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Accurate laboratory tests for the diagnosis of active human herpesvirus 8 (HHV-8) infection are becoming
essential to study the pathogenesis of HHV-8-associated tumors and for the clinical management of HHV-8-
infected individuals. We have developed a highly sensitive, calibrated quantitative real-time PCR assay for the
measurement of cell-free HHV-8 DNA in body fluids, based on the addition of a synthetic DNA calibrator prior
to DNA extraction. The calibrator controls each sample for the presence of PCR inhibitors, determines a cutoff
value of sensitivity for negative samples, and normalizes positive samples for the efficiency of DNA recovery.
The assay shows a wide dynamic range of detection (between 1 and 106 viral genome equivalents/reaction) and
a high degree of accuracy even in the presence of high amounts (up to 1 �g) of human genomic DNA. Moreover,
the assay has a very high sensitivity (lower detection limit, 10 genome equivalents/ml) and a high degree of
reproducibility and repeatability with a coefficient of variation (CV) of <15 and 23%, respectively. Further-
more, the use of the calibrator improves the accuracy of quantitation and decreases the intersample variability
(CV, 9 and 6%, respectively). The sensitivity and specificity of the assay were tested with a series of clinical
specimens obtained from patients affected by various HHV-8-related diseases, as well as from a wide number
of controls. In conclusion, our calibrated real-time PCR assay provides a reliable high-throughput method for
quantitation of HHV-8 DNA in clinical and laboratory specimens.

Human herpesvirus 8 (HHV-8) is a recently characterized
gamma herpesvirus associated with the development of Kapo-
si’s sarcoma (KS), body-cavity-based-lymphoma (BCL), and
some forms of multicentric Castleman’s disease (MCD) (6, 14,
40). This virus is distributed worldwide with five distinct sub-
types (A to E); yet, unlike other human herpesviruses, HHV-8
is not ubiquitous. Sero-epidemiological studies demonstrated a
low prevalence of anti-HHV-8 antibodies in the general pop-
ulation in the United States and Asia (1 to 2%), an interme-
diate seroprevalence in Italy and other Mediterranean coun-
tries (5 to 35%), and the highest seroprevalence in Southern
and Central Africa (30 to 60%) and among Brazilian Amerin-
dians (41 to 65%) (1, 4, 8, 19, 31, 35, 38, 39, 46). HHV-8
seroconversion is associated, in some instances, with KS devel-
opment (9). In addition, HHV-8 seropositivity can predict pro-
gression to KS in human immunodeficiency virus (HIV)-sero-
positive homosexual men (13, 26, 33).

A variety of serological assays for diagnosis of HHV-8 in-
fection have been described, but most of them fall short in
sensitivity, specificity, and interassay concordance. Indeed, a
combination of several assays should be utilized in order to
obtain the optimal sensitivity and specificity (7, 35, 41). More-
over, the assessment of titers of antibody in serum may not

always provide useful clinical information, especially for the
therapeutic management of patients, since it does not allow
distinguishing between latent and active infection. The mea-
surement of the viral load has been crucial to understanding
the pathogenic mechanisms of many viruses (10, 25, 44), and,
especially when applied to biological fluids, it represents one of
the best systems for diagnosing active infection, an essential
marker for the study of herpesviruses (22). However, the first-
generation PCR assays for the detection of the HHV-8 DNA
load are generally too insensitive to provide a reliable screen-
ing test (18, 26, 34). Moreover, they were not designed to be
high-throughput systems (21) and are susceptible to PCR
cross-contamination (16).

At present, several real-time PCR methods are available for
quantification of HHV-8 DNA (17, 42, 43, 47), but none allows
controlling both the efficiency of the extraction procedure and
the presence of PCR inhibitors, both of which affect quantifi-
cation. Indeed, the main limitation of this technology is rep-
resented by the inability to recognize technical artifacts due to
a complete failure of the PCR. We approached this problem by
introducing, in our assay, a synthetic DNA molecule termed
calibrator, which shows the same kinetics of amplification of
the HHV-8 amplicon and is specifically detected by a non-
cross-reactive probe. The loss of amplification of the calibrator
molecule allows the detection of any false-negative results.
Moreover, the addition of a known amount of calibrator mol-
ecule before any manipulation of the biological sample permits
measuring the yield of DNA recovery for each sample, which
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varies significantly from sample to sample and according to the
source of the clinical specimens.

