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A dominant epitope within the human herpesvirus 8 (HHV8) ORF 65-encoded protein was mapped to an
8-amino-acid (aa) sequence (RKPPSGKK [aa 162 to 169]) by an amino acid replacement method. Using a
14-aa peptide (P4) encompassing this epitope as the antigen, we developed an enzyme immunoassay for HHV8
antibodies. The presence of P4 antibodies in a panel of 61 human serum specimens was highly correlated with
biopsy-confirmed Kaposi’s sarcoma. The homologous Epstein-Barr virus peptide derived from BFBR3-encoded
protein did not interfere with the assay, suggesting that P4 is specific for HHV8.

A recently identified gammaherpesvirus, human herpesvirus
8 (HHV8), may be the causative agent of Kaposi’s sarcoma
(KS), a tumor commonly associated with human immunodefi-
ciency virus (HIV) infection (1, 4, 19, 21). The presence of
HHV8 antibodies in sera from HIV-infected patients is highly
correlated with the presence or likelihood of developing KS (7,
13, 14, 16, 17, 22). The occasional detection of HHV8 DNA
sequences in semen samples from KS patients indicates that
this agent may be sexually transmissible (9, 11, 12). Further-
more, frequent detection of HHV8 virions in saliva samples
from KS patients suggests that salivary contact could contrib-
ute to HHV8 transmission (15). A rapid and sensitive test for
HHV8 infection is needed for large-scale epidemiologic stud-
ies to determine the prevalence of HHV8 infection in the
general population and to study its role in disease.

Several assays for HHV8 antibodies have been developed.
They include immunofluorescence assay (7, 13, 14, 16, 18),
immunoblotting (8, 17), and enzyme immunoassays (EIA) in a
microtiter plate format (5, 22). The first two assays used anti-
gens expressed in HHV8-carrying cell lines derived from pri-
mary effusion lymphomas. The last assay used either a recom-
binant protein (22) derived from the HHV8 ORF 65 gene or
an 18-amino-acid (aa) peptide (5) of the HHV8 capsid protein
(ORF 26) conjugated to bovine serum albumin as the antigen.
EIA has features that would be useful for routine seroepide-
miologic studies of HHV8 infection because they can be con-
figured for high throughput. The use of synthetic peptide(s) or
recombinant antigens may make this assay more specific than
infected-cell-based assays. However, neither of these assays
was 100% sensitive (60 to 80%) in detecting HHV8 antibodies
in KS patients, and discordant results were observed when they
were compared with other assays. In this study, we identified
the dominant continuous epitope of the ORF 65-encoded pro-
tein and developed a peptide-based EIA for the detection of
HHV8 antibodies in human sera.

MATERIALS AND METHODS

Serum panel. All serum specimens (n 5 61) were collected from the Atlanta
metropolitan area as part of past Centers for Disease Control and Prevention
studies, and were unlinked from personal identifiers prior to testing. One spec-
imen was from a patient with classical KS (i.e., an elderly patient who was HIV
seronegative), and the remaining 60 specimens were from three different groups
of 20 individuals each. The first group (KS1 HIV1) consisted of HIV-infected
homosexual men who had biopsy-confirmed KS (CD41 T-cell counts ranged
from 10 to 660/ml; mean, 269/mL). The second group (KS2 HIV1) consisted of
HIV-infected homosexual men who did not have KS (CD41 T-cell counts ranged
from 7 to 1,246/ml; mean, 255/ml). The third group (KS2 HIV2) consisted of
healthy HIV-negative blood donors (10 men and 10 women).

Synthetic peptides. Peptides were synthesized according to the manufacturer’s
protocol on an automatic synthesizer (model 432A; Applied Biosystems, Foster
City, Calif.), partially purified by reverse-phase high-performance liquid chro-
matography (Bio-Rad, Richmond, Calif.), lyophilized, and stored desiccated at
room temperature until use.

