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Human herpesvirus 6 (HHV-6) is a ubiquitous virus with which infections have been associated with
pathologies ranging from delayed bone marrow engraftment to a variety of neurological diseases. The lack of
a standardized assay that can be used to detect and estimate HHV-6 DNA contents in various clinical
specimens can lead and has led to discordant results among investigators and on the potential association of
HHV-6 to diseases. To identify the most reliable and sensitive assays, an identical set of 11 coded serum
samples spiked with various quantities of the HHV-6A variant (range, 4 to 400,000 genome copies/ml) was sent
to eight independent laboratories around the world. Each laboratory was asked to estimate the HHV-6 DNA
content by use of its own protocols and assays. Among the various assays, three TaqMan-based real-time PCR
assays yielded quantities that were closest to the quantity of HHV-6 that had been spiked. To provide better
homogeneity between the results from the different laboratories working on HHV-6, we propose that investi-
gators interested in quantifying HHV-6 in clinical samples adopt one of these assays.

Human herpesvirus 6 (HHV-6) was isolated more than 20
years ago from patients with AIDS and various lymphoprolif-
erative disorders (41). HHV-6 has a worldwide distribution,
and by the age of 3 years, most individuals have contracted
HHV-6 (37, 56). Two distinct HHV-6 variants exist, HHV-6A
and HHV-6B (1). With the exception of a few genes or regions,
the coding sequences of HHV-6A and HHV-6B are �90%
identical (14, 27). Despite this high degree of similitude in
DNA content, these two variants have distinct biological prop-
erties, such as their ability to be propagated on different cell
lines and their reactivity with monoclonal antibodies, and their
association with specific pathological conditions is such that
these viruses are considered distinct pathogens (2). The most
common clinically defined disease associated with HHV-6 is
the common childhood illness roseola, also referred to as ex-
anthem subitum (51). Nearly all (99%) episodes of roseola are
linked to HHV-6B infection. Other complications of primary
HHV-6B infection include hepatitis, meningitis, fatal hemo-
phagocytic syndrome, and fatal disseminated infection (7, 22,
23, 39). Furthermore, HHV-6 reactivation occurs in 40 to 50%
of bone marrow and solid-organ transplant recipients, making
this virus a growing medical concern (6, 11, 19, 36, 53–55).

HHV-6B reactivation is most common after allogeneic hema-
topoietic stem cell transplantation and is associated with sub-
sequent delayed monocyte and platelet engraftment, increased
platelet transfusion requirements, all-cause mortality, graft-
versus-host disease, and central nervous system dysfunction
(58). The reactivation of HHV-6 (A and B variants) is also
observed in various other neurological diseases. such as mul-
tiple sclerosis and epilepsy (9, 15, 17, 43, 48, 52). Although the
detection of HHV-6A is less frequent than that of HHV-6B in
patients, the former variant is believed to act as a pathogen in
the context of severe central nervous system and systemic in-
fections (8, 40). In addition, concomitant infections with both
HHV-6A and HHV-6B have been described in lung and lym-
phoid tissue samples (12, 16).

The difficulty in linking HHV-6 infection in the case of
either primary infection or reactivation to disease resides
partly in the lack of a standardized assay that can be used to
detect and quantify HHV-6 DNA in biological samples. The
use of different assays to monitor HHV-6 DNA is one potential
source for discordant results. At present, the detection and the
quantitation of HHV-6 DNA in biological fluids, such as se-
rum, plasma, and cerebrospinal fluid, are considered markers
of active HHV-6 infection (an exception is for chromosomally
integrated HHV-6; see Discussion). Several types of PCR as-
says are currently used to detect HHV-6 DNA in biological
fluids, but a comparison of the various assays used has never
been performed. The sensitivity of the assay is a very important
issue, considering that HHV-6 generally remains cell associ-
ated and the detection of cell-free HHV-6 in biological sam-
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ples can be clinically meaningful (17, 35, 47). The purpose of
this study was to identify the most reliable and most sensitive
PCR assays for the quantitative detection of HHV-6 in human
serum. To do so, identical and coded sets of HHV-6A-spiked
serum samples were sent to various independent investigators
throughout the world for testing by each laboratory’s specific
methodology.

