interactions between the variables 

includedd in the multivariate model and examined the con-

foundingg effect of other variables. Logistic regression was 

usedd to obtain univariate and multivariate odds ratio's 

(OR's),, and 95 percent confidence intervals were used to 

quantifyy the variation in estimates (25). 

RiskRisk factors for HHV8 seroconversion (cohort study). 

Too study the potential routes of transmission for HHV8, we 

investigatedd the role of sexual behavior and drug use at the 

timee of HHV8 exposure in a nested case-control study. 

Casess were HHV8 seroconverters with a conversion-inter-

vall  of less than 1 year, and controls were men who remained 

seronegativee during the study. We assumed that men who 

seroconvertedd were infected with HHV8 within 6 months 

precedingg their estimated seroconversion date (midpoint 

betweenn the last negative and the first positive visit). As par-

ticipantss report their behavior over the preceding 6 months, 

thee first visit within 6 months after the estimated 

seroconversionn date {n — 155), or (when no information 

wass available for this period) the nearest visit within 6 

monthss before the estimated seroconversion date (« = 33) 

wass taken. Because we were particularly interested in the ef-

fectt of specific sexual techniques, cases and controls had to 

reportt at least one sexual technique in the preceding 

6-monthh period. Only one converter with available data on 

alll  techniques reported no sexual behavior. Twenty-six of 

thee 215 seroconverters had no behavioral information 

withinn 6 months preceding seroconversion. These 27 were 

excludedd from analyses. Due to preventive efforts taken 

againstt HIV , sexual behavior changed over time toward 

saferr sexual practices. We controlled for this time effect by 

matching.. Matching was based on the estimated 

seroconversionn date of a case. The study visit of a randomly 

chosenn control should be within 6 months of this 

seroconversionn date. Controls were matched pairwise with 

eachh case. 

Variouss multivariate models were evaluated to assess the 

rolee of univariately statistically significant cofactors, using a 

stepwisee forward procedure. As we were particularly inter-

estedd in the independent role of sexual behavior, we con-

trolledd for all techniques in multivariate models. We tested 

forr interactions between variables included in the final 

modell  and considered the confounding effect of other vari-

ables.. Univariate and multivariate odds ratios and 95 per-

centt confidence intervals of risk factors for HHV8 

seroconversionn were determined using conditional logistic 

regressionn (25). 

Inn general, confounding was defined when inclusion of a 

variablee (or combination of variables) in the multivariate 

model,, resulted in a change of more than 15 percent in odds 

ratioss of factors already present in the model. Variables with 

considerablee number of 'missings' (rimming and drug-use) 

weree multivariately modeled with a separate 'missing values' 

category.. Interaction was defined to be present when add-

ingg an interaction term improved the original model. A p 

valuee of less than 0.05 was considered statistically signifi-

cant. . 

Inn addition to the assessment of risk factors for prevalent 

andd incident HHV8 infection, we computed the incidence 

off  HHV8 seroconversion as the number of HHV8 

seroconversions/1000 person-years at risk and calculated 95 

percentt confidence intervals using Poisson regression (26). 
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RESULTS S 

Thee 1,458 homosexual men that were tested for HHV8 and 

enteredd the cohort between October 1984 and December 

19966 had a median age at enrollment of 32.2 years 

(interquartilee range: 27.1-38.3 years). Fifty percent had 

moree than 60 sexual partners during the preceding 5 years 

(interquartilee range: 20-200 partners). The overall HIV 

prevalencee at entry was 32.1 percent (95 percent CI: 

29.7-34.5).. Prevalence was higher for older (>30 years) par-

ticipantss (38.2 percent), than for younger (<30 years) partic-

ipantss (24.5 percent) (x2 test: p-value<0.0001). 

Off  the 1,458 homosexual men, 305 were positive forHHV8 

att enrollment (20.9 percent, 95 percent CI: 18.8 -23.0) and 

thee prevalence remained more or less stable over time by 

agee group and HIV status (figure 1). 

Off  1,153 initially HHV8-seronegative participants, 215 

seroconvertedd for HHV8 during follow-up (incidence: 

3.6/1000 person-years, 95 percent CI: 3.1-4.1). Over the 

studyy period 1984-1996, the incidence remained relatively 

stablee (x2-test for linear trend: p-value=0.952) and varied 

betweenn 2 and 7 percent. 

Riskk factors for HHV8 positivity at 
studyy entry (prevalent cases) 

Inn univariate analyses, HHV8 prevalence increased with the 

numberr of sexual partners in the past 5 years and with age 

(X2-testt for linear trend: both variables'/' value<0.0001).. In 

addition,, men with HIV-positive serostatus, no steady part-

ner,, and southern European or Latin American nationality 

showedd a higher rate of seroposivity (table 1). 

