
Abstract. Background: It has already been established that
the prevalence of human herpes virus 8 (HHV8) in the general
population varies among different geographical areas. The
objective of this study was to evaluate the prevalence of HHV8
infection in the Greek population. Materials and Methods:
Eight hundred blood samples were collected consecutively from
human immunodeficiency virus (HIV)-negative individuals
without evidence of Kaposi’s sarcoma (KS). All individuals
were Greeks and were classified according to gender, age and
geographic origin. HHV8 DNA sequences were detected by
nested-PCR. Results: An overall HHV8 positivity rate of 9.6%
was found. Analysis of the KS330 region within ORF-26
revealed that the HHV8 strains were distributed to the C1, C3
or A1 subtypes. Logistic regression showed no association
between HHV8 presence and geographic regions in Greece.
The results indicate that very few individuals (4.3%) were
exposed to HHV8 before 15 years of age. The infection rate
peaked (16.4%) between the ages of 31 and 40. Females and
males showed similar prevalence of HHV8. Conclusion: The
data suggest that HHV8 is spread in Greece, but to a lesser
extent than that observed in other Mediterranean countries.
The fact that HHV8 was also found in individuals under 15
years of age indicates that a small percent of HHV8
transmission could occur through non-sexual contacts.

Human herpes virus 8 (HHV8) has been associated with

different forms of Kaposi’s sarcoma (KS), including the rare

cases of HIV-positive body cavity-based lymphoma and the

multicentric Castleman disease (1, 2).

HHV8 is not, however, restricted to KS patients.

Epidemiological and molecular studies have suggested that

HHV8 could be widespread in the general population,

especially in geographic areas where KS is prevalent (3-5).

However, the mechanism by which HHV8 is spread and the

magnitude of this phenomenon within defined populations

remains unclear. In developed countries, depending on the

study, 1%-25% of the general population is HHV8 sero-

positive (3, 6-9). The infection rates are much higher in

developing countries. HHV8 DNA has been detected in

22.5% of peripheral blood mononuclear cells of blood

donors in central Africa (10), a sero-positive rate of 50%

has been reported for children in Uganda (11) and a high

sero-positivity of 80%-100% has been observed in blood

samples from Gambia and the Ivory Coast (8).

In contrast to the abundance of studies from the United

States, Europe, Africa, Asia and Mediterranean areas, little

information is available about HHV8 in Greece, an area

considered endemic for "classic" KS (12). In order to

evaluate the prevalence of HHV8 DNA sequences in the

Greek population, a large-scale analysis of sera samples

from HIV-negative individuals without KS was performed.

Materials and Methods

Patients. A total of 800 individuals, 405 females and 395 males, aged

between 0 and 95 years, from different areas of Greece, were enrolled

in the study. Individuals were classified by geographical region of

birth and residence, sex and age. Regarding the region of birth and

residence, 407 subjects had been born and lived in the central region

of Greece, 185 in the Peloponnese, 44 in Epirus, 40 in Thessaly, 39 in

the Aegean islands, 36 in Macedonia, 26 in Crete, 17 in the Eptanisa,

and 6 in Thrace. Individuals with possible risk factors for HHV8

infection (i.e. HIV infection, organ transplantation) were excluded
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from the study. Sera were collected by centrifugation of blood at 

1500 rpm for 5 min and then stored at –20ÆC until tested.

DNA extraction and PCR assay. DNA from blood was extracted using

the QIAamp Blood Kit (Qiagen, Hilden, Germany). To confirm the

DNA integrity, a 430-bp sequence in the human GAPDH
(glyceraldehyde-3-phosphatate dehydrogenase) gene was amplified.

Nested PCR detection of HHV8 was performed as previously

described. A primer set amplifying a 700 bp fragment (sense and

antisense, respectively) HHV8AF (5’ AGCACTCGCAGGGCA

GTACG 3’) and HHV8AR (5’ GACTCTTCGCTGATGAACTGG

3’) was used (13). The amplification of the external region was 2 min

at 94ÆC for initial denaturation, 35 cycles at 94ÆC for 30 sec, 60ÆC

for 30 sec and 72ÆC for 45 sec, and 72ÆC for 5 min as final extension.

