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Abstract t 

Wee have shown previously that human herpesvirus 8 (HHV8) seroconversion for antibodies to the latency-associated nuclear 
antigenn encoded by ORF73 and/or the lytic capsid antigen (vpl9) encoded by ORF65 is associated with urogenital contact 
andd is strongly linked to the development of Kaposi's sarcoma among HIV-infected individuals in the Amsterdam Cohort 
Studies.. Here, we investigate the relationship between seroconversion to these antigens and primary- HHV8 infection. Be-
tweenn 1984 and 1997, 215 HHV8 seroconversions to ORF73 (106 cases or 49%) and/or to ORF65 (159 cases or 74%) were 
recordedd in the cohort of homosexual men. The HHV8 seroconversion rate among 1 IIY-infected homosexual men (6.2 per 
1000 person years) was consistently higher than among HIV-uninfected men (2.6 per 100 person years). In HIV-infected but 
nott in uninfected individuals, seroconversion to ()RF73/latency-associated nuclear antigen precedes that to ORF65/vpl9. 
Antibodyy levels to both ORF65- and ORF73-encoded antigens were higher in HIV-infected than in HIV-uninfected men, 
andd among HI V-seropositives, antibody levels to ORF65/vpl 9 rise even higher with declining CD4 cell counts and peak with 
Kaposi'ss sarcoma development, suggesting continuing and increasing viral replication. In 10.3% of HHV8 seroconversions, 
transientt serum viremia could be demonstrated before or at seroconversion. Together with the previously reported link be-
tweenn unprotected orogenital sex and HHV8 seroconversion, our observations suggest that HHV8 seroconversions result 
fromm primary infections. 

Introductio n n 

T hee h u m an herpesvirus 8 (HHV8) or Kaposi 's sar-

coma-associatedd herpesvirus (KSHV) belongs to the 

gamma-22 or rhadinovirus sublineage of the Gammaher-

pesvir inaee subfamily together with the Old Wor ld monkey 

viruses,, rhesus monkey rhadinovirus, and retroperi toneal 

f ibromatosis-associatedd herpesviruses (RFHV); the N ew 

Wor ldd monkey viruses, herpesvirus saimiri (HVS), and 

herpesviruss ateles (HVA) ; equine herpesvirus type 2 

(EHV2);; and mur ine herpesvirus 68 (MHV68; refs. 1-6). 

H H V 88 is strongly associated with Kaposi 's sarcoma (KS) in 

HIV- infectedd individuals, body cavity-based lymphomas, 

andd Cast leman's disease (7-10). The only other human 

gammaherpesv i rus,, Epstein-Barr virus, is associated with 

l ymphomass and nasopharyngeal carcinoma (11). 

Testss for ant ibodies to both lyti c and latent H H V 8 antigens 

cann identify not only most HIV-infected individuals diag-

nosedd with K S but also those at increased risk to develop 

K SS (12-18). Recently, we showed that seroconversion to a 

recombinantt H H V 8 lytic-phase capsid antigen, v p l 9, en-

codedd by O R F 6 5, a n d / or the latent-phase nuclear antigen 

(LANA )) encoded by O R F 7 3, is highly predictive of KS 

(19).. Among HIV-infected persons, those who seroconvert 

forr HHV 8 after H I V infection are at higher risk to develop 

KSS than those who seroconvert for H H V 8 before H I V in-

fection.. T ime-dependent adjustment for C D 4+ cell count 

andd HIV- 1 RNA copy number have no impact on this addi-

tionall  risk, although the C D 4+ cell count was an independ-

entt risk factor for KS (19). 

Thee current study was designed to investigate the persis-

tencee of antibody responses to the lytic-phase capsid 

(ORF65)) and latent-phase nuclear (ORF73) antigens and to 

assesss whether seroconversion follows a burst in H H V 8 

productionn and is associated with clearance of serum vire-

mia.. In addition, we studied the impact of H I V and KS on 

thee antibody response to O R F 6 5 / v p l9 and O R F 7 3/ 

LAN AA to identify virus reactivation. Subsequently, we in-

vestigatedd the association between H H V 8 seroconversion 

amongg HIV-seroposit ive and HIV-seronegative individuals 

andd the practice of particular sexual behaviors over the 

coursee of the H H V 8 epidemic. 
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Material ss  and Method s 

Studyy Participants, Clinical 
Follow-Up,, and Study Design. 

