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SEXUALL TRANSMISSION OF HHV8 

SUMMARY Y 

Sexuall and non-sexual modes of transmission of human herpesvirus 8 (HHV8) 
havee been suggested, but specific routes remain unclear. Therefore, the objective 
off this study was to assess risk factors for HHV8 seropositive and determine 
specificc sexual practices associated with HHV8 seroconversion. 
Seraa from 1458 homosexual men (Amsterdam Cohort Study, 1984-1996) were 
testedd for antibodies against HHV8 with a modified version of an Enzyme 
Immunoassayy (EIA), using recombinant HHV8 lytic phase capsid (ORF65) and 
latentt 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 nationality, and increased with 
olderr age and higher number of sexual partners. During follow-up, 215 men 
seroconvertedd for HHV8 (incidence: 3.6/100PY). Both prevalence and incidence 
ratess remained more or less stable during the study period. Oro-genital insertive 
sexx (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 than 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 infection 
(OR:: 2.47,95%CI: 1.53-3.99) were independent predictors for HHV8 
seroconversion.. In conclusion, we found strong evidence for oro-genital 
transmissionn of HHV8 among homosexual men. 

INTRODUCTION N 

Humann herpesvirus 8 (HHV8), also called Kaposi's sarcoma-associated 
herpesvirus,, has been detected in almost 100 percent of both acquired 
immunodeficiencyy syndrome (AIDS)-related and non AIDS-related Kaposi' 
sarcomaa tissues.1"3 HHV8 infection has been shown to precede development of 
Kaposi'ss sarcoma among homosexual men.4"6 However, transmission routes of 
thiss virus remain unclear and identifying these routes is a real challenge. The 
epidemiologyy of AIDS-related Kaposi's sarcoma and high HHV8 prevalence in 
homosexuall men suggest a sexual route.7"9 In addition, frequent occurrence of 
Kaposi'ss sarcoma and high HHV8 prevalence is seen among heterosexuals in 
specificc areas, such as Southern Africa and Southern Europe.10*15 In Africa, 
childrenn also appear to be frequently infected, suggesting a nonsexual 
transmissionn route. With the use of polymerase chain reaction techniques, 
researcherss have found HHV8 in saliva16'18 and in semen.19 

Severall cross-sectional studies revealed a correlation between the number of 
sexuall partners and HHV8 seropositivity.5,20 Some investigators found a relation 
withh anogenital receptive sex20,21 or oroanal sex.22 Recently, oral contact as a 
possiblee transmission route has been postulated.17 Until now only one study has 
beenn reported that included incident cases to elucidate modes of transmission. In 
thiss study, no association between specific sexual practices, including oral sex, 
andd seroconversion was found.20 Most other studies were cross-sectional in which 
specificc sexual practices at the time of infection could not be determined. 
Thee strenght of the present study (cohort study) is that a large number of 
incidentt HHV8 infections were available to identify possible transmission routes. 
First,, we assessed risk factors associated with the presence of HHV8 antibodies. 
Second,, we studied whether specific sexual acts were predictors for HHV8 
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seroconversion.. We attempted to elucidate and take into consideration the many 
epidemiologicc pitfalls of identifying correlated sexual routes of transmission. 
Establishingg these routes is important for insight into the epidemiology of HHV8 
andd Kaposi's sarcoma, and for prevention of this infection. 

MATERIAL SS AN D METHODS 

SUBJECTS S 
Inn 1984 a prospective study on human immunodeficiency virus (HIV) 
seroconversionn and AIDS among sexually active HIV seronegative and -
seropositivee homosexual men was started (Amsterdam Cohort Study).23 From the 
startt of the cohort through December 31, 1996, a total number of 1,674 
homosexuall men were enrolled. At entry, 480 men were seropositive for HIV and 
1,1888 were seronegative, of whom 136 seroconverted for HIV during follow-up. 
Overtime,, the intake-criteria changed: 1) from October 1984 until May 1985, 
bothh HIV-positive and HIV-negative homosexual men were eligible to enter the 
studyy (n=748), 2) from May 1985 until February 1988 only HIV negatives were 
allowedd into the study (n=229), 3) from February 1988 through 1994 entry for 
bothh HIV-negative and HIV-positive homosexual men was allowed (n=229), 4) in 
additionn to the regular cohort, in 1995 a second cohort study was started among 
youngg homosexual men (<30 years), irrespective of their HIV status (n=468). 
Participantss returned for follow-up every 3-6 months. At each visit medical 
historyy was taken and blood was drawn and stored for virologie and immunologic 
testing.. At entry and every 6 months, participants filled in a standardized 
behaviorall questionnaire. 

SEROLOGICC ASSAYS 
Bankedd sera, stored at , were tested for HHV8 antibodies with a modified 
enzymee immunoassay using recombinant HHV8 lytic phase capsid (ORF65) and 
latentt phase nuclear (ORF73) proteins.6'1324 Cutoff values for the enzyme 
immunoassayy (absorbance: 0.350 for ORF65 and 0.375 for ORF73) were three 
timess the standard deviation of the mean absorbance from a panel of 40 
individualss at low risk for Kaposi's sarcoma. Seventy-one cases from the cohort 
off homosexual men were used as the index for true HHV8 positivity and all 302 
womenn from the Amsterdam drug user cohort as the index for true negativity, 
sincee in 12 years of follow-up no Kaposi's sarcoma occurred in these groups. 
Basedd on these parameters, the specificity of the combined assay format 
(positivee for ORF65, ORF73, or both) was 90.7 percent (95 percent confidence 
intervall (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 4.5 percent (95 percent 
CI:: 2.1-8.4) based on the tests at enrollment of 200 randomly chosen individuals 
negativee for HHV8 antibodies at the end of follow-up.6 

Storedd sera were available for 1,458 (87.1 percent) of the 1,674 participants. 
Theyy were tested at the end of follow-up. When negative, the participant was 
consideredd to have had no antibodies against HHV8 throughout the study. If a 
samplee tested positive, the enrollment sample was tested. In case of a converter 
thee seroconversion interval was determined by testing samples taken in between. 
Off the 215 seroconverters, 194 (90.2 percent) had a conversion-interval of less 
thann 6 months and 208 (96.7 percent) of less than 1 year. 
Analysiss of CD4 cell counts was performed with a direct immunofluorescence 
techniquee using monoclonal antibodies and a flow cytometry system. Analysis of 
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HIVV antibodies was performed with two commercially available enzyme-linked 
immunosorbentt assays (Abbot Laboratories, North Chicago, Illinois, USA; 
Vironostikaa Teknika, Organon, Oss, The Netherlands) and confirmed by Western 
blott analyses. 

VARIABLE S S 
Variabless used and measured at enrollment were HIV status, nationality 
(regroupedd in the Netherlands, other northwestern Europe, southern Europe, 
northernn America, Latin America, and other), age, education, steady partner 
(livingg together with steady partner and/or having had one steady partner in the 
pastt 6 months), and number of sexual partners in the past 5 years (stratified into 
quartiles). . 
Thee variables used and measured at follow-up visits were sexual behavior and 
noninjectionn (recreational) drug use in the past 6 months. The total number of 
partnerss was stratified into quartiles. We evaluated the following sexual 
techniques:: anogenital receptive, anogenital insertive, orogenital receptive, 
orogenitall insertive, oroanal receptive (receptive rimming) and oroanal insertive 
(insertivee rimming) sex. Sexual techniques were examined according to the 
numberr of partners they were performed with (categorized into 0, 1, 2-5, and >5 
partners),, as this information was consistently gathered over time. Variables on 
drugg use (cocaine, cannabis, nitrite and alcohol) were considered dichotomously 
(yes/no). . 

