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Human herpesvirus 6 (HHV-6) was detected in specimens from patients hospitalized with symptoms of
encephalitis or meningitis. A real-time PCR assay was developed which has a linear dynamic range of 5 to 5
� 106 copies of HHV-6 and a sensitivity of five gene copies per reaction. While the assay detects both subtypes,
HHV-6A and HHV-6B, it is specific and does not cross-react with a selected specificity panel. A total of 1,482
patient specimens, which were collected between 2003 and 2007, were tested; 26 specimens from 24 patients
were found to be positive for HHV-6 by real-time PCR. The HHV-6 detection rate in this population was
therefore 1.75%. The majority of the specimens tested (>95%) were cerebrospinal fluid (CSF) specimens. We
were able to type 20 of the 26 positive specimens by conventional PCR and sequence analysis; all were HHV-6B.
Forty-two percent of the patients were 3 years of age or younger, which may indicate a primary infection in
these patients. Given the ages of the remaining patients (from 4 to 81 years), their infections were most
probably due to virus reactivations. Where information was available, symptoms of patients included fever
(71%), altered mental status (67%), and abnormal CSF profile (75%). Fifty percent of patients of 3 years of age
or younger suffered from seizures. The detection of HHV-6 in specimens from patients diagnosed with
encephalitis or meningitis, in the absence of a positive PCR result for other agents, strongly suggests a role for
HHV-6 in the pathogenesis of these central nervous system diseases.

Human herpesvirus 6 (HHV-6) belongs to the betaherpes
virus subfamily of the family Herpesviridae (14). HHV-6 is one
of the most prevalent herpesviruses in humans. There are two
variants, HHV-6A and HHV-6B, which have an overall genetic
identity of 90% (17). Clinical disease caused by HHV-6A is not
well understood. HHV-6B causes exanthema subitum (roseola
infantum) (45), febrile illness, febrile seizures, or fever with
otitis media. Exanthema subitum, a childhood disease, is char-
acterized by a high fever and the development of a rash after
the fever has resolved. By the age of three, almost all children
have been infected by HHV-6 (25, 39), resulting in the majority
of adults being seropositive (31). After primary infection,
HHV-6 persists in the salivary glands and remains latent in
monocytes and macrophages. Immunosuppression in an indi-
vidual can lead to reactivation of the virus and various com-
plications, including encephalitis (21, 34, 40). HHV-6 has been
associated with delayed engraftment, high-grade graft-versus-
host disease, and lymphoproliferative disorders (29, 32, 37).
There are several reports of HHV-6 involvement in immuno-
competent patients with acute encephalitis (1, 27, 36, 41) and
meningitis (24).

Our laboratory performs diagnostic testing of specimens
from patients diagnosed with encephalitis or meningitis. We

have developed a real-time PCR assay for the detection of
HHV-6 in these specimens. Once the virus is detected, it is
then typed using a previously published conventional PCR
assay (28). The target for the real-time PCR assay is a portion
of the U6 gene. The function of the U6 gene is not known;
however, the gene shows 95.1% sequence identity between the
6A and 6B subtypes and is unique to HHV-6 (17). The primers
and probe were selected in order to achieve amplification of
both HHV-6A and -6B. One of two primer sets was used for
typing, targeting either the U86 or the U95 gene (28); both are
immediate early/regulatory genes. Once amplified, HHV-6A
and -6B produce fragments of different sizes, thereby allowing
the type to be determined. In addition, the sequence of the
amplified product was determined in order to verify the sub-
type.

MATERIALS AND METHODS

Clinical specimens. A total of 1,482 specimens from hospitalized patients in
New York State who had been diagnosed with encephalitis or meningitis were
tested for HHV-6 by real-time PCR. The majority of specimens (�95%) were
derived from cerebrospinal fluid (CSF), but other matrices, including brain
tissue, serum, plasma, and liver tissue, were also tested. Specimens were col-
lected between the years 2003 and 2007. The requirements for testing were that
a minimum of 500 �l liquid or 2 mm2 of solid organ specimen be collected,
frozen immediately upon collection, and sent to the Viral Encephalitis Labora-
tory on dry ice.