Here, we describe the development of a calibrated real-time
PCR assay for the reliable estimation of both cell-free and
cell-associated HHV-8 DNA in body fluids and evaluate its
performance with clinical specimens obtained from patients of
Italian and African origin with HHV-8-associated diseases.

MATERIALS AND METHODS

Oligonucleotide primers and TaqMan probes. Primers TAQ8A (5�-GTCCA
GACGATATGTGCGC-3�) and TAQ8B (5�-ACTCCAAAATA TCGGCCGG-
3�), which amplify a 101-bp fragment of the minor capsid protein (from nucle-
otides 8221 to 8321; GenBank accession no. U40377) and a probe of 23 bp
(5�-TTGGTGGTATATAGATCAAGTTC-3�), complementary to an internal
region 15 bp downstream of the forward primer, were selected using the Primer
Express software (PE Biosystem, Foster City, Calif.). The primers were synthe-
sized by Primm (Milan, Italy), whereas a 3�-minor groove binder DNA probe
synthesized with the reporter dye 6-carboxy-fluorescein covalently linked to the
5� end of the sequence was prepared by PE Biosystems (Warrington, United
Kingdom). An extensive search in the EMBL and GenBank databases indicated
that neither the primers nor the probe shared significant homology with other
known nucleotide sequences. Moreover, the region is highly conserved among
different HHV-8 subtypes.

Primers TAQCA (5�-CAAAGCCAAATTATCCAGAGCG-3�) and TAQCB
(5�CGCTGG TTGAGGATGATCGA-3�) were utilized for real-time quantita-
tive PCR of the calibrator molecule. A 25-bp oligonucleotide probe (5�-TAC
GCAACGCCAACAGACCTAGCGA-3�) was synthesized (PE Biosystems) with
a reporter dye, VIC, and the TAMRA quencher dye (6-carboxytetramethyl
rhodamine) covalently linked to the 5� and 3� ends, respectively, of the oligonu-
cleotide. The calibrator probe and primers were specifically and carefully se-
lected in order to avoid cross-hybridization with the HHV-8 sequence. The lack
of detection of the VIC signal in an amplified specimen was interpreted as an
index of either absence of DNA recovery or presence of PCR inhibitors.

Preparation of HHV-8 and calibrator standards. DNA extracted from a cell
line chronically infected with HHV-8 (BCBL-1) was amplified with a PCR
mixture containing 100 mM deoxynucleotides, 3 mM magnesium chloride, 1�
TaqMan buffer A, primers TaqMan 8A and TaqMan 8B (each at 300 nM), 0.625
U of AmpliTaq Gold, and 10 �l of DNA template. The cycling profile consisted
of a first denaturation step of 15 min at 95°C and a second step of 26 cycles of
denaturation for 20 s at 95°C, followed by annealing for 30 s at 60°C, extension
for 30 s at 72°C, and a final extension step of 10 min at 72°C.

The 101-bp HHV-8 DNA fragment amplified by primers TAQ8A-TAQ8B was
cloned into the pCR2.1 plasmid (pVU56) using the TA cloning kit (Invitrogen
Corp., San Diego, Calif.) according to the manufacturer’s instructions. The
133-bp DNA calibrator fragment was synthesized by PE Biosystems and cloned
into the pCRII plasmid (pVU46) to provide a reproducible source of calibrator
molecule.

PCR assays. Optimization of the reactions was achieved by determining the
concentrations of magnesium, primers, and probes, as well as the annealing
temperature yielding the highest intensity of reporter fluorescent signal without
a reduction in specificity or sensitivity. The TaqMan reaction for both assays was
performed in a final volume of 25 �l containing 100 mM dATP, dCTP, and
dGTP, 200 mM dUTP, 5.5 mM magnesium chloride, 1� TaqMan buffer A,
primers at 300 nM, probe at 200 nM, 0.625 U of AmpliTaq Gold, 0.25 U of
uracil-N-glycosylase, and 10 �l of DNA template. The TaqMan PCR cycling
conditions were the following: 2 min at 50°C, followed by 15 min of denaturation
at 95°C and by 40 cycles of denaturation at 95°C for 15 s and annealing and
extension at 60°C for 60 s. The fluorescent signal (Rn) generated by the degra-
dation of the hybridized probe is automatically calculated by a computer algo-
rithm that normalizes the reporter emission signal first, by dividing it by the
emission of a control dye (ROX) present in the PCR mix and then by subtracting
all the background signals generated in the first 15 cycles of the PCR. Then, the
algorithm calculates the cycle of threshold (Ct) at which each PCR amplification
reaches a threshold value (usually set at 10 times the standard deviation of the
baseline signal) that is inversely proportional to the log number of target copies
present in the sample (12). A standard curve was drawn using serial dilutions of
known input target copies (x axis) versus the corresponding Ct values (y axis)
using the least-squares fit method.

