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Highh prevalence of Epstein-Barr  viru s type 2 among 
homosexuall  men is caused by sexual transmission 
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Highh prevalence of Epstein-Barr  viru s type 2 in homosexual men 
iss caused by sexual transmission 

Debbiee van Baarle, Egbert Hovenkamp, Nicole H.T.M. Dukers, Neil Renwick, 
Mariee José Kersten, Jaap Goudsmit, Roel A. Coutinho, Frank Miedema and 

Marinuss H. J. van Oers. 

Too investigate whether  EBV type 2 infection is highly prevalent among homosexual 
men,, we studied EBV type 2 prevalence in homosexual and heterosexual Caucasian 
menn at high and low risk for  sexual transmitted diseases and correlated these data 
wit hh sexual behavior. In homosexual men EBV type 2 prevalence was significantly 
higherr  than in heterosexual men (39% vs 6%). In high risk heterosexual men EBV 
typee 2 prevalence was significantly higher  than in low risk heterosexual men (15%  vs 
0%).. In univariat e analyses, EBV type 2 infection in homosexual men was 
significantlyy associated with HIV-seropositivity , increased numbers of intercourse 
partners,, non-Dutch nationality and HHV8-seropositivity. In multivariat e analyses, 
ann independent association with EBV type 2 was only observed for  HIV -
seropositivityy and number  of sex partners. These data support the conclusion that 
EBVV type 2 is more prevalent among Caucasian homosexual men and is caused by 
sexuall  transmission. 

Introductio n n 

Epstein-Barrr Virus (EBV), a gamma 
herpesvirus,, causes widespread 
persistentt infection of the human 
population.11 Two EBV types exist, 1 and 
2,, which differ in the genes encoding the 
transformationn associated nuclear 
antigenss EBNA-2 2<3 and EBNA-3A, -3B 
andd -3C 4 and therefore display distinct 
biologicall  differences. Both virus types 
cann be transmitted orally and infect B 
lymphocytess in vivo. In addition, EBV 
cann be transmitted via a haematogenous 
routee in sexual contact. 
Inn healthy individuals it has been shown 
thatt only a single EBV strain is present in 
peripherall  blood B lymphocytes. 5 Type 
11 strains are more prevalent in 
Caucasiann and Asian populations, 
whereass both types are common in 

Africaa and New Guinea. However, 
withinn the Caucasian population, HIV-1 
infectedd individuals are exceptional as to 
theirr EBV status: they have been found 
too be frequently infected with EBV type 
22 and a high percentage of the AIDS 
patientss is superinfected with type 1 and 
2.. 6 This has been ascribed to 
immunodeficiency. . 
Interestingly,, in HIV-infected haemo-
philiacss the prevalence of EBV type 2 
(super)infectionn was found to be much 
lowerr than in HIV-infected homosexual 
men,, 7 suggesting that HIV-induced 
immunosuppressionn is not the principle 
explanationn for EBV-superinfection. 
Recently,, we have used a type-specific 
PCRR directly on PBMC to study EBV-
typee prevalence in different groups of 
HIV-11 infected individuals, 8 



5656 Chapter 3 

includingg progressors to AIDS 
developingg non Hodgkin's Lymphoma 
(AIDS-NHL),, Opportunistic Infections 
(AIDS-OI)) or Kaposi's Sarcoma (AIDS-
KS)) and Long-term asymptomatic 
individuals.. We found a high prevalence 
off  EBV type 2 in all groups (50-62%). 
However,, infection with EBV type 2 was 
nott related to the degree of 
immunodeficiencyy and was frequently 
foundd already early in HIV-1 infection. 
Therefore,, these results might be a 
reflectionn of a high EBV type 2 
prevalencee among homosexual men. In 
addition,, our finding that AIDS-KS 
patientss in particular had a high 
prevalencee of EBV type 2 infection 
suggestedd that type 2 infections might be 
associatedd with specific sexual behavior, 
becausee the KS-inducing Human 
Herpesviruss 8 (HHV8) has been shown 
too be sexually transmitted, probably by 
oro-genitall  contact. 9; 10 To further test 
thiss hypothesis here, we extended the 
EBVV type analysis to groups of HIV-1 
seronegativee homosexual and 
heterosexuall  men and correlated the 
resultss with more detailed data on 
sexuall  behavior. 