Subjectss for the present study enrolled in the Amsterdam 

Cohortt Studies: 1,458 homosexual men and 1,167 injecting 

drugg users as described by Renwick et al. (19). To determine 

whetherr participants were HHV8 seronegative or seroposi-

tive,, their most recently obtained serum sample was tested 

byy an enzyme immunoassay (EIA) involving recombinant 

HHV88 proteins (see below). If a sample tested negative, the 

individuall  was considered to have had no antibodies against 

HHV88 throughout his or her participation. If a sample 

testedd positive, the sample taken at enrollment of the cohort 

studyy was tested to determine whether seroconversion had 

occurredd during follow-up. If so, the year of seroconversion 

wass determined by testing serum samples at yearly intervals 

and,, within the year of seroconversion, at intervals of 3-6 

months.. The midpoint between the last negative sample 

andd the first positive sample (seroconversion sample) was 

consideredd the date of HHV8 seroconversion. However, to 

investigatee the potential for false negativity, the enrollment 

sampless of 200 participants whose most recent sample had 

testedd negative were evaluated with the EIA system. A posi-

tivetive result at entry was found for 9 of the 200, yielding a pu-

tativee false negativity rate of 4.5% [95% confidence interval 

(CI):: 2.1-8.4]. 

Detectionn of HHV8 Antibodies. 

Wee used an EIA format as described earlier (13, 19) by uti-

lizingg either recombinant ORF65/vpl9, associated with the 

lyticc stage of HHV8 infection (13), or a carboxyl-terminal 

fragmentt of the LANA that is encoded by ORF73 (20). In 

thee case of HHV8, we deal with imperfect reference stan-

dardss because HHV8 cannot be cultured currendy and 

HHV88 DNA is found only in 58-67% of peripheral blood 

mononuclearr cells and 46% of serum from KS patients (21). 

Forr our analysis, results from the EIA system with an opti-

call  density of 0.350 or more for ORF65/vpl9 or 0.375 or 

moree for ORF73/ LANA were considered HHV8-sero-

positive.. These cut-off values were three times the SD of 

thee mean optical density from a panel of 40 HIV-uninfected 

IVV drug-using women representing low risk for KS. In addi-

tion,tion, to evaluate the cut-off points in our population of in-

terest,, receiver operator characteristic curves for both anti-

bodyy tests were calculated (Fig. 1), showing sensitivity and 

specificityy according to different optical density cut-off 

points.. The best theoretical cut-off value is the point on the 

curvee that is closest to the upper left-hand corner. For this 

analysis,, we used samples from 71 participants with KS of 

thee homosexual men cohort as an index for true positivity, 

andd from all 302 women from the drug user cohort as an in-

dexx for true negativity, because no KS had occurred among 

thesee women in 12 years of follow-up. Based on these pa-

rameters,, the sensitivity of the combined assay format (pos-

itivee for either ORF65/vpl9 or ORF73/LANA or both) 

wass 81.7% (95% CI: 70.7-89.9) and the specificity was 

90.76%% (95%) CI: 86.9-93.8). 

Too facilitate comparison of antibody levels to ORF65 and 

ORF73,, serum-over-cut-off (S/C) ratios were calculated. 

S/CC ratios greater or equal to 1, representing positive anti-

bodyy results, were compared among HIV-infected partici-

pantss with KS before and after KS was diagnosed. S/C ra-

tiostios were calculated in HIV-infected participants without 

KSS according to the following five CD4 categories: 

401-500,301-400,201-300,101-- 200, and 1-100 cel ls /mm\ 
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Figuree 1. Receiver-operator characteristic curve for assays to de-
tectt antibodies against HHV8 lytic ORF65 (A) and latent 
ORF733 (B) antigens. 