Three overlapping peptides of 31 to 34 residues (P1, aa 91 to 124; P2, aa 117
to 147; and P3, aa 140 to 170) encompassing the C-terminal 80-residue HHV8
ORF 65 protein were synthesized for initial antibody screening. A shorter version
of P3 (P4, aa 157 to 170) corresponding to the last 14 aa of the protein, which was
predicted to be highly immunogenic by a hydrophilicity-based algorithm of Hoop
and Woods (10) (not shown), was also used. For epitope mapping, P4 and 11 of
its analogs (P4.1 to P4.11) which differ from P4 by 1 aa were used (Table 1). For
the competition study, the Epstein-Barr virus (EBV) homolog (QPHDTAPRG
ARKKQ) derived from the corresponding segment of the EBV BFRF3-encoded
protein (2) was used as the competing peptide.

Peptide EIA. Published procedures for peptide EIA were followed (20).
Briefly, peptides were dissolved in carbonate-bicarbonate buffer (0.1 M, pH 9.4)
to a final concentration of 5 mg/ml, and 100 ml of this solution was used to coat
microtiter wells by overnight incubation at 4°C. Peptide-coated wells were
washed once in phosphate-buffered saline (PBS) (pH 7.4) containing 0.05%
Tween 20, air dried, and stored desiccated at 220°C until use. Nonspecific
binding sites of the peptide-coated wells were blocked with 5% nonfat dry milk
(Nestle Food Co., Glendale, Calif.) in PBS containing 0.1% Tween 20 (milk
buffer) for 30 min at 37°C just prior to the assay. Sera were diluted 1:100 in milk
buffer, and allowed to react with peptide-coated wells for 1 h at 37°C. Bound
antibodies were detected with peroxidase-conjugated goat anti-human immuno-
globulin G (IgG) (heavy and light chains) (Bio-Rad) and tetramethyl-benzidine
and hydrogen peroxide substrates (Kirkegaard and Perry Laboratories, Gaith-
ersburg, Md.) after the plates were washed five times with PBS containing 0.05%
Tween 20. The baseline-corrected optical density at 450 nm (OD450) was calcu-
lated as follows: A450 2 A630. The mean corrected OD450 of the 20 KS2 HIV2

specimens plus 5 standard deviations was arbitrarily chosen as the assay cutoff for
each peptide.

Epitope mapping. Three serum specimens highly reactive to peptide P4 were
tested on all 12 peptides listed in Table 1 on a single microtiter plate. The
antibody reactivity of each peptide analog was then compared with that of P4.

Competition assay. Six P4-reactive serum specimens (three highly and three
moderately reactive) were chosen for this study. Diluted serum samples (1:100 in
milk buffer) were first incubated with the competing EBV peptide or P4 itself
ranging from 0.01 to 10.0 mg/100 ml at room temperature for 15 min. The
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peptide-serum mixtures were then added to the P4-coated plate, and the peptide
EIA procedure as described above was then followed.

Detection of HHV8 antibodies by immunofluorescence assay. An mouse
monoclonal antibody-enhanced immunofluorescence assay (MIFA) as described
by Lennette et al. (16) with a slight modification in slide preparation (3) was
performed. Briefly, tetradecanoyl phorbol ester acetate (Sigma)-induced
BCBL-1 cells were harvested on day 6 postinduction, washed once in PBS, and
suspended in PBS to give a final concentration of 106 cells/ml. One drop of this
suspension was applied to the slide, air dried, and fixed in cold acetone for 5 min
at 220°C. Fixed cells were incubated first with diluted (1:10) serum specimens
for 30 min, then with mouse monoclonal anti-human IgG (ATCC HF6508), and
finally with fluorescein-conjugated anti-mouse IgG (Cappel, Durham, N.C.) at
1:100 dilution. The cells were then examined with a fluorescence microscope.