Afterr including the univariately statistically significant co-

factorss in the multivariate model, we found that all the vari-

abless appeared to be independent predictors for HHV8 

scropositivityy at enrollment. However, compared with 

univariatee analyses, the odds ratios decreased towards unity 

withh the exception of southern European and Latin Ameri-

cann nationality (table 1). 

Interactionn between the variables in the multivariate model 

andd confounding by education were not present and risk es-

timatess appeared to be very stable. 

Riskk factors for HHV8 seroconversion 
(incidentt cases) 

Too examine in detail which specific sexual techniques were 

associatedd with HHV8 seroconversion, we undertook a 

HIV::  neg po s neg po s 

age::  <30yr <30yr >30yr >30yr 

 1: October 1984-April 1985  3: February 1988-December 1994 

 2: May 1985-January 1988  4: January 1995-December 1996 

FIGUREE 1. 
Prevalencee of human herpesvirus 8 (HHV8) in a cohort of 1,458 
homosexuall men at enrollment, according to age and human im-
munodeficiencyy (HIV) status and stratified into four subsequent 
intake-periods,, Amsterdam, Netherlands, 1984-1996. 
Neg,, negative; pos, positive; yr, years. 
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TABL EE 1. Prevalence of human herpesvirus 8 (HHV8) by baseline characteristics in a cohort of 1,458 homosexual men at study entry, 
Amsterdam,, Netherlands, 1984-1996 

Characteristics s PrevalenceT T Crudee odds ratio pp value* Adjusted odds ratio5 p value* 

HIV111 status 
HIVV negative 
HIVV positive 

Countryy of nationality 
Netherlands s 
Otherr northwestern Europe 
Southernn Europe 
Northernn America 
Latinn America 
Other** * 

Agee (years) 
<25 5 
26-30 0 
31-35 5 
36-40 0 
41-45 5 
>45 5 

Education n 
Noo college 
College e 

Steadyy partner 
Yes s 
No o 

No.. of sexual partners 
inn the past 5 years§§ 

1-20 0 
21-70 0 
71-200 0 
>200 0 

166/9911 (16.8f 
139/467(29.8) ) 

244/1,227(19.9) ) 
15/78(19.2) ) 
14/388 (36.8) 
8/244 (33.3) 
11/24(45.8) ) 
6/255 (24.0) 

29/2766 (10.5) 
66/386(17.1) ) 
79/3111 (25.4) 
70/2555 (27.5) 
35/124(28.2) ) 
26/106(24.5) ) 

104/4711 (22.1) 
170/826(20.6) ) 

77/499(15.4) ) 
209/8700 (24.0) 

47/337(13.9) ) 
511 /329(15.5) 
97/3644 (26.6) 
77/2766 (27.9) 

1 1 
2.111 [1.63, 2.73]** 

1 1 
0.966 [0.54, 1.71 ] 
2.355 [1.20, 4.61 ] 
2.011 [0.85, 4.76] 
3.411 [1.51,7.70] 
2.144 [0.50, 3.22] 

1 1 

1.766 [1.10, 2.80] 
2.900 [1.83, 4.60] 
3.222 [2.01, 5.17] 
3.35(1.94,5.80] ] 
2.777 [1.54, 4.98] 

1 1 
0.911 [0.69, 1.20] 

1 1 
1.733 [1.30, 2.31 ] 

1 1 
1.133 [0.74, 1.74] 
2.244 [1.52, 3.30] 
2.399 [1.59, 3.58] 

<0.001 1 

0.005 5 

<0.001 1 

O.001 1 

1 1 
1.777 [1.30, 2.39] 

1 1 
0.800 [0.40,1.57] 
2.844 [1.34, 6.04] 
1.722 [0.61, 4.85] 
4.444 [1.61, 12.24] 
2.788 [0.98, 7.91 ] 

1 1 
1.60(0.96,2.69] ] 
2.355 [ 1.40, 3.94] 
2.311 [1.36,3.94] 
2.544 [ 1.36,4.74] 
2.422 [1.24,4.71] 

1 1 
1.400 [1.02,1.93] 
<0.001 1 

1 1 
0.988 [0.62, 1.54] 
1.755 [1.16,2.64] 
1.600 [1.03, 2.48] 

0.002 0.002 

0.001 1 

0.009 9 

0.040 0 

0.006 6 

**  p<0.05;"p<0.01 ;*"p<0.001. 
ff Numbers do not exactly count up to the total because of missing values. 
tt In the case of statistical significance (p < 0.05), overall p values are given. 
§§ In the multivariate model, all univariately statistically significant variables 

aree included in a stepwise forward procedure. 
UU HIV, human immunodeficiency virus. 