Serologic assays. Antibodies against the lytic antigens of HHV8 were detected
using an immunofluorescence assay (IFA) based on the BCBL-1 cell line (ob-

tained from M. McGrath and D. Ganem through the AIDS Research and
Reference Reagent Program, Division of AIDS, National Institute of Allergy
and Infectious Diseases, National Institutes of Health). The cells were grown in
RPMI 1640 medium supplemented with 10% heat-inactivated fetal bovine serum
(FCS), antibiotics (100 IU of penicillin/ml and 100 �g of streptomycin/ml), and
5 � 10�5 M 2-mercaptoethanol. For the IFA assay, smears were prepared by
pelleting BCBL-1 cells pretreated with 20 ng of tetradecanoyl phorbol ester
acetate (Sigma)/ml for 48 h. Ten microliters of a 4 � 106-cell/ml cell suspension
were smeared on slides, air dried at room temperature, and fixed with a meth-
anol-acetone solution (1:1 [vol/vol]) at �20°C for 10 min. Fixed smears were
preblocked with phosphate-buffered saline supplemented with 3% (vol/vol) FCS
for 30 min in a humidified chamber, incubated for 45 min at 37°C with the test
serum diluted 1:10 (in phosphate-buffered saline supplemented with 1% gly-
cine–2% FCS) and for 45 min with a fluorescein-isothiocyanate-conjugated goat
anti-human antiserum. Titrations were done by twofold serial dilutions. Samples
were considered positive when they showed at least two fluorescent cells for each
microscopic field at 1:40 dilution.

Patients and sample preparation. Fifty-eight clinical specimens (plasma, se-
rum, and pleural fluid samples) obtained from 24 patients of different geographic
origins (Italy and Uganda) with a broad spectrum of HHV-8-associated diseases
were analyzed. In addition, the HHV-8 viral load was measured in plasma
samples collected from 36 healthy donors, 64 HIV-seropositive subjects, and 16
patients affected by malignant lymphoma or chronic inflammatory diseases.

To remove cells and debris, the clinical specimens (0.2 to 1 ml) were centri-
fuged twice (first at 900 � g, 15 min, 4°C; and then at 1,500 � g, 15 min, 4°C).
Precleared samples were then subjected to high-speed centrifugation (26,000 �
g, 120 min, 4°C) in order to concentrate viral particles. Synthetic calibrator DNA
(104 copies of calibrator/sample) was added prior to DNA extraction to control
the efficiency of each step of the analytical procedure. DNA extraction from spun
material was performed using a phenol-chloroform method, and purified mate-
rial was resuspended in a final volume of 100 �l of AE buffer, as described
previously (20). Ten microliters of the purified material was tested in each PCR
in triplicate to measure both the calibrator and the HHV-8 copy number. Data
were normalized based on the recovery rate of the calibrator DNA using the
following formula:

VT
VR �

GER
VS �

CI
CO

where VT indicates the total volume of the extracted material, VR indicates the
volume assayed in the PCR, GER indicates the number of HHV-8 genome
equivalents measured in each reaction, VS indicates the volume of the analytical
sample expressed in milliliters, CI indicates the calibrator input, and CO indi-
cates the calibrator output. On negative samples, the cutoff of sensitivity was
calculated as follow:

MGED
VS �

CI
CO

where MGED indicates the minimal number of genome equivalent detectable,
Vs indicates the volume of the biological sample express in milliliters, CI indi-
cates the calibrator input, and CO indicates the calibrator output.