Somee changes were made in the questionnaires over the years. Rimming and 
drugg use were not asked for from 1989 until 1994, resulting in approximately 25 
percentt missing values on these variables in our nested case-control sample (see 
Statisticall methods). All other variables in this sample had less than 1 percent 
missingg values. From 1995 onward, after the start of the second (young men) 
cohort,, two different questionnaires were used in the same calendar time, with 
thee most important difference that orogenital sex with ejaculation was asked in 
thee cohort of young homosexual men, whereas orogenital sex in general was 
consistentlyy asked in the regular cohort. It is reasonable to assume that not 
everyy orogenital act included ejaculation. However, in our nested case-control 
study,, we collapsed the two definitions of orogenital sex. We chose not to match 
onn cohort because this would lead to matching on age and (age-related) sexual 
techniques,, in which we were particularly interested. Therefore, we could 
introducee systematic bias in estimating the role of orogenital sex in 
seroconversionn for HHV8, when in a matched case-control study a 
disproportionatee number of participants from the second cohort were matched to 
participantss from the regular cohort after 1995, or vice versa. Therefore, we 
repeatedd analyses on the effect of orogenital sex excluding the second cohort, to 
examinee whether bias was present. 
Too examine if immunosuppression could facilitate HHV8 infection, HIV positives 
weree dichotomized in those with CD4 cell counts <500xl06/nter and 
>500xl06/liter,, with CD4 being the mean of CD4 cell counts in the year prior to 
HHV88 seroconversion for cases, and the mean in the year prior to the matched 
visitt date for controls. The cut-off value of 500 CD4 cell counts was chosen for 
comparisonn with other studies5,20 and for having a substantial number of 
participantss in each category. Seroconversion dates for HIV and HHV8 were 
estimatedd as the midpoint between last seronegative and first seropositive visit. 
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STATISTICALL METHODS 
Riskk factor s fo r HHV8 positivit y (cross-sectiona l study ) 
Thee prevalence of HHV8 was calculated at study entry, and risk factors for HHV8 
positivityy were assessed using variables from the intake questionnaire. To 
examinee changes in HHV8 prevalence over time, we divided the study group 
accordingg to both age (dichotomized as younger and older than 30 years) and 
HIVV status and calculated the prevalence among these groups for the four 
differentt intake periods. 
Alll univariately statistically significant variables were included in the multivariate 
analysis,, using a stepwise forward procedure. We tested for interactions between 
thee variables included in the multivariate model and examined the confounding 
effectt of other variables. Logistic regression was used to obtain univariate and 
multivariatee odds ratio's (OR's), and 95 percent confidence intervals were used to 
quantifyy the variation in estimates.25 

Riskk factor s fo r HHV8 seroconversio n (cohor t study ) 
Too study the potential routes of transmission for HHV8, we investigated the role 
off sexual behavior and drug use at the time of HHV8 exposure in a nested case-
controll study. Cases were HHV8 seroconverters with a conversion-interval of less 
thann 1 year, and controls were men who remained seronegative during the 
study.. We assumed that men who seroconverted were infected with HHV8 within 
66 months preceding their estimated seroconversion date (midpoint between the 
lastt negative and the first positive visit). As participants report their behavior 
overr the preceding 6 months, the first visit within 6 months after the estimated 
seroconversionn date (n=155), or (when no information was available for this 
period)) the nearest visit within 6 months before the estimated seroconversion 
datee (n=33) was taken. Because we were particularly interested in the effect of 
specificc sexual techniques, cases and controls had to report at least one sexual 
techniquee in the preceding 6-month period. Only one converter with available 
dataa on all techniques reported no sexual behavior. Twenty-six of the 215 
seroconverterss had no behavioral information within 6 months preceding 
seroconversion.. These 27 were excluded from analyses. Due to preventive efforts 
takenn against HIV, sexual behavior changed over time toward safer sexual 
practices.. We controlled for this time effect by matching. Matching was based on 
thee estimated seroconversion date of a case. The study visit of a randomly 
chosenn control should be within 6 months of this seroconversion date. Controls 
weree matched pairwise with each case. 

Variouss multivariate models were evaluated to assess the role of univariately 
statisticallyy significant cofactors, using a stepwise forward procedure. As we were 
particularlyy interested in the independent role of sexual behavior, we controlled 
forr all techniques in multivariate models. We tested for interactions between 
variabless included in the final model and considered the confounding effect of 
otherr variables. Univariate and multivariate odds ratios and 95 percent 
confidencee intervals of risk factors for HHV8 seroconversion were determined 
usingg conditional logistic regression.25 

Inn general, confounding was defined when inclusion of a variable (or combination 
off variables) in the multivariate model, resulted in a change of more than 15 
percentt in odds ratios of factors already present in the model. Variables with 
considerablee number of 'missings' (rimming and drug-use) were multivariately 
modeledd with a separate 'missing values' category. Interaction was defined to be 

68 8 
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presentt when adding an interaction term improved the original model. A p value 
off less than 0.05 was considered statistically significant. 
Inn addition to the assessment of risk factors for prevalent and incident HHV8 
infection,, we computed the incidence of HHV8 seroconversion as the number of 
HHV88 seroconversions/100 person-years at risk and calculated 95 percent 
confidencee intervals using Poisson regression.26 

FIGUREE 1 Prevalence of human herpesvirus 8 (HHV8) in a cohort of 1,458 homosexual men at 
enrollment,, according to age and human immunodeficiency (HIV) status and stratified into four 
subsequentt intake-periods, Amsterdam, Netherlands, 1984-1996 
Neg,, negative; pos, positive; yr, years 

Intakee periods: 

HHV88 prevalenc e 
att  enrollment , % 

1:: October 1984-April 1985 

E33 3 

 4 

Mayy 1985-January 1988 

Februaryy 1988-December 1994 

Januaryy 1995-December 1996 

[== 157 87 13 244 69 0 70 22 335134 20 1 165 0 

HIV: : 
age: : 

neg g 
<30yr r 

pos s 
<30yr r 

neg g 
>30yr r 

pos s 
>30yr r 
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RESULTS S 

Thee 1,458 homosexual men that were tested for HHV8 and entered the cohort 
betweenn October 1984 and December 1996 had a median age at enrollment of 
32.22 years (interquartile range: 27.1-38.3 years). Fifty percent had more than 60 
sexuall partners during the preceding 5 years (interquartile range: 20-200 
partners).. The overall HIV prevalence at entry was 32.1 percent (95 percent CI: 
29.7-34.5).. Prevalence was higher for older (>30 years) participants (38.2 
percent),, than for younger (<30 years) participants (24.5 percent) (x2 test: p-
value<0.0001). . 
Off the 1,458 homosexual men, 305 were positive for HHV8 at enrollment (20.9 
percent,, 95 percent CI: 18.8 -23.0) and the prevalence remained more or less 
stablee over time by age group and HIV status (figure 1). 
Off 1,153 initially HHV8-seronegative participants, 215 seroconverted for HHV8 
duringg follow-up (incidence: 3.6/100 person-years, 95 percent CI: 3.1-4.1). Over 
thee study period 1984-1996, the incidence remained relatively stable (x2-test for 
linearr trend: p-value=0.952) and varied between 2 and 7 percent. 

Riskk factor s fo r HHV8 positivit y at stud y entr y (prevalen t cases ) 
Inn univariate analyses, HHV8 prevalence increased with the number of sexual 
partnerss in the past 5 years and with age (x2-test for linear trend: both variables' 
pp value<0.0001). In addition, men with HIV-positive serostatus, no steady 
partner,, and southern European or Latin American nationality showed a higher 
ratee of seroposivity (table 1). 
Afterr including the univariately statistically significant cofactors in the 
multivariatee model, we found that all the variables appeared to be independent 
predictorss for HHV8 seropositivity at enrollment. However, compared with 
univariatee analyses, the odds ratios decreased towards unity with the exception 
off southern European and Latin American nationality (table 1). 
Interactionn between the variables in the multivariate model and confounding by 
educationn were not present and risk estimates appeared to be very stable. 

Riskk factor s fo r HHV8 seroconversio n (inciden t cases ) 
Too examine in detail which specific sexual techniques were associated with HHV8 
seroconversion,, we undertook a nested case-control study in which behavior was 
studiedd at the time of HHV8 exposure (see Materials and Methods). 
Univariatee analyses (table 2) revealed a significantly elevated risk for HHV8 
seroconversionn for HIV positives (odds ratio (OR): 2.32; 95 percent CI: 
1.58,3.42).. Subdividing HIV positives according to CD4 cell counts, we found no 
evidencee for an increasing risk at lower counts, even after lowering the cutoff 
pointt to 350 counts (data not shown). Older age (>30 years) was significantly 
relatedd to HHV8 seroconversion, whereas non-Dutch nationality and not having a 
steadyy partner were not significantly associated. Current sexual behavior 
associatedd with HHV8 seroconversion were having had sex with more than 12 
partnerss in the 6 months prior to seroconversion and having had orogenital 
insertivee and orogenital receptive sex. Recreational drug use (nitrite and cocaine) 
inn the past 6 months was also significantly related to seroconversion. 
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Tablee 2 Univariate nested case-control analysis of the relation between recent (sexual) behavior 
andd seroconversion for human herpesvirus 8 (HHV8) among 188 seroconverters for HHV8 and 376 
matchedd controls in a cohort of homosexual men, Amsterdam, Netherlands 1984-1996 

Characteristics s 

HIV§HIV§ status 
HIVV negative 
HIVV positive 
cd4>5001 1 
HIVV positive 
cd4<5001 1 