The PCR product (2 Ìl) was added to an inner PCR reaction

mixture and amplified for 30 additional cycles using primers

amplifying the 233-bp KS330233 region of the sequence associated

with HHV8: HHV8BF (5’ AGCCGAAAGGATTCCACCAT 3’)

and HHV8BR (5’ TCCGTGTTGTCTACGTCCAG 3’).

Amplification products were analyzed for the presence or absence

of the 233 bp expected band (ORF-26) on a 2% agarose gel

containing ethidium bromide. In order to closely monitor the

occurrence of PCR false-positive results, negative controls, including

reaction mixtures lacking any DNA template or HHV8-negative

human DNA, were regularly analyzed in each reaction. Negative

controls were also included during both sample preparation and

DNA extraction. To prevent carry-over contamination, all pre- and

post-PCR reactions were conducted by separate personnel in

different laboratories. Positive results were confirmed by DNA

sequencing of PCR products (Taq DyeDeoxy Terminator Cycle

Sequencing kit and ABI 373A DNA Sequencer; Perkin-Elmer,

Forest City, CA, USA).

Alignments and phylogenetic analysis. HHV8 subtypes based on

ORF-26 were assigned on the basis of previous reports (14, 15).

Phylogenetic analysis of the sequences was performed using the

PHYLIP package, version 3.5C. A majority-rule consensus tree was

computed from 100 bootstrap replications using that package (16).

The DNA sequence data for the prototype A1(BCBL-R),

A4(BCBLB), A5(Ug374), B1(431KAP), B2(Ug81), B2*(UgD1),

BCBL-1, C1(ASM72), C3(BC2), C3(BC3), D1(TKS10) and

D2(ZKS3) subtype genes are available from GenBank (accession

no. AF133038 to AF133044, AF130289, AF130291, AF13092,

AF170531 and U86667).

Statistical analysis. Differences in the frequencies of results for the

study groups were analyzed by the Chi-square test. P values of 0.05

or less were considered statistically significant. Inference was

performed with SPSS 11.0 (SPSS Inc., Chicago, IL, USA) and

GraphPad 3.0 (GraphPad Software,Inc., San Diego, CA, USA).

Results

A total of 800 specimens from HIV-negative individuals with

no evidence of KS were obtained and analyzed by PCR for

the presence of HHV8 DNA sequences. HHV8 DNA was

detected in 77 of these 800 specimens (9.6%). By studying

in vivo 19: 729-732 (2005)

730

Table I. Prevalence of HHV8 DNA in 800 individuals with complete demographic data and results from multivariable logistic regression analysis.

Prevalence of HHV8 DNA sequences

Demographic variables Subjects (n) HHV8-positive (n) % OR ; 95% CI p-value

Sex

Male 395 35 8.9 1.00

Female 405 42 10.4 1.11; 0.68 – 1.81 0.672

Age (years)

0-15 46 2 4.3 1.00

16-30 114 10 8.8 0.99; 0.20 – 4.95 0.999

31-40 128 21 16.4 4.19; 0.89 – 19.62 0.069

41-50 103 8 7.8 0.98; 0.19 – 5.03 0.982

51-60 121 12 9.9 1.27; 0.26 – 6.15 0.769

61-70 180 13 7.2 0.89; 0.18 – 4.29 0.885

>70 108 11 10.2 0.78; 0.16 – 3.84 0.761

Geographic area

Central Greece 407 45 11 1.00

Peloponnese 185 20 10.8 0.99; 0.56 – 1.76 0.984

Epirus 44 5 11.4 1.16; 0.42 – 3.17 0.773

Thessaly 40 0 0 -

Aegean islands 39 2 5.1 0.56; 0.13 – 2.45 0.441

Macedonia 36 4 11.1 0.79; 0.26 – 2.46 0.695

Crete 26 1 3.8 0.37; 0.05 – 2.84 0.339

Eptanisa 17 0 0 -

Thrace 6 0 0 -



the KS330 region within ORF-26, the HHV8 strains were

found to be distributed to the C1, C3 or A1 subtypes.