RESULTS

Antigenicity of overlapping peptides. The seroreactivity pat-
terns of the 60 human serum specimens determined by the
peptide EIA with overlapping peptides P1, P2, P3, and P4 are
shown in Fig. 1. Eighteen (90%) of the 20 KS1 HIV1, 4 (20%)
of the 20 KS2 HIV1, and none of the KS2 HIV2 specimens
reacted with P4. Virtually identical reactivity patterns were
observed with P3. However, no KS1 HIV1 and only one KS2

HIV1 (5%) specimen reacted with P1. Five KS1 HIV1 (25%)
specimens and one KS2 HIV1 (5%) specimen reacted with P2.
The specimen from the patient with classical KS was tested
only on P3 and P4 and was positive for both peptides (data not
shown).

Fine epitope mapping. Figure 2 depicts the reactivity pat-
terns of three HHV8-positive serum specimens with P4 ana-
logs. Although the effect of amino acid substitutions varied
from specimen to specimen, residues 165 (P) and 169 (K)
appeared to be the most important for antibody recognition in
all three specimens examined. On the basis of the overall lower
reactivities of these three specimens with peptide analogs hav-
ing substitutions at residues 162 to 169, we deduced that the
sequence RKPPSGKK comprises the immunodominant do-
main of the C-terminal region of the ORF 65 gene product.

Competition study with EBV peptide analog. No inhibition
of P4 reactivity by the homologous EBV peptide (up to 10
mg/100 ml) was observed by peptide EIA (Fig. 3b), while the
autologous peptide greatly diminished the assay signals at 0.1
to 1.0 mg/100 ml with the six serum specimens examined (Fig.
3a).

Comparison between peptide EIA and MIFA. MIFA identi-
fied 19 of 20 (95%) KS1 HIV1, 9 of 20 (45%) KS2 HIV1, and
5 of 20 (25%) KS2 HIV2 specimens positive for HHV8 anti-
bodies. The results were consistent with previously published

TABLE 1. C-terminal sequences of the HHV8 ORF 65 protein
(P4) and its peptide analogs for fine mapping of the

dominant epitope

Peptide Sequencea Substitution

P4 (wild type) AVADARKPPSGKKK
P4.1 –––G–––––––––– D160G
P4.2 ––––L––––––––– A161L
P4.3 –––––G–––––––– R162G
P4.4 ––––––G––––––– K163G
P4.5 –––––––G–––––– P164G
P4.6 ––––––––G––––– P165G
P4.7 –––––––––G–––– S166G
P4.8 ––––––––––L––– G167L
P4.9 –––––––––––G–– K168G
P4.10 ––––––––––––G– K169G
P4.11 –––––––––––––G K170G

a The entire P4 (wild type) sequence is shown. For the peptide analogs, amino
acids identical to those in P4 are represented by the dashes; only the residues that
are different from those in P4 are shown.

FIG. 1. Seroreactivities of specimens from 20 KS1 HIV1 (I), 20 KS2 HIV1 (II), and 20 KS2 HIV2 (III) persons with overlapping peptides P1, P2, P3, and P4
derived from the C-terminal half of the HHV8 ORF 65 gene product. The broken lines indicate the cutoff values, as defined by the mean baseline-corrected OD450
of the 20 KS2 HIV2 serum specimens plus 5 standard deviations.
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results in these categories (16). The specimen from the patient
with classical KS also tested positive by the MIFA.

Nearly all KS1 HIV1 specimens (18 of 19) which scored
positive by the MIFA were also positive by the peptide EIA.
Only one of the 20 KS1 HIV1 specimens was negative by both
assays. For both assays, an intermediate number of positive
results were found in the KS2 HIV1 set and the fewest num-
ber was found in the KS2 HIV2 set. Less agreement between
the two assays was observed in these two sets of specimens. For
the KS2 HIV1 set, 3 of the 9 MIFA-positive specimens were
also positive by the peptide EIA, and only 1 of the 11 MIFA-
negative specimens was positive by the peptide EIA.