MATERIALS AND METHODS

Study design. Sucrose gradient-purified HHV-6A (strain GS) (1010 viral par-
ticles/ml, as determined by electron microscopy) was purchased from Advanced
Biotechnologies Inc. (Columbia, MD). Human serum negative for HHV-6 DNA
(as determined by TaqMan PCR) was spiked with various quantities of infectious
HHV-6A virions (0 to 400,000 genome equivalents) per ml. After the serum and
HHV-6A were mixed, 250-�l aliquots were prepared, frozen at �80°C, and
shipped on dry ice to eight laboratories for testing. Each laboratory received 11
coded samples. All samples were assayed in a blinded fashion, and the partici-
pating laboratories were informed of their performance once all laboratories had
turned in their results. Of the nine assays tested, three (assays 3, 5, and 7) yielded
qualitative results and six yielded quantitative results. Brief methodologies for
each of these assays are provided below.

Assay 1. To remove cells and debris, the clinical specimens (0.2 to 1 ml) were
centrifuged twice (first at 900 � g for 15 min at 4°C and then at 1,500 � g for 15
min at 4°C). Precleared samples were then subjected to high-speed centrifuga-
tion (26,000 � g, 120 min, 4°C) in order to concentrate the viral particles.
Synthetic calibrator plasmid DNA (104 copies of calibrator per sample) was
added prior to DNA extraction to control the efficiency of each step of the
analytical procedure. Extraction of DNA from biological fluids was performed
with 0.5 ml of a lysis buffer containing 10 mM Tris-HCl (pH 8), 5 mM EDTA,
0.5% (vol/vol) sodium dodecyl sulfate, and 0.1 �g of proteinase K per ml. Lysis
was followed by phenol-chloroform extraction and high-salt-concentration iso-
propanol precipitation; the purified DNA was resuspended in 100 �l of a 5 mM
Tris-HCl–0.5 mM EDTA buffer and was stored at 20°C until use. Ten microliters
of the purified material was tested in each PCR in triplicate to measure both the

calibrator and the HHV-6 copy numbers. Primers that amplify a fragment of the
highly conserved U67 open reading frame of HHV-6 are listed in Table 1. The
TaqMan reaction was performed in a final volume of 25 �l containing 100 �M
each dATP, dCTP, and dGTP; 200 �M dUTP; 5.5 mM magnesium chloride;
TaqMan buffer A (1�); the primers at 300 nM; the 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 2 min at 50°C, followed by 15 min of
denaturation at 95°C and 40 cycles of denaturation at 95°C for 15 s and anneal-
ing/extension at 60°C for 60 s. A standard curve was drawn by using serial
dilutions of known copy numbers of plasmid DNA containing a portion of the
U67 gene.

Assay 2. DNA was extracted from serum samples by using Qiagen columns
(QIAamp DNA blood mini kit), according to the manufacturer’s guidelines.
After elution with Tris-EDTA buffer (10 mM Tris-HCl, 0.5 mM EDTA, pH 9.0),
the DNA was aliquoted to avoid repeated freezing and thawing and was stored
at �80°C. Two negative controls, which consisted of reagents only, were pro-
cessed with each set of 10 samples in order to evaluate the samples for a possible
cross-reaction. Each sample was confirmed to be negative for beta-globin by
PCR amplification with specific primers to ensure no cellular contamination. The
quantitative real-time PCR was performed in a Rotor-Gene 3000 real-time cycler
(Corbett Research). In this study, primers and probes that amplify and detect a
115-bp fragment located in the U67 gene were used (Table 1). The reaction
mixture for each PCR test contained 12.5 �l of 2� SuperHot PCR master mix
(Bioron GmbH, Germany), 0.4 �M of each HHV-6-specific primer, 0.2 �M of
the HHV-6-specific probe, and 10 �l of previously extracted DNA in a final
volume of 25 �l. Each sample was analyzed in duplicate. The cycling conditions
were as follows: after a preincubation at 95°C for 10 min to activate the DNA
polymerase, two-step thermocycling was performed for 50 cycles at 95°C for 15 s
and 58°C for 60 s. To exclude the possibility of contamination during the PCR,
one negative control consisting of all reagents except the sample DNA was
amplified for every five samples in each experiment. For the final calculation of
the DNA copy number, we generated a standard curve of known amounts (5, 50,
500, and 5,000 copies) of DNA isolated and quantified from HHV-6B (Z-29)
virions (Advanced Biotechnologies Inc.). Each point was obtained in triplicate.