Detectionn of HHV8 DNA. 

Too detect HHV8 DNA in serum, we developed a sensitive 

nestedd PCR. Primers were designed based on the HHV8 se-

quencee in the plasmids used for the expression of the 

ORF655 and ORF73 antigens (13, 20). Both plasmids were 

purifiedd and used in in vitro reconstruction experiments. 

Thee sensitivity of the assay was measured by limiting dilu-

tionn of the purified linearized plasmids (cut with the restric-

tionn enzyme BamHl). Both PCRs were optimized to detect 

reproduciblyy an input of one to five plasmid copies. Nucleic 

acidss were isolated by using a previously described method 

startingg with 100 ml of serum (22). One-fifth of the isolated 

nucleicc acids were amplified with ORF65- or ORF73-spe-

cificc primers. The sense primer 5'-ORF65-l 

(5'-GAGTTTCCGCGGCGTCGGCTTA)) and the anti-

sensee primer 3'-ORF65-4 (GGGTTTCCTCGCGTCGG-

CCA)) were used in the first PCR of ORF65, and sense 

primerr 5'-ORF73-l (5'-AGCTAGGCCACAACACATCT) 

andd the antisense primer 3'-ORF73-4 (5'-ACAATAAGTT-

ATGGGCGACT)) were used in the first ORF73 reaction. 

Amplificationn was performed in our standard PCR mix 

containingg buffer, dNTPs, Taq, and optimized MgCb. in a 

totall  volume of 50 ml (23). One-twentieth of the amount 

usedd in the first reaction was subjected to the second round 

off  amplification by using the sense primer 5'-ORF65-2 

(5'-GACGTTCACCGTGCCTTCGA)) and antisense 

primerr 3'-ORF65-3 (5'-GGCCGTTTCCGTCGTGGAT-

GA)) for ORF65 detection and the sense primer 

5'-ORF73-22 (5'-AGGATGGAAGACGAGATCCA) and 

thee antisense primer 3'-ORF73-3 (5'TCTGGTCCAGGG-

TGGGGCAA)) for ORF73 detection. The amplified frag-

mentss (169 bp for ORF65 and 150 bp for ORF73) were 

identifiedd by gel electrophoresis. Random PCR fragments 

weree directly sequenced to confirm the origin of the ampli-

fiedfied fragments and all belonged to the ORF65- or 

ORI;73-encodedd genome fragments, respectively. 

PCRR testing of serum samples of participants began with 

thee first sample that tested positive for HHV8 and was ex-

tendedd to samples taken 3-6 months before and after the 

seroconversionn point to determine whether the positive re-

actionn was due to a reactivation or due to a primary infec-

tion.. Samples were available for 175 of 215 homosexual 

menn who were identified as seroconverter for HHV8. Al-
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thoughh the nested PCR made detection possible to the 

one-moleculee level, HHV8 DNA could be detected in only 

188 of the 175 (10.3%) HHV8 seroconverters. 

Statisticall Analysis. 

Levelss of antibodies against antigens encoded by ORF65 

andd ORF73 were compared by using Student's /test among 

HIV-infectedd and HIV-uninfected participants who 

seroconvertedd for HHV8. This comparison was done for 

participantss who seroconverted for ORF65/vpl9 only, or 

ORF73// LAN A only, and for those who seroconverted for 

bothh antigens. In the latter group the order of 

seroconversionn was compared by using %z test. 

Seroconversionn rates for HIV or HHV8 per calendar year 

weree calculated and expressed as cases per 100 person years 

(pyrs)) of follow-up, or incidence density (ID), and 95% CI. 

Polynomiall  smoothing was applied to ID curves to illustrate 

thee change or stability of the ID over time. 

HHV88 Antibody Profiles in 
thee Seroconverter Population. 

AA total of 215 HHV8 seroconverters were identified among 

homosexuall  men. Of these, 106 (49%) seroconverted for la-

tentt antigen ORF73,159 (74%) seroconverted for lytic anti-

genn ORF65, and 50 (23%) seroconverted for both antigens. 

