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The ability to readily and accurately diagnose Kaposi’s sarcoma-associated herpesvirus (KSHV, or human
herpesvirus 8) infection in individuals remains a demanding task. Among the available diagnostic methods,
sensitivities and specificities range widely, and many are inadequate for large-scale screening studies. We
examined a serological algorithm for detecting KSHV in human sera having high sensitivity and specificity.
This method uses previously described open reading frame (ORF) K8.1 and ORF65 peptide-based enzymelinked immunosorbent assays and a novel purified recombinant full-length LANA1 protein. We generated two
multiantigen algorithms: one that maximized sensitivity and one that maximized specificity. These serological
algorithms were then used to evaluate seroprevalence rates among populations of clinical and epidemiological
importance. The serological algorithms yielded sensitivities of 96% and 93% and specificities of 94% and 98%
for the more sensitive and specific algorithms, respectively. Among kidney donors, seroprevalence was low,
4.0% (2/50), and similar to that of blood donors (P ⴝ 0.46; odds ratio [OR], 1.4; confidence interval [CI], 0.14
to 7.9) using the highly specific algorithm. Using the sensitive algorithm, 8.0% (4/50) were infected compared
to 6.4% (16/250) observed among blood donors (OR, 1.3; CI, 0.41 to 4.0; P ⴝ 0.43). Among subjects requiring
bone marrow transplantation, seroprevalence rates were not elevated compared to those of blood donors (OR,
2.0; 95% CI, 0.10 to 122.9; P ⴝ 0.50). Because the need for high-quality KSHV detection methods are warranted
and because questions remain about the optimal methods for assessing KSHV infection in individuals, we
propose a systematic approach to standardize and optimize the assessment of KSHV infection rates using a
combination of established and novel serological assays and methods.
recipients who are infected with KSHV are at increased risk of
bone marrow failure (28). Serodetection of KSHV infection
may also have public health importance in securing the transfusion blood supply. Although blood-borne transmission is estimated to be uncommon (0.1% per transfused component)
(9), transfusion and intravenous-drug user status have been
described as risk factors for KSHV infection (5, 32). Given the
large numbers of blood transfusions that are given each year in
the United States (approximately 5 million transfusions) (1),
up to 5,000 cases of transfusion-associated KSHV infection
might occur every year in the United States.
Though the existence of KSHV has been recognized for over
a decade (7), screening for KSHV infection remains challenging. Some of the factors which make diagnosis difficult include
a large proportion of KSHV-infected individuals who do not
have detectable levels of KSHV DNA in peripheral blood (39,
50), disconcordance between serological assays targeting different antigens (13, 18, 47), and difficulties in assembling gold
standard positive and negative reference populations for antigen testing (21, 31).
Serologic tests for KSHV have been developed for both
latent and lytic viral antigens (15, 16, 20, 24, 38, 49). Latencyassociated nuclear antigen (LANA)-based assays are highly
specific for KSHV infection but are negative in up to 20% of
confirmed KSHV-infected persons. LANA antibodies are
measured by immunoblotting and indirect immunofluorescence assays; enzyme-linked immunosorbent assays (ELISA)
detection of LANA antibodies has been disappointing due to