Viruses and controls. HHV-6A (strain 350) was obtained from the NIH AIDS
Research and Reference Reagent Program, and HHV-6B was obtained from the
ATCC (Manassas, VA). The plasmid control for HHV-6 (pNT10) was con-
structed via conventional PCR performed with the real-time PCR primers for the
HHV-6 assay (Table 1) and HHV-6B as the template, and the product was then
cloned into the Topo II plasmid (Invitrogen, Carlsbad, CA).
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As an internal extraction control and in order to detect PCR inhibition, each
clinical specimen was spiked during the lysis step of the extraction process with
a known quantity of plasmid pTU65 (8), which contains the green fluorescent
protein (GFP) gene. Plasmids pNT10 and pTU65 were quantified by the deter-
mination of their absorbance values at 260 nm. Genomic HHV-6 DNA was
quantified by performing real-time PCR on serial dilutions of plasmid and
genomic DNAs and by constructing a standard curve using serial dilutions of
quantified plasmid DNA as standards.

Nucleic acid extraction. Nucleic acid was extracted from patient specimens by
using the NucliSENS miniMAG or easyMAG system (bioMérieux, Durham,
NC). Two hundred and fifty microliters of each specimen was added to 2 ml of
lysis buffer. Five microliters of plasmid pTU65 (1,900 gene copies) was spiked
into the lysed sample. Following its extraction with miniMAG or easyMAG, the
nucleic acid was eluted in 50 or 55 �l of elution buffer, respectively.

Real-time PCR. Real-time PCR for the detection of HHV-6 was performed
using primers and probe developed in-house (Table 1). The probe was labeled
with the reporter 6-carboxyfluorescein (6-FAM) at the 5� end and the quencher
6-carboxy-tetramethyl-rhodamine (TAMRA) at the 3� end. Amplification was
carried out in a 25-�l volume reaction mixture by using universal buffer (ABI,
Foster City, CA), 1,100 nM each primer, and 200 nM probe. The reaction
mixtures were incubated at 95°C for 10 min, followed by 45 cycles of 95°C for 15 s
and 60°C for 1 min. A separate real-time PCR for the detection of GFP was
performed with the primers and probes listed in Table 1. Labeling of the GFP
probe was the same as that for the HHV-6 probe. The reaction mixture consisted
of universal buffer, 900 nM each forward and reverse primer, and 250 nM probe.
The reaction conditions were as described above. PCRs were performed using an
ABI 7900 or ABI 7500 instrument.

Conventional PCR. A previously reported PCR method for the typing (28) of
HHV-6 was used essentially as described previously, with primer sets targeting
the U86 or U95 gene. PCR products were analyzed by agarose gel electrophore-
sis and stained by ethidium bromide. The expected product sizes were 311 and
209 bp for HHV-6B and HHV-6A, respectively, when the U86 gene was tar-
geted, and 342 and 264 bp, respectively, when the U95 gene was targeted. PCR
products of the expected size were extracted from the gel and spun through an
Ultrafree-DA filter device (Millipore, Billerica, MA). Sequencing reactions of
the PCR products were performed using the same primers that were used for the
PCRs. The primer concentrations were 3.2 pmol, and sequencing reactions were
performed at the Wadsworth Center Molecular Genetics Core facility on an
automated DNA sequencer model 3100 (Applied Biosystems, Foster City, CA).

Sequence analysis. The obtained sequences were subjected to a BLAST search
against the GenBank database. A subtype was assigned to each sample based on
the homology of our sequence data with published sequences in GenBank.