Fig.. 2 shows the seroconversion in six persons with differ-

entt antibody patterns. The antibody levels for both ORF65 

andd ORF73 antigens are persistently elevated, although 

withh different heights. In patient D, the seroconversion for 

HIVV was associated with a temporary increase in antibodies 

Too determine the year that HHV8 was introduced in the 

community,, the estimation of the survival distribution for 

HHV88 seroconversion was done among persons starting 

HHV8-- seronegative until the known date of HHV8 

seroconversionn or censored for the other statuses or lost to 

follow-up,, by using the exponential form of this survival 

distribution.. The validity of the exponential form was 

checkedd by fitting a Weibull distribution and testing 

whetherr or not the scale parameter could be assumed to 

equall  1 (meaning an exponential distribution). After esti-

matingg the incidence per year, as a parameter of the expo-

nentiall  survival distribution, and the HHV8 seroprevalence 

att the start of the cohort, we computed the year at which the 

viruss could have been introduced, at the latest. For this pur-

posee we used the well established relation between the Pois-

sonn distribution and the number of events up to a certain 

timetime and the gamma distribution (i.e., exponential in this 

case)) of that time to event (24). Thus, for example, if the in-

cidencee is 50 per year and there are 100 cases, 2 years are re-

quiredd to reach this prevalence and even longer if some of 

thee 100 patients died. 

againstt ORF65/vpl9. Among the 50 individuals 

seroconvertingg for both ORF65/vpl9 and ORF73/ 

LANA ,, HIV-seronegative individuals seroconverted in 

37.5%% of cases (9 of 24) for ORF65/vpl9 before 

ORF73/LANA,, in 33.3% (8 of 24}  for ORF73/LANA be-

foree ORF65/vpl9, and simultaneously in 7 cases. In con-

trast,, HIV-seropositive individuals seroconverted in only 

15.4%,, of cases (4 of 26) for ORF65/vpl9 before 

ORF73/LANA,, in 65.4% (17 of 26) for ORF73/LANA 

beforee ORF65/vpl9, and in 5 cases simultaneously (P -

0.066).. HIV-infected and HIV-uninfected persons 

seroconvertingg for either ORF65 or ORF73 antigens had 

Result s s 
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Figur ee 2. Antibody responses against HHV8 lytic ORF65 and latent ORF73 antigens in six homosexual individuals, either HIV-infected 
(patientss A and B), HIV seroconverters (patients C and D), or HIV-seronegative (patients Dand E); dashed line, ODof ORF65; 
solidd line, OD of ORF73; vertical, dashed tine, KS diagnosis. 
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Figur ee 3. S/CC ratios for antibody responses to HHV8 lytic ORF65 and latent ORF73 antigens in HIV-infected and uninfected homosex-
uall men (A), in HIV-infected men without KS according to five CD4 categories (401-500, 301-400, 201-300, 101-200, and 
11 -100 cells/mm3), and in HIV-infected men with KS before and after KS was diagnosed [ORF65 (B) and ORF73 (C)]. Of 71 pa-
tientss with KS, 69 had samples taken before and after KS was diagnosed. Of these, 41 and 44 tested positive for antibodies 
againstt ORF65 before and after KS was diagnosed, respectively (B); 36 and 33 tested positive for antibodies against ORF73 
beforee and after KS was diagnosed, respectively (C). 
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comparablee antibody levels at the first sample that tested 