Kaposi’s sarcoma-associated herpesvirus (KSHV) (7), also
known as human herpesvirus 8, causes several neoplastic diseases in the immunocompromised host, including Kaposi’s sarcoma (KS), multicentric Castleman’s disease, and primary
effusion lymphoma (36). Among immunocompromised individuals who are KSHV infected, the lifetime risk of developing
KS is 23 to 28% (6, 14, 41, 46). With a prevalence of 3 to 10%
(5, 45) among iatrogenically immunosuppressed patients and
20 to 40% among human immunodeficiency virus (HIV)-infected individuals (11, 16, 17, 20, 42), KSHV is clearly of
significant public health concern in the United States.
KSHV can be transmitted during transplantation, and both
de novo infection and reactivated infection are associated with
significant morbidity and mortality among transplant patients
(10, 19, 26, 28, 29, 33, 36, 43). In one study of liver transplant
recipients, all four KSHV-negative recipients who received a
KSHV-infected allograft seroconverted within 6 months posttransplantation, and two patients developed KS and multiorgan failure and died within 1 year posttransplantation (30).
Among kidney and heart transplant recipients seropositive for
KSHV prior to transplantation, 23% to 28% develop KS (6, 12,
14). Organ recipients can also acquire KSHV from an infected
allograft (2, 27, 30, 35, 40, 43, 46). In addition, transplant
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MATERIALS AND METHODS
Subjects. The initial assay evaluation was performed on 90 case patient sera
obtained from persons with biopsy-confirmed KS. The sera were drawn within 12
months after KS diagnosis, and all case subjects were HIV-infected males with a
diagnosis of AIDS. These sera were made available from participating centers of
the National Cancer Institute AIDS and Cancer Specimen Resource. Control
sera (100) were obtained from New York City Blood Bank (NYCBB) donors, all
of whom had previously been screened and found to be LANA1 immunofluorescence assay (IFA) seronegative as well as negative for HIV, hepatitis C virus,
hepatitis B virus, syphilis, and human T-cell leukemia virus type 1. A second
independent set of case and control sera were tested for purposes of validating
our assay algorithm. Case sera for the independent test set, a total of 87, were
obtained from two large longitudinal studies of HIV-infected men (23, 48) and
defined as sera drawn from subjects after a clinical diagnosis of KS. Control sera
for the test set were an additional 100 blood donors from the NYCBB.
Sera from patients with severe aplastic anemia and myelodysplastic syndrome
were obtained from the National Marrow Donor Program and matched to each
other with respect to age, gender, and history of blood transfusion. Screened
cadaveric renal transplant donor sera were obtained from the Center for Organ
Recovery and Education, Pittsburgh, Pa.
Sera from patients with systemic lupus erythematosus (SLE) (5 male, 45
female) were obtained from the University of Pittsburgh Division of Rheumatology and Clinical Immunology, and 50 blood donor controls were obtained
from the NYCBB. Prior to KSHV testing, case and control specimens, as well as
5 positive laboratory controls from the University of Pittsburgh Cancer Institute
were blinded. Informed consent from all study participants and Institutional
Review Board approval were obtained in accordance with the guidelines for
human experimentation of the University of Pittsburgh.
Serological testing. Sera were tested by using serological ELISAs against
recombinant-baculovirus expressed LANA1 and against peptide-based ELISAs
for ORF65 and K8.1 antigens. In addition, sera from patients with SLE were
tested using a LANA1 IFA. For the ELISAs, serum at a dilution of 1:100 was
added to 4 wells: 2 wells coated with peptide (5 g/l) and the remaining 2 wells
without peptide. Optical density (OD) values were read on a Dynatech Laboratories (Chantilly, VA) MRX 1CXA0716 plate reader at a 405-nm wavelength
after reaction with rabbit anti-human immunoglobulin G horseradish peroxidase
(1:6,000; DAKO, Carpinteria, CA) and development in 3,3⬘,5,5⬘-tetramethylbenizidine (Bio-Rad, Hercules, CA).
Quality control testing. All peptides and proteins were generated from single
batches that were aliquoted and used throughout the study. For each antigen,
test plates were generated that measured peptide deposition using well-characterized KSHV-reactive sera and, in the case of LANA1 protein, using a mouse
monoclonal antibody. These tests demonstrated uniform and reproducible antigen deposition on plates. For testing of human sera, each plate included three
test sera (KSHV high- and low-titered sera and a KSHV-negative serum), which
were plotted over time. These reference standard sera were aliquoted and used
throughout the study. If results from one of the three test sera deviated by
greater than 2 standard deviations from the global mean optical density, then the

FIG. 1. ELISA plating scheme. Each sample tested has two wells
coated with antigen (indicated by gray shading in columns 1, 2, 5, 6, 9,
and 10) and two wells that are not coated with antigen (unshaded
circles of columns 3, 4, 7, 8, 11, and 12). The average of the noncoated
wells, used as a background correction, is subtracted from the average
of the peptide-coated wells to give the adjusted optical density.

