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We have undertaken a large-scale study of various tissues from normal controls and patients with Kaposi’s
sarcoma (KS) or other malignancies, both with and without human immunodeficiency virus infection, to
determine the prevalence of human herpesvirus 8 (HHV-8) DNA. A total of 566 specimens were analyzed by
PCR for the presence of HHV-8 DNA. Of the samples tested, 251 were obtained from patients with KS and 315
were obtained from patients without KS. HHV-8 DNA was detected in 103 (41%) of the 251 samples from
patients with KS. In particular, 92% of KS tumor specimens were positive. None of the tissues from patients
without KS showed evidence of HHV-8 DNA. Sequencing and phylogenetic analyses indicate a high degree of
conservation (97.5 to 100%) among the HHV-8 strains tested.

Classic Kaposi’s sarcoma (KS) was first described in 1872 by
Moriz Kaposi (4). It is characterized as an indolent disease
occurring in elderly men of Mediterranean or Jewish descent
(20). Subsequently, a different form of KS termed endemic KS
was identified in Africa by Kaminer and Murray in 1950 (15).
In the 1980s, AIDS-associated KS, also referred to as epidemic
KS, was shown to cause significant morbidity if not increased
mortality in AIDS patients (9–11).
Recently, a putative gammaherpesvirus, termed KS-associ-

ated herpesvirus or human herpesvirus 8 (HHV-8), has been
implicated as a possible etiologic agent for KS on the basis of
the presence of discrete herpesvirus-like DNA sequences in
the majority of tumor specimens obtained from KS patients
with and without AIDS (6, 7, 12, 19, 24). We have previously
reported on the presence of HHV-8 DNA sequences in tumor
specimens from patients with classic, African endemic, and
AIDS-associated (epidemic) KS (12). In addition, analysis of
matched specimens of tumors, semen, and blood from patients
with epidemic KS suggested that HHV-8 may be transmitted
by semen and/or blood (13). Whitby et al. (26) provided further
evidence as to the causal role of HHV-8 by showing that the
detection of HHV-8 DNA sequences in peripheral blood
mononuclear cells (PBMs) of human immunodeficiency virus
(HIV)-infected individuals without KS predicted the develop-
ment of KS lesions.
We have undertaken a large-scale analysis of specimens

from KS patients, including sera and/or plasma, PBMs, tumor
lesions, and semen, along with specimens from non-KS neo-
plasms and normal tissues. A total of 566 specimens from
patients seen or referred to the authors’ institutions were pro-
cessed for PCR analysis. Included in this study were specimens
analyzed and described in previous publications by the authors

(11, 12). These specimens were 24 HIV-positive epidemic KS
skin lesions, 2 HIV-negative homosexual KS skin lesions, 8
classic KS skin lesions, 10 African endemic KS skin lesions, 3
HIV-positive epidemic KS PBMs, and 3 HIV-positive KS se-
men samples. This study had Institutional Review Board ap-
proval, and all patients gave informed consent. DNA was or-
ganically extracted from sera and plasma. DNA from PBMs
and semen was extracted with phenol-chloroform as previously
outlined (17) or by a rapid lysis method (8). Fresh skin tissues
were treated with proteinase K, and then the DNA was organ-
ically extracted. Paraffin-embedded tissues were processed as
described by Slack et al. (22) and Miller et al. (18). Great care
was taken to clean the microtome blade with HCl and NaOH
between sections in order to eliminate possible contamination
of samples. Sections of paraffin without tissue were cut and
subjected to PCR amplification with HHV-8-specific primers
as an additional control. DNA quantitation was accomplished
by spectrophotometry for organically extracted tissue samples.
PBM cell counts were made with a Coulter counter prior to
rapid lysis, with 1.5 3 105 cells yielding approximately 1 mg of
input DNA.
Amplification of extracted DNA was accomplished accord-