HHV8 detection was similar in men and women (8.9%

and 10.4%, respectively, p=0.672). The highest rates were

found in Epirus (11.4%), Macedonia (11.1%), Central

Greece (11%), and the Peloponnese (10.8%), and the

lowest in the Aegean islands (5.1%) and in Crete (3.8%).

The study did not, however, detect significant differences in

HHV8 prevalence between these different areas. No HHV8

DNA was found in samples derived from Thessaly, the

Eptanisa and Thrace regions. However, from the two latter

areas very few samples were available.

In order to study the effects of age, the population was

stratified into seven age groups (Table I). HHV8 presence

in individuals under 15 years of age was low (4.3%).

Specifically, HHV8 DNA was found in a 2-year-old child

and an 11-month-old infant. The rate of HHV8 positivity

rose in subjects between 16 and 30 years of age (8.8%) and

peaked in the 31- to 40-year (16.4%) age group. Thereafter,

rates declined to around 7-10%. Nevertheless, logistic

regression showed no significant differences between age

groups nor association between HHV8 positivity and sex.

Discussion

Although, many attempts have been made, using molecular

and serological assays, to define the prevalence and

transmission of HHV8, exact prevalence rates are still

uncertain. However, there is consensus that the prevalence

of HHV8 infection is geographically diversified. In some

Mediterranean regions, such as Italy, and in African

countries, such as Zambia and Uganda, HHV8 prevalence

rates among HIV-negative individuals are reported to be

higher that those for the United States or northern

European countries (5, 6-8, 17, 18).

Greece has been considered as endemic for "classic" KS

(12), but little is known regarding the prevalence of HHV8

infection in the general population. The aim of the present

work was to investigate the distribution of HHV8 DNA

sequences among healthy individuals in Greece and to

evaluate whether the infection can be acquired by non-

sexual transmission routes.

In general, a moderate HHV8 positivity rate (9.6%) was

found in HIV-negative subjects, without KS, in Greece. To

our knowledge, the other only study of HHV8 presence

among healthy blood donors in Greece was that of Simpson

et al. (19), who tested 26 HIV-negative Greek individuals,

without KS, 11.5% of whom tested positive for HHV8 (19).

Our results are similar, indicating that the prevalence of

HHV8 in Greece is, roughly, 10%.

Our results did not reveal any significant difference of

HHV8 presence among females and males, although KS has

been reported to be more frequent in males than in females

(20). It is possible that sex-specific risk factors may be

implicated in KS development. Furthermore, although

southern Greece has a high incidence of KS (21), we did not

observe statistically significant differences in the prevalence

of HHV8 among individuals from different regions.

Similar to findings from the United States and in contrast

to those from Africa and Italy, this study indicates that,

before 15 years of age, HHV8 infection in Greece is rare

(4.3%) (3, 4). However, this also suggests that routes other

than sexual transmission, such as direct transmission, may

be involved in the spread of HHV8. Most of the infection

in Greece was noted to occur between 31 and 40 years of

age, and the 4-fold increased risk, relative to the 0 to 15

year age group, approached statistical significance. Analysis

of the KS330 region within ORF-26, revealed that the

HHV8 strains were distributed to the C1, C3 or A1

subtypes. In general, our findings are in agreement with

previous studies reporting that the A and C subgroups are

common in Europe (22, 23).

Overall, our results indicate that there is considerable

presence of HHV8 in the general population in Greece and

that non-sexual routes may also contribute to HHV8

transmission. In Greece, the prevalence of classic KS that

has been reported is 0.47/1,000,000 population (24). Thus,

the relatively significant proportion of HHV8 detection

supports the hypothesis that KS occurs more frequently in

populations with a higher rate of HHV8 infection.

Finally, our results suggest that HHV8 is not restricted to

individuals at risk of developing KS, but may establish

infections in the general population which remain latent

until various factors contribute to activation of the virus.