results from that plate were discarded and the test repeated. This allowed us to
monitor quality control throughout the study period and to discover any systematic changes in test sensitivity or specificity.
All sera were tested in duplicate, and average ODs for a given sample were
calculated as the mean OD of the wells containing peptide minus the mean OD
of the wells containing no peptide (Fig. 1). Duplicate tests were performed
independently, and all serological testing was done in a blinded fashion.
K8.l and ORF65 peptide ELISAs. Antibody testing was performed using
ELISAs based on peptides from the ORF65 and K8.1 with sequences ASDILT
TLSSTTETAAPAVADARKPPSGKKK and RSHLGFWQEGWSGQVYQDW
LGRMNCSYENMT, respectively, as previously described (44, 49) with the
modifications noted above.
Recombinant LANA1-GST ELISA. ORF73 recombinant baculovirus was produced via transfection with a pDEST20 plasmid vector (Invitrogen, Carlsbad,
CA) containing glutathione S-transferase (GST)-fused full-length LANA1 protein. Sf9 cells were grown in BacPak-supplemented medium (Clontech BDBiosciences, Palo Alto, California) on a shaker at 135 rpm in a 27°C incubator.
At the time of infection, the cell concentration was adjusted to 1 ⫻ 106 cells/ml,
spun down, and resuspended in 1/10 total volume with unsupplemented medium.
Baculovirus was used to infect the cells at a multiplicity of infection equal to 1 for
45 min at room temperature. Infected cells were brought back up to full volume
and incubated for 3 days at 27°C prior to harvest. Cells were pelleted, frozen in
an ethanol-dry ice bath, and thawed in a solution of 10 mM Tris-HCl, pH 7.5, 130
mM NaCl, 10 mM NaF, 10 mM sodium phosphate, 10 mM sodium pyrophosphate, and 1% Triton X-100, with protease inhibitors, 1 g/ml (each) of aprotinin
(Roche, Indianapolis, IN), leupeptin (Roche, Indianapolis, IN), pepstatin
(Roche, Indianapolis, IN), and 0.25 mM phenylmethylsulfonyl fluoride (SigmaAldrich, St. Louis, MO) added immediately prior to use. Lysed cells were spun
down, and the supernatant was collected and purified using 1 ml glutathioneSepharose beads (Amersham, Piscataway, NJ) per 5 ml of cell lysate. Purified
GST-LANA1 was eluted with a solution of 20 mM glutathione (Sigma-Aldrich,
St. Louis, MO) in 50 mM Tris, pH 8.0.
Reacti-bind glutathione plates were used according to the manufacturer-provided protocol (Pierce, Rockford, IL). Plates were washed 3 times (200 l/well)
with 1⫻ phosphate-buffered saline (PBS)–0.05% Tween 20. Purified GSTLANA1 protein was diluted in wash buffer (0.018 g/l) and added to the wells
at a volume of 110 l. Plates were covered, left to incubate at room temperature
for 1 h, and washed 3 times with 200 l wash buffer per well.
To measure anti-LANA1 antibodies, serum was added at a 1:100 dilution in a
5% nonfat milk wash buffer solution, covered, and incubated for 1 h at room
temperature. Rabbit anti-human immunoglobulin G horseradish peroxidaseconjugated antibody (DAKO, Carpinteria, CA) was diluted 1:6,000 in milk
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poor retention of the antigen on plates, resulting in low test
sensitivity (8). KSHV lytic antigen ELISAs against open reading frame 65 (ORF65) and K8.1 antigens overcome some of
the deficiencies that occur in LANA assays and are more
sensitive but have higher rates of false positivity (8). At
present, no single recombinant antigen assay has sufficient
sensitivity/specificity characteristics for use in routine clinical
screening. Optimal detection of KSHV seropositivity appears
to require use of both latent and lytic antigens which can be
independently screened and scored for seroreactivity (3, 23).
Because of the need for improved KSHV serodiagnostic
methods, we used a systematic approach to standardize and
optimize the assessment of KSHV infection rates using established and novel serological assays and methods. To achieve
this, we have modified LANA ELISAs to increase antigen
retention on plates. After validating our assay algorithm, we
examined seroprevalence rates among high-risk populations of
clinical interest, including transplant donors and patients with
autoimmune disease.
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buffer, and 100 l/well was added and incubated for 1 h at room temperature. A
colorimetric detection was performed as described for the peptide ELISAs.
LANA1 IFA. The LANA1 IFA was performed as previously described (16, 22).
Two independent readers scored each sample. Two discordants occurred and
were resolved by a third reader.