ing to the protocol described by Huang et al. (12) with modi-
fications based upon optimization for Mg21 concentration, pH,
and temperature. One microgram of target DNA was added to
a final reaction mixture containing 50 pmol of each primer
specific for herpesvirus-like DNA; 2.0 mM MgCl2; 10 mM
Tris-HCl (pH 9.0); 50 mM KCl; 180 mM (each) dATP, dCTP,
dGTP, and dUTP; 2 U of AmpliTaq DNA polymerase (Perkin-
Elmer Cetus, Norwalk, Conn.); 17 mg of bovine serum albu-
min; and 1 U of uracil-N-glycosylase (Perkin-Elmer Cetus) in
a total volume of 100 ml. Primer sequences for the KS330233
amplicon were as described by Huang et al. (12). Each primer
included a 21-bp linker attached to the 59 end which contained
restriction endonuclease sites (sense, 59-ACAGGTACCTGC
AGATCTAGA-39; antisense, 59-TACGAGCTCGCGAATTC
ATGA-39). Lack of PCR amplification of original sample
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DNA with primers designed against only the 21-bp nonhuman,
nonviral linker sequences was used to demonstrate an absence
of carryover contamination (1). Prior to addition to the reac-
tion mixture, the DNA polymerase was incubated for 10 min at
room temperature with a 50-fold molar excess of anti-Taq
antibody TP1 and a 5-fold molar excess of anti-Taq antibody
TP4 (kindly provided by Johnson & Johnson Clinical Diagnos-
tics Systems, Inc., Rochester, N.Y.) (21), which allowed for hot
start PCR conditions. Also, the reaction mixture was incubated
at room temperature for 5 min prior to PCR to allow for
uracil-N-glycosylase sterilization (16). Samples were amplified
for 35 cycles as described previously (12). All samples were
also amplified with the human beta-globin gene primers PCO3
and PCO4 in a quantitative PCR assay (14) to confirm the
presence of sufficient amounts of amplifiable human DNA. To
prevent carryover contamination, all pre- and post-PCR reac-
tions were conducted by separate personnel in different build-
ings.
Detection of amplified HHV-8 DNA sequences was accom-

plished by Southern blot hybridization as described by Huang
et al. (12). The threshold of detection was approximately 10
copies of HHV-8 DNA in a background of 1 mg of total DNA
input (data not shown). This was determined by amplifying
replicate dilutions, in normal human DNA, of an HHV-8-
positive KS tumor specimen whose copy number had previ-
ously been established by normalization with a cloned frag-
ment of HHV-8 DNA. At a dilution of 10 HHV-8 copies per
aliquot, the replicates were positive approximately 60% of the
time. Amplified HHV-8 DNAs from a total of 26 KS samples
were sequenced as previously described (11).
A total of 251 specimens from patients with KS were ob-

tained and analyzed by PCR for the presence of HHV-8 DNA
sequences (Table 1). HHV-8 DNA was detected in 103 of
these 251 specimens (41.0%). Biopsies of KS skin lesions ac-
counted for the highest percentage of samples reactive by
PCR, with 44 of 48 (91.7%) being positive. HHV-8 DNA was
detectable in a majority of KS skin lesions from patients with
AIDS-associated (28 of 28, 100%), classic (7 of 8, 87.5%), and
African endemic (7 of 10, 70%) KS, along with 2 of 2 speci-
mens (100%) from homosexual HIV-negative KS patients. Six
of 26 (23%) specimens of normal-appearing skin obtained
from patients with KS were also noted to be positive for
HHV-8 DNA. In addition, 46 of 101 (45.5%) PBMs from
patients with KS were shown to be reactive. Semen and sera
and/or plasma from KS patients also demonstrated detectable
HHV-8 DNA, with 4 of 33 (12.1%) and 3 of 43 (7.0%) being
positive, respectively.
A total of 315 specimens were available from patients with

no evidence of KS (Table 1). All of these samples were noted
to be negative for the presence of HHV-8 DNA. These spec-
imens included samples from patients with and without HIV
infection. Tissues analyzed included normal skin biopsies,
PBMs, pediatric lymphomas, adult lymphomas (Hodgkin’s and
non-Hodgkin’s), carcinomas (lung, anal, and skin), and PBMs
from large granular lymphocyte leukemia patients (Table 1).
Phylogenetic analysis was performed on 193 bp of HHV-8

DNA from various isolates, including those obtained from
AIDS-associated KS, African endemic KS, and classic KS sam-
ples (6, 12). Homologous Epstein-Barr virus (EBV) and her-
pesvirus saimiri (HVS) (subgroup A) sequences were used as
outgroup roots (2, 3). A heuristic search utilizing the parsi-
mony method (25) yielded a phylogram (Fig. 1) in which indi-
vidual HHV-8 DNA isolates were evident as unique sequences
but did not cluster according to KS sample type. The diver-
gence among HHV-8 strains ranged from 0 to 2.5%, and as
expected, the HHV-8 sequences were more closely related to