Assay 3. The QIAamp blood kit was used to extract DNA from plasma samples
according to the manufacturer’s guidelines (Qiagen). DNA amplification was

TABLE 1. Primers and probes used in the various assaysa

Assay Target Primer Primer Probe (variant specific) Reference

1 orf67 5�-CGAAACGCCTACACAGAAT-3� 5�-CAAAGCCAAATTATCCAGA
GCG-3�

5�-CGTCACACCCGAAGGAAT-3� 29

2 orf67 5�-CAAAGCCAAATTATCCAGAGC
G-3�

5�-CGCTAGGTTGAGGATGATC
GA-3�

5�-CCCGAAGGAATAACGCTC-3� 25

3 orf57 External: 5�-GCGTTTTCAGTGTGTA
GTTCGGCAG-3�

External: 5�-GGCCGCATTCGTA
CAGATACGGAGG-3�

NA 42

Internal: 5�-GCTAGAACGTATTTGC
TGCAGAACG-3�

Internal: 5�-ATCCGAAACAACT
GTCTGACTGGCA-3�

NA

4 orf31 5�-TTTGCAGTCATCACGATCGG-3� 5�-AGAGCGACAAATTGGAGG
TTTC-3�

5�-AGCCACAGCAGCCATCTAC
ATCTGTCAA-3�

44

5 orf31 BIP-5�-ACGAAGAACGCATCACAG
AGCT ACTGCGTATTCTTTGGA
GAGC-3�

FIP-5�-TCCGTAGACGGAGTGG
CTGATAGTATCACGTTCCT
CACGAAAA-3�

NA 26

B3-5�-GCATCTTGTGACGAGAGAA
GA-3�

F3-5�-CAGAGATCGACCAAAT
GCAAAA-3�

NA

LPB-5�-GAGACGAACAAAATAAA
AGAAC-3�

LPF-5�-TATATTTATTAGTGGA
GGTAGC-3�

NA

6 orf65/66 5�-GACAATCACATGCCTGGATAA
TG-3�

5�-TGTAAGCGTGTGGTAATG
GACTAA-3�

5�-AGCAGCTGGCGAAAAGTGC
TGTGC-3�

18

7 orf89 5�-ATAAATTTGATGGGTTAGTGA
AAAAG-3�

5�-GTCAGGATTGGACATCTCT
TTGT-3�

5�-Biotin-CATGTTGATGATGAT
GGCACAC-3�

46

5�-Biotin-CTCATTGTTGTTGATG
GCACAC-3�

a Abbreviations: BIP, backward inner primer; FIP, forward inner primer; LPB, loop primer backward; LPF, loop primer forward; NA, not applicable.
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performed with nested primers specific for a highly conserved sequence corre-
sponding to the major capsid protein gene of HHV-6 (Table 1) (4, 42). The
external primers amplified a 520-bp sequence, and the internal primers amplified
a 258-bp sequence. PCR was performed with the Taq PCR master mix kit
(Qiagen), according to the manufacturer’s instructions. DNA was amplified with
a 0.5 �M final primer concentration for 35 cycles by using the following condi-
tions: denaturation at 92°C for 0.3 min, annealing at 55°C for 0.3 min, and
extension at 72°C for 0.32 min. A total of 5 �l of the primary PCR product was
amplified with the internal primers under the same PCR conditions. A total of 10
�l of PCR product was subjected to electrophoresis on a 1.5% agarose gel and
was visualized by ethidium bromide staining.