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

Nationality Nationality 
Dutch h 
Non-dutch h 

SteadySteady partner ft 
Yes s 
No o 

PastPast six months' 
sexualsexual fife style** 

TotalTotal no. of 
partners partners 
1 1 
2-5 5 
6-12 2 
>12 2 

Anogenital Anogenital 
receptivereceptive sex 
0 0 
1 1 
2-5 5 
>5 5 

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

Seroconverters s 
in--in--

No.* * 

107 7 
32 2 

42 2 

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

164 164 
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 

== 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 

Controls s 
in-in-

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 

=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 

P P 
valuet t 

<0.001 1 

*** * 

** * 

<0.001 1 

** * 
*** * 
** * 
** * 

<0.001 1 

*** * 

Odds s 
ratio o 

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 

95% % 
confidence e 

interval l 

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 1 

0.72,1.47 7 

0.54,1.58 8 
0.64,1.90 0 
1.48,4.49 9 

0.47,1.14 4 
0.64,1.60 0 
0.57,2.34 4 

0.58,1.38 8 
0.54,1.38 8 
0.57,1.96 6 
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Tablee continues 

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

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

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

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

PastPast 6 months' 
recreationalrecreational drug 
use use 

Cannabis Cannabis 
No o 
Yes s 

Nitrite Nitrite 
No o 
Yes s 

Cocaine Cocaine 
No o 
Yes s 

Alcohol Alcohol 
No o 
Yes s 

29 9 
47 7 
52 2 
59 9 

26 6 
40 0 
52 2 
68 8 

64 4 
29 9 
22 2 
9 9 

59 9 
26 6 
19 9 
25 5 

62 2 
49 9 

50 0 
62 2 

95 5 
17 7 

17 7 
89 9 

15 5 
25 5 
28 8 
32 2 

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 

112 2 
99 9 
104 104 
56 6 

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 0 

30 0 
27 7 
28 8 
15 5 

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 

«cO.001 1 

* * 
* * 

*** * 

<0.001 <0.001 

* * 
* * 

*** * 

0.009 9 

** * 

0.041 1 

* * 

1 1 
1.7'4 4 
2.00 0 
4.13 3 

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 

1.02,2.97 7 
1.16,3.46 6 
2.34,7.31 1 

1.06-3.34 4 
1.07-3.18 8 
2.44-7.28 8 

0.40,1.16 6 
0.33,1.17 7 
0.34,2.04 4 

0.39,1.30 0 
0.26,0.97 7 
0.66,2.42 2 

0.94,2.78 8 

1.19,3.28 8 

1.03,5.16 6 

0.29,1.36 6 

*)) p < 0.05; * * ) p < 0.01; * * * ) p < 0.001; t ) In the case of statistical significance (p < 0.05), 
overalll p values are given; *) Numbers do not exactly count up to the total because of missing 
values;; §) HIV, human immunodeficiency virus; H) CD4 cell count x 106/'- calculated for cases as 
thee mean CD4 ceil count in the year prior to seroconversion and for controls in the year prior to 
theirr matched visit date; #) For cases the age at the moment of seroconversion and for controls 
thee age at their matched visit date; t t ) Defined as living together with a steady partner at entry 
and/orr having had one steady partner in the past 6 months; * * ) Total number of partners 
accordingg to quartiles, number of partners for sexual techniques according to equal partner 
categoriess (0, 1, 2-5 >5 partners) 
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Ass orogenital insertive sex and orogenital receptive sex were strongly correlated 
(spearmann rank's correlation coefficient: 0.8), we performed multivariate 
analysess separately for these two techniques. After including all univariately 
significantt cofactors (table 2) in a stepwise forward procedure, we found that 
orogenitall sex, HIV status and age remained statistically significant, but that the 
totall number of partners and drug use did not (data not shown). The odds ratio 
forr orogenital insertive sex in this model decreased from 4.22 in univariate 
analysess to 3.71 (95 percent CI: 2.04,6.75) for more than 5 partners in the past 
66 months. When orogenital insertive sex in this multivariate model was replaced 
byy orogenital receptive sex, odds ratio for orogenital receptive sex with more 
thann five partners in the past 6 months, also decreased from 4.13 in univariate 
analysess to 3.01 (95 percent CI: 1.63-5.55). 

Ass we were particularly interested in assessing the independent role of sexual 
techniquess in HHV8 transmission, we forced all the other techniques into the final 
multivariatee models (Spearman's rank correlation coefficient of all the other 
sexuall acts: <0.6). The results from one of the two final models (the one that 
includedd orogenital insertive sex) are displayed in table 3. 

Afterr controlling for all other sexual behavior in this multivariate model, we found 
thatt the odds ratio for orogenital insertive sex with more than five partners 
increasedd (OR = 5.95), compared with the multivariate model not adjusted for all 
otherr techniques (OR = 3.71). Risk estimates for age decreased slightly when 
controlledd for HIV status and all sexual techniques, but the odds ratio for HIV 
remainedd stable. When orogenital insertive sex was replaced by orogenital 
receptivee sex, the odds ratios for orogenital 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 percent CI: 
2.11,8.71)) for 1, 2-5, and >5 partners, respectively (data not shown). In this 
model,, the odds ratios for HIV status and age were not substantially different 
fromm those in the model that included orogenital insertive sex. In addition, in the 
finall models, risk estimates of anogenital receptive sex and insertive rimming 
slightlyy increased, whereas estimates of anogenital insertive sex and receptive 
rimmingg slightly decreased, compared with univariate estimates. However, 
anogenitall sex and rimming remained nonsignificant (data not shown). 

Interactionss between the variables included in the final models were not present. 
Nextt to sexual behavior, we considered a possible confounding effect of other 
variabless (drug use, nationality, education, steady partner). In addition, we 
checkedd if risk estimates were biased because of the time since follow-up (by 
includingg the variable, 'year of study entry'). However, after adding these factors 
too the model, we found that the odds ratios presented in table 3 did not change 
substantiallyy and appeared to be stable. We did not evaluate the confounding 
effectt of the total number of partners, as variables on individual techniques 
(alreadyy in the model) are part of this total variable. 

Becausee of matching, more controls originated from the second cohort compared 
withh the cases. As we collapsed the two different definitions of orogenital sex, 
usedd in he two cohorts after 1995, we expected a bias to have occurred leading 
too overestimation of the risk for oro-genital sex (see Materials and Methods). To 
evaluatee to what extent estimates were biased, we repeated the analyses, 
excludingg men from the second cohort. In doing so, we observed a difference in 
thee odds ratios for orogenital insertive sex with more than 5 partners (OR=4.73; 
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955 percent CI: 2.00,11.18, compared with 5.95) and also a lower risk (OR=3.10; 
955 percent CI: 1.34,7.19, compared with 4.29) for orogenital receptive sex with 
moree than 5 partners. Additional analyses (data not shown) revealed that 
ejaculatingg when having orogenital sex did not result in an additional risk for 
seroconversion.. In conclusion, because of matching procedures, we probably 
introducedd a small bias from unity for orogenital sex. 

TABLEE 3 Multivariate ( t ) nested case-control analysis of the relation between recent sexual 
behaviorr and seroconversion for human herpesvirus 8 (HHV8) among 188 seroconverters for HHV8 
andd 376 matched controls in a cohort of homosexual men, Amsterdam, Netherlands 1984-1996 

Characteristics s 

HIVV status 
HIVV negative 
HIVV positive 

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

Orogenitall insertive sex in past 
66 months (no. of partners) 

0 0 
1 1 
2-5 5 
>5 5 

P P 
valuee H 

<0.001 1 

*** * 

0.002 2 

* * 

<0.001 1 

*** * 

Odds s 
ratio o 

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 

95% % 
confidence e 

interval l 

1.53,3.99 9 

0.21,1.39 9 
0.77,4.60 0 
0.96,5.76 6 
0.60,3.64 4 
1.13,7.34 4 

0.98,3.96 6 
0.83,3.27 7 
2.88,12.29 9 

*)) p < 0.05; * * ) p < 0.01; * * * ) p < 0.001; t ) Controlling for anogenital insertive, anogenital 
receptive,, oroanal insertive and oroanal receptive sex (categorized into 0, 1, 2-5, >5 partners); t ) 
Inn the case of statistical significance (p < 0.05), overall p values are given; §) HIV, human 
immunodeficiencyy virus; H) For cases the age at moment of seroconversion and for controls the 
agee at their matched visit date 