Material ss and Methods 

Studyy population 

Wee analyzed blood samples from 85 
HIV-11 seropositive homosexual men and 
1133 HIV-1 seronegative homosexual 
men,, who all were participants of the 
Amsterdamm Cohort studies on AIDS and 
HIV-11 infection. These individuals at 
riskk for HIV-1 infection visited the 
Municipall  Health Services every three 
months,, when a medical history and 

physicall  examination were carried out, 
bloodd samples were collected for HIV-1 
serologyy and immunological studies and 
PBMCC were cryopreserved. At entry and 
everyy six months participants filled in a 
standardizedd behavioral questionnaire. 
Furthermore,, we studied blood samples 
fromm 108 healthy bloodbank donors: 54 
malee and 54 female ("low risk 
heterosexuals")) as well as 60 randomly 
selectedd heterosexual men who visited 
thee Amsterdam out patient clinic for 
sexuall  transmitted diseases (STD) ("high 
riskk heterosexuals"). Median age of the 
individualss was 39 years (range 21-66) 
andd did not differ between groups. 

Lymphocytee isolation and B cell lines 

PBMCC were isolated from heparinized 
bloodd by Ficoll-hypaque density 
centrifugation.. B cells were purified by 
positivee selection using CD19 
microbeadss and MiniMacs using the 
protocoll  as described by the 
manufacturerr (Milteny Biotec, 
Germany). . 
Thee B95.8 cell line and the Ag876 cell 
linee were used as a source of EBV type 1 
andd EBV type 2, respectively. The EBV-
negativee B cell line BJAB was used as a 
negativee control. 

DNAA extraction and Polymerase Chain 
reactionn (PCR) for  EBV typing 

BB cells were lysed by addition of L6-lysis 
buffer.. Genomic DNA was extracted by 
precipitationn with isopropanol and 1-2 
ugg was amplified in a nested-PCR in 50 
ull  reactions containing 5 ul lOx PCR 
buffer,, 1.5 mM MgCl^ lOmM dNTPs 
andd 1 U DNA Taq polymerase as 
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describedd recently 8 using non-type 
discriminatingg EBNA-2 primers in the 
firstt reaction. The region within the 
EBNA-22 gene discriminating between 
EBVV type 1 and 2 was amplified with 
type-specificc nested primers. After PCR 
thee identity of the amplified EBV 
fragmentt was confirmed by Southern 
blott analysis using y^P-fdATPJ-labeled 
type-specificc probes. 
Thee assay was shown to be type-specific 
andd could detect as low as 5 EBV copies 
perr 104 EBV-negative human diploid 
genomess or genomes containing the 
otherr EBV type. 

HHV 88 serology 

Serumm samples were tested for 
antibodiess to recombinant HHV8 lytic-
phasee capsid (ORF65) antigen and 
latency-associatedd nuclear (ORF73) 
antigenn (LANA) by enzyme immuno-
assayy (EIA) as described recently.11 

Statisticall  analysis 

Forr comparison of EBV type 2 
prevalencee between homosexual and 
highh and low risk heterosexual men y} 
testss were performed. Among the 
homosexuall  men, we assessed risk 
factorss for EBV type 2 infection. Several 
demographicc and sexually related 
variabless were examined. As the 
variablee on the number of sexual 
partnerss represents the number in the 5 
yearss preceding study entry through the 
datee of EBV typing, and thus depends on 
thee time the participant was in follow-
up,, we represented this variable as the 
numberr of sex partners corrected for 

timee since follow-up. Logistic regression 
wass used to obtain univariate and 
multivariatee odds ratio's (OR's) and 95 
percentt confidence intervals (CI's) to 
quantifyy variation in estimates. 
Multivariatee analyses were performed 
usingg a stepwise forward procedure 
(SPSSS version 7.5 for Windows, SPSS 
Inc.,, Chicago, Illinois) 