Assay 4. Viral DNA from plasma was extracted with a QIAamp blood kit,
according to the manufacturer’s recommendations (Qiagen, Chatsworth, CA).
The PCR was performed with a TaqMan PCR kit (PE Applied Biosystems,
Foster City, CA), as described previously (28). Briefly, the DNA extracted from
plasma was added to a PCR mixture containing 10 mM Tris (pH 8.3); 50 mM
KCl; 10 mM EDTA; 5 mM MgCl2; 100 �M each dATP, dCTP, dGTP, and dTTP;
0.2 �M each primer; 0.1 �M fluorogenic probe; and 1.25 U of AmpliTaq Gold
(PE Applied Biosystems). Following activation of the AmpliTaq Gold for 10 min
at 95°C, 45 cycles of 15 s at 95°C and 1 min at 62°C were carried out on a model
7700 sequence detector (PE Applied Biosystems). A standard graph was con-
structed by using the threshold cycle (CT) values obtained from serially diluted
HHV-6 PSTY05 plasmid, which contained the U31 gene (50). The copy number
was expressed per ml.

Assay 5. The loop-mediated isothermal amplification (LAMP) reaction was
carried out with a Loopamp DNA amplification kit (Eiken Chemical Co., Ltd.,
Tokyo, Japan), according to the manufacturer’s instructions. The primers used
for the HHV-6 LAMP reaction are listed in Table 1. The LAMP reaction was
carried out with 25 �l of a mixture containing 2.4 �M primers H6U31FIP and
H6U31BIP, 0.4 �M each outer primer (primers H6U31F3 and H6U31B3), 1.2
�M each loop primer (primers H6U31LPF and H6U31LPB), 20 mM Tris-HCl
(pH 8.8), 10 mM KCl, 8 mM MgSO4, 10 mM (NH4)2SO4, 0.8 M betaine, 1.4 mM
each deoxynucleoside triphosphate, and 0.1% Tween 20. The mixture was heated
to 96°C for 30 s, after which 1 �l (8 U) of Bst DNA polymerase was added. The
mixture was incubated at 63°C for 60 min, and increased turbidity was monitored
by using an LA-200 apparatus (Teramecs Co., Ltd., Kyoto, Japan) (33). The
cutoff value for discrimination between positive and negative samples was 0.1,
which was determined by analyzing five virus-negative samples.

Assay 6. DNA extraction from samples (200 �l) was carried out with a
QIAamp DNA mini kit (Qiagen, Tokyo, Japan), according to the manufacturer’s
instructions. Twenty micrograms of glycogen was added to each sample as a
carrier DNA. The elution was performed in 50 �l of elution buffer. The HHV-6
DNA load was measured by a real-time PCR assay, as reported previously (18).
Briefly, real-time PCR was carried out in an automated Sequence Detector 7700
system (PE Applied Biosystems). The 50-�l reaction mixture contained 25 �l of
TaqMan PCR master mix, 200 nM each primer, and 100 nM probe specific for
HHV-6 (Table 1). After 2 min at 50°C and 10 min at 95°C, samples were
submitted to 45 cycles. Each cycle consisted of a step at 95°C for 15 s, followed
by a step at 60°C for 1 min. The CT value was defined by the first cycle number
at which the fluorescence was greater than the threshold. The threshold of
quantitation was 25 copies/ml of serum. The HHV-6 variant identity was con-
firmed by using a variant-specific real-time PCR assay, as described previously
(8).