Inn addition to risk factor analyses, we identified seroconverters who abstained 
fromm specific sexual techniques, or exclusively practiced one sexual technique, in 
thee period from the year preceding their last negative visit until their first positive 
visit.. Of all the seroconverters, with available behavioral data over this period, 
5.77 percent (9/157) consistently abstained from orogenital receptive sex, 7.6 
percentt (12/157) from orogenital insertive sex and 3.2 percent (5/157) from 
bothh orogenital techniques. Not having practiced anogenital sex was reported by 
29.33 percent (46/157) and not having engaged in rimming by 24.0 percent 
(25/104).. One converter reported no sex at all. Of all seroconverters with 
availablee data on every technique in the previously mentioned period (n = 100), 
onlyy 5 practiced exclusively one sexual technique. Of these 5 persons 1 practiced 
onlyy oro-genita! receptive sex, 3 reported both insertive and receptive oro-genital 
sexx and 1 person reported exclusively insertive and receptive rimming. 
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DISCUSSION N 

Thee strength of the present study lies in its design (cohort study) and large 
numberr of incident cases. It demonstrates that orogenital sex is the sexual 
practicee significantly associated with HHV8 seroconversion. Practicing this 
techniquee was more important than just having a high number of sexual 
partners,, as demonstrated by multivariate analyses. Cross-sectional analyses 
revealedd that HHV8 seropositive at enrollment was strongly associated with the 
levell of sexual activity among homosexual men. This finding confirms results of 
previouss studies5,20 and what has been suggested by the epidemiology of Kaposi's 
Sarcoma.7 7 

Whetherr one or both of the two orogenital sexual practices are risk factors for 
HHV88 seroconversion could not be determined. The results of our nested case-
controll study suggest a penile-oral transmission route in which, in the case of 
orogenitall insertive sex, virus is transmitted by saliva and, in the case of 
orogenitall receptive sex by semen. HHV8 has previously been found in semen 
fromm HIV-infected men.19,27 Virus was sometimes detected in semen from HIV-
uninfectedd men,28 although findings have been somewhat contradictory.29,30 An 
argumentt strongly supporting the penile-oral route hypothesis is the recent 
findingg of HHV8 virus in saliva, especially among HIV positives.16"18 Koelie et al. 
posee that HHV8 can replicate in the oropharynx and that salivary contact could 
contributee to HHV8 transmission. Detection of virus in saliva suggests that 
oropharyngeall cells may be permissive for HHV8 and that next to a possible 
infectiouss role of saliva, the oropharynx might be a site of HHV8 acquisition17"100 

from,, for example, semen. HHV8 is genetically related to the Epstein-Barr virus, 
which,, like other herpesviruses, is known to be transmitted by deep intimate 
kissingg through saliva.31,32 In addition, a study on the HHV8 prevalence within 
familiess demonstrated equally high rates among spouses, children and siblings of 
Kaposi'ss sarcoma patients,33 indicating (nonsexual) person-to-person 
transmission,, most likely through saliva. Lyall et al34 suggested a horizontal 
transmissionn route, as none of the HHV8-infected mothers in their study 
transmittedd HHV8 vertically. Mayama et al12 supported this conclusion in their 
Africann study. These results support our finding of oro-genital sex as an 
importantt mode of HHV8 transmission, although previous studies have not found 
aa significantly positive association between this technique and Kaposi's sarcoma35 

orr HHV8 seropositivity.20 

Somee have demonstrated an association of anogenital receptive sex or insertive 
rimmingg with HHV8 seropositivity20"22 or with Kaposi's sarcoma.36 However, none 
off these studies related specific sexual techniques with HHV8 seroconversion. At 
enrollment,, we also found a univariately significantly elevated risk for ano-genital 
receptivee sex in the six months prior to study entry (OR = 1.85, 95 percent CI: 
1.26,2.733 (data not shown)). However, one should determine whether this 
techniquee is independently associated with HHV8 seropositivity. For example, 
afterr controlling for HIV (and indirectly controlling for HIV-related life-style 
factors37),, we found that the risk of anogenital sex in the cross-sectional study 
becamee nonsignificant, while HIV status remained independently associated. 
Furthermore,, anogenital sex appeared not to be independently associated with 
HHV88 at enrollment, after correcting for the other sexual techniques (data not 
shown).. In general, cross-sectional studies, that evaluate behavior not at the 
timee of seroconversion but at the presence of infection, might misrepresent the 
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reall association, as they may not have the true level or period of exposure with 
whichh to work. 

Wee found no evidence that anogenital sex was related to HHV8 seroconversion, 
evenn when only unprotected anogenital sex was examined. Both cases and 
controlss reported no condom use in 60 percent of all anogenital acts (data not 
shown).. In addition, we could not demonstrate a role of insertive rimming. 
Consistentt with this finding, this technique was not a risk factor for Kaposi's 
sarcomaa development in the Amsterdam cohort.38 To date, HHV8 has not been 
detectedd in feces.4,27 

Ass HIV positive status was associated with seropositivity and seroconversion for 
HHV88 and remained a strong predictor in multivariate models, we could argue 
thatt this reflects some behavior not fully captured in our analyses or biologic 
factorss affecting host susceptibility. However, in accordance with previous 
findings,200 low CD4 cell counts appeared not to increase the risk for 
seroconversion.. It would be interesting to hypothesize that HIV-positive persons, 
whoo more often than HIV negatives carry the HHV8 virus, tend to have sex with 
HIV-seroconcordantt persons, leading to more HHV8 virus exposure. However, at 
thiss point, we do not know if, or to what extent, HIV-infection influences the level 
off HHV8 antibodies. Therefore, speculation is possible on the role of HIV in HHV8 
infection.. However, as there is no interaction between HIV and orogenital sex (a 
strongg effect was also seen in HIV negatives (data not shown)), this technique 
remainss a strong predictor for seroconversion, regardless of the exact role of 
HIV. . 

Ourr study has several limitations. 1) A slight bias from unity is introduced in the 
estimatee of orogenital sex (see Results). However, we have no reason to assume 
thatt this risk is not a real factor, indicated by the high risk found when excluding 
thee second cohort. 2) As the estimated sensitivity of our serologic tests is not 
1000 percent, some seroconverters could have been missed and some 
misclassificationn of controls who might be HHV8 seropositive could have been 
introduced.. This bias most likely would lead to underestimation of our risk 
estimates.. 3) In 201 of the 215 seroconverters the moment of seroconversion for 
onee of the two antigens tested was unequivocal, as judged from the consistency 
off seronegativity before and seropositivity after seroconversion. However, in the 
otherr 14 participants, fluctuating antibody levels were seen, making their 
estimatedd moment of seroconversion somewhat arbitrary. Therefore we repeated 
ourr incident analyses omitting these 14, but results were similar to those 
includingg all 215 seroconverters (data not shown). 4) As behavior is asked over 
thee past 6 months and behavioral information could not be obtained for each 
seroconverterr at exactly the same time point, it cannot be excluded that some 
misclassificationn of exposure time among cases occurred, potentially leading to 
slightt underestimation of our risk estimates. 5) It may be difficult to disentangle 
separatee sexual techniques as people tend to report multiple techniques at the 
samee visit. The change in risk estimates after correcting for all sexual activities, 
indicatess interrelations between these techniques. One could hypothesize that 
peoplee often engage in orogenital sex as foreplay for anogenital sex or rimming, 
whichh might imply a shorter exposure time for orogenital sex. When including the 
otherr sexual techniques in the model, the shorter exposure time of orogenital sex 
iss corrected for and the estimates of this technique increase. This increase 
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strengthenss the conclusion that urogenital sex is an important independent risk 
factor.. In addition, although anogenital sex and rimming did not reach 
significance,, the increase in odds ratios of analreceptive sex and insertive 
rimmingg may point to a weak relation between these techniques and HHV8 
seroconversion.. This is stressed by the finding that some, but few, 
seroconverterss did not perform orogenital sex at all in the infection period. 
Furthermore,, one could hypothesize that people take less account of possible HIV 
(andd thus HHV8) risk when selecting partners for orogenital sex, compared with 
selectionn of partners with whom they practice anogenital sex. Therefore, they 
mightt be more exposed to HHV8 when practicing orogenital sex. 6) Information 
biass could be present when participants underreport HIV-associated risky 
behavior.399 For example, take the case of differential misclassification, where 
casess (who are more often HIV positive) underreport anogenital receptive sex 
moree than controls, leading to underestimation of the risk of anogenital receptive 
sex.. In addition, nondifferential misclassification, in which inaccuracy of reporting 
iss the same in cases and controls, might lead to underestimation of the effect of 
anogenitall receptive sex. 7) Although one previous study on seroconversion could 
nott determine a risk for deep intimate kissing,20 this technique may, considering 
previouslyy mentioned arguments, play an important role in transmission. 
However,, our behavioral questionnaires lack a consistent question on deep 
intimatee kissing. Taken these remarks into consideration, we feel that it is likely 
thatt orogenital sex is an important route of HHV8 transmission in our cohort, but 
thee role of other techniques, especially kissing, cannot be ruled out. 