## Numbers in parentheses, percentage 
f tt Numbers in brackets, 95% confidence interval. 
§§§ Stratified into quartiles. 
t tt Includes Soviet Union (1/6), northern Africa (4/10), southern Africa 

(0/2),, southeastern Asia (0/5), and Australia (1/2). 
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nestedd case-control study in which behavior was studied at 

thee time of HHV8 exposure (see Materials and Methods). 

Univariatee analyses (table 2) revealed a significantly elevated 

riskk for HHV8 seroconversion for HIV positives (odds ra-

tioo (OR): 2.32; 95 percent CI: 1.58,3.42). Subdividing HIV 

positivess according to CD4 cell counts, we found no evi-

dencee for an increasing risk at lower counts, even after low-

eringg the cutoff point to 350 counts (data not shown). Older 

agee (>30 years) was significantly related to HHV8 

seroconversion,, whereas non-Dutch nationality and not 

havingg a steady partner were not significantly associated. 

Currentt sexual behavior associated with HHV8 

seroconversionn were having had sex with more than 12 

partnerss in the 6 months prior to seroconversion and hav-

ingg had orogenital insertive and orogenital receptive sex. 

Recreationall  drug use (nitrite and cocaine) in the past 6 

monthss was also significantly related to seroconversion. 

Ass orogenital insertive sex and orogenital receptive sex 

weree strongly correlated (spearman rank's correlation coef-

ficient:ficient: 0.8), we performed multivariate analyses separately 

forr these two techniques. After including all univariately sig-

nificantt cofactors (table 2) in a stepwise forward procedure, 

wee found that orogenital sex, HIV status and age remained 

statisticallyy significant, but that the total number of partners 

andd drug use did not (data not shown). The odds ratio for 

orogenitall  insertive sex in this model decreased from 4.22 in 

univariatee analyses to 3.71 (95 percent CI: 2.04,6.75) for 

moree than 5 partners in the past 6 months. When orogenital 

insertivee sex in this multivariate model was replaced by 

orogenitall  receptive sex, odds ratio for orogenital receptive 

sexx with more than five partners in the past 6 months, also 

decreasedd from 4.13 in univariate analyses to 3.01 (95 per-

centt CI: 1.63-5.55). 

70 0 

Ass we were particularly interested in assessing the inde-

pendentt role of sexual techniques in HHV8 transmission, 

wee forced all the other techniques into the final multivariate 

modelss (Spearman's rank correlation coefficient of all the 

otherr sexual acts: <0.6). The results from one of the two fi-

nall  models (the one that included orogenital insertive sex) 

aree displayed in table 3. After controlling for all other sexual 

behaviorr in this multivariate model, we found that the odds 

ratioo for orogenital insertive sex with more than five part-

nerss increased (OR = 5.95), compared with the multivariate 

modelmodel not adjusted for all other techniques (OR = 3.71). 

Riskk estimates for age decreased slightly when controlled 

forr HIV status and all sexual techniques, but the odds ratio 

forr HIV remained stable. When orogenital insertive sex was 

replacedd by orogenital receptive sex, the odds ratios for 

orogenitall  receptive sex were: 1.37 (95 percent CI: 

0.73,2.58),, 1.43 (95 percent CI: 0.75,2.73), and 4.29 (95 per-

centt CI: 2.11,8.71) for 1, 2-5, and >5 partners, respectively 

(dataa not shown). In this model, the odds ratios for HIV sta-

tuss and age were not substantially different from those in 

thee model that included orogenital insertive sex. In addi-

tion,, in the final models, risk estimates of anogenital recep-

tivee sex and insertive rimming slightly increased, whereas 

estimatess of anogenital insertive sex and receptive rimming 

slightlyy decreased, compared with univariate estimates. 

However,, anogenital sex and rimming remained 

nonsignificantt (data not shown). 

Interactionss between the variables included in the final 

modelss were not present. Next to sexual behavior, we con-

sideredd a possible confounding effect of other variables 

(drugg use, nationality, education, steady partner). In addi-

tion,, we checked if risk estimates were biased because of the 

timee since follow-up (by including the variable, 'year of 

studyy entry')- However, after adding these factors to the 

model,, we found that the odds ratios presented in table 3 

didd not change substantially and appeared to be stable. We 



TABL EE 2. Univariate ne; ;tedd cas e-contr< < 
herpesviruss 8 (HHV8) among 

sii an alysiss of the relation n between n recen n tt (sexual) b >ehaviorr and seroconversionn for human 
1888 seroconverters for HHV8 and 376 matched controls in a cohort of homosexual men, Am-