RESULTS

The real-time assay for the detection of HHV-6 was deter-
mined to have a linear range from 5 � 106 gene copies/reaction
(gc/rx) to 5 gc/rx, as determined from performance of real-time
PCR on serial dilutions of quantified HHV-6 DNA extracted
from culture. The efficiency of the reaction was 100%, with an
R2 value of 0.99 and an m value (slope of standard curve) of
�3.32. The limit of detection of the assay was 5 gc/rx, equating

to 200 gc/ml of patient specimen. A specificity assay was per-
formed, in which the reactivity of the HHV-6 assay was deter-
mined against genomic nucleic acid from the following viruses
and bacteria: influenza A-H1, influenza A-H3, influenza B,
rhinovirus, echovirus 9, echovirus 11, echovirus 30, Coxsackie
A and B viruses, human coronavirus 229E, respiratory syncytial
virus, severe acute respiratory syndrome (SARS) coronavirus,
human metapneumovirus, adenovirus, varicella-zoster virus,
herpes simplex viruses 1 and 2, cytomegalovirus, Epstein-Barr
virus (EBV), group A streptococcus, Haemophilus influenzae,
Haemophilus parainfluenzae, Neisseria subflava, Streptococcus
sanguis, and Corynebacterium xerosis. No cross-reactivity was
observed between the primer and probe set and the organisms
selected in the specificity panel, indicating that the assay
is specific.

We performed a retrospective screen of archived specimens
from patients who had been hospitalized with a diagnosis of
encephalitis or meningitis. Fourteen CSF specimens were from
those collected in 2003, 86 from those collected in 2004, and
277 from those collected in 2005 selected randomly. We also
tested a total of 1,105 specimens that were received from 1
January 2006 to 31 July 2007. Twenty-six specimens (from 24
patients) of the total 1,482 specimens were positive for HHV-6
(Table 2). Of these specimens, 20 could be typed and all 20
were found to be HHV-6B. The remaining specimens could
not be typed, either because of insufficient specimen for testing
or because the typing assay was not as sensitive as our real-time
PCR detection assay was. All positive specimens were from
CSF, except for a sample of liver tissue and a serum specimen
(Table 2). Dual infections were detected in three cases. These
included two patients with dual infections of EBV and HHV-6
and one autopsy specimen in which both adenovirus and
HHV-6 were detected. Apart from the dual infections, varicel-
la-zoster virus, herpes simplex viruses 1 and 2, EBV, cytomeg-
alovirus, adenovirus, and enterovirus were ruled out by PCR or
real-time PCR for all specimens. In addition, arboviruses, in-
cluding West Nile virus, Saint Louis encephalitis virus, Cali-
fornia serogroup viruses, Cache Valley virus, and eastern
equine encephalitis virus were ruled out for specimens that
were received during the arbovirus season (1 May to 30 No-
vember). Bacterial culture results were negative for seven spec-
imens and not reported for the remaining specimens. Immu-
nosuppression was not reported for any of the patients found
to be positive for HHV-6. However, patient 9 had undergone
a blood transfusion 4 weeks prior to the onset of his symptoms,
and therefore may have been immunocompromised.

Three specimens were received from one patient (patient 23
[Table 2]) during the course of her illness. Two CSF specimens
and one serum specimen were submitted for this patient. The
first CSF specimen was collected 16 days after onset of illness;
by performing real-time PCR, we were able to determine that
the specimen had a viral count of approximately 13,000 gc/ml.
The serum was collected 27 days after onset and had a viral
count of approximately 22,000 gc/ml. The second CSF was
collected 34 days after onset, as the patient symptoms were
resolving, and had a viral count of 6,600 gc/ml.

The time between the onset of disease and specimen collec-
tion was reported for 20 of the 24 patients who tested positive
for HHV-6 (Table 2). For these patients, the time range was 0
to 34 days, with a mean of 8.5 days. Three of the positive

TABLE 1. Primers and probes used in our singleplex real-time
PCR assays for the detection of HHV-6 and GFP

Primer or probe Sequence

HHV-6 forward
primer ...........................5� AAAATTTCTCACGCCGGTATTC 3�

HHV-6 reverse
primer ...........................5� CCTGCAGACCGTTCGTCAA 3�

HHV-6 probe ..................6-FAM-TCGGTCGACTGCCCGCTACCA-
TAMRA

GFP forward
primer ...........................5� CACCCTCTCCACTGACAGAAAAT 3�

GFP reverse primer........5� TTTCACTGGAGTTGTCCCAATTC 3�
GFP probe .......................6-FAM-TGTGCCCATTAACATCACCAT

CTAATTCAACA-TAMRA
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specimens were autopsy specimens (patients 12, 20, and 21
[Table 2]), and no onset date was available.