Recreationall drug use (cocaine or nitrite) was associated with HHV8 
seroconversionn in univariate analyses. Use of drugs (cannabis, nitrite) has been 
foundd to be related with HIV seropositivity37'40 and (in the case of cocaine and 
nitrite)) to Kaposi's sarcoma.41 A recent study showed that prior use of crack, 
heroinn or cocaine was associated with HHV8 seropositivity in women.42 However, 
afterr including nitrite or cocaine in the multivariate model (table 3), the 
associationn of these drugs with HHV8 seropositivity was no longer significant. The 
associationn found for drug use could, more likely than potential mechanisms 
affectingg host-susceptibility (e.g., damage of oral mucosa), be explained by 
specificc drug use-related sexual behavior. Indeed, additional analyses showed 
thatt homosexual men who used cocaine or nitrite were older and more often HIV 
positivee and reported more sexual partners and more sexual techniques than 
peoplee who didn't use these drugs (data not shown). However, drug use 
appearedd not to be strongly related to unprotected sex.37 

Wee found an overall HHV8 prevalence of 20.9 percent, which is similar to the 
prevalencee in a Danish cohort of homosexual men (21.1 percent).20 Among men 
withh southern European nationality, the prevalence was relatively high, which is 
inn concordance with higher rates for HHV8 prevalence and more frequent 
occurrencee of non-AIDS related Kaposi's sarcoma in this area.1415'33 Homosexual 
menn with Latin American nationality also revealed an elevated prevalence, 
independentt of their HIV status. Having a foreign nationality did not increase the 
riskk for seroconverting, demonstrating that having southern European or Latin 
Americann nationality does not hold an intrinsic (e.g., genetic) higher risk for 
HHV88 infection, but rather reflects a higher background exposure in these 
countries.. It is likely that all men, HHV8 negative at baseline, including those 
withh foreign nationality, acquired their infection in The Netherlands. 
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AA study among unmarried men in San Francisco enrolled in 1984 and 1985 and a 
studyy among Danish homosexual men enrolled in 1981 revealed no relation 
betweenn age and HHV8 seropositive5,20 In contrast, our finding of an increasing 
riskk with older age, as early as in October 1984-April 1985 (data not shown), was 
striking.. As age was also related to seroconversion, this suggests a role of 
possiblee biologic (other than CD4 cell counts), or behavioral (other than 
orogenitall sex) characteristics associated especially with older age, and not 
merelyy the reflection of a longer period of exposure. It is possible that older men 
inn our cohort tend to have sex with men of their own age group, leading to higher 
HHV88 exposure. In comparison, as discussed previously, positive HIV status 
mightt also reflect some factors not specifically captured in our analyses. 

Inn our cohort, no clear trend in HHV8 prevalence or incidence was found from 
19844 through 1996. This finding is in contrast with the decline of HHV8 
seroconversionss from 1981 through 1993 in the Danish cohort.20 However, the 
differencedifference in study periods (our cohort started ;later in time), population 
numberss (we studied a larger group) and composition (our cohort is an open 
cohort)) might explain these discrepancies. 

Inn conclusion, HHV8 seems to be sexually transmitted among homosexual men in 
ourr cohort, probably by orogenital contact. Further studies must be undertaken 
too confirm this potential transmission route. In addition, the role of kissing and 
thee influence of age and HIV should be further evaluated. 
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HHV88 TRANSMISSION AND INJECTION PRACTICES 

SUMMARY Y 

Too elucidate the mode of human herpesvirus 8 (HHV8) transmission in a 
populationn of Amsterdam drug users, HHV8 seroprevalence and seroincidence 
weree determined in 1179 drug users in the Amsterdam Cohort Studies (1985-
1996).. Risk factors for HHV8 infection were examined. Serum samples were 
screenedd with an enzyme immunoassay using HHV8 lytic capsid (open-reading 
framee [ORF65] 65) and latent nuclear (ORF73) antigens; positive results were 
confirmedd by Western blot and immunofluorescence assays. Seroprevalence 
(men,, 3.4%; women, 1.4%) and seroincidence (men:0.08, women:0.05/100 
person-years)) were low in this study. Infections with human immunodeficiency 
viruss (HIV) type 1, hepatitis B virus (HBV), and hepatitis C virus (HCV), but not 
HHV8,, were associated with injection drug use (IDU). Independent risk factors 
forr HHV8 seropositive were homosexual contacts and Mediterranean nationality 
forr men and sexual contact with bisexual men, absence of a steady partner and 
commerciall unprotected sex for women. Unlike HIV-1, HBV or HCV infection, 
HHV88 infection is uncommon in Amsterdam drug users, as is HHV8 transmission 
throughh IDU. 

INTRODUCTION N 

Humann herpesvirus 8 (HHV8), also known as Kaposi's sarcoma (KS)-associated 
herpesvirus,, is the necessary cause of KS. Human immunodeficiency virus (HIV) 
typee 1 infection is a potent co-factor for the aggressive AIDS-related variant of 
thiss vascular tumor.1,2 In Western countries, KS is more common among HIV-1 
infectedd homosexual men than among HIV-1 infected heterosexuals, drug users, 
transfusionn recipients or persons with hemophilia.3 Based on this risk distribution, 
HHV88 transmission is predicted to be predominantly sexual with rare 
transmissionn through blood.3 Several studies demonstrated sexual transmission 
off HHV8 among homosexual men, who have high HHV8 prevalence and 
incidence.4"77 Risk factor studies for HHV8 in other HIV-1 transmission groups are 
scarce.8,9 9 

Too elucidate modes of HHV8 transmission among drug users in Amsterdam, we 
investigatedd the association between HHV8 seropositivity and potential risk 
factors,, including injection drug use (IDU). This study was conducted among a 
largee prospective cohort of drug users, using a screening-confirmation protocol to 
detectt HHV8 antibodies.10 

METHODS S 

STUDYY POPULATION 
Betweenn December 1985 and December 1996, 1218 injection and noninjection 
drugg users were recruited into a prospective cohort study on HIV-1 infection and 
AIDSS in Amsterdam. Most subjects were recruited at low-threshold methadone 
programss and sexually transmitted disease clinics for drug-using prostitutes. 
Participationn was voluntary, regardless of HIV-1 status. Follow-up visits were 
scheduledd every 4 months. At that time, a medical history was taken, blood 
sampless were obtained, and a standardized behavioral questionnaire was 
administeredd by trained nurses.11 Banked serum samples, stored at , were 
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unavailablee for 39 (3.2%) participants because of paucity of clinical material. We 
usedd data from the remaining 1179 participants in the present study. 

SEROLOGICC ASSAYS AND STUDY DEFINITIONS 
Thee most recently available serum sample for each participant was tested with an 
EIAA system based on HHV8 lytic capsid (open-reading frame [ORF] 65) and latent 
nuclearr (ORF73) antigens. Subsequent testing of baseline and intervening 
sampless from seropositive participants differentiated persistently seropositive 
individualss from seroconverters; these results have been published elsewhere.5 

Thee specificity of the combined EIA assay format (positive for ORF65, ORF73, or 
both)) is 90.7% (95% Confidence Interval (CI): 86.9-93.8).4 Serum samples that 
weree found to have antibodies to HHV8 ORF65 or ORF73 in the EIA system were 
confirmedd by well-described and more specific assays: Western blot using a 
recombinantt ORF65 protein and an IFA for the latent nuclear antigen.10 No 
seroreversionn events were noted after confirmed seroconversion. 
HHV88 serostatus was defined by results of the screening-confirmation protocol; 
sampless that were positive for at least 1 antigen (ORF65 or ORF73) in both the 
HHV88 EIA system and the corresponding confirmation assay were considered to 
bee HHV8 seropositive. Samples that were seronegative in the EIA system were 
consideredd to be HHV8 seronegative. Samples that were positive in the HHV8 EIA 
systemm but negative in the corresponding confirmation assay were considered 
falsefalse positive and were recorded as HHV8 seronegative in further analyses: 56 
(62.9%)) of 89 EIA-reactive serum samples belonged to this category. Intake 
characteristicss of participants with false-positive (n=56) or seronegative 
(n=1093)) test results were compared by using x2 tests of independence and 
Mann-Whitneyy U tests, but no differences in characteristics were found. 
HIV-11 antibodies were detected using 1 of 2 commercial assays (Abbott 
Laboratoriess or Vironostika, Organon Teknika) and positive results were 
confirmedd by Western blot analyses. Hepatitis C virus (HCV) antibodies were 
detectedd by a third-generation EIA (EIA 3.0; Abbott Laboratories) and were 
confirmedd by the third-generation strip immunoblot assay (RIBA; Chiron). 
Hepatitiss B virus (HBV) antibodies were detected using the Hepanostika anti-HBc 
Microelisaa System (Organon Teknika). HBV and HCV data were available for 447 
andd 351 participants, respectively.11 The proportion of injecting drug users was 
higherr among participants who were tested for HBV (91.0%) or for HCV (77.9%) 
thann among those who were not tested for HBV (83.0%) or for HCV (72.9%). 