positive.. However, higher antibody levels against both 

ORF65/vpl99 and ORF73/LANA were observed during 

follow-upp in HIV-infected persons (Fig. 3A). For 

ORF65/vpl9,, the median S/C ratio in HIV-infected indi-

vidualss is 2.3 vs. 1.6 for non-HIV-infected individuals (P -

0.0001).. For ORF73/LANA, these figures are 3.3 and 1.9, 

respectivelyy (P = 0.0001). To investigate the impact of a KS 

event,, we compared HHV8 antibody levels in samples 

takenn before and after KS development in HIV-infected in-

dividuals.. The median S/C ratio for antibodies against 

ORF65/vpl99 was 3.0 (interquartile range 1.5-4.7) before 

andd 4.9 (3.9-5.5) after KS was diagnosed (Fig. 3B; P = 

0.004).. Concurrently, the median CD4 cell count was 290 

(140-430)) cells/mm1 before and 75 (10-200) cells/mm3 af-

terr KS was diagnosed. The median S/C ratio for antibodies 

againstt ORF73/LANA was 4.8 (2.0-5.3) and 3.7 (1.8-5.0), 

respectivelyy (Fig. 3C; P = 0.28), and median CD4 cell count 

att the time samples was obtained among the positive tested 

personss was 380 (265-635) cells/mm3 before and 30 

(10-160)) cells/mm3 after KS was diagnosed. 

Forr five CD4 cell count categories in HIV-infected partici-

pantss without KS, the median S/C ratios of the positive test 

resultss were: 1.8, 2.0, 2.3, 2.9, and 3.0 for ORF65/vpl9 and 

2.8,, 3.1, 3.3, 3.5, and 4.1 for ORF73/LANA in patients with 

CD44 ranging from 401 to 500, 301 to 400, 201 to 300, 101 

too 200, and 1 to 100, respectively (Fig. 3 B and C). The S/C 

ratioss for ORF65/vpl9 showed a statistically significant in-

creasee when CD4 cell declined, but the increase for 

ORF73/LANAA S/C ratios was not significant (P = 0.04 and 

PP - 0.38, respectively). 

HHV88 DNA in Serum During Seroconversion. 

Wee detected HHV8 DNA in 18 of 175 HHV8 

seroconverterss (10.3%; 95% CI: 5.8-14.8%), with compara-

blee proportions of HIV-infected men in the group with and 

withoutt demonstrable HHV8 DNA (61% and 54%, respec-

tively).tively). The DNA could be measured either before (n =8), 

att (n 5 9),, or after (n = 1) HHV8 seroconversion (Fig. 4). 

HHV88 DNA positivity did not persist, although four cases 

weree positive on two or more consecutive occasions. The 

codingg region for ORF65, ORF73, and both ORF65 and 

ORF733 was detected by PCR in 11 of 18 cases, 4 cases, and 

33 cases, respectively. The period from the last negative until 

thee first positive PCR ranged from 63 to 189 days and from 

thee first positive PCR until the first subsequent negative 

PCRR ranged from 65 to 182 days, bracketing a maximum 

periodd of HHV8 serum DNA positivity of 364 days. The 

windoww phase from HHV8 DNA positivity until HHV8 

antibodyy positivity ranged from 0 to 112 days. However, be-

causee of the sampling frequency of 3 months, duration of 

DNAA presence of less than 3 months could not be esti-

mated. . 

H0236 6 

H0596 6 

H0016 6 

H6094 4 

H0480 0 

H6029 9 

H0140 0 

H0485 5 

H0034 4 

H0494 4 

H0384 4 

HOII 36 

H6062 2 

HO078 8 

H0415 5 

H0270 0 

H0118 8 

H1153 3 

or r 

iii ii i 

00-10000 -400 

1 1 

-300 0 

11 1 

It t 

II I 
II I 
II I 

II I 
-200 0 

11 1 
1 1 

11 1 
1 1 
1 1 

11 1 
1 1 
1 1 

II I 
II I 
II I 
II I 
II I 
II I 

II I 
II I 

-100 0 

++ II 
- I II
++ II 
++ II 
++ II 
++ 1 
++ 1 
-1 1 
-1 1 
-1 1 
- 1 1 
- 1 1 
++ 1 
++ 1 
++ 1 
++ 1 
++ 1 
-- I I ' 

0 0 

II I 
II I 

II I 
II I 
II I 
II I 

II I 

II I 
II I 

II I 
II I 
1! ! 
II I 
II I 

100 0 

LZTJHHV88 seronegative 
r~ZTJHHV88 seropositive 

CZUU negative PCR 

++ HIV-positive 

-- HIV-negative 

ZJ J 

11 II 
2000 300 40 

dayss sinc e HHV8 seroconversio n 

Figur ee 4 HHV8 antibody status and PCR positivity for HHV8 DNA 
inn serum among HIV-seropositive(+) and HlV-sero-
negative(-)) homosexual men. 