Assay 7. Nucleic acids were extracted from plasma by using an Easy MAG
platform (bioMérieux, Durham, NC), according to the instructions of the man-
ufacturer. Total extracted nucleic acids were eluted into 55 �l of water. A
PCR-enzyme immunoassay (EIA) was performed to detect HHV-6 DNA by a
procedure published previously (46). In brief, a 50-�l PCR mixture contained the
following: 1� buffer; 1.5 mM MgCl2; 10% glycerol; 200 �M each dATP, dCTP,
and dGTP; 100 �M dTTP; 90 �M dUTP; 10 �M digoxigenin-11-dUTP (Roche
Biochemicals, Indianapolis, IN); 1 �M each primer; 0.01 units/�l uracil-N-gly-
cosylase (Epicenter Technologies, Madison, WI); 0.025 U/�l AmpliTaq gold
DNA polymerase (Applied Biosystems, Foster City, CA); and 10 �l of specimen
DNA extract. The reaction mixtures were placed in an ABI 9700 thermal cycler
(Applied Biosystems) that was programmed for 50 cycles with a three-step PCR
procedure (94°C for 1 min, 60°C for 1 min, 72°C for 1 min). This was preceded
by an initial uracil-N-glycosylase activation (2 min at 50°C). The primer set
(Table 1) was designed to amplify the HHV-6-specific immediate-early gene. A
sequence-specific, biotinylated capture probe (Table 1) was hybridized to the
denatured amplicon, and the complexes were captured in avidin-coated wells.
Detection was completed with enzyme-linked antidigoxigenin antibodies (46).
The output signal was measured at an optical density at 450 nm (OD450). A

positive result was defined as an OD450 � OD490 value greater than or equal
to 0.1.

Assay 8. DNA was extracted from 200 �l of plasma by the MagNA Pure
automated extraction method (Roche Diagnostics, Indianapolis, IN). Carrier
RNA [RNA-homopolymer poly(A)] was added to the lysis buffer at a concen-
tration of 1 �g carrier RNA/100 �l lysis buffer. Nucleic acids were eluted into 50
�l of elution buffer. For PCR, the RealArt HHV-6 assay (Qiagen GmbH,
Hamburg, Germany), a yet-to-be-commercialized ready-to-use system contain-
ing reagents and enzymes for the amplification of a 129-bp region of the HHV-6
genome, was used. The PCR mixture was prepared with 15 �l of master mixture
and 5 �l of target DNA. Quantitative standards included with the kit were used
to generate a standard curve to determine the viral load. A second heterologous
amplification system was used to identify possible PCR inhibition. Amplification
was performed with a LightCycler apparatus (Roche Diagnostics) and was ini-
tiated by a 10-min incubation at 95°C, followed by 10 cycles at 95°C for 5 s, 65°C
for 20 s, and 72°C for 15 s. Forty additional cycles consisting of 95°C for 5 s, 55°C
for 20 s, and 72°C for 15 s were then executed. The CT value was defined by the
first cycle number at which the fluorescence was greater than the threshold, and
the specificity of amplification was assessed by melting curve analysis.