STATISTICALL ANALYSI S 
Alll analyses were performed separately for men and women, since they comprise 
markedlyy different groups. Seroprevalence of HHV8 was calculated at study 
entry,, and risk factors for seropositivity were investigated by logistic regression 
analyses.. Next to a combined variable of IDU and shared injection equipment, all 
univariatelyy significant variables were included in the multivariate model by using 
aa stepwise forward procedure. Risk factor analyses were repeated by using 
backwardd procedures or exclusion of subjects in the seronegative group who 
initiallyy had false positive assay results, but risk estimates were similar to those 
describedd in Results (data not shown). No additional risk factors were found 
whenn men and women were analysed as a combined group. 
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RESULT S S 

GENERALL CHARACTERISTIC S AT ENROLLMEN T 
Thee study population comprised 1179 drug users, of whom 503 (42.7%) were 
women.. The median age was 30 years (Interquartile range [ IQR]: 26-34 years). 
Off the participants, 93.0% were of northern or central European nationality. Most 
(79.8%)) had a history of IDU (median use, 9 years; IQR, 5-14) and used mainly 
heroinn and/or cocaine. Seventy percent of injection drug users reported needle 
sharing.. Most women participants (84.1%) had worked as prostitutes (median 
duration,, 6 years; IQR, 2-11) and 33.8% reported consistent use of condoms 
withh clients. 

PREVALENCEE AND INCIDENCE OF HHV8 INFECTION 
Off 1179 drug users, 33 were HHV8 seropositive at their most recent cohort visit, 
off whom 30 (2.5%) were also seropositive at study entry. Twenty-three (3.4%) 
off 676 were men and 7 (1.4%) of 503 were women (odds ratio [OR] for men, 
2.50;; 95% CI , 1.06-5.86, P = 0.04). Two men and 1 woman seroconverted for 
HHV88 during follow-up, resulting in an incidence rate of 0.08 (95% CI, 0.02-
0.30),, 0.05 (95% CI, 0.01-0.37) and 0.07 (95% CI, 0.02-0.20) seroconversions 
perr 100 person-years for men, women and the total group, respectively. 

RISKK FACTORS FOR HHV8 SEROPOSITIVITY AT STUDY ENROLLMEN T 
Amongg women drug users, associations of borderline significance were observed 
betweenn HHV8 seropositivity and history of sexual contact with bisexual men and 
lackk of a steady partner (Table 1). Seropositivity was not associated with a 
historyy of prostitution; however, female prostitutes who never used condoms 
withh their clients had a higher risk to be seropositive. Furthermore, IDU was not 
significantlyy associated with seropositivity. A multivariate model was not 
constructedd because of the small number of HHV8 seropositive women. 
Amongg men drug users, univariate and multivariate risk factors for HHV8 
seropositivityy were history of homosexual contact and Mediterranean nationality 
(tablee 1). Seropositivity was not associated with IDU, duration or frequency of 
injectionn or type of drug used. When we regrouped the men into high- and low-
riskk groups for HHV8, on the presence or absence of homosexual contact and/or 
Mediterraneann nationality, the lack of association between injection practices and 
HHV88 seropositivity remained in both high- and low- risk groups (data not 
shown). . 

ASSOCIATIO NN BETWEEN HHV8 AND H I V - 1 , HBV, AN D HCV INFECTION 
HIV-11 antibodies were detected in 277 (23.6%) of 1173 participants, HBV 
antibodiess in 255 (57.0%) of a subgroup of 447 participants, and HCV antibodies 
inn 326 (92.9%) of 351 participants. Infections with HIV-1 , HBV and HCV, but not 
HHV8,, were strongly related to IDU (table 2). In addition, HHV8 was not related 
too any of the other viruses whereas HIV-1, HBV and HCV were strongly related to 
eachh other (between HIV-1 and HBV, OR, 3.66; 95% CI, 2.19-6.14; between 
HIV-11 and HCV, OR, 8.66; 95% CI, 2.01-37.32; and between HBV and HCV, OR, 
14.17;; 95% CI, 3.92-51.23). None of these parenterally transmitted infections 
wass associated (using a combined variable on HIV-1, HBV, and HCV) with HHV8 
seropositivityy (OR, 1.59; 95% CI, 0.45-5.64). 
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DISCUSSION N 

Wee investigated HHV8 infection in a large cohort of drug users (injection and 
noninjection)) who were at risk for HIV-1 infection. Prevalence and incidence were 
loww in this group. Homosexual contact and Mediterranean nationality was 
associatedd with HHV8 seropositivity among men and commercial unprotected 
sex,, lack of a steady partner and sexual contact with bisexual men among 
women.. Of importance, HHV8 seropositivity was not associated with injection 
behaviourr or with infection with HIV-1, HBV, or HCV, whereas these 3 viruses 
weree related to each other and to IDU. 
Thee strength of this study lies in the length of follow-up (average, 4 years per 
person),, serial collection of serum samples and behavioral data (average, 9 
measurementss per person), and use of a screening-confirmation protocol to 
detectt the presence of HHV8 antibodies. Because HHV8 assays still lack optimal 
specificity,, it is important that a confirmation step is incorporated in low-
prevalencee settings (e.g., among drug users) to avoid large numbers of false-
positivee results. 
Seroprevalencee rates range from 3.2% to 49.1% in other studies of drug users in 
Europee and North America.8,9'12"14 Variations in seroprevalence may well reflect 
reall (geographic) differences. However part of the variation is likely due to 
dissimilarr serological methodologies, since comparatively high HHV8 
seroprevalencee rates conflict with the low proportion of KS in HIV-1 infected drug 
users.. In 2 previous studies, half of the HIV-1 and HHV8 coinfected homosexual 
menn developed KS within 10 years;5,7 however, in our cohort of drug users, only 
11 KS case was diagnosed in more than a decade of follow-up, which is in 
completee agreement with the low HHV8 seroprevalence and seroincidence. 
Becausee of the low number of seroconversions, we were constrained to examine 
riskk factors at study enrollment. Cross-sectional risk factor analyses to determine 
aa mode of transmission should be interpreted with caution, since the moment of 
infectionn is unknown and behaviour may change over time.6 Sexual contact with 
homosexuall or bisexual men and unprotected sex (for women) are risk factors 
thatt are consistent with sexual transmission of HHV8 and are well supported by 
numerouss studies among homosexual men and some studies among 
heterosexuals.6"99 The association between seropositivity and the lack of a steady 
partnerr may reflect sexual transmission, as women without steady partners more 
oftenn reported commercial unprotected sex and sex with bisexual men (data not 
shown).. Mediterranean nationality as a risk factor for HHV8 agrees with our 
findingg among homosexual men and with the high seroprevalence of HHV8 in 
Southernn Europe and the Mediterranean basin.2,6 

Thee low seroprevalence and seroincidence in our study are unlikely to be 
consequencess of lack of exposure to HHV8; 22.7% of participants reported sexual 
contactt with homosexual or bisexual men, a group with high HHV8 
seroprevalencee rates.2 Most participants injected drugs and shared needles, and 
thee presence of HIV-1, HBV, and HCV infection in this cohort demonstrates the 
occurrencee of blood-to-blood contact. Therefore, if needle sharing and blood-to-
bloodd contact held major risks for the transmission of HHV8, the observed 
prevalencee and incidence of infection should be higher. In addition, Greenblatt et 
a/.99 found that sexual activity and drug use were more important predictors for 
HHV88 seropositivity than drug injection perse and speculated that the mode of 
HHV88 transmission is a drug-associated behaviour. Similarly, in our cohort of 
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homosexuall men, univariate associations with drug use were explained by sexual 
practicess in multivariate analyses.6 