I l l l 



HHV88 and HIV Seroconversion Rates. 

Withinn the Amsterdam Cohort Studies, the HIV serocon-

versionn rate among homosexual men has dropped between 

19844 and 1996 from 7.1 to 1.8 per 100 pyrs and among IV 

drugg users between 1985 and 1996 from 7.1 to 3.1 per 100 

pyrss (Fig. 5A). In contrast, the HHV8 seroconversion rate 

hass remained relatively stable both for homosexual men, at 

3.66 per 100 pyrs, and injecting drug users, at 0.7 per 100 pyrs 

(Fig.. 5B). In the cohort of homosexual men, the HHV8 

seroconversionn rate among those with HIV infection is 

consistentlyy higher (6.0 per 100 pyrs) than in those without 

HIVV infection (2.6 per 100 pyrs) (Fig. 5C), but this differ-

encee is not seen among the men and women in the drug-us-

ingg cohort. Survival analysis indicated that HIV seroposi-

tivit yy negatively influenced HHV8-free survival of homo-

sexuall  men, but that CD4+ cell counts had no impact on the 

ratee of HHV8 seroconversion, either in the HIV-sero-

positivee or in the HIV-seronegative group. HIV-infected 

homosexuall  men with more than 15,850 HIV-1 RNA cop-

iess had no increased risk over men with low HIV-1 

RNAcopyy numbers for seroconversion for HHV8 (relative 

riskk 50.96, 95% CI: 0.58-1.63; P = 0.91). 

Too compute the latest point in time at which the HHV8 

couldd have been introduced in both the homosexual com-

munityy and injecting drug users, an exponential survival 

curvee was fitted for HIV-seronegative individuals, exclud-

ingg the potential effect of HIV . We found the exponential 

curve,, implying a constant hazard, justified, because the 

Weibulll  curve did not yield a better fit. We estimated the lat-

estt year of introduction by dividing the prevalence in a 

givenn year by the incidence rate. This is justified by the cor-

respondencee of the exponential distribution and the Pois-

sonn distribution (24). HHV8 was introduced in the commu-

nityy of homosexual men no later than 1956 (95% CI for 

1951-1961),, and for injecting drug users this was 1983 (95% 
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CII  for 1982-1984). However, it must be stressed that this is 

ann approximation, as the prevalence is used, instead of an 

exact,, true cumulative incidence. Thus, the denominator 

mightt be underestimated especially in cases in which a lon-

gerr period exists between the introduction of the virus and 

startt of the observation (calculated prevalence); for that rea-

son,, the estimate for the homosexual men should be re-

gardedd with caution. 

HHV88 Seroconversion Rate and Sexual Behavior 
inn the Course of the AIDS-KS Epidemic. 

Ass we have reported previously (25), the one behavioral pa-

rameterr associated with HHV8 seroconversion in the ho-

mosexuall  cohort was the number of partners with whom 

orogenitall  sex was practiced (P = 0.04), whereas no such as-

sociationn was found for anogenital or oroanal sex. The odds 

ratioo for orogenital sex with more than five partners is 4.13 

(95%% CI: 2.34-7.31). When adjusted for HIV seropositivity, 

thiss figure increased in HIV-seronegative individuals to 

5.955 (95% CI: 2.88-12.29), as was reported by Dukers et al. 

(25).. In this study, the risk to seroconvert for HHV8 among 

HIV-seronegativee individuals increased with the number of 

sexuall  partners with whom orogenital sex was practiced, 

whereass in HIV-infected men such a dose-response effect 

wass not observed. 