Assay 9. DNA from plasma was extracted with a MagNA Pure LC DNA
extraction system with a total nucleic acid large volume kit (Roche Diagnostics,
Mannheim, Germany) with elution into 50 �l. A negative extraction control was
included with each group of samples. A real-time PCR assay targeted to a
portion of the green fluorescent protein (GFP) gene contained in plasmid
pEGFP-C2 (BD Biosciences, Palo Alto, CA) was performed as an internal
control. The plasmid containing GFP was added to each specimen aliquot prior
to extraction to serve both as a positive extraction control and as a control for
possible PCR inhibitors. The primers and probes used in this assay (undisclosed
by the company) are specific for known strains of HHV-6. All oligonucleotide
primers were synthesized by Integrated DNA Technologies (Coralville, IA), and
all dual-labeled (TaqMan) probes were synthesized by Applied Biosystems. Real-
time PCR assays were performed with an ABI Prism 7500 real-time thermocycler
(Applied Biosystems). The HHV-6 target and the internal amplification control
reactions were multiplexed. The PCR was performed in a 30-�l reaction volume
with 20 �l TaqMan universal PCR master mixture (Applied Biosystems). For the
viral gene target, each forward and reverse primer was used at a final concen-
tration of 2.3 �M, and the dual-labeled probe was used at a final concentration
of 0.2 �M. For the internal control gene target, the forward and reverse primers
and the dual-labeled probe were all used at a final concentration of 0.2 �M. All
DNA samples were analyzed in duplicate, and 10 �l sample DNA was added to
each reaction mixture. The thermocycling profile was as follows: stage 1 (1
repetition), 50°C for 2 min; stage 2 (1 repetition), 95°C for 10 min; and stage 3
(45 repetitions), 95°C for 15 s and 60°C for 1 min, with fluorescence data
collection performed at the 60°C step for each cycle. HHV-6 plasmid DNA (50
to 5 � 107 copies per reaction) was used to construct a seven-point standard
curve. The software of the ABI 7500 thermocycler performed the calculations to
convert the sample CT values to copy numbers, which were normalized to 1 ml
of sample.

RESULTS

Eight different laboratories using nine different assays were
asked to participate in this study. Assays varied from nested
PCR, PCR linked to EIA, LAMP, and real-time PCR. Each
laboratory received an identical set of 11 coded samples. Each
sample contained 0.25 ml of serum spiked with various quan-
tities (0 to 100,000 genome equivalents) of HHV-6A virus, and
each laboratory proceeded to extract the viral DNA and per-
form the analysis by the protocol used in each laboratory.
Upon completion, each laboratory was asked to send its results
to the project coordinator. Once all results were turned in, the
code was broken and the performance results were sent to the
participating laboratories. The results obtained by all labora-
tories are presented in Table 2.

Nonquantitative assays. Three assays (assays 3, 5, and 7)
yielded nonquantitative results. Of these three assays, assay
7 proved to be the most sensitive, with the detection of
virions in all samples containing HHV-6, including those
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spiked with one virion (Table 2). This assay combines mag-
netic bead-based nucleic acid extraction, PCR amplification,
and colorimetric microtiter plate identification, based on the
detection of HHV-6 digoxigenin-labeled amplicons with a
biotinylated probe complementary to the region of the am-
plified PCR products. The fact that the detection was based
on an enzymatic reaction likely contributes to the sensitivity
of the assay. In comparison, the nested PCR assay (assay 3;
35 cycles of amplification performed twice) detected virions
in only one of two samples spiked with 10 and 1 HHV-6
particles. For detection, this assay relies on gel electro-
phoresis of the PCR products and visualization of the prod-
ucts by ethidium bromide staining. The LAMP assay, based
on isothermal amplification of target DNA, failed to detect
half (one of two) of the samples containing 100, 10, and 1
copies of HHV-6. During amplification, a large amount of a
by-product, pyrophosphate ion, is produced, yielding a white
precipitate of magnesium pyrophosphate in the reaction
mixture. Measurement of the turbidity of the reaction mix-
ture provides an estimate of the amount of DNA synthe-
sized. No false-positive results were reported for any of
these three assays.

Quantitative assays. A total of six quantitative assays, all
based on the TaqMan technology, were tested. The data
presented (Table 2) correspond to those for a single assay
run, with the exception of assay 1, by which the analysis was
performed in triplicate and whose results correspond to the
means of the triplicate values obtained. The quantitative
assays were compared on the basis of sensitivity (how many
copies could be detected) and the accuracy of the copy
number estimates relative to the spiked copy numbers.
Among the various quantitative PCR assays, three of them
(assays 1, 6, and 9) yielded results that were the closest to
the expected spiked HHV-6 DNA copy numbers (Fig. 1 and
Table 2). Assays 1, 6, and 9 yielded comparable results, with
a correlation coefficient (r2) of �0.99 (Fig. 1). All three
assays detected HHV-6 DNA in samples containing 10 cop-
ies of HHV-6 (equivalent to 40 copies/ml of serum), while
none of these three assays detected HHV-6 in samples con-
taining 1 HHV-6 copy (4 copies/ml). No false-positive re-
sults were reported.