References

1 Huang VQ, Li JJ, Kaplan MH, Poisez B, Katabira E, Zhang

WC, Feiner D and Friedman-Kien AE: Human herpes virus-

like nucleic acid in various forms of Kaposi’s sarcoma. Lancet

345: 759-761, 1995.

2 Boshoff C, Whitby D, Hatzioannou T, Boshoff C, Fisher C, van

der Walt J, Hatzakis A, Weiss R and Schulz T: Kaposi’s

sarcoma associated herpes virus in HIV-negative Kaposi’s

sarcoma. Lancet 345: 1043-1044, 1995.

3 Cattani P, Cerimele F, Porta D, Graffeo R, Ranno S, Marchetti

S, Ricci R, Capodicasa N, Fuga L, Amico R, Cherchi G,

Gazzilli M, Zanetti S and Fadda G: Age-specific seroprevalence

of human herpesvirus 8 in Mediterranean regions. Clin

Microbiol Infect 9: 274-279, 2003.

4 Huang LM, Huang SY, Chen MY, Chao MF, Lu CY, Tien HF,

Lee CY and Jeang KT: Geographical differences in human

herpesvirus 8 seroepidemiology: a survey of 1201 individuals in

Asia. J Med Virol 60: 290-293, 2000.

5 Serraino D, Toma L, Andreoni M, Butto S, Tchangmena O,

Sarmati L, Monini P, Franceschi S, Ensoli B and Rezza G: A

seroprevalence study of human herpesvirus type 8 (HHV8) in

eastern and central Africa and in the Mediterranean area. Eur

J Epidemiol 17: 871-876, 2001.

Zavos et al: Prevalence of HHV8 in Greece

731



6 Cattani P, Capuano M, Cerimele F, La Parola IL, Santangelo

R, Masini C, Cerimele D and Fadda G: Human herpesvirus 8

seroprevalence and evaluation of nonsexual transmission routes

by detection of DNA in clinical specimens from human

immunodeficiency virus-seronegative patients from central and

southern Italy, with and without Kaposi’s sarcoma. J Clin

Microbiol 37: 1150-1153, 1999.

7 Gao SJ, Kingsley L, Li M, Zheng W, Parravicini C, Ziegler J,

Newton R, Rinaldo CR, Saah A, Phair J, Detels R, Chang Y

and Moore PS: KSHV antibodies among Americans, Italians

and Ugandans with and without Kaposi’s sarcoma. Nat Med 2:

925-928, 1996.

8 Lennette ET, Blackbourn DJ and Levy JA: Antibodies to

human herpesvirus type 8 in the general population and in

Kaposi’s sarcoma patients. Lancet 348: 858-861, 1996.

9 Martin JN, Ganem DE, Osmond DH, Page-Shafer KA,

Macrae D and Kedes DH: Sexual transmission and the natural

history of human herpesvirus 8 infection. N Engl J Med 338:

948-954, 1998.

10 Belec L, Cancre N, Hallouin MC, Morvan J, Si Mohamed A

and Gresenguet G: High prevalence in central Africa of blood

donors who are potentially infectious for human herpesvirus 8.

Tranfusion 38: 771-775, 1998.

11 Mayama S, Cuevas LE, Sheldon J, Omar OH, Smith DH,

Okong P, Silvel B, Hart CA and Schulz TF: Prevalence and

transmission of Kaposi’s sarcoma-associated herpesvirus

(human herpesvirus 8) in Ugandan children and adolescents.

Int J Cancer 77: 817-820, 1998.

12 Schulz TF: Kaposi’s sarcoma-associated herpesvirus (human

herpesvirus 8): epidemiology and pathogenesis. J Antimicrob

Chemother 45: 15-27, 2000.

13 Gomez-Roman J, Ocejo-Vinyals G, Sanchez-Velasco P, Leyva-

Cobian F and Val-Bernal JF: Presence of human herpesvirus 8

DNA sequences in renal transplantation-associated pleural

Kaposi sarcoma. Arch Pathol Lab Med 123: 1269-1273, 1999.