TABLE 1. PCR analysis of specimens for HHV-8 DNA sequences

Samplea No. HHV-8 positive % HHV-8 positive

Patients with KS
KS skin lesion
HIV1 epidemic 28/28 100
Classic 7/8 87.5
African endemic 7/10 70
Homosexual HIV2 2/2 100

Subtotal 44/48 91.7

Normal-appearing skin 6/26 23

Subtotal 6/26 23

PBM
HIV1 epidemic 46/99 46.5
Homosexual HIV2 0/2 0

Subtotal 46/101 45.5

Semen
HIV1 epidemic 4/31 12.9
Homosexual HIV2 0/2 0

Subtotal 4/33 12.1

Serum
HIV1 epidemic 3/28 10.7
Homosexual HIV2 0/2 0

Subtotal 3/30 10

Plasma, HIV1 epidemic 0/13 0

Subtotal 0/13 0

Total 103/251 41

Patients without KS
Normal skin 0/10 0

Subtotal 0/10 0

PBM
HIV1 0/64 0
HIV2 (normal controls) 0/163 0

Subtotal 0/227 0

Pediatric lymphoma 0/8 0

Subtotal 0/8 0

Adult lymphoma
HIV1 0/28 0
HIV2 0/9 0

Subtotal 0/37 0

Carcinoma
HIV1 0/10 0
HIV2 0/2 0

Subtotal 0/12 0

LGL leukemia (PBM) 0/21 0

Subtotal 0/21 0

Total 0/315 0

a HIV1, HIV positive; HIV2, HIV negative; LGL, large granular lymphocyte.
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HVS than to EBV. Distinct clades among the HHV-8 strains
were not supported by significant bootstrap values. The exis-
tence of unique HHV-8 DNA sequences substantiates the
point that these sequences represent real HHV-8 strains and
do not represent PCR carryover contamination with a single
laboratory amplicon. Taq DNA polymerase has been shown to
have a fidelity greater than a 1-bp error rate per 193 bp in our
laboratory, with as many as 20 clones from the same PCR-
amplified target showing identical DNA sequences (data not
shown).
In this study, we have substantiated, with a large-scale anal-

ysis, the prevalence of HHV-8 DNA in various tissue speci-
mens from KS patients. Of particular note is the presence of
HHV-8 DNA in semen and blood components of individuals
with KS, again suggesting a possible mode of transmission via
body secretions. Whitby et al. (26) reported that HHV-8 de-
tection in peripheral blood cells of HIV-positive patients with-
out KS predicted the subsequent appearance of KS lesions.
Their patient population included 189 HIV-infected individu-
als, 145 of whom were homosexual and 7 of whom were bisex-
ual. In our study, virtually all of the 64 HIV-positive patients

without KS had intravenous drug abuse as the primary risk
factor as opposed to homosexuality. This factor is a possible
explanation for the lack of detectable HHV-8 DNA in our
subgroup.
HHV-8 DNA has also been found in tissue specimens from

patients with diseases other than KS. Soulier et al. (23) re-
ported the association of HHV-8 DNA sequences with multi-
centric Castleman’s disease, and Cesarman et al. (5) reported
the presence of HHV-8 DNA sequences in AIDS-related
body-cavity-based lymphomas but not in any other type of
lymphoid neoplasm. In our analysis, we were unable to detect
HHV-8 DNA in any of the adult lymphoma specimens that we
tested, including 28 from HIV type 1 (HIV-1)-positive individ-
uals. However, none of our HIV-1-infected lymphoma patients
seem to meet the clinical criteria for Castleman’s disease or
body-cavity-based lymphoma (5, 23). In addition, HHV-8
DNA sequences were not detected in pediatric lymphomas,
adult carcinomas, or large granular lymphocyte leukemias.
The results of our large-scale analysis support previous im-

plications of an association between HHV-8 and KS and the
potential role of body fluids in the transmission of the putative
viral agent. Why only 92% and not 100% of KS tumor lesions
were positive for HHV-8 is unclear. Possible explanations in-
clude sequence differences relative to our primers and probes
among some HHV-8 strains, low HHV-8 copy number in the
negative tumor samples, or the presence of low-level inhibitors
of PCR. In addition, the absence of detectable HHV-8 DNA in
315 specimens from patients without KS lends further cre-
dence to the specificity of the HHV-8–KS association.
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