sterdam,, Netherlands, 1984-1996 

Characteristics s 

HH 10 status 
HIVV negative 
HIVV positive, CD4 > 
HIVV positive, CD4 < 

Agee (years)* 
<25 5 
26-30 0 
31-35 5 
36-40 0 
41-45 5 
>45 5 

Nationality y 
Dutch h 
Non-Dutch h 

Steadyy partner™ 
Yes s 
No o 

50011 1 

50011 1 

Pastt 6 months' sexual lifestyle** 
Totall no. of partners 

1 1 
2-5 5 
6-12 2 
>12 2 

Anogenitall receptive sex 
0 0 
1 1 
2-5 5 
>5 5 

Anogenitall insertive sex 
0 0 
1 1 
2-5 5 
>5 5 

urogenitall receptive sex 
0 0 
1 1 
2-5 5 
>5 5 

Seroconverters s 

No.* * 

107 7 
32 2 
42 2 

11 1 
19 9 
45 5 
46 6 
33 3 
34 4 

164 4 
22 2 

90 0 
98 8 

33 3 
43 3 
43 3 
69 9 

91 1 
42 2 
39 9 
15 5 

82 2 
46 6 
38 8 
20 0 

29 9 
47 7 
52 2 
59 9 

(n n =188) ) 

% % 

59 9 
18 8 
23 3 

6 6 
10 0 
24 4 
25 5 
18 8 
18 8 

88 8 
12 2 

48 8 
52 2 

18 8 
23 3 
23 3 
37 7 

49 9 
22 2 
21 1 
8 8 

44 4 
25 5 
20 0 
11 1 

15 5 
25 5 
28 8 
32 2 

No.* * 

282 2 
27 7 
51 1 

53 3 
99 9 
67 7 
56 6 
54 4 
47 7 

329 9 
40 0 

183 3 
193 3 

83 3 
122 2 
97 7 
74 4 

170 0 
106 6 
72 2 
25 5 

157 7 
99 9 
83 3 
35 5 

112 2 
99 9 
104 4 
56 6 

Controls s 

(nn = 376) 

% % 

78 8 
8 8 
14 4 

14 4 
26 6 
18 8 
15 5 
14 4 
13 3 

89 9 
11 1 

49 9 
51 1 

22 2 
32 2 
26 6 
20 0 

46 6 
28 8 
19 9 
7 7 

42 2 
27 7 
22 2 
9 9 

30 0 
27 7 
28 8 
15 5 

pp value1 

<0.001 1 

*** * 
** * 
<0.001 1 

#* * 
*** * 
** * 
** * 

<0.001 1 

*** * 

<0.001 1 

* * 
* * 
*** * 

Oddss ratio 

1 1 
3.09 9 

2.03 3 

1 1 
0.92 2 

3.33 3 

4.06 6 

2.79 9 

3.79 9 

1 1 
1.06 6 

1 1 
1.03 3 

1 1 
0.93 3 

1.10 0 

2.58 8 

1 1 
0.73 3 

1.01 1 

1.15 5 

1 1 
0.89 9 

0.86 6 

1.06 6 

1 1 
1.74 4 

2.00 0 

4.13 3 

95% % 
confidencee interval 

1.71,5.60 0 
1.23,3.25 5 

0.41,2.08 8 
1.55,7.17 7 
1.88,8.77 7 
1.28,6.08 8 
1.70,8.45 5 

0.63,, 1.81 

0.72,, 1.47 

0.54,, 1.58 
0.64,1.90 0 
1.48,4.49 9 

0.47,, 1.14 
0.64,1.60 0 
0.57,, 2.34 

0.58,, 1.38 
0.54,1.38 8 
0.57,, 1.96 

1.02,2.97 7 
1.16,3.46 6 
2.34,, 7.31 

Tablee continue s 
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Tablee 2 continue d 

Characteristics s 

urogenitall insertive sex 

0 0 

1 1 

2-5 5 

>5 5 

Oroanall receptive sex 

0 0 

1 1 

2-5 5 

>5 5 

Oroanall insertive sex 

0 0 

1 1 

2-5 5 

>5 5 

Pastt 6 months' recreational drug 

Cannabis s 

No o 

Yes s 

Nitrite e 

No o 

Yes s 

Cocaine e 

No o 

Yes s 

Alcohol l 

No o 

Yes s 

No. . 