Results s 

1.. EBV types in homosexual and 
heterosexuall  men 

EBVV type analysis was performed in 85 
HIV-11 infected homosexual men, 113 
HIV-seronegativee homosexual men and 
1144 HIV-1 seronegative heterosexual 
menn using a type-specific nested PCR 
assayy that could detect as low as 5 EBV 
copiess per 104 human diploid genomes. 
Withinn these groups EBV sequences 
couldd be detected in 97% (n=81), 80% 
(n=90)) and 82% (n=93), respectively. As 
shownn in figure la, in HIV-negative 
homosexuall  men the proportion of total 
typee 2 infection (type 2 and dual 
infectionn with type 1) is significantly 
lowerr (39%) than in HIV-positive 
homosexuall  men (67%, p<0.001). In 
addition,, EBV type 2 prevalence in the 
totall  group of HIV-negative heterosexual 
menn was 6%, i.e. significantly lower than 
inn HIV-negative homosexual men 
(p<0.001). . 

Ass shown in figure lb, none of the 
heterosexuall  men at low risk for STD 
(n=53)) were infected with EBV type 2. 
Thee same result was obtained in 54 HIV-
negativee heterosexual women at low risk 
(dataa not shown). In contrast, within the 
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groupp of heterosexual men at high risk 
forr STD (n=40), 10% harbored EBV type 
22 only and an additional 5% had a dual 
infection.. The EBV type 2 prevalence in 
highh risk heterosexual men (15%) was 
significantlyy higher than in low risk 
heterosexuall  men (0%, pO.001). 
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FigureFigure 1. EBV type prevalence in 
homosexualhomosexual and heterosexual men 
a.a. EBV type 1, EBV type 2 and dual infection 
inin EBV-positive HIV-1 infected homosexual 
menmen and EBV-positive HIV'-seronegative 
homosexualhomosexual and heterosexual men. * 
significantlysignificantly different (x2, p<0.001) 
b.b. EBV type 1, EBV type 2 and dual infection 
inin EBV-positive HIV-negativc "high" and 
"low""low"  risk heterosexual men (for definition see 
Methods).Methods). EBV-typing was carried out by 
type-specifictype-specific PCR-analysis on purified B cells 
asas described in section Methods. * significantly 
differentdifferent (X

2, p<0.001) 

LegendsLegends table 1. 
AmongAmong the homosexual men, risk factors for 
EBVEBV type 2 infection were assessed. Logistic 
regressionregression was used to obtain univariate and 
multivariatemultivariate odds ratio's (OR's) and 95 percent 
confidenceconfidence intervals (Cl's) to quantify 
variationvariation in estimates. HHV-8, human 
herpesvirusherpesvirus 8; HIV, human immunodeficiency 
virus. virus. 
tt Characteristics of homosexual men (n=171); t 
OddsOdds ratio; ^95% confidence interval 
**  estimated risk for number of sex partners is 

correctedcorrected for time since follow-up (categorical 
variable),variable), as the number of sex partners is the 
reportedreported number from the five years preceding 
studystudy entry through the date of EBV testing; 
TrendTrend toward higher EBV type 2 prevalence 
withwith increasing numbers of partners, 0.004. 
numbernumber of partners with whom receptive 

and/orand/or active sexual intercourse was performed 
inin the 6 months preceding EBV typing. Trend 
towardtoward higher EBV type 2 prevalence with 
increasingincreasing numbers of oroanal sex partners, 
0.055. 0.055. 

2.2. EBV type 2 infection in homosexual 
menn in relation to sexual behavior 

Dataa on sexual behavior and HHV8 
serologyy were available for the 171 
homosexuall  men (table 1). Individuals 
harboringg an EBV type 2 strain (n=88) 
weree compared with individuals 
withoutt EBV type 2 infection (n=83). 
Univariatee analysis showed that EBV 
typee 2 prevalence increased with the 
numberr of sexual partners. Also, men 
withh HIV positive serostatus, HHV8 
positivee serostatus and men with non-
Dutchh nationality had a higher 
prevalencee of EBV type 2 infection. No 
associationn was found with specific 
sexuall  techniques, although there was a 
borderlinee significant trend towards 
higherr EBV type 2 prevalence with 