Althoughh our risk factor analyses do not support frequent or regular transmission 
off HHV8 by IDU, we have to take into account that we deal with low power (few 
HHV88 infected subjects) to detect an association, and we cannot exclude 
parenterall transmission of HHV8, Transmission of HHV8 through needle sharing 
hass been suggested previously.8 Nonetheless, infrequent transmission through 
bloodd products is supported by a study among persons who received blood 
productss from HIV-1 and HHV8 coinfected donors; 10 of 14 recipients 
seroconvertedd for HIV-1, whereas none seroconverted for HHV8.15 

Inn conclusion, HHV8 seroprevalence and seroincidence are low in our cohort of 
drugg users and mirror the low proportion of KS in HIV-1 infected drug users. Risk 
factorss for seropositivity reflect well-known risk groups for HHV8 infection and 
aree consistent with sexual transmission of HHV8. Needle-sharing was not found 
too be a risk factor for transmission among drug users in our cohort. In contrast to 
HIV-1,, HBV or HCV, transmission of HHV8 through IDU is rare among drug users 
inn Amsterdam. 
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SYMPTOMSS IN PRIMARY HHV8 INFECTION 

SUMMARY Y 

Thee incidence of HHV8 infection is high among homosexual men, however data 
onn clinical symptoms associated with primary HHV8 infection are scarce due to 
thee limited number of prospective studies including clinical documentation. We 
havee previously identified 215 homosexual men with primary HHV8 infection 
betweenn 1984 and 1996 and recorded clinical symptoms during each quarterly or 
halff yearly visit. Seroconversion rates of HHV8 showed no seasonal distribution. 
Incidencee rates of symptoms during HHV8 seroconversion were compared with 
ratess before and after seroconversion; sore throat, cough and muscle ache were 
elevatedd during HHV8 seroconversion in HIV-1 seronegative participants. Our 
findingss indicate that primary HHV8 infection produces a flu-like illness in HIV-1 
seronegativee adults. No symptoms associated with primary HHV8 infection were 
detectedd in HIV-1 seropositive individuals, possibly due to high background 
symptomatology. . 

INTRODUCTION N 

Humann Herpesvirus 8 (HHV8), also known as Kaposi's sarcoma-associated 
herpesviruss (KSHV), is a rhadinovirus that is phylogenetically related to Rhesus 
Rhadinoviruss (RRV), Herpesvirus Saimiri (HVS) and murine herpesvirus 68 
(MHV68).11 The closest relative of HHV8 to infect humans is Epstein-Barr virus 
(EBV),, a lymphocryptovirus that is associated with Burkitt's lymphoma, 
Hodgkin'ss Disease, nasopharyngeal carcinoma and several lymphoproliferative 
diseases.22 Persistent HHV8 infection produces a similar pathological repertoire, 
namelyy Kaposi's sarcoma, Primary Effusion Lymphoma and Castleman's 
Disease.3 3 

Clinicall syndromes have been reported to appear in the months following primary 
HHV88 infection in immunocompromised individuals; an HIV-1 seropositive 
homosexuall man developed fever, arthralgia, cervical lymphadenopathy, 
splenomegalyy and pancytopenia and a transplant recipient, whose kidney was 
harvestedd from an HHV8 seropositive cadaveric donor, developed fever, 
splenomegaly,, pancytopenia and marrow failure.4,5 

Too date, there has been a single prospective case study on the clinical symptoms 
associatedd with primary HHV8 infection in five immunocompetent individuals.6 In 
thiss study, primary infection produced transient cervical and submental 
lymphadenopathy,, fatigue, diarrhea and rash localized to either the face or the 
ankle.. These symptoms, in conjunction with an increase in serum HHV8 antibody 
titer,, appearance of HHV8 DNA in blood mononuclear cells and anti-HHV8 CD8+ 

T-celll responses indicate that primary HHV8 infection has distinct clinical, 
virologicall and immunological components. 
Wee have previously identified 215 homosexual men who seroconverted for HHV8 
duringg their participation in the Amsterdam Cohort Studies (1984-1996) and 
demonstratedd that the majority of these seroconversion events were primary 
HHV88 infections.7,8 Here we describe the symptoms associated with primary 
HHV88 infection in these HIV-1 seropositive and seronegative homosexual men. 
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METHODS S 

PARTICIPANTSS AND STUDY DESIGN 
Twoo hundred and fifteen HIV-1 seropositive and seronegative homosexual men 
seroconvertedd for HHV8 during their participation in the Amsterdam Cohort 
Studiess on HIV-1 infection and AIDS (1984-1996).7-8 HIV-1 seropositive and HIV-
11 seronegative participants returned for follow-up at 3 and 6 monthly intervals 
respectively.. At each visit, trained nurses collected blood samples and 
administeredd a standardised questionnaire on symptoms experienced since the 
previouss visit. The following symptoms were investigated; muscle ache, sore 
throat,, cough, fever (> , diarrhoea, headache, fatigue, lymph node swelling 
andd rash. 
Antibodiess to HHV8 lytic phase capsid (ORF65) and/or latent phase nuclear 
(ORF73)) antigens were detected using an Enzyme Immunoassay (EIA) system.7,8 

HIV-11 antibodies were detected using one of two commercially available assays 
(Abbottt Laboratories, North Chicago, Illinois; Vironostika, Organon Teknika, The 
Netherlands)Netherlands) and positive results were confirmed by Western blot analyses. 
Seroconversionn for HIV-1 and HHV8 was defined as a change from a 
seronegativee to a seropositive result in a serial collection of serum samples. The 
seroconversionn interval was defined as the period from the last seronegative visit 
too the first seropositive visit with the midpoint being regarded as the moment of 
seroconversion. . 
Dataa on symptoms were unavailable for 13 (6.0%) homosexual men. An 
additionall seven (3.3%) men had a seroconversion interval longer than 1 year. 
Byy excluding these 20 participants from analyses, our study population 
comprisedd 195 men. 

STATISTICALL METHODS 
Symptomm incidence rates during the HHV8 seroconversion interval were 
calculatedd using data at the first HHV8 seropositive visit and at the last HHV8 
seronegativee visit, as symptoms may be experienced prior to the detection of 
HHV88 antibodies; we have previously shown that the molecular incubation period 
betweenn viral DNAemia and the detection of HHV8 antibodies was rarely longer 
thann three months.8 

Incidencee rates in the HHV8 seroconversion interval were compared with those 
duringg the biannual interval prior to the last HHV8 seronegative test and during 
consecutivee biannual intervals after the first HHV8 seropositive test. Incidence 
ratess for specific symptoms represent the number of episodes divided by the 
totall number of person-years of observation for the evaluated time periods. We 
evaluatedd differences in incidence rates, thereby controlling for repeated 
measurementss per person, using generalized estimating equations assuming a 
poissonn distribution and a compound symmetry covariance matrix.9 Analyses 
weree performed using a model that included an interaction term between time 
andd HIV-1 status and using this model, incidence rates were calculated 
separatelyy for HIV-1 seronegative and seropositive individuals as primary HIV-1 
infectionn is characterised by several symptoms.10 
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RESULTS S 

GENERALL CHARACTERISTICS AT HHV8 SEROCONVERSION 
Onee hundred and ninety-five HHV8 seroconverters were included in this study. 
Thee average age at seroconversion was 37.9 years (sd: 8.4) and the majority 
(93.8%)) were predominantly of Western European nationality. One hundred and 
threee (52.8%) seroconverters were HIV-1 seronegative and 80 (41.0%) were 
HIV-11 seropositive throughout the period of observation from 2 years prior to the 
HHV88 seroconversion interval to 4 years after this interval. Twelve men (6.2%) 
seroconvertedd for HIV-1 during the period of observation; eight seroconverted 
priorr to the HHV8 seroconversion interval and four seroconverted during the 
HHV88 seroconversion interval. 

SEASONALL DISTRIBUTION OF HHV8 SEROCONVERSION 
Off the 103 HIV-1 seronegative men 23.1%, 22.1%, 24.0% and 30.8% 
seroconvertedd for HHV8 in winter, spring, summer and fall respectively; for the 
922 HIV-1 seropositive men these figures were 27.5%, 24.2%, 18.7% and 29.6% 
forr the respective seasons. Although there was slight variation, the seasonal 
seroconversionn distribution did not deviate from uniformity (p value for HIV-1 
negatives:: 0.59, for HIV-1 positives: 0.48). 