DISCUSSION

Peptide EIA results indicated that P3 (the last 31 residues of
ORF 65) and P4 (the last 14 residues of ORF 65) were equally

antigenic across the panel of 60 serum specimens tested. Only
sporadic reactivity was observed with either P1 or P2. These
results were consistent with the observation that a dominant
epitope was located within the C-terminal 14 residues of the
HHV8 ORF 65 gene product. Using short peptide analogs of
P4, in which amino acids were sequentially replaced one at a
time, we further mapped the epitope to an 8-aa sequence (aa
162 to 169) of the ORF 65 gene product. This epitope was
tested for its utility in detecting HHV8 antibody.

In our preliminary study, we detected anti-P4 antibodies in
19 of 21 (90%) of known KS-positive individuals. This sensi-
tivity was comparable to that reported from a similar assay
(81%) using a recombinant ORF 65 gene product as the anti-
gen (22) and appeared better than the 60% sensitivity of an
18-aa peptide derived from the minor capsid protein of HHV8
(5).

A 95% concordance was observed between the peptide EIA

FIG. 2. Seroreactivities of three HHV8 antibody-positive serum specimens with P4 peptide analogs which differ from P4 by one residue. Substitutions and residue
number corresponding to the HHV8 ORF 65 protein are shown in the x axis. A relative reactivity of 1.0 was assigned to peptide P4.

FIG. 3. Seroreactivities of P4 with serum specimens (n 5 6) preincubated with 0 to 10 mg/100 ml of competing peptides. P4 itself (a) and the P4 homolog derived
from the C terminus of BFRF3-encoded EBV protein (b) were used as the competing peptide.
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and a published MIFA with the KS1 HIV1 specimens. Lower
concordances of 65 and 75% were observed for the KS2 HIV1

and KS2 HIV2 specimens, respectively. All but 1 of the 13
discordant specimens were scored positive by the MIFA and
negative by the peptide EIA. This discordance may indicate
that MIFA is more sensitive than peptide EIA because of the
multiple antigens present in the BCBL-1 cells and the use of a
10-fold-higher sample concentration in the MIFA. Alterna-
tively, MIFA may be less specific than peptide EIA due to the
presence of cross-reactive antibodies against other human her-
pesviruses, such as EBV. Although no strong correlation was
observed between EBV and HHV8 antibodies when tested by
the MIFA in specimens with high EBV IgG antibody titers,
low-level cross-reaction is still possible (16). The use of short
synthetic peptides as antigens will reduce the chance of cross-
reactions. We compared P4 to the homologous EBV peptide
and found only three identical residues (D160, K168, and
K169), suggesting a low probability of cross-reaction. A com-
petition study revealed no inhibition of P4 reactivity by this
EBV peptide analog, indicating that P4 was specific for HHV8
antibody.

The conservatively high choice for the assay cutoff (5 stan-
dard deviations above the mean OD of the 20 KS2 HIV2

specimens) was made to ensure the specificity of the results, in
the absence of “gold standard” negative-control specimens.
Further work will be required to determine whether any high
negative specimens are true positive.

Although sequence variation among different HHV8 iso-
lates is generally low (0.1% in 2,500 bp), unique amino acid
substitutions within ORF 25 or 26 and ORF 75 gene products
have been reported (6, 23). However, ORF 65 sequences of
various HHV8 isolates were not available. Therefore, sequenc-
ing the HHV8 ORF 65 of geographically divergent isolates is
needed to ensure that P4 is capable of detecting HHV8 infec-
tions in various geographic regions and population groups.

Despite the high correlation of P4 antibodies and KS, this
assay may not be able to detect latent HHV8 infections, since
the ORF 65 gene product may not be highly expressed during
latent infection. A highly sensitive assay for HHV8 infection
may require a cocktail of peptides derived from latent- and
lytic-cycle proteins. Therefore, identification of dominant
epitopes within the latent antigens is critical for the develop-
ment of better diagnostics for HHV8 infection. In addition,
independent methods such as virus culture or PCR are needed
to validate serological methods.
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