RESULTS
Recombinant LANA1-GST ELISA development and optimization. We hypothesized that the low sensitivity of LANA1
ELISAs may be in part due to poor retention of antigen on
plates due to the unusual charge structure of the LANA1
protein. To address this possibility, we generated a baculovirus-expressed recombinant LANA1-GST (rLANA-G) fusion
protein which was coated to glutathione-linked 96-well plates.
Using a mouse monoclonal antibody to LANA1, GST-LANA1
retention on glutathione plates was found to be approximately
20 to 30% greater than on standard ELISA plates (data not
shown). Increased seroreactivity was seen when patient sera
were examined.

In all but one KS sera, OD values are higher on the glutathione
plates, while no significant increase in reactivity is observed
among the control sera. Using dilutions of rLANA-G among
seroreactive and nonreactive serum samples, 1.0 g was found to
give the maximum seroreactivity among the case sera, with no
appreciable reactivity observed among the control sera (Fig. 2).
KSHV multiantigen algorithm. The rLANA-G ELISA was
evaluated together with the previously developed ORF65 and
K8.1 ELISAs (22, 44, 49). In this analysis, 90 KS patient sera
were compared to 100 blood donor sera. As seen in Fig. 3, case
and control sera show significant overlap in optical densities
for each of the three individual antigens. The rLANA-G
ELISA shows the highest specificity at very low OD values,
while the K8.1 assay is the best discriminator overall when
assessing the assays independently.
To determine the optimal discriminator cutoff value for each
assay alone, the data were plotted in a receiver operator characteristic curve (Fig. 4). Based on the results of individual
assays, we performed multiple iterations of OD cutoff values to

FIG. 3. Distribution of optical density values among blood donors (closed circles) and subjects with Kaposi’s sarcoma (open circles) for K8.1
(A), ORF65 (B), and LANA1 (C) ELISAs.
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FIG. 2. Effect of antigen concentration on rLANA-G reactivity for case (left) and a control (right) sera. Increasing amounts of rLANA-G
antigen increase case serum reactivity until a plateau is reached at about 0.125 g per plate, without increasing nonspecific reactivity for the control
serum. Note that the control serum reactivities are shown in a rescaled graph to allow comparison.
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TABLE 1. Training set contingency table and multiassay
sensitivity and specificity
Algorithm and
KSHV test result

No. of samples with
true statusa:

Total

BD

High sensitivityb
Positive
Negative

86
4

6
94

92
98

Total

90

100

190

High specificityc
Positive
Negative

84
6

2
98

86
104

Total

90

100

190

a

BD, blood donor.
b
High-sensitivity algorithm values are based on a serological algorithm where
a specimen is classified as positive if the adjusted optical density is ⬎0.045 for the
K8.1 assay, ⬎0.0573 for the ORF65 assay, or ⬎0.041 for the LANA1 assay.
Sensitivity, 86/90 ⫽ 0.956; specificity, 94/100 ⫽ 0.94.
c
High-specificity algorithm values are based on a serological algorithm where
a specimen is classified as positive if the adjusted optical density is ⬎0.045 for the
K8.1 assay, ⬎0.155 for the ORF65 assay, or ⬎0.048 for the LANA1 assay.
Sensitivity, 84/90 ⫽ 0.933; specificity, 98/100 ⫽ 0.98.

