
JOURNAL OF CLINICAL MICROBIOLOGY,
0095-1137/00/$04.0010

May 2000, p. 1992–1995 Vol. 38, No. 5

Copyright © 2000, American Society for Microbiology. All Rights Reserved.

Quantitation of Cell-Free and Cell-Associated Kaposi’s
Sarcoma-Associated Herpesvirus DNA by Real-Time PCR

IRENE E. WHITE AND THOMAS B. CAMPBELL*

Division of Infectious Diseases, Department of Medicine, University of Colorado
Health Sciences Center, Denver, Colorado

Received 13 October 1999/Returned for modification 14 January 2000/Accepted 21 February 2000

A real-time PCR assay for quantitation of Kaposi’s sarcoma-associated herpes virus (KSHV or human
herpesvirus 8) DNA was evaluated. The linear dynamic range was 10 to 105 copies of KSHV DNA (r2 > 0.99).
The accuracy of DNA purification and quantitation was less than 60.4 log10 copies for samples that contained
from 10 to 105 copies of KSHV DNA. Cell-associated KSHV DNA was quantitated over a range of infected cell
frequencies from 0.1 to 1025, and cell-free KSHV DNA in plasma was quantitated over a range of 100 to 106

copies/ml. Real-time PCR provides a convenient method for quantitation of cell-free and cell-associated KSHV
DNA in laboratory and clinical specimens.

Detection of Kaposi’s sarcoma-associated herpesvirus
(KSHV) DNA in peripheral blood mononuclear cells (PBMC)
from human immunodeficiency virus type 1-infected persons is
associated with an increased risk of subsequent development
of Kaposi’s sarcoma (13, 15) and with Kaposi’s sarcoma clinical
stage (3, 10). However, previous studies of the relationship
between peripheral blood KSHV load and Kaposi’s sarcoma
pathogenesis were limited by the use of qualitative or semi-
quantitative estimates of KSHV load. Techniques that provide
accurate and reproducible measurements of the amount of
KSHV in the circulatory compartment are needed.

Real-time quantification of specific PCR products allows the
accurate determination of the amount of DNA template
present at the start of the reaction (for reviews, see references
6 and 7). During each PCR cycle, the amount of fluorescence
that occurs when a fluorogenic oligonucleotide probe is acti-
vated by 59 to 39 exonuclease activity of Taq polymerase after
binding to a specific PCR product is monitored (Taqman
PCR). The number of PCR cycles required to reach a thresh-
old fluorescence (CT) is determined for each sample, and the
measured value of CT is compared to the values of standards
with known DNA template concentrations to determine the
starting template concentration in the sample. Because CT is
determined during the exponential phase of PCR, the value of
CT has a linear relationship to the logarithm of the template
DNA concentration. The purpose of the present study was to
evaluate the performance of a real-time PCR assay to quanti-
tate both cell-free and cell-associated KSHV DNA.

The real-time PCR assay used forward (59-CTCGAATCCA
ACGGATTTGAC-39) and reverse (59-TGCTGCAGAATAG
CGTGCC-39) primers (Oligos Etc., Wilsonville, Oreg.) and the
fluorogenic Taqman probe (59-CCATGGTCGTGCCGCAGC
A-39; PE Applied Biosystems, Foster City, Calif.) to amplify
and detect a 74-base pair amplicon in the KSHV minor capsid
protein gene (open reading frame 26, from nucleotides 47311
to 47384 of the KSHV genome). The nucleotide sequence
targeted by the primers and probe is highly conserved amongst
isolates from the three major subgroups of KSHV (2, 5, 14, 16).
To prepare KSHV DNA standards, a plasmid (pMCP) that

contains nucleotides 47239 to 47554 of the KSHV genome
was linearized with HindIII and serially diluted into a salm-
on sperm DNA carrier so that the total DNA concentration in
all standards was 0.2 mg/ml.

Human blood specimens were separated into plasma and
PBMC by centrifugation in Vacutainer cell preparation tubes
containing 0.1 M sodium citrate according to the manufactur-
er’s instructions (Becton Dickinson, Franklin Lakes, N.J.).
BCP-1 cell growth conditions and the BCP-1 cell immunoflu-
orescent assay to detect antibodies to KSHV latency-associ-
ated nuclear antigen were as previously described (12). Prior to
DNA extraction, PBMC or BCP-1 cells were washed with
phosphate-buffered saline and stored at 270°C as a dry pellet
of 3 3 106 cells.