Statistical analysis. Accuracy, defined as the level of approximation of a
measured value to a reference value taken as a “gold standard,” was estimated
by computing the arithmetic differences between DNA copy number evaluated
by the real-time PCR assay and the theoretical number inferred from UV
spectroscopy. The significance of systematic biases was assessed by a paired-
sample Student t test and was adjusted by covariance analysis, when needed.
Repeatability and reproducibility were estimated by computing the coefficient of
variation (CV) (the ratio between the standard deviation and the mean of
repeated measurements) under different conditions. The difference between
reference curves was assessed by covariance analysis.

RESULTS

Validation of reference curves, dynamic range, and analyt-
ical sensitivity of the TaqMan quantitative PCR assay for
HHV-8 DNA. The aim of this study was to design a calibrated
quantitative PCR-based assay suitable for quantification of the
HHV-8 DNA load in biological samples. In this regard, two
independent quantitative PCR methods were optimized and
carried out with two separate aliquots of the same DNA spec-
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imen. The first real-time PCR was designed to measure the
HHV-8 genome equivalent number, and the second one was
developed to measure the recovery of the calibrator DNA
molecule, which serves to normalize the DNA extraction pro-
cedure and to monitor PCR artifacts. To generate the refer-
ence curve for HHV-8 quantitation, pVU58 plasmid DNA was
measured by UV spectroscopy, and three distinct sets of 10-
fold dilutions were prepared, ranging from a DNA concentra-
tion of 0.405 �g/�l (equivalent to 1011 copies/�l) to a DNA
concentration of 4 � 10�4 fg/�l (equivalent to 10�1 copies per
�l). The three series of samples were amplified by PCR in the
same run of the 7700 ABI Prism sequence detector. The data
generated a log-linear regression plot that showed a strong
linear relationship (r2 � 0.99) between the log10 of the starting
copy number and the Ct values (Fig. 1). A very wide dynamic
range was observed (six orders of magnitude), since the assay
could discriminate template concentrations between 100 and
106 genome equivalents in a single reaction. To better mimic
the situation in which DNA is extracted from cells, we per-
formed some experiments by adding an excess of human HHV-
8-negative genomic DNA (1 �g of peripheral blood mononu-
clear cells DNA � 150,000 cellular genome equivalents) to a
wide range of HHV-8 template DNA (101 to 106 copy equiv-
alent of DNA). As shown in Fig. 1, the sensitivity and the
performance of the assay were not affected by the presence of
1 �g of human genomic DNA.

A similar procedure was followed to validate the reference
curve using the calibrator construct pVU56. Again, we ob-
served a wide range of detection and a strong linear relation-
ship between the log of the copy number and the PCR cycle of
detection of the fluorescent signal (F � 32,043; P � 0.0001)

(Fig. 2). In addition, the kinetics profile of calibrator amplifi-
cation was compared, by covariance analysis, with the one
generated with the HHV-8 amplicon (Fig. 2). No significant
differences were found between the plots generated for the two
constructs (F � 1.32 [P � 0.25] and 1.37 [P � 0.24] for the
intercept and the slope of the plots, respectively).

Accuracy, repeatability, and reproducibility. Next, we mea-
sured the accuracy of the TaqMan assay for HHV-8 DNA. For
DNA inputs above 104 copies/reaction the error observed in 10
distinct experiments performed with serial dilutions of the
pVU58 reference plasmid was minimal (1.8 to 5.7%), whereas
it was greater (12.2 to 14.3%) for inputs below 104 copies/
reaction (Table 1).

The repeatability and reproducibility of our assay were as-
sessed by calculating the CV for the Ct values experimentally
determined as well as for the estimated plasmid copy numbers
(Table 1). Intra- and interexperimental variability calculated
for the Ct values of 170 measurements of the reference DNA

FIG. 1. Reference curves of the HHV-8 TaqMan assay obtained in
the presence and absence of irrelevant human genomic DNA. Serial
dilutions (from 101 to 106 HHV-8 genome equivalents) of the HHV-8
template run in the presence (closed circles) or absence (open trian-
gle) of 1 �g of human genomic DNA derived from normal blood donor
peripheral blood mononuclear cells. The equations resulting from the
regression curves obtained by plotting the Ct values (y axis) against the
indicated amount of DNA inputs (x axis) were the following: y �
39.226 � 3.3347 log (x), r2 � 0.9978; and y � 39.667 � 3.4 log (x), r2

� 0.9986 for the curve of the pVU56 construct diluted in water or in
1 �g of human DNA, respectively.