The ages of the 24 patients who were positive for HHV-6
ranged from 1 year to 81 years (Table 2). Ten patients were 3
years of age or younger, six were between 4 and 20 years old,
and eight were between 21 and 81 years old. Forty-two percent
were therefore infants or very young children. Thirteen of 24
patients were male.

Fifteen patients had been diagnosed with encephalitis, three
with meningitis, one with encephalitis or meningitis, and one
with meningoencephalitis (Table 2). The diagnoses for the
remaining four patients were unknown. Three of the CSF
specimens were from autopsy cases, and the CSF profiles were
not reported. An additional seven specimens did not have CSF
profiles available. The CSF profiles were reported for 16 cases;
of these, 12 profiles were abnormal (Table 2). An abnormal
CSF profile is defined as having a higher than normal protein
range (�45 mg/dl) and/or a higher than normal white blood
cell (WBC) count (�5 WBC/mm3). Eight patients had proteins
in the higher than normal range (49 to 483 mg/dl), with a mean
of 166 mg/dl. Nine patients had higher than normal WBC
counts, ranging from 10 to 228 WBC/mm3, with a mean of 65.
Six patients had both abnormal protein levels and abnormal
WBC counts, and of these patients, all except one had pre-
dominantly lymphocyte increases. Two patients had abnormal
protein levels but normal WBC counts, and two patients had
abnormal WBC counts (predominantly lymphocytes) but nor-
mal protein levels. For one patient, the WBC count was ab-
normal, but the protein level was not reported.

Fever was reported for 17 (71%) patients, altered mental
status was reported for 16 (67%) patients, headache was re-
ported for 7 (29%) patients, and seizure was reported for 8
(33%) patients (Table 2). Other symptoms that were reported
included muscle weakness, muscle pain, rash, and stiff neck.
These are general symptoms seen in patients suffering from
encephalitis or meningitis. Altered mental status is often also
reported for patients with encephalitis.

Following real-time PCR, the cycle threshold (CT) value was
recorded for each specimen extract (Table 2). The CT is de-
fined as the number of cycles required for the fluorescent
signal to cross the threshold (exceed background level). The
CT values for the specimen extracts ranged from 25.03 to 39.92,
indicating a substantial variation among the viral loads of the
patients (Table 2). Although the detection assay was not per-
formed as a quantitative assay, the CT value from real-time
PCR can be inversely correlated with the viral titer, with a low
CT value indicating a high viral titer.

DISCUSSION

The various methods used for the diagnosis of HHV-6 in-
clude PCR, serology, viral culture, in situ hybridization, and
immunohistochemistry. Since HHV-6 has the ability to persist
and establish latency, the problem arises that diagnostic tests
must be able to distinguish active viral replication from latent
infection. Reverse transcription-PCR assays have been devel-
oped to detect the presence of viral mRNA, which constitutes
a marker for active infection (44). The detection of immuno-
globulin M or immunoglobulin G antibodies to HHV-6 in
serum or CSF does not discriminate between active infection23
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and latent/chronic persistent infection. The same is true for the
detection of HHV-6 DNA by PCR in peripheral blood mono-
nuclear cells (PBMCs), the site where the virus establishes
latency. In these cases, HHV-6 DNA can be detected by PCR
in PBMCs at low levels (9). Viral culture is a difficult and
time-consuming process and is not routinely used in clinical
laboratories to detect virus in CSF specimens. Immunohisto-
chemistry, although a valuable tool, requires brain specimens
that are highly invasive and not generally available. In recent
years, the use of quantitative PCR for absolute quantitation of
viral load has come into wider usage (2, 19, 26) since viral load
is a preferred indicator of active infection.