PRESENCEE AND TYPE OF SYMPTOMS AT HHV8 SEROCONVERSION 
Duringg the HHV8 seroconversion interval, 39 (37.9%) of 103 HIV-1 seronegative 
menn and 27 (29.3%) of 92 HIV-1 seropositive men did not report any of the 
symptomss under investigation. Symptom incidence rates in the HHV8 
seroconversionn interval were compared to those in the periods before and after 
HHV88 seroconversion (Table 1). Statistically significantly higher incidences of 
cough,, sore throat and muscle ache were noted during the HHV8 seroconversion 
intervall in HIV-1 seronegative participants. The incidences of sore throat and 
coughh decreased after the seroconversion interval whereas the incidence of 
musclee ache remained elevated. Non-significant increases in the incidence of 
fever,, diarrhoea, fatigue, lymph node swelling and rash were also seen during 
thee HHV8 seroconversion interval. Despite incidence rates being higher in HIV-1 
seropositivee participants, no statistically significant increase in incidence rate of 
anyy symptom was seen during the HHV8 seroconversion interval. When season 
wass entered in the multivariate model, no substantial changes were observed in 
eitherr the incidence rates or risks for each symptom (data not shown). 
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Tablee 1: Incidence rates and relative risks of symptoms reported by HIV-1 seronegative and 
seropositivee participants during the HHV8 seroconversion interval relative to intervals prior to and 
afterr this interval, Amsterdam Cohort Study among homosexual men (1984-1996). 

Symptom m 

Musclee ache 

Soree throat 

Cough h 

Fever r 

Diarrhoea a 

Headache e 

Fatigue e 

Lymphh node 
swell ing g 

Rash h 

Timee relative to 
seroconversion n 
period d 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

0-22 years before 
Seroconversion n 
0-22 years after 
2-44 years after 

HIV-11 positive 

Incidencee * 
(episodes/ / 
1000 PY) 

31.64 4 
12.06 6 
36.03 3 
48.12 2 

63.08 8 
41.05 5 
42.02 2 
40.34 4 

74.21 1 
68.60 0 
78.16 6 
72.63 3 

44.57 7 
44.68 8 
51.63 3 
45.46 6 

37.28 8 
33.87 7 
34.50 0 
42.02 2 

32.97 7 
20.59 9 
35.30 0 
41.81 1 

26.83 3 
29.79 9 
35.43 3 
55.72 2 

42.60 0 
31.97 7 
36.52 2 
20.14 4 

4.75 5 
12.12 2 
12.37 7 
14.80 0 

Incidencee * 
(episodes/ / 
1000 PY) 

8.59 9 
21.05 5 
18.86 6 
17.76 6 

14.60 0 
33.93 3 
19.44 4 
24.30 0 

30.41 1 
45.77 7 
33.06 6 
26.21 1 

30.18 8 
37.13 3 
31.14 4 
24.46 6 

14.97 7 
19.75 5 
17.83 3 
8.46 6 

22.18 8 
19.56 6 
18.05 5 
26.34 4 

22.53 3 
24.12 2 
25.81 1 
13.38 8 

9.95 5 
11.48 8 
7.41 1 
8.48 8 

1.45 5 
2.60 0 
2.00 0 
5.69 9 

HIV-11 negative 

Relativee risk * 
( 9 5 %% CI) 

1 1 
2 .12 (1 .15-3 .91) ) 
2.022 (1.07-3.83) 
2.133 (1.17-3.89) 

1 1 
2.322 (1.24-4.37) 
1.333 (0.77-2.30) 
1.733 (0.89-3.12) 

1 1 
1.511 (1.00-2.27) 
1.099 (0.75-1.58) 
0.866 (0.55-1.35) 

1 1 
1.233 (0.78-1.94) 
1.033 (0.69-1.54) 
0.811 (0.47-1.39) 

1 1 
1.322 (0.63-2.78) 
1.199 (0.65-2.19) 
0.577 (0.26-1.22) 

1 1 
0.888 (0.44-1.77) 
0.811 (0.48-1.38) 
1 .19(0.65-2.17) ) 

1 1 
1 .07(0.53-2.16) ) 
1.155 (0.67-1.96) 
0.599 (0.24-1.48) 

1 1 
1.155 (0.62-2.14) 
0 .74(0 .37-1 .51) ) 
0.855 (0.38-1.93) 

1 1 
1.799 (0.43-7.42) 
1 .38(0.20-9.33) ) 
3.933 (0.81-19.22) 

PP value * 

0.0161 1 
0.0314 4 
0.0133 3 

0.0088 8 
0.3049 9 
0.1115 5 

0.0502 2 
0.6601 1 
0.5152 2 

0.3750 0 
0.8782 2 
0.4473 3 

0.4654 4 
0.5721 1 
0.1448 8 

0.7244 4 
0.4433 3 
0.5766 6 

0.8493 3 
0.6197 7 
0.2625 5 

0.6505 5 
0.4149 9 
0.7011 1 

0.4201 1 
0.7396 6 
0.0906 6 

*)) calculated using Generalized estimating equations 
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DISCUSSION N 

Wee have investigated the seasonal distribution, presence and type of symptoms 
associatedd with primary HHV8 infection in a large prospective cohort of KIV-1 
seropositivee and seronegative homosexual men in the Netherlands. Primary 
HHV88 infection showed no substantial seasonal variation. During primary HHV8 
infectionn approximately two thirds of HIV-1 seronegative and HIV-1 seropositive 
menn reported any of the nine symptoms under investigation in this study. Higher 
incidencee rates of cough, sore throat and muscle ache were observed among 
HIV-11 seronegative participants during primary HHV8 infection. Symptom 
incidencee rates were generally higher in HIV-1 seropositive individuals, however 
noo increase in incidence of any symptom was seen when these acquired primary 
HHV88 infection. Of the HIV-1 seronegative men, 34% reported either cough, sore 
throat,, muscle ache or a combination of these symptoms during the 
seroconversionn interval; this proportion was 38% for HIV-1 seropositive men. 
Thee large number of participants increases the power of our study and allows us 
too provide a more comprehensive view of primary HHV8 infection than the five 
symptomaticc patients presented by Wang et a!.6 We defined primary HHV8 
infectionn as the appearance of IgG antibodies to ORF65 and/or ORF73 in a serial 
collectionn of serum samples and the HHV8 seroconversion interval in this study is 
synonymouss to primary HHV8 infection.8 Although current HHV8 serological 
assayss are limited by suboptimal sensitivity and specificity, it is unclear what 
effect,, if any, an assay with improved characteristics will have on the moment of 
seroconversionn and the degree of association with the symptoms. 
Higherr incidences of sore throat, cough and muscle ache were reported during 
primaryy HHV8 infection in HIV-1 seronegative individuals. The incidences of 
fever,, diarrhoea, fatigue, lymph node swelling and rash were also elevated but 
thee results were not statistically significant. The symptoms that we found to be 
significantlyy related to primary HHV8 infection differ from those reported by 
Wangg et al. but are well supported by studies on the gammaherpesvirus family.6 

Soree throat as a symptom is consistent with the mucosal shedding of HHV8 from 
thee oro-pharynx and oro-genital transmission of HHV8.11,12 Cough may result 
fromm HHV8 replication in the lung; MHV-68 replicates in alveolar epithelial and 
mononuclearr cells after intranasal inoculation and HHV8 has been detected in 
lungg biopsies from HIV-1 seropositive patients with otherwise unexplained 
interstitiall pneumonitis.13,14 Muscle ache may be part of the host inflammatory 
responsee or be indicative of persistent viral replication in muscle and was the 
onlyy symptom to remain more common in HIV-1 negative HHV8 seroconverters 
forr up to four years after primary HHV8 infection. Although HIV-1 seropositive 
individualss were more likely than HIV-1 seronegative individuals to report 
symptoms,, incidence rates were not raised during primary HHV8 infection. 
Higherr incidence rates may reflect anxiety about HIV-1 infection or be an 
accuratee representation of the symptoms of primary HIV-1 infection. HIV-1 and 
HHV88 seroconversion occurred simultaneously in four participants however, due 
too the small number of events, we were unable to show whether this altered the 
clinicall expression of primary HIV-1 infection. 
Preliminaryy studies on the symptoms associated with primary HHV8 infection are 
limitedd by the practical difficulties of excluding other infectious and non-
infectiouss processes that produce the same symptoms.6 Nonetheless, the 
temporall association between HHV8 seroconversion and symptoms in our study 
andd that by Wang et al. indicates that primary HHV8 infection is a distinct clinical 
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entityy that produces a flu-like illness. Sudden onset of unexplained sore throat, 
coughh and/or muscle ache in an HIV-1 seronegative homosexual man should 
alertt the clinician researcher to include primary HHV8 infection as part of the 
differentiall diagnosis. Further studies are required to determine the full spectrum 
off clinical symptoms associated with primary HHV8 infection. 
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