FIG. 2. Comparison between the reference curves of the HHV-8
and calibrator real-time PCR assays. The number of the pVU56
(HHV-8) and pVU46 (calibrator) molecules is indicated on the x axis,
and the cycle of threshold (Ct) is indicated on the y axis. Open triangle,
TaqMan assay for HHV-8; closed circles, TaqMan assay for calibrator.
The equations for the HHV-8 and the calibrator constructs were y �
39.052 � 3.333 log (x) and y � 39.084 � 3.340 log (x), respectively. The
solid lines were obtained by linear regression analysis of the data (r2 �
0.99; P � 0.001), and dotted lines indicate the 95% confidence inter-
vals for the regression.

TABLE 1. Accuracy error and CV of standard
plasmid pVU58 quantification

Copy
no.

Accuracy error (%),
mean 	 SE

CV (%)

Intra-assay Inter-assay

Ct Copies Ct Copies

101 �14.3 	 4.7 1.21 29.4 1.05 44.4
102 �13.1 	 2.89 0.5 14.7 1.08 20.6
103 �16.2 	 2.39 0.72 7.1 0.9 17.6
104 �12.2 	 2.71 0.68 6.1 1.09 22.8
105 1.8 	 2.82 0.57 7.3 1.17 20
106 5.7 	 1.46 0.31 4.8 0.83 9.2
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was consistently below 1.2% (101 to 106), thus demonstrating
the correctness of the technical setup and its reliability over
time (Table 1). Intra- and interexperimental variability calcu-
lated on the basis of the copy numbers was always below 25%
(15 and 23%, respectively) except for inputs equal to 10 ge-
nome equivalents/reaction (29 and 44%, respectively)

To further verify the validity of the calibrated quantification
approach, two sets of six independent 1-ml aliquots of human
plasma were spiked with different inputs of HHV-8 viral stock
dilutions (800 and 300,000 copies/sample) and with 104 copies
of calibrator. The DNA from each plasma aliquot was ex-
tracted, and 1/10 of the final DNA suspension was tested in
each PCR. The mean of recovery, intersample variation, and
accuracy error were computed to compare the quantification
with and without calibration. Irrespective of the system chosen
for the HHV-8 DNA load calculation, the measured values
were lower than estimated (Table 2). However, for both DNA
concentrations, the accuracy error significantly decreased by
virtue of the calibrated quantification (from 50 to 6% and from
49.5 to 15.4% for the high and low DNA amounts, respective-
ly). It was noteworthy that the accuracy errors measured for
the viral dilutions were fully comparable to the average accu-
racy errors computed on the standard HHV-8 template dilu-
tions (Table 1), which were not subjected to any extraction
procedure. Plasma samples containing a high viral inoculum
showed a decrease of the intersample CV (from 41.3 to 8.7%)
when calibrated quantification was used. By contrast, no dif-
ference was observed for the low-copy-number input.

Clinical sensitivity and specificity of the cell-free HHV-8
load assay. To verify the sensitivity and specificity of our assay,
the HHV-8 DNA load was measured in plasma of 140 subjects
with different clinical statuses: 24 patients with active HHV-8-
related disorders (18 with AIDS-related KS, 1 with AIDS-
BCL, 1 with HIV-associated MCD, and 4 with classical or
posttransplantation KS), 16 patients affected by malignant lym-
phoma or chronic inflammatory disorders, 64 HIV-seroposi-
tive individuals, and 36 normal blood donors (Table 3). HHV-8
DNA load was present in specimens (plasma or serum) derived
from 20 of 24 patients affected by active HHV-8-related dis-

orders (sensitivity, 83%). By contrast, HHV-8 DNA was found
only in 2 of 116 controls screened (specificity, 98%).

Cell-free HHV-8 DNA was detected in the vast majority of
the serum or plasma samples from patients with HHV-8-asso-
ciated diseases, with viral loads that varied between 10 and
560,000 genome equivalents/ml (Table 4), irrespective of the
type of disease or the nature of the biological fluid examined.
In half of the HHV-8-positive patients (10 of 20), the levels of
HHV-8 DNA were below 200 genome equivalents/ml. Similar
levels were also measured in 2 of 64 HIV-seropositive patients,
24 of which were HHV-8 seropositive, who later developed KS.