FIG. 4. Receiver operator characteristic curve of individual assay
performance. Symbols indicate sensitivity and specificity of assays at
differing optical density values.

obtain two algorithm models: one that maximizes sensitivity
and one that maximizes specificity, while not allowing either
value to drop below 90%.
Based upon these calculations, a specimen was classified as
positive if either the K8.1 assay OD was greater than 0.045, the
ORF65 was greater than 0.0573, or the LANA1 OD was
greater than 0.041. This algorithm yielded a sensitivity of
95.6% and a specificity of 94.0% (Table 1). For the highspecificity algorithm, a model was chosen where specimens
were classified as positive if either the K8.1 assay OD was
greater than 0.045, the ORF65 was greater than 0.155, or the
LANA1 OD was greater than 0.048. This algorithm yielded a
sensitivity of 93.3% and a specificity of 98.0% (Table 1).
To validate the multiassay algorithms, an independent test
set of case and control sera were evaluated (Fig. 5). Among the
100 new blood donor sera, we observed specificities of 94%
and 97% with the sensitive and specific algorithms, respectively. Among the 87 KS patient sera, the sensitivity dropped to
85.1% using the highly specific algorithm but remained at
93.1% with the more sensitive model.
To evaluate the rLANA-G, ORF65, and K8.1 ELISAs, and
because specimens were received from multiple repositories,
we examined the integrity of the sera subjected to multiple
freeze-thaws (Fig. 6). All assays showed a statistically significant linear decrease in OD over 22 freeze-thaws (P ⬍ 0.01).
The total percentage decrease in signal intensity from the first
measurement to the last was 13.6% for the ORF65 assay,
25.2% for LANA1, and 60.0% for K8.1, suggesting that handling can affect KSHV assay performance, but under most
conditions, with proper handling, freeze-thaw cycles are unlikely to account for significant loss of seroreactivity.

Serosurvey of cadaveric renal transplant donors. Because
transmission of KSHV can occur from an infected kidney donor to an uninfected recipient, the optimized assay algorithms
were used to test 50 screened sera from US renal transplant
donors. Using the highly specific algorithm, overall seroprevalence was low at 4.0% (2/50), similar to the 2.8% (7/250)

FIG. 5. Selection method for determination of high-sensitivity and
high-specificity assay algorithms.
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plastic syndrome (2%) using the more specific method (OR ⫽
2.0; 95% CI ⫽ 0.10 to 122.9; P ⫽ 0.50) or with the more
sensitive method, where both groups had an equivalent KSHV
seroprevalence of 10%.
Case control study of patients with SLE and blood donor
controls. In using a case control study design among 50 patients with SLE and 50 blood donors, our study objectives were
twofold; first, to rigorously test the utility of our assay system
using a patient population known to produce false-positive
viral ELISA results, and second, to accurately identify the rate
of KSHV infection among patients at increased risk of being
on a course of immunosuppressive therapy, an important risk
factor for KS. Our a priori null hypothesis was that KSHV
seroprevalence among subjects with SLE and blood donor
controls would be equivalent. However, using our ELISAs, we
observed a significantly higher KSHV seroprevalence among

observed among US blood donors tested in this study (P ⫽
0.46) (Table 2). The odds ratio (OR) associated with this
comparison is 1.4, and the 95% confidence interval (CI) ranges
from 0.14 to 7.9. The more specific algorithm identified 8.0%
(4/50) of the kidney donors as KSHV infected, though when
compared to the 6.4% (16/250) found among blood donors
with this method, no significant difference was observed between the groups (P ⫽ 0.43; OR ⫽ 1.3; CI ⫽ 0.41 to 4.0).
KSHV case control study of patients with myelodysplastic
syndrome and severe aplastic anemia. Among subjects requiring bone marrow transplantation, the overall seroprevalence
was 3.0% for the more specific model and 10.0% for the sensitive model and did not significantly differ from that observed
among blood donors (P ⫽ 0.4) (Table 2). In addition, KSHV
seroprevalence did not significantly differ between patients
with severe aplastic anemia (4%) and patients with myelodys-

TABLE 2. Comparison of seroprevalence of KSHV in different populations with a high-sensitivity algorithm versus a high-specificity algorithm
Result for algorithm:
Population