Frozen cell pellets were thawed and resuspended in 200 ml
of phosphate-buffered saline, and DNA was extracted and pu-
rified with the QIAamp Blood kit (Qiagen, Inc., Chatsworth,
Calif.). Purified cell DNA was quantitated by absorption spec-
troscopy at 260 nm and by real-time PCR quantification of
human b-actin DNA with Taqman b-actin reagents according
to the manufacturer’s instructions (PE Applied Biosystems).
Culture supernatants or plasma was centrifuged at 500 3 g for
15 min to remove cell debris, and the DNA present in 0.2 ml
of clarified culture supernatant or plasma was extracted and
purified with the QIAamp Blood kit after the addition of 10 mg
of salmon sperm DNA as a carrier. Prior to use in PCRs, the
DNA concentration of all samples was adjusted to 0.2 mg/ml.
During all DNA extractions and purifications, strict precau-
tions were taken to reduce the risk of false-positive results (9).

Each PCR contained 2 mg of sample DNA (10 ml), 0.3 mM
forward and 0.9 mM reverse primers, 0.2 mM fluorogenic Taq-
man probe, 0.3 mM (each) dATP, dCTP, and dGTP, 0.6 mM
dUTP, 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 10 mM EDTA,
5.5 mM MgCl2, and 1.25 U of Taq polymerase in a final volume
of 50 ml. PCR mixtures were incubated at 95°C for 12 min and
then cycled at 95°C for 15 s and 60°C for 1 min for a total of 50
cycles in an ABI PRISM 7700 Sequence Detection system. The
KSHV DNA copy number per microgram of PBMC DNA was
converted to KSHV DNA copy numbers per 105 PBMC with
6.6 3 109 base pairs as an estimate of the size of the diploid
human genome. The value of CT was determined by the first
cycle number at which fluorescence was greater than or equal
to 10 times the background. All PCR analyses were performed
by a person who was blinded to the identity of the samples.
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In replicate independent experiments, the value of CT had a
linear relationship with the logarithm of the amount of minor
capsid DNA added to a PCR (Fig. 1). This relationship ex-
tended over a 10,000-fold range, from 10 to 105 copies of
KSHV minor capsid gene DNA. The values of CT obtained
with 106 copies of KSHV minor capsid gene DNA differed
significantly from the linear relationship. Based on these find-
ings, all subsequent experiments used serial 10-fold dilutions of
KSHV minor capsid DNA (from 10 to 105 copies per reaction)
as a standard curve to determine the amount of KSHV DNA
in samples. If the estimated KSHV DNA copy number in a
PCR was greater than 105, the sample DNA was diluted 10- to
1,000-fold into salmon sperm carrier DNA, and PCR quanti-
tation was repeated.

The accuracy of KSHV DNA purification and quantitation
was determined by extraction of DNA from replicate samples
that contained from 10 to 105 copies of minor capsid DNA.
The amount of KSHV DNA present in the purified prepara-
tions was determined by real-time PCR and compared to the
amount that was expected if recovery was 100% (Fig. 2). The
accuracy (i.e., the difference between the true copy number
value and the measured value) of DNA purification and quan-
titation was 60.37 log10 for samples that contained 10 copies of
minor capsid DNA and was less than 60.2 log10 for samples
that contained between 100 and 105 copies of minor capsid
DNA. The 95% confidence interval for the intersample varia-
tion (the sum of the variances from the mean of replicate
samples) was 60.14 log10. Thus, the method used for extrac-
tion and purification of DNA gave quantitative recovery of
template DNA over a 10,000-fold range of template DNA
concentrations.

The ability of the assay to detect and quantitate KSHV DNA
in cultured cells was assessed by the induction of KSHV lytic
replication in latently infected BCP-1 cells. Induction of viral
lytic replication in BCP-1 cells with 3 mM n-butyrate resulted
in a 450-fold increase in the amount of KSHV DNA in the
culture supernatant within 48 h (Fig. 3). In contrast, the
amount of cell-associated DNA decreased slightly after the

induction of lytic replication, from an estimated 67 copies per
latently infected cell to 21 copies per cell at 48 h after induction
of lytic replication. Our estimate of 67 copies of KSHV DNA
per latently infected BCP-1 cell by real-time PCR is within our
margin of error (60.4 log10 copies), similar to a previously
reported value of 150 KSHV genomes per BCP-1 cell (4).

The performance of real-time PCR for the quantitation of
cell-free KSHV DNA in human plasma was determined by
serial dilution of the 72-h culture supernatant from induced
BCP-1 cells into plasma from a KSHV-seronegative donor.
Analysis of DNA purified from the duplicate plasma samples
found that cell-free KSHV DNA could be detected and quan-
titated in human plasma at levels ranging from 100 to 106

copies/ml (Fig. 4A). The 95% confidence interval for the in-

FIG. 1. Relationship of threshold cycle to KSHV minor capsid DNA copy
number. The number of minor capsid DNA copies present in a PCR reaction is
indicated on the x axis, and the cycle number in which fluorescence exceeded
background is indicated on the y axis (CT). For data obtained with 10 to 105

copies, the values of CT are the mean of 12 replicates from seven independent
experiments. The value of CT at 106 copies is the mean of four replicates from
two independent experiments. Error bars indicate the standard deviation for
values of CT. The solid line was obtained by linear regression analysis of the data
from 10 to 105 copies (r2 . 0.99; P , 0.001), and dotted lines indicate the 95%
confidence intervals for the regression.