A significant degree of variability in the DNA recovery rate
(between 15 to 100% of the calibrator input) was observed,
irrespective of the nature of the clinical sample, even among
samples derived from the same individual (data not shown).
Thus, the use of the calibrator allowed an appreciable correc-
tion of the HHV-8 DNA load in 12 of 26 individuals tested
(Table 4).

Furthermore, the analysis of the kinetics of amplification of
the calibrator DNA permitted excluding the presence of PCR
inhibitors (data not shown) and determining, for each negative
sample, a specific cutoff value for HHV-8 detection, which
varied between 10 and 109 genome equivalents/ml (Table 4).

DISCUSSION

We have developed a new, fully controlled, real-time PCR
assay for the detection and quantification of the HHV-8 DNA
load in body fluids. This assay combines a state-of-the-art PCR
technique, the TaqMan real-time PCR, with the use of a cal-
ibrator, a synthetic DNA molecule that monitors both the
sample manipulation procedures and the presence of PCR
artifacts due to the occasional copurification of PCR inhibitors.
The system has been specifically designed to allow the simul-
taneous amplification of both amplicons under the same PCR
conditions. Thus, particular attention has been devoted to en-
suring that the HHV-8 and the calibrator amplicons possess
the same kinetics of amplification and to avoiding primer com-
petition and probe cross-detection phenomena. Similar to the

TABLE 2. Quantification of HHV-8 DNA with and without calibrationa

Genome
equivalents/sample

Genome equivalents, mean of recovery 	 SD Intersample CVa Accuracy error (%)

Uncalibrated Calibrated Uncalibrated Calibrated Uncalibrated Calibrated

800 404 	 80 677 	 129 19.8 19 49.5 15.4
300,000 149,860 	 60,670 282,040 	 15,500 41.3 8.7 50 6

a Mean of recovery, inter-sample CV, and accuracy error for different amounts of viral DNA spiked into HHV-8-seronegative human plasma.

TABLE 3. Sensitivity and specificity with clinical samples

Clinical status of subjects (n) TaqMan assay,
no. positive (%)

HHV-8 DNA load
(copies/ml, range)

Anti-HHV-8, no.
positive (%)

HHV-8-related diseases (24) 20 (83) �10–560,000 23 (96)
HIV seropositivea (64) 2b (3) �10–138 24 (38)
Malignant lymphoma and inflammatory diseaseb (16) 0 �32c 0
Healthy blood donors (36) 0 �20c 2 (5)

a No ongoing or previous HHV-8-related disorders.
b Clinical evidence of KS after 8 and 15 months from specimens collection.
c For negative samples the highest cutoff value is reported.
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classical competitor molecules developed for the quantitative-
competitive PCR techniques, the calibrator represents a high-
quality internal PCR standard that can be added prior to any
manipulation of the biological sample. Indeed, as demon-
strated by others and us (43), the extraction procedure causes
a 50% average error in viral load measurements, an error that
can be significantly increased by the choice of the extraction
procedure (43). Moreover, clinical samples subjected to stan-
dard extraction procedures might still contain PCR inhibitors
that can contribute to a miscalculation of the viral DNA load
(16, 42, 43). The drastic reduction in accuracy error that we
measured using the calibrated system attests to the efficacy of
our strategy, which permits avoidance of the accuracy error
due the introduction of the DNA extraction procedures. More-
over, whereas the detection and the amplification profile of the
calibrator construct allow establishment of the presence of
PCR inhibitors, the measurement of the sample recovery rate
permits establishment of a precise cutoff of sensitivity for each
negative sample. The combination of this controlled real-time
assay with a preliminary step of sample’s concentration allows
quantification, with a good level of accuracy and reproducibil-
ity (�14 and �30%, respectively), of even minute amounts of
HHV-8 DNA (10 genome equivalents/ml). Strikingly, the ex-
treme sensitivity of the assay is not hampered by a reduced

degree of specificity, as demonstrated by the results obtained
with biological fluid samples derived from 140 individuals with
different clinical conditions and geographic origins.