Blood donors
Training set
Test set
SLE controls
Cadaveric renal transplant donors
Severe aplastic anemia patients
Myelodysplastic syndrome patients
SLE patients
KS patients
Training set
Test set
a

Sample
size

High sensitivity

High specificity

Seroprevalence (%)

P valuea

Seroprevalence (%)

P value

100
100
50
50
50
50
50

6.0
6.0
8.0
8.0
10.0
10.0
24.0

0.62
0.43
0.43
0.27
0.27
0.002

2.0
3.0
4.0
4.0
4.0
2.0
20.0

0.50
0.41
0.41
0.41
0.71
0.0003

90
87

95.6
93.1

0.35

93.3
85.1

0.06

P values were computed with Fisher’s exact test, using U.S. blood donors in the training set as the referent group for low-risk populations and subjects with KS in
the training set as the referent group for comparisons in the high-risk populations.
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FIG. 6. The effects of multiple freeze-thaws on a human seroreactive serum sample. (A) One patient serum seroreactive for ORF65, LANA1,
and K8.1 was frozen and thawed a total of 22 times and tested in each assay. (B) Linear regression of samples from panel A.
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the SLE patients using the more specific algorithm (OR ⫽ 6.0;
95% CI, 1.2 to 29.0) and the more sensitive algorithm (OR ⫽
3.6; 95% CI, 1.1 to 12.2).
Median OD values among SLE patients were significantly
elevated compared to blood donors for the LANA1 assay (P ⫽
0.02) and the K8.1 assay (P ⫽ 0.01). This trend was observed
for ORF65 but did not reach a level of statistical significance
(P ⫽ 0.18). Based upon our more specific ELISA serological
algorithm, of the 10 positive SLE samples, none were ORF65
positive, four were K8.1 positive only, six were LANA1 positive
only, and one specimen was classified positive by reactivity to
both K8.1 and LANA1. To further explore the apparent KSHV
seroreactivity among patients with SLE, the LANA1 IFA was
utilized.
Figure 7 shows representative IFA examples from a KSHVinfected individual with KS and from two SLE patients. An
increased level of diffuse background positivity was seen
among SLE patients. Specific speckled nuclear staining, indic-

ative of KSHV positivity, was absent in contrast to the positive
control sample.
DISCUSSION
Past reports have suggested that KSHV testing using multiple serological assays or seroassays to target multiple epitopes
are needed to achieve maximal sensitivity (3, 23, 31). We have
demonstrated the potential to increase KSHV detection accuracy rates beyond what has been previously reported through
the combined use of established and novel assays.
We demonstrate in our study that recombinant LANA antigen can be reliably used in an ELISA format if the antigen is
modified to specifically bind to the test plate. We utilized a
GST tag and glutathione ELISA plates, which allowed for the
attachment of our recombinant LANA1 protein to the plates
with high efficiency. As an independent assay, the sensitivity
and specificity of the rLANA-G ELISA is similar to that ob-
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FIG. 7. Representative IFA examples from a KSHV-infected subject with KS and from two SLE patients with seroreactive ELISA results. Note
that the characteristic speckled nuclear staining pattern seen in the KS patient serum is absent from the SLE patient sera, suggesting nonspecific
cross-reactivity.
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used as one component in determining the type of KSHV
testing algorithm that would best increase KSHV diagnostic
specificity.
In conclusion, we describe a novel serological approach for
defining KSHV seropositivity which has high sensitivity and
specificity and can be performed in a high-throughput format
with relative ease. Additionally, we present KSHV seroprevalence estimates of populations of particular clinical importance. Substantial evidence exists to suggest that KSHV can be
transmitted to low-risk populations through blood transfusion
(4, 9) and organ transplantation (25), where a proportion will
go on to develop KSHV-related morbidity and mortality.
KSHV screening of transplant donors and recipients could
potentially prevent cases of KS from developing, aid in earlier
diagnoses of KS that do develop, reduce non-KS morbidities
associated with KSHV, and potentially block one of the viral
transmission pathways of KSHV. The serological methods presented here may provide a mechanism to address these issues
in the future.
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