Thee dynamics of unprotected oral and unprotected anal 

sexuall  behavior was studied in the course of the epidemic 

(Fig.. 6). Whereas the proportion of cohort participants re-

portingg unprotected anogenital intercourse declined from 

88%% in 1985 to 57% in 1996, no decline was noted in the 

proportionn of participants reporting unprotected oral sex 

(93%% in 1986 vs. 98% in 1996) (Fig. 6A). Likewise, the num-

berr of partners with whom unprotected oral sex was prac-

ticedticed remained stable or increased slightly, whereas a nega-

tivetive trend was seen regarding partners in unprotected anal 

intercoursee (Fig. 6B). In 1985, 50% practiced unprotected 

anall  sex with three or more partners and 25% did so with 

fivee or more, whereas in 1996, 75% practiced unprotected 
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anall  sex with only a single partner or not at all. Unprotected 

orogenitall  sex was practiced by 50% with two or more peo-

plee and was practiced by 25% with four or more in 1986 

Inn this study we sought to investigate events around the 

pointt of HHV8 seroconversion and to provide evidence 

thatt seroconversion reflects, in general, primary HHV8 in-

fection.. Because our EIA, based on two recombinant 

HHV 88 proteins, has a sensitivity of 81.7%, it is likely that we 

missedd some seroconverters in our retrospective study. In 

somee cases, primary infection may have happened some-

timee before seroconversion, and two examples for this are 

shownn in Fig. 4. However, in most seroconverters with de-

tectablee viremia (Fig. 4), virus was detectable close to the 

pointt of seroconversion. The overall persistence of HHV8 

antibodiess points to persistent antigen presentation even 

whenn HHV8 DNA cannot be detected in blood except in 

HHV8-seropositivee individuals progressing to or diagnosed 

withh KS. This suggests that the virus remains present some-

wheree in the body in a latent or lytic stage of replication, 

boostingg the antibody levels continuously, as found previ-

ouslyy in the case of the mouse gammaherpesvirus, MHV68 

(26).. We have demonstrated that HIV infection boosts 

HHV 88 antibody levels, as reflected in S/C ratios, to both 

thee lytic cycle capsid protein encoded by ORF65 and the la-

tentt nuclear antigen encoded by ORF73. Among 

HIV-infectedd individuals, CD4 cell decline and KS devel-

opmentt are associated with a further rise in ORF65 anti-

bodies,, suggesting promotion of active virus replication. 

HHV 88 antibody levels to ORF65/vp 19 are higher in people 

developingg KS compared with those with low CD4 levels 

developingg an opportunistic infection (Fig. 3B). The reason 

thatt we do not see, on average, an increase in 

ORF73/LANAA antibody titers after the development of 
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comparedd with 50% with four or more and 25% with nine 

orr more people 10 years later. 

KSS development may be that the S/C ratios of 

ORF73/LANN A antibodies are already boosted to their peak 

levelss by HIV infection. This notion is corroborated bv the 

observationn that among HIV- infected individuals, HHV8 

seroconversionn tends to occur to ORF73/LANA before 

ORF65/vpl99 (Fig. 2). Possible explanations include a lack 

off  T cell-mediated control of ORF73/LANA-expressing, 

latentlyy infected cells or a role of increased inflammatory 

cytokinee levels in HIV-infected patients in increasing its ex-

pression.. In patients with nasopharyngeal carcinoma, reac-

tivationtivation of Epstein-Barr virus is reflected by elevated titers 

off  antibodies to both viral capsid and nuclear antigens that 

risee with severity7 of the disease (27); the same might be true 

forr HHV8 during disease progression. 

Duringg primary HHV8 infection, the period of virus pro-

ductionn before antibody development and the subsequent 

clearancee of virus from the blood apparently takes only 

monthss instead of years. This relatively short window phase 

andd rapid control of viremia is seen also in infections with 

MHV688 and other rhadinoviruses (28). Serum HHV8 vire-

miaa in HHV8-infected individuals is short-lived even dur-

ingg the acute phase of infection. 

Thee low rate of HHV8 serum viremia seen in this study 

thereforee may be explained at least partly by the fact that 

sampless had been collected only in 3 monthly intervals. The 

levell  of viremia may be expected to be somewhat higher in 

peripherall  blood mononuclear cells, although in our experi-

encee the copy numbers are still very low, i.e., about 10-100 
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copiesymll  of plasma vs. 100-1,000 per 10f) peripheral blood 

mononuclearr cells in KS patients (29). This accords with re-

centt data reported by LaDuca et al. (30). 