26 6 

40 0 

52 2 

68 8 

64 4 

29 9 

22 2 

9 9 

59 9 

26 6 

19 9 

25 5 

use e 

62 2 

49 9 

50 0 

62 2 

95 5 

17 7 

17 7 

89 9 

Seroconverters s 
(n=1RR) ) 

''  % 

14 4 

22 2 

28 8 

37 7 

52 2 

23 3 

18 8 
7 7 

46 6 

20 0 

15 5 

19 9 

56 6 

44 4 

45 5 

55 5 

85 5 

15 5 

16 6 

84 4 

No.* * 

110 0 

85 5 

113 3 

64 4 

120 0 

85 5 

63 3 

24 4 

110 0 

70 0 

70 0 

42 2 

149 9 

86 6 

145 5 

87 7 

215 5 

21 1 

25 5 

200 200 

Controls s 
(nn = 37fi) 

% % 

30 0 

23 3 

30 0 

17 7 

41 1 

29 9 

22 2 

8 8 

38 8 

24 4 

24 4 

14 4 

63 3 

37 7 

63 3 

37 7 

91 1 

9 9 

11 1 

89 9 

pp valuet 

<0.001 1 

* * 
* * 
*** * 

0.009 9 

** * 
0.041 1 

* * 

Oddss ratio 

1 1 

1.88 8 

1.84 4 

4.22 2 

1 1 

0.68 8 

0.63 3 

0.83 3 

1 1 

0.71 1 

0.50 0 

1.26 6 

1 1 

1.62 2 

1 1 

1.97 7 

1 1 

2.31 1 

1 1 

0.63 3 

95% % 

confidencee interval 

1.06,3.34 4 

1.07,3.18 8 

2.44,, 7.28 

0.40,, 1.16 

0.33,, 1.17 

0.34,, 2.04 

0.39,, 1.30 

0.26,, 0.97 

0.66,, 2.42 

0.94,, 2.78 

1.19,3.28 8 

1.03,5.16 6 

0.29,1.36 6 

** p<0.05;* p<0.01;* p<0.001. 

tt In the case of statistical significance (p < 0.05), overall p values are given. 

tt Numbers do not exactly count up to the total because of missing values. 

§§ HIV, human immunodeficiency virus. 

Iff CD4 cell count x 10 /liter calculated for cases as the mean CD4 cell count 

inn the year prior to seroconversion and for controls in the year prior to their 

matchedd visit date. 

## For cases the age at the moment of seroconversion and for controls 

thee age at their matched visit date. 

f tt Defined as living together with a steady partner at entry andlor 

havingg had one steady partner in the past 6 months. 

tttt Total number of partners according to quartiles, number of part-

nerss for sexual techniques according to equal partner categories (0, 1, 

2-5,, >5 partners). 
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TABLEE 3. Multivariate nested case-control analysis of the relation between recent sexual behavior and seroconversion for human 
herpesviruss 8 (HHV8) among 188 seroconverters for HHV8 and 376 matched controls in a cohort of homosexual men, Amster-
dam,, Netherlands, 1984-1996 

nharartRristir.fi i pp valued Oddss ratio 95%r.f)nfidencee interval 

HIV§§ status <0.001 

HIVV negative 
HIVV positive *** 

Agee (years)H 0.002 
<25 5 
26-30 0 
31-35 5 
36-40 0 
41-45 5 
>45 5 

Urogenitall insertive sex in past 6 months <0.001 
(no.. of partners)! 

0 0 
1 1 
2-5 5 
>5 5 

1 1 
2.47 7 

1 1 
0.55 5 
1.88 8 
2.35 5 
1.48 8 
2.89 9 

1 1 
1.97 7 
1.65 5 
5.95 5 

1.53,, 3,99 

0.21,, 1.39 
0.77,, 4.60 
0.96,, 5.76 
0.60,, 3.64 
1.13,, 7.34 

0.98,, 3.96 
0.83,, 3.27 
2.88,, 12.29 

** p<0.05;**p<0.01;"*p<0.001. 

tt Controlling for anogenital insertive, anogenital receptive, oroanal insertive, and oroanal receptive sex (categorized into 0, 1, 2-5, >5 

partners). . 

$$ In the case of statistical significance {p < 0.05), overall p values are given. 

§§ HIV, human immunodeficiency virus. 

j[[ For cases, the age at the moment of seroconversion and for controls the age at their matched visit date. 

didd not evaluate the confounding effect of the total number 

off  partners, as variables on individual techniques (already in 

thee model) are part of this total variable. 