DISCUSSION

HHV-6 is an understudied pathogen with which infections
are linked to diverse pathologies, such as roseola (primary
infection) (51), complications in organ transplant recipients
(34, 35, 48, 57, 58), and neurological disorders (5, 9, 15, 17, 21,
32, 43, 52). Considering that nearly 100% of individuals past
the age of 3 years have been infected with HHV-6 (37, 56, 59),
qualitative diagnostic tests designed to report on the presence
or the absence of this virus in whole blood (plasma plus leu-
kocytes) can be of limited value. However, detection of HHV-6
DNA in cell-free plasma can be of biological significance.
However, as recently reported by Achour et al. (3), it is rec-
ommended that plasma samples be treated with DNase prior
to any extraction procedure to avoid potential false-positive
results emanating from the release of cellular and viral DNA
(possibly due to the lysis of infected cells) in the absence of
active viral infection.

TABLE 2. Estimation of HHV-6 DNA copy number in spiked serum samples by various PCR assays

No. of spiked
HHV-6A
genome
copies

Resulta by the following assay (assay type):

1 (real-time
PCR)

2 (real-time
PCR)

3 (nested
PCR)

4 (real-time
PCR) 5 (LAMP) 6 (real-time

PCR) 7 (PCR-EIA) 8 (real-time
PCR)

9 (real-time
PCR)

100,000 122,071 16,707 � 39,090 � 56,406 � 245,250 172,000
10,000 10,326 1,736 � 4,575 � 8,631 � 10,690 21,800
1,000 425b 223 � 8 � 903 � 1,265 2,500
100 111 28 � 13 � 113 � 51 300
100 31 19 � 0 � 30 � 0 200
10 �c 1 � 46 � 27 � 0 16
10 16 7 � 0 � 29 � 0 11
1 0 19 � 0 � 0 � 0 0
1 0 0 � 0 � 0 � 0 0
0 0 0 � 0 � 0 � 0 0
0 0 0 � 0 � 0 � 0 0

a Results are presented quantitatively (in numbers of copies) or qualitatively (a positive ��� or a negative ��� result).
b This sample contained PCR inhibitors.
c One of three PCR replicates gave a positive amplification.

FIG. 1. Relationship between experimentally detected and ex-
pected (theoretical) number of HHV-6 DNA copies in spiked serum
samples. Series of coded samples were analyzed in a blinded fashion by
different real-time PCR assays according to the protocols described in
the Materials and Methods section. The estimated numbers of HHV-6
DNA copies obtained experimentally were plotted against the ex-
pected values. For samples containing 10 and 100 copies of spiked
HHV-6, the mean copy number from two samples is presented.
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Among the nonquantitative assays that were compared,
PCR-EIA (assay 7) demonstrated the greatest sensitivity and
detected virions in all spiked samples, including those contain-
ing one copy of HHV-6. This assay offers two relative advan-
tages over assays 3 and 5. First, detection of the amplified
product occurs through the use of a probe that is complemen-
tary to an internal region of the amplicon, ensuring that a
positive signal originates from the detection of the HHV-6
target sequence. The nested PCR, which relies on the visual-
ization of ethidium bromide-stained DNA fragments following
electrophoresis of the PCR, and the LAMP assay, which mea-
sures the turbidity of the mixture, do not offer the same level
of confidence since no validation of the presence of the target
sequence is made. Second, because it uses enzyme-labeled
antibodies, which amplify the signal and lower the detection
level, the detection of the amplified fragments in the PCR-EIA
assay is enhanced. Nested PCR also suffers from the increased
possibility of false-positive signals due to the presence of
carryover products from the first amplification round into the
second amplification round. Thus, for routine screening for
the presence or the absence of HHV-6 in biological samples,
the PCR-EIA is recommendable.