Tab l ee 1. Preva lence 
character ist icss a m o ng 

Characteristicss f 

Age e 
<=30 0 
31-35 5 
3^40 0 
41-45 5 
>45 5 

Nationality y 
Non-Dutch h 
Dutch h 

HHV8 8 
No o 
Yes s 

HIV V 
No o 
Yes s 

Sexpartnerss in prec 5 yrs* 
<KL00 0 
101-200 0 
201-300 0 
301-400 0 
401-500 0 
>500 0 

£ £ 
Oro-anal l 

0 0 
1 1 
2-5 5 
>5 5 
Unknown n 

£ £ 
Oro-genital l 
0 0 
1 1 
2-5 5 
>5 5 

£ £ 
Ano-genital l 
0 0 
1 1 
2-5 5 
>5 5 

SexualSexual transmission 

off  EBV typ e 2 in fec t ion by sexual 
1711 homosexual m en 

EBV V 

Prevalence e 
[n/total(%)] ] 

10/166 (62.5) 
15/333 (45.5) 
22/477 (46.8) 
19/366 (52.8) 
22/399 (56.4) 

13/177 (76.5) 
75/1544 (48.7) 

47/1066 (44.3) 
41/655 (63.1) 

34/900 (37.8) 
54/811 (66.7) 

15/399 (38.5) 
17/366 (47.2) 
15/300 (50.0) 
7/199 (36.8) 
11/188 (61.1) 
19/244 (79.2) 

19/522 (36.5) 
9/244 (37.5) 
10/188 (55.6) 
17/111 (63.6) 
53/666 (65.2) 

19/333 (57.6) 
19/400 (47.5) 
19/444 (43.2) 
24/411 (58.5) 

37/633 (58.7) 
18/377 (48.6) 
15/377 (40.5) 
11/211 (52.4) 

typee 2 INFECTIONS 

Univariatee analysis 
OR* * 

1 1 
0.50 0 
0.53 3 
0.67 7 
0.78 8 

1 1 
0.29 9 

1 1 
2.14 4 

1 1 
3.29 9 

1 1 
1.47 7 
1.68 8 
1.07 7 
3.06 6 
7.05 5 

1 1 
1.04 4 
2.17 7 
3.04 4 

1 1 
0.67 7 
0.56 6 
1.04 4 

1 1 
0.67 7 
0.48 8 
0.77 7 

95%CH H 

P=0.7259 9 
(0.15-1.70) ) 
(0.17-1.69) ) 
(0.20-2.24) ) 
(0.24-2.56) ) 

P=0.0383 3 
(0.09-0.94) ) 

P=0.0182 2 
(1.14-4.04) ) 

P=0.0002 2 
(1.76-6.18) ) 

P=0.0370 0 
(0.55-3.94) ) 
(0.60-4.69) ) 
(0.32-3.60) ) 
(0.90-10.47) ) 
(2.05-24.24) ) 

P=0.2499 9 
(0.38-2.83) ) 
(0.73-6.44) ) 
(0.79-11.74) ) 

P=0.4315 5 
(0.26-1.69) ) 
(0.22-1.39) ) 
(0.41-2.63) ) 

P=0.3642 2 
(0.29-1.51) ) 
(0.21-1.09) ) 
(0.29-2.09) ) 
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behav iorr  a nd o ther 

Multivariatee analysis 
OR* * 

1 1 
3.69 9 

1 1 
1.97 7 
2.15 5 
1.36 6 
3.73 3 
9.62 2 

95%CH H 

P=0.0077 7 
(1.41-9.64) ) 

P=0.0204 4 
(0.69-5.60) ) 
(0.73-6.30) ) 
(0.38-4.83) ) 
(1.04-13.42) ) 
(2.62-35.38) ) 
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increasingg numbers of partners with 
whomm oro-anal sex (active, receptive or 
both)) was performed. 
Inn multivariate analysis EBV type 2 
infectionn was statistically significantly 
associatedd with HIV-infection and the 
numberr of sexual partners. Homosexual 
menn with more than 500 sexual partners 
hadd a nearly 10 times greater risk to be 
EBVV type 2 infected than men with less 
thann 100 sexual partners. HIV-infected 
homosexualss had an almost 4 times 
greaterr risk to have an EBV type 2 
infection,, (tablel) 

Discussion n 

Upp to now analysis of EBV strains in B-
lymphoblastoidd cell lines has shown that 
11 to 3 % of healthy Caucasian EBV-
carrierss in Europe harbor a type 2 strain. 
66 To our knowledge this is the first study 
inn which EBV type prevalence was 
investigatedd in Caucasian homosexual 
menn and was compared to heterosexual 
individualss using direct EBV type 
analysiss of peripheral blood B 
lymphocytes.. We observed a high 
prevalencee of EBV type 2 infection in 
homosexuall  men as compared to 
heterosexuall  men and obtained evidence 
thatt EBV type 2 is sexually transmitted, 
att least among homosexual men. 