Becausee of matching, more controls originated from the 

secondd cohort compared with the cases. As we collapsed 

thee two different definitions of orogenital sex, used in he 

twoo cohorts after 1995, we expected a bias to have occurred 

leadingg to overestimation of the risk for orogenital sex (see 

Materialss and Methods). To evaluate to what extent esti-

matess were biased, we repeated the analyses, excluding men 

fromm the second cohort. In doing so, we observed a differ-

encee in the odds ratios for orogenital insertive sex with 

moree than 5 partners (OR - 4.73; 95 percent CI: 2.00,11.18, 

comparedd with 5.95) and also a lower risk (OR =: 3.10; 95 

percentt CI: 1.34,7.19, compared with 4.29) for orogenital 

receptivee sex with more than 5 partners. Additional analyses 

(dataa not shown) revealed that ejaculating when having 

orogenitall  sex did not result in an additional risk for 

seroconversion.. In conclusion, because of matching proce-

dures,, we probably introduced a small bias from unity for 

orogenitall  sex. 

Inn addition to risk factor analyses, we identified 

seroconverterss who abstained from specific sexual tech-

niques,, or exclusively practiced one sexual technique, in the 

periodd from the year preceding their last negative visit until 

theirr first positive visit. Of all the seroconverters, with avail-
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ablee behavioral data over this period, 5.7 percent (9/157) 

consistentlyy abstained from orogenital receptive sex, 7.6 

percentt (12/157) from orogenital insertive sex and 3.2 per-

centt (5/157) from both orogenital techniques. Not having 

practicedd anogenital sex was reported by 29.3 percent 

(46/157)) and not having engaged in rimming by 24.0 per-

centt (25/104). One converter reported no sex at all. Of all 

seroconverterss with available data on even' technique in the 

Thee strength of the present study lies in its design (cohort 

study)) and large number of incident cases. It demonstrates 

thatt orogenital sex is the sexual practice significantly associ-

atedd with HHV8 seroconversion. Practicing this technique 

wass more important than just having a high number of sex-

uall  partners, as demonstrated by multivariate analyses. 

Cross-sectionall  analyses revealed that HHV8 seropositivity 

att enrollment was strongly associated with the level of sex-

uall  activity among homosexual men. This finding confirms 

resultss of previous studies (5,20) and what has been sug-

gestedd bv the epidemiology of Kaposi's sarcoma (7). 

Whetherr one or both of the two orogenital sexual practices 

aree risk factors for HHV8 seroconversion could not be de-

termined.. The results of our nested case-control study sug-

gestt a penile-oral transmission route in which, in the case of 

orogenitall  insertive sex, virus is transmitted by saliva and, in 

thee case of orogenital receptive sex by semen. HHV8 has 

previouslyy been found in semen from HIV-infected men 

(19,27).. Virus was sometimes detected in semen from 

HIV-uninfectedd men (28), although findings have been 

somewhatt contradictor}- (29,30). An argument strongly 

supportingg the penile-oral route hypothesis is the recent 

findingg of HHV8 virus in saliva, especially among HIV 

positivess (16-18). Koelie et al. pose that HHV8 can replicate 

previouslyy mentioned period [n — 100), only 5 practiced ex-

clusivelyy one sexual technique. Of these 5 persons 1 prac-

ticedd only oro-genital receptive sex, 3 reported both 

insertivee and receptive oro-genital sex and 1 person re-

portedd exclusively insertive and receptive rimming. 

inn the oropharynx and that salivary contact could contribute 

too HHV8 transmission. Detection of virus in saliva suggests 

thatt oropharyngeal cells may be permissive for HHV8 and 

thatt next to a possible infectious role of saliva, the 

oropharynxx might be a site of HHV8 acquisition (17, pi00) 

from,, for example, semen. HHV8 is genetically related to 

thee Epstein-Barr virus, which, like other herpesviruses, is 

knownn to be transmitted by deep intimate kissing through 

salivaa (31,32). In addition, a study on the HHV8 prevalence 

withinn families demonstrated equally high rates among 

spouses,, children and siblings of Kaposi's sarcoma patients 

(33),, indicating (nonsexual) person-to-person transmission, 

mostt likely through saliva. Lyall et al. (34) suggested a hori-

zontall  transmission route, as none of the HHV8-infected 

motherss in their study transmitted HHV8 vertically. 

Mayamaa rtaL (12) supported this conclusion in their African 

study.. These results support our finding of oro-genital sex 

ass an important mode of HHV8 transmission, although 

previouss studies have not found a significantly positive as-

sociationn between this technique and Kaposi's sarcoma (35) 

orr HHV8 seropositivity (20). 