The detection and quantification of viral genetic material,
either DNA or RNA, in body fluids provides a reliable marker
for tracking an active viral infection (36, 37), especially useful
for those viruses, such as herpesviruses, which establish a life-
long persistent infection with an alternating pattern of latency
and reactivation. Indeed, the finding of cell-free HHV-8 DNA
in plasma, serum, saliva, and secretory fluids from patients with
AIDS-KS has been reported (11, 15, 45), but its clinical rele-
vance, given the low sensitivity of the methods used, remains to
be established. More recently, Campbell and colleagues, using
a real-time PCR assay, have reported high levels of HHV-8
plasma viremia in the vast majority of AIDS-KS patients, as
well in individuals from Zimbabwe who were dually infected
with HIV and HHV-8 without signs of KS (5). Unfortunately,
they were unable to confirm these results in a cohort of pa-
tients from the United States who were dually infected with
HIV and HHV-8 (T. B. Campbell, K. A. Staskus, R. Evans, et
al., Abstr. 7th Conf. Retrovir. Opportunistic Infect., abstr. 4a,
2000). Conversely, Tedeschi and colleagues have documented
the presence of persistent HHV-8 viremia in a considerable
fraction (71%) of European AIDS-KS patients (43). In agree-

TABLE 4. Quantitative analysis of cell-free HHV-8 DNA in 26 patients with various HHV-8-associated diseases

Patient
no.

HHV-8-associated
disease(s)

Sample
(vol in �l)

Amt of HHV-8
(copies/r)

Calibrator
recovery (%)

No. of HHV-8 genome
equivalents/ml HHV-8

antibody titer
Uncalibrated Calibrated

1 AIDS-KSa Serum (200) 140 36 7,000 19,440 1:1,280
2 Serum (200) 14 25 700 2,800 1:320
3 Serum (200) 0 46 0 �109 �1:1,280
4 Serum (200) 0 100 0 �50 �1:20
5 Serum (200) 8 100 400 400 �1:1,280

6 AIDS-KSb Plasma (500) 38 71 750 1,070 �1:1,280
7 Plasma (1,000) 78 32 780 2,450 �1:1,280
8 Plasma (1,000) 1 51 10 20 �1:1,280
9 Plasma (500) 2 80 40 50 �1:1,280
10 Plasma (500) 28,000 100 560,000 560,000 �1:1,280
11 Plasma (1,000) 1 100 10 10 �1:1,280
12 Plasma (1,000) 100 48 1,000 2,080 �1:1,280
13 Plasma (1,000) 93 35 930 2,660 �1:1,280
14 Plasma (1,000) 1 100 10 10 �1:1,280
15 Plasma (1,000) 3 100 30 30 �1:1,280
16 Plasma (1,000) 3 26 30 115 �1:1,280
17 Plasma (1,000) 1 94 10 11 �1:1,280
18 Plasma (1,000) 0 15 0 �66 �1:1,280

19 HIV�/HHV-8� Plasma (1,000) 5 50 50 100 1:3,560
20 Plasma (1,000) 7 50 70 140 1:640

21 Classical KS Plasma (500) 30 30 300 2,000 1:320
22 Plasma (1,000) 20 100 200 200 1:1,280

23 Post-transplantation KS Plasma (1,000) 0 100 0 �10 1:1,280
24 Plasma (1,000) 11 65 110 168 1:1,280

25 AIDS-BCL Plasma (1,000) 6 40 60 150 �1:1,280

26 AIDS-MCD Plasma (500) 111 72 2,220 3,080 �1:1,280

a Patients from Uganda.
b Patients from Europe.
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ment with their observations, we found that HHV-8 plasma
viremia was detectable in a large fraction (83%) of biological
samples derived from individuals suffering of HHV-8-associ-
ated diseases. Furthermore, signs of active HHV-8 replication
were not featured solely by HIV-coinfected individuals but also
were shown by patients affected by both classical and posttrans-
plantation KS. Of note, we documented very low levels of
HHV-8 DNA load in half of the patients. These levels were
similar to the ones measured in two HIV-coinfected individu-
als who developed KS lesions a few months later (23). Taken
together, these and other findings (2, 3, 5, 24, 27, 30, 32)
support the hypothesis of a direct involvement of HHV-8 rep-
lication in KS pathogenesis and lesion dissemination, thus em-
phasizing the usefulness of sensitive, accurate, fast, and high-
throughput diagnostic tests to monitor HHV-8 infection.

In conclusion, the calibrated real-time PCR technique de-
scribed herein will offer clinicians a fast and reliable readout
for establishing an etiologic link between HHV-8 and human
diseases, as well as to monitor therapeutic approaches against
HHV-8 infection.
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