14 Zong JC, Ciufo DM, Alcendor DJ, Wan X, Nicholas J,

Browning PJ, Rady PL, Tyring SK, Orenstein JM, Rabkin CS,

Su IJ, Powell KF, Croxson M, Foreman KE, Alkan BJ and

Hayward GS: High-level variability in the ORF-K1 membrane

protein gene at left end of the Kaposi’s sarcoma-associated

herpesvirus genome defines four major virus subtypes and

multiple variants or clades in different human populations. J

Virol 73: 4156-4170, 1999.

15 Poole LJ, Zong JC, Ciufo DM, Alcendor DJ, Cannon JS,

Ambinder R, Orenstein JM, Reitz MS and Hayward GS:

Comparison of genetic variability at multiple loci across the

genomes of the major subtypes of Kaposi’s sarcoma-associated

herpesvirus reveals evidence for recombination and for two

distinct types of open reading frame K15 alleles at the

righthand end. J Virol 73: 6646-6660, 1999.

16 Felsenstein J: PHYLIP Version 3.5c, University of Washington,

Seattle, USA, 1993.

17 Rezza G, Lennette ET, Giuliani M, Pezzotti P, Caprilli F,

Monini P, Butto S, Lodi G, Di Carlo A, Levy JA and Ensoli B:

Prevalence and determinants of anti-lytic and anti-latent

antibodies to human herpesvirus-8 among Italian individuals at

risk of sexually and parenterally transmitted infections. Int J

Cancer 77: 361-365, 1998.

18 Angeloni A, Heston L, Uccini S, Sirianni MC, Cottoni F,

Masala MV, Cerimele D, Lin SF, Sun R, Rigsby M, Faggioni A

and Miller G: High prevalence of antibodies to human

herpesvirus 8 in relatives of patients with classic Kaposi’s

sarcoma from Sardinia. J Infect Dis 177: 1715-1718, 1998.

19 Simpson GR, Schulz TF, Whitby D, Cook PM, Boshoff C,

Rainbow L, Howard MR, Gao SJ, Bohenzky RA, Simmonds P,

Lee C, de Ruiter A, Hatzakis A, Tedder RS, Weller IV, Weiss

RA and Moore PS: Prevalence of Kaposi’s sarcoma associated

herpesvirus infection measured by antibodies to recombinant

capsid protein and latent immunofluorescence antigen. Lancet

349: 1133-1138, 1996.

20 Franceschi S and Geddes M: Epidemiology of classic Kaposi’s

sarcoma, with special reference to Mediterranean population.

Tumori 81: 308-314, 1995.

21 Rappersberger K, Tschachler E, Zonzits E, Gillitzer R,

Hatzakis A, Kaloterakis A, Mann DL, Popow-Kraupp T, Biggar

RJ and Berger R: Endemic Kaposi’s sarcoma in human

immunodeficiency virus type 1-seronegative persons:

demonstration of retrovirus-like particles in cutaneous lesions.

J Invest Dermatol 95: 371-381, 1990.

22 Kasolo FS, Monze M, Obel N, Anderson RN, French C and

Gompels UA: Sequence analyses of human herpesvirus-8

strains from both African human immunodeficiency virus-

negative and -positive childhood endemic Kaposi’s sarcoma

show a close relationship with strains identified in febrile

children and high variation in the K1 glycoprotein. J Gen Virol

79: 3055-3065, 1998.

23 Cook PM, Whitby D, Calabro ML, Luppi M, Kakoola M,

Hjalgrim DN Ariyoshi H, Ensoli B, Davison AJ and Schulz TF:

Variability and evolution of Kaposi’s sarcoma-associated

herpesvirus in Europe and Africa. International Collaborative

Group. AIDS 13: 1165-1176, 1999.

24 Stratigos JD, Katoulis AC and Stavrianeas NG: An overview of

classic Kaposi’s sarcoma in Greece. Adv Exp Med Biol 455:

503-506, 1999.

Received March 22, 2005
Accepted April 25, 2005

in vivo 19: 729-732 (2005)

732