Somee have demonstrated an association of anogenital re-

ceptivee sex or insertive rimming with HHV8 seropositivity 

(20-22)) or with Kaposi's sarcoma (36). However, none of 

DISCUSSION N 
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thesee studies related specific sexual techniques with HHV8 

seroconversion.. At enrollment, we also found a univariately 

significantlyy elevated risk for anogenital receptive sex in 

thee six months prior to study entry (OR = 1.85, 95 percent 

CI:: 1.26,2.73 (data not shown)). However, one should de-

terminee whether this technique is independendy associated 

withh HHV8 seropositivity. For example, after controlling 

forr HIV (and indirectly controlling for HIV-related 

life-stylee factors (37)), we found that the risk of anogenital 

sexx in the cross-sectional study became nonsignificant, 

whilee HIV status remained independently associated. Fur-

thermore,, anogenital sex appeared not to be independently 

associatedd with HHV8 at enrollment, after correcting for 

thee other sexual techniques (data not shown). In general, 

cross-sectionall  studies, that evaluate behavior not at the 

timee of seroconversion but at the presence of infection, 

mightt misrepresent the real association, as they may not 

havee the true level or period of exposure with which to 

work. . 

Wee found no evidence that anogenital sex was related to 

HHV88 seroconversion, even when only unprotected 

anogenitall  sex was examined. Both cases and controls re-

portedd no condom use in 60 percent of all anogenital acts 

(dataa not shown). In addition, we could not demonstrate a 

rolee of insertive rimming. Consistent with this finding, this 

techniquee was not a risk factor for Kaposi's sarcoma devel-

opmentt in the Amsterdam cohort (38). To date, HHV8 has 

nott been detected in feces (4,27). 

Ass HIV positive status was associated with seropositivity 

andd seroconversion for HHV8 and remained a strong pre-

dictorr in multivariate models, we could argue that this re-

flectss some behavior not fully captured in our analyses or 

biologicc factors affecting host susceptibility. However, in 

accordancee with previous findings (20), low CD4 cell 

countss appeared not to increase the risk for seroconversion. 

Itt would be interesting to hypothesize that HIV-positive 

persons,, who more often than HIV negatives carry the 

HHV88 virus, tend to have sex with HIV-seroconcordant 

persons,, leading to more HHV8 virus exposure. However, 

att this point, we do not know if, or to what extent, HIV-in -

fectionn influences the level of HHV8 antibodies. Therefore, 

speculationn is possible on the role of HIV in HHV8 infec-

tion.. However, as there is no interaction between HIV and 

orogenitall  sex (a strong effect was also seen in HIV nega-

tivess (data not shown), this technique remains a strong pre-

dictorr for seroconversion, regardless of the exact role of 

HIV . . 

Ourr study has several limitations. 1) A slight bias from unity 

iss introduced in the estimate of orogenital sex (see Results). 

However,, we have no reason to assume that this risk is not a 

reall  factor, indicated by the high risk found when excluding 

thee second cohort. 2) As the estimated sensitivity of our se-

rologicc tests is not 100 percent, some seroconverters could 

havee been missed and some misclassification of controls 

whoo might be HHV8 seropositive could have been intro-

duced.. This bias most likely would lead to underestimation 

off  our risk estimates. 3) In 201 of the 215 seroconverters the 

momentt of seroconversion for one of the two antigens 

testedd was unequivocal, as judged from the consistency of 

seronegativityy before and seropositivity after serocon-

version.. However, in the other 14 participants, fluctuating 

antibodyy levels were seen, making their estimated moment 

off  seroconversion somewhat arbitrary. Therefore we re-

peatedd our incident analyses omitting these 14, but results 

weree similar to those including all 215 seroconverters (data 

nott shown). 4) As behavior is asked over the past 6 months 

andd behavioral information could not be obtained for each 

seroconverterr at exactly the same time point, it cannot be 

excludedd that some misclassification of exposure time 

amongg cases occurred, potentially leading to slight underes-

timationn of our risk estimates. 5) It may be difficult to disen-
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tanglee separate sexual techniques as people tend to report 