Takenn together, our data support the assumption that most, 

iff  not all, HHV8 seroconverters have primary infections. 

Basedd on this assumption, HHV8 is estimated to have been 

introducedd in the Dutch homosexual community in about 

1956.. Because of the relatively low sensitivity of the assay 

(81.7%),, an underestimation of the incidence as well as the 

prevalencee might have occurred. An underestimated inci-

dencee results in an underestimation of the risk of HHV8 in-

fection.. This potential error together with the underestima-

tiontion of the prevalence subsequently will be compensated in 

thee estimation of the introduction time because this is a ra-

tiotio of both underestimated figures. In a separate study (25), 

wee demonstrated that HHV8 seroprevalence was higher in 

menn of Southern European origin enrolled in our cohort. 

Dutchh companies actively recruited Southern Europeans to 

thee Netherlands in the 1950s. The first to immigrate, from 

19499 on, were Italians (31). Only in the 1960s did substan-

tiall  numbers of individuals immigrate from Spain, Portugal, 

Greece,, and the former Yugoslavia (32). The earliest immi-

grants,, who settled largely in Amsterdam, came from north-

ernn Italy and from Sardinia, an island that is noted for 

HHV88 endemicity (33-35). 

Thee data reported here and in previous communications 

(25)) strongly indicate that the stable HHV8 seroconversion 

ratee among homosexual men participating in the Amster-

damm Cohort Studies is related to the persistence of unpro-

tectedd orogenital sex in this group. An earlier report on a co-

hortt of Danish homosexual men (17) had reported a 

markedd decrease in HHV8 incidence between 1981 and 

1984,, i.e., before the start of our cohort, which could ex-

plainn this apparent difference. Our observations fit  with the 

findingfinding that the oropharynx serves as the source of HHV8, 

ratherr than the port of entry, taking into account the sub-

stantiallyy higher HHV8 load in saliva compared with semen 
(30).. The findings are reminiscent of Epstein-Barr virus, for 
whichh intimate oral contact with the exchange of saliva was 
firstfirst established as the major route of transmission by 
Hoaglandd (37) and confirmed by Evans (38). Additional ev-
idencee for the oral shedding of infectious virus comes from 
thee animal rhadinovirus group. MHV68 reaches the highest 
titerss in the respiratory tract and causes disease after experi-
mentall  infection by the intranasal route but not by the i.v. 
routee (39). The highest frequency of isolation of EHV2, an-
otherr member of the rhadinovirus group, is from the bron-
chiall  lymph nodes as well as nasal swabs of naturally in-
fectedd horses (40). Infectious virus was isolated from the 
lungss of mice experimentally infected with EHV2, but no 
infectiouss virus was found in their blood or lymphoid tis-
suess (41). HVS is highly frequent among both captive and 
ferall  squirrel monkeys, in which virus was consis-tendy iso-
latedd from oropharyngeal secretions (42). 

However,, transmission of HHV8 among homosexual men 

byy oral sex obviously does not represent the usual route of 

HHV88 transmission in endemic countries, where most 

transmissionn appears to occur in childhood (43-46). In this 

setting,, early studies suggest HHV8 transmission in fami-

lies,, perhaps from mother to child or among siblings 

(43-46).. Such a route of transmission also could involve sa-

liva,, and the importance of oral sex among gay men re-

portedd here and previously (25) thus could represent an un-

usuall  way of saliva-mediated transmission. We conclude 

thatt most if not all cases of HHV8 seroconversion among 

HIVV seronegatives reflect primary HHV8 infection from 

orogenitall  sex. Seroconversion appears to follow replica-

tiontion and seeding of HHV8 in a new host and result in rapid 

controll  of viremia. HIV-induced immunodeficiency may 

furtherr enhance HHV8 replication, which boosts the anti-

bodiess to lytic antigen, an effect that is even more pro-

nouncedd after development of KS, and also accelerates the 

appearancee of antibodies to the latent nuclear antigen. 
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