Ourr study provides evidence that EBV 
typee 2 is transmitted by sexual contact in 
Westernn Europe, First, in homosexual 
menn we found a significant association 
betweenn EBV type 2 infection and an 
increasingg number of partners. This high 
EBVV type 2 prevalence could not be 
attributedd to a specific sexual technique, 
althoughh there was a trend in the 

numberr of partners with whom oro-anal 
sexx was practiced. Second, HIV-positive 
homosexuall  men have a higher EBV 
typee 2 prevalence than HIV-negative 
homosexuall  men. This was not due to 
thee degree of immunodeficiency as 
shownn in our previous study. 8 A more 
likelyy explanation may be that HIV-
positivee persons tend to have sex with 
HIV-seroconcordantt persons, leading to 
moree EBV type 2 virus exposure for 
HIV-positives.. This has also been 
suggestedd as an explanation for HHV8. 
10 0 

Third,, EBV type 2 prevalence in high 
riskk heterosexual men was significantly 
higherr than in low risk heterosexual 
men,, suggesting that EBV type 2 
infectionn is also related to sexual 
behaviorr in heterosexual contacts. 
Interestingly,, EBV type 2 infected 
homosexuall  men had a higher 
prevalencee of HHV8-infection than EBV 
typee 1 infected homosexual men in 
univariatee analysis. Because HHV-8 
prevalencee also increases with an 
increasee in the number of sexual 
partners,, this suggests that EBV type 2 
mayy resemble HHV8 in its mode of 
sexuall  transmission. 9; 10 

Thee fact that EBV type 2 prevalence in 
HIV-negativee homosexuals is higher 
thann in HIV-negative heterosexuals was 
probablyy not caused by differences in 
EBVV load (recent data in our lab show no 
differencee in EBV load between type 1 
andd type 2 infected individuals) and 
supportss the recently proposed idea that 
EBVV type 2 infection is endemic among 
Caucasiann homosexual men. 7 This could 
bee explained by the fact that EBV type 2 
hass been introduced in this community 
byy sexual contacts with persons from 
areass where EBV type 2 is endemic and 
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iss further transmitted by multiple sexual 
contacts. . 
Sexuall  transmission of EBV is quite 
likely,, because EBV is shed from many 
mucosall  sites, including both female and 
malee genital tracts. n One group 
reportedd that among homosexual men a 
higherr percentage shed virus from the 
genitall  tract (50%) than from the 
oropharynxx (25%). 13 In addition, EBV 
hass been detected in the anal region of 
sexuallyy active homosexual men. u 

Givenn the fact that EBV type 2 is hard to 
catch,, despite the high prevalence in 
homosexuall  men, argues against kissing 
ass the main route of transmission and 
sexuall  transmission is likely to occur in 
thiss study group. In parts of Africa, 
wheree EBV type 2 prevalence is high 
amongg the adult population as well as 
amongg children with Burkitt's 
lymphomas,, EBV type 2 is probably 
acquiredd by oral transmission in 
childhood. . 

Thee fact that homosexual men with more 
thann 500 partners had a nearly 10 fold 
greaterr risk to be EBV type 2 infected, 
whilee this infection was only moderately 
increasedd in homosexual men with 100-
4000 sexual partners, indicates that EBV 
typee 2 is not easily transmitted and 
thereforee requires high exposure. 
Althoughh the mechanism of this 
relativelyy poor efficiency of transmission 
off  EBV type 2 remains to be established, 
itt may explain why EBV type 2 infection 
iss highly prevalent in individuals with 
multiplee sexual partners and is virtually 
nott found among the general Caucasian 
population. . 
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