multiplee techniques at the same visit. The change in risk es-

timatess after correcting for all sexual activities, indicates in-

terrelationss between these techniques. One could hypothe-

sizee that people often engage in orogenital sex as foreplav 

forr anogenital sex or rimming, which might imply a shorter 

exposuree time for orogenital sex. When including the other 

sexuall  techniques in the model, the shorter exposure time 

off  orogenital sex is corrected for and the estimates of this 

techniquee increase. This increase strengthens the conclu-

sionn that orogenital sex is an important independent risk 

factor.. In addition, although anogenital sex and rimming 

didd not reach significance, the increase in odds ratios of anal 

receptivee sex and insertive rimming may point to a weak re-

lationn between these techniques and HHV8 

seroconversion.. This is stressed by the finding that some, 

butt few, seroconverters did not perform orogenital sex at all 

inn the infection period. Furthermore, one could hypothe-

sizee that people take less account of possible HIV (and thus 

HHV8)) risk when selecting partners for orogenital sex, 

comparedd with selection of partners with whom they prac-

ticee anogenital sex. Therefore, they might be more exposed 

too HHV8 when practicing orogenital sex. 6) Information 

biass could be present when participants underreport 

HIY-associatedd risky behavior (39). For example, take the 

casee of differential misclassification, where cases (who are 

moree often HIV positive) underreport anogenital receptive 

sexsex more than controls, leading to underestimation of the 

riskk of anogenital receptive sex. In addition, nondifferential 

misclassification,, in which inaccuracy of reporting is the 

samee in cases and controls, might lead to underestimation 

off  the effect of anogenital receptive sex. 7) Although one-

previouss study on seroconversion could not determine a 

riskk for deep intimate kissing (20), this technique may, con-

sideringg previously mentioned arguments, play an impor-

tantt role in transmission. However, our behavioral ques 

tionnairess lack a consistent question on deep intimate kiss-

76 6 

ing.. Taken these remarks into consideration, we feel that it 

iss likely that orogenital sex is an important route of HHV8 

transmissionn in our cohort, but the role of other techniques, 

especiallyy kissing, cannot be ruled out. 

Recreationall  drug use (cocaine or nitrite) was associated 

withh HHV8 seroconversion in univariate analyses. Use of 

drugss (cannabis, nitrite) has been found to be related with 

HIVV seropositivity (37,40) and (in the case of cocaine and 

nitrite)) to Kaposi's sarcoma (41). A recent study showed 

thatt prior use or crack, heroin or cocaine was associated 

withh HHV8 seropositivity in women (42). However, after 

includingg nitrite or cocaine in the multivariate model (table 

3),, the association of these drugs with HHV8 seropositivity 

wass no longer significant. The association found for drug 

usee could, more likely than potential mechanisms affecting 

host-susceptibilityy (e.g., damage of oral mucosa), be ex-

plainedd by specific drug use-related sexual behavior. In-

deed,, additional analyses showed that homosexual men 

whoo used cocaine or nitrite were older and more often HIV 

positivee and reported more sexual partners and more sexual 

techniquess than people who didn't use these drugs (data not 

shown).. However, drug use appeared not to be strongly re-

latedd to unprotected sex (37). 

Wee tound an overall HHV8 prevalence of 20.9 percent, 

whichh is similar to the prevalence in a Danish cohort of ho-

mosexuall  men (21.1 percent). Among men with southern 

Furopeann nationality, the prevalence was relatively high, 

whichh is in concordance with higher rates for HHV8 preva-

lencee and more trequent occurrence of non-AlDS related 

Kaposi'ss sarcoma in this area (14,15,33). Homosexual men 

withh Latin American nationality also revealed an elevated 

prevalence,, independent of their HIV status. Having a for-

eignn nationality did not increase the risk for seroconverting, 

demonstratingg that having southern Fluropean or Latin 

Americann nationality does not hold an intrinsic (e.g., ge-

netic)) higher risk for HHV8 infection, but rather reflects a 



higherr background exposure in these countries. It is likely 

thatt all men, HHV8 negative at baseline, including those 

withh foreign nationality, acquired their infection in The 

Netherlands. . 

AA study among unmarried men in San Francisco enrolled in 

19844 and 1985 and a study among Danish homosexual men 

enrolledd in 1981 revealed no relation between age and 

HHV88 seropositivity (5,20). In contrast, our finding of an 

increasingg risk with older age, as early as in October 

1984-Aprill  1985 (data not shown), was striking. As age was 

alsoo related to seroconversion, this suggests a role of possi-

blee biologic (other than CD4 cell counts), or behavioral 

(otherr than urogenital sex) characteristics associated espe-

ciallyy with older age, and not merely the reflection of a lon-

gerr period of exposure. It is possible that older men in our 

cohortt tend to have sex with men of their own age group, 

leadingg to higher HHV8 exposure. In comparison, as dis-

cussedd previously, positive HIV status might also reflect 

somee factors not specifically captured in our analyses. 

Inn our cohort, no clear trend in HHV8 prevalence or inci-

dencee was found from 1984 through 1996. This finding is in 

contrastt with the decline of HHV8 seroconversions from 

19811 through 1993 in the Danish cohort (20). However, the 

differencee in study periods (our cohort started later in time), 

populationn numbers (we studied a larger group) and com-

positionn (our cohort is an open cohort) might explain these 

discrepancies. . 

Inn conclusion, HHV8 seems to be sexually transmitted 

amongg homosexual men in our cohort, probably by 

orogenitall  contact. Further studies must be undertaken to 

confirmm this potential transmission route. In addition, the 

rolee of kissing and the influence of age and HIV should be 

furtherr evaluated. 
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