In the absence of reliable serological assays that can discrim-
inate between latent and active HHV-6 infection, molecular
assays that can precisely quantitate the HHV-6 viral loads in
various biological samples would offer a benefit over nonquan-
titative assays to establish potential links between HHV-6 and
diseases. The use of reverse transcriptase quantitative PCR to
detect and quantitate viral transcripts associated with active
viral infection is certainly one valid method that could be used
to monitor infection. However, this assay is complicated by the
fact that detailed knowledge of the sites where HHV-6 repli-
cates is not yet available, making it hard to know which tissue
should be biopsied. For example, HHV-6 can be found in the
cerebrospinal fluid after it has disappeared from the peripheral
blood (20). In addition, several tissues or organs cannot be
biopsied simply.

Over the years, several reports describing the quantitation of
HHV-6 DNA in biological samples have been reported. Di-
versity in the methodology used as well as the heterogeneity
between the various biological samples analyzed has made it
difficult to compare the results obtained by independent labo-
ratories, sometimes leading to conflicting results. None of
these assays were ever compared systematically. One of the
goals of the present study was to identify the most reliable
assays available for the quantitation of HHV-6 in serum (and
other biological samples) and to determine the assay(s) that
could serve as a reference standard for the quantitation of
HHV-6 in biological samples. To avoid variations between the
samples assayed, laboratories around the world were sent a
series of identically coded serum samples spiked with various
quantities of HHV-6A and were asked to analyze the HHV-6
content by using their own methodologies and assays. The
extraction procedures varied from standard phenol-chloroform
extraction to the use of commercial DNA affinity spin columns.
Three assays, based on the TaqMan PCR technology, provided
results that were the closest to the expected values (Table 2
and Fig. 1). All three assays can detect both HHV-6 variants.
The sensitivities of these assays were below 40 HHV-6 copies/
ml. Perhaps the only limiting factor for the general use of this

methodology is the access to a real-time PCR apparatus. How-
ever, because the cost of such equipment has drastically de-
creased in recent years, the constantly increasing ability of
scientists and hospitals to access a real-time PCR machine is
making this limitation not a real concern.

Although the detection of HHV-6 in serum or cerebrospinal
fluid is suggestive of active infection, it does not constitute
absolute proof. In fact, data suggest that HHV-6 can, on rare
occasions (	1%), integrate into the host’s chromosome
(CIHHV-6) and be transmitted through the germ line (10, 13,
30, 31, 45). Individuals carrying CIHHV-6 constantly display
abnormally high HHV-6 DNA contents in plasma (�3.5 log10

copies/ml) and whole blood (�6 log10 copies/ml) in the ab-
sence of documented active infection (49). Such individuals are
sometimes misdiagnosed as having active HHV-6 infection and
are put on antiviral therapy, without any effect on the plasmatic
HHV-6 DNA load. Thus, the results of a high viral load (�3.5
log10 copies/ml) should be interpreted with caution, and the
conclusion that a patient has an active infection should be
made once the presence of CIHHV-6 has been excluded, as
suggested previously (49). Active infection could be confirmed
by analyzing leukocytes for the presence of HHV-6 transcripts
associated with active infection (38). Alternatively, the pres-
ence of CIHHV-6 could be confirmed by the detection of
HHV-6 DNA in hair follicles (24, 49).

In our opinion, the use of a validated and standardized assay
for the quantitation of HHV-6 DNA in clinical samples is
essential to better evaluate the numerous associations of
HHV-6 with diseases. We propose that TaqMan-based PCR
assays identical or similar to those used in assay 1, 6, or 9 be
used as reference assays by investigators interested in setting
up their own HHV-6 assay or in monitoring various biological
samples for the presence of HHV-6 DNA.
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