FIG. 2. Accuracy and reproducibility of minor capsid DNA quantitation. The
x axis indicates the expected copy number and the y axis indicates the measured
copy number in each PCR. Data points and error bars are the values of the mean
and standard deviation of triplicate DNA extractions and purifications. The
dashed line indicates the relationship expected if the accuracy of minor capsid
DNA quantitation was 100% (i.e., if y 5 x).

FIG. 3. Quantitation of KSHV DNA in virions and infected cells. BCP-1 cells
were treated with n-butyrate at time zero. Samples were removed from the
culture at the indicated time points, and the amount of KSHV DNA present in
purified DNA was determined by real-time PCR. Solid circles and error bars
indicate the mean and range of KSHV DNA levels determined for duplicate
supernatant samples. Solid triangles indicate the amount of cell-associated DNA
obtained from single BCP-1 cell samples.
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tersample variation among duplicate plasma samples was
60.09 log10 copies/ml. The 72-h culture supernatant used in
this experiment contained 7.8 log10 copies of KSHV DNA/ml
(Fig. 3). After a 1:100 dilution of this culture supernatant into
human plasma, the measured amount of KSHV DNA was 5.9
log10 copies/ml. Since the measured value was, within error,
similar to the expected value of 5.8 log10 copies/ml, this finding
provides evidence that quantitation of cell-free KSHV DNA
was not affected by human plasma.

The performance of real-time PCR for quantitation of cell-
associated KSHV DNA was evaluated by serial dilution of
latently infected BCP-1 cells into PBMC from a KSHV-sero-
negative donor. Each dilution was split into duplicate samples
that contained 3 3 106 cells, and the DNA present in each
duplicate was extracted and purified. Real-time PCR analysis
of purified DNA from the duplicate samples found that
KSHV-infected cells could be detected and quantitated over a
range of infected cell frequencies from 0.1 to 1025 (from 5 to

5 3 104 copies/mg of PBMC DNA [Fig. 4B]). The 95% confi-
dence interval for the intersample variation among duplicate
PBMC samples was 60.24 log10 copies/mg.

Since clinical specimens are sometimes exposed to condi-
tions that affect subsequent DNA quantitation, we determined
the effects of room temperature incubation and multiple
freeze-thaw cycles on KSHV DNA in plasma and culture su-
pernatant. Although the amount of KSHV DNA in plasma was
not affected by incubation at room temperature for 48 h (#0.1
log10 copies/ml decrease from baseline), the amount of KSHV
DNA present in BCP-1 culture supernatant decreased 0.5 log10
after 48 h at room temperature. The amount of KSHV DNA in
plasma or culture supernatant was not affected by five freeze-
thaw cycles (#0.1 log10 copies/ml decrease from baseline).

The specificity of real-time PCR quantitation of KSHV
DNA was evaluated by analysis of plasma and PBMC samples
collected from eight KSHV- and human immunodeficiency
virus type 1-seronegative American female laboratory workers.
In all eight samples, the amount of human genomic DNA
present in the purified PBMC DNA specimens estimated by
real-time b-actin DNA quantitation was similar to the ex-
pected level of 0.2 mg/ml (estimated by absorbance at 260 nm).
Thus, in all cases the purified PBMC DNA was of sufficient
quality for use in quantitative real-time PCR. Quantifiable
levels of KSHV DNA were not detected in any of eight plasma
and PBMC specimens. For a single PBMC specimen, fluores-
cence exceeded background in cycle 37 of PCR amplification,
but the value of CT corresponded to a KSHV DNA level of 0.2
copies/2 mg of PBMC DNA (a value below the theoretical
minimum level of detection of 1 copy/2 mg). This finding sug-
gests that nonspecific amplification signals may occur in later
PCR cycles, and the specificity of the assay for detecting
PBMC KSHV DNA at levels less than 5 copies/mg is unknown.

In summary, we have described a real-time PCR assay for
quantitation of both cell-free and cell-associated KSHV DNA
in clinical and laboratory samples. The sensitivity and linear
range of the real-time PCR assay is similar to those of previ-
ously described quantitative competitive PCR KSHV DNA
assays (1, 8, 11). However, compared to quantitative compet-
itive PCR, the real-time PCR assay is performed in a single
closed tube and does not require post-PCR analysis of PCR
product. Since the real-time PCR assay is performed in a
96-well format, it also provides convenient analysis of large
numbers of samples. Our findings suggest that real-time PCR
quantitation of KSHV DNA will be useful for future studies on
peripheral blood KSHV load.

PCR assays were performed by Uma Pugazhenthi in the Quantita-
tive PCR Laboratory of the University of Colorado Cancer Center.
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