In order to detect HHV-6 in specimens from patients diag-
nosed with encephalitis or meningitis, we developed a real-
time PCR assay targeting a portion of the U6 gene of HHV-6.
This real-time PCR assay was shown to be sensitive, specific,
and reproducible. The assay detects both subtypes 6A and 6B,
and the primers and probe do not cross-react with the speci-
ficity panel selected for the assay. It detects as few as five gene
copies, and with a turnaround time of less than 5 h, it is also
rapid. The assay has an internal control, which allows ineffi-
cient extraction or PCR inhibition to be detected. In our ex-
perience, PCR inhibition in CSF specimens is uncommon
(�1%).

A total of 1,482 specimens submitted between 2003 and
2007, the majority of which were CSF specimens, were
screened for HHV-6 by using real-time PCR. Twenty-six of the
specimens, corresponding to 1.75% of the total specimens,
were positive for HHV-6 and were subsequently typed by con-
ventional PCR. The typing assay primer sets target the U86
and U95 genes (28). These genes encode immediate early
proteins that control gene expression. When the two open
reading frames are compared between HHV-6A and -6B, they
are found to have �70% identity and both genes are larger in
HHV-6B (20, 28). The primers that we selected allow the
differentiation of the two subtypes on the basis of the size of
the PCR product obtained. In addition, the subtype was veri-
fied by sequence analysis. In all cases where we were able to
obtain a typing result, the subtype was HHV-6B (20 of 26
specimens). HHV-6B is more prevalent than HHV-6A, al-
though HHV-6A has been suggested to have greater neuro-
tropism (5, 22). There are differing opinions as to whether
subtype 6A or 6B more frequently infects the central nervous
system (CNS) (16). We were unable to detect HHV-6A in any
of the patients in our study, but its presence has been reported
by other groups who have studied CNS infections (12, 22).

Acute primary infection is likely to have occurred for the 10
patients who were 3 years of age or younger. For the remaining
patients, virus reactivation is more likely given that asymptom-
atic persistence of HHV-6, especially HHV-6B, is common in
healthy adults (22). Alternatively, it is possible that in older
patients who have previously not been infected by HHV-6,
primary infection has a higher likelihood of leading to more
serious disease. Further studies are needed to elucidate the
outcomes of primary infection in adults.

Most patients who were positive for HHV-6 in this study
suffered from fever (71%) and an altered mental status (67%).
Seizures were reported for 9 of the 24 patients in whom
HHV-6 was detected; 5 of these seizure patients were 3 years
of age or younger (�3 age group). Therefore, 50% of the �3

age group in whom HHV-6 was detected suffered from sei-
zures. Febrile seizures appear to be caused by primary HHV-6
infection in infants; one study showed the incidence to be 13%
in the United States population (23).

An abnormal CSF profile was reported for 75% of the
HHV-6-positive patients for whom the CSF profile was re-
ported. In general, a viral infection of the CNS results in a
normal glucose level (�45 mg/dl), a normal or increased pro-
tein level, and an increased WBC count, predominantly with
an increased number of lymphocytes. Although there is gen-
eral agreement between HHV-6 positivity in specimens and
abnormality of the CSF, this is not always the case. Therefore,
it would be imprudent to limit HHV-6 testing only to patients
with abnormal CSF profiles.

The tropism and latent establishment of HHV-6 in tissues,
including brain tissue, make it difficult to interpret the detec-
tion of HHV-6 genome in the CSF of patients diagnosed with
encephalitis or meningitis, even in the absence of other etiol-
ogies. Since there have been reports of HHV-6 DNA being
detected in CSF specimens of immunocompetent individuals
without CNS disease (6, 22), it has been suggested that a
positive PCR result obtained for a CSF specimen should be
interpreted on the basis of the clinical situation and should be
deemed important only when a positive result for other agents
has not been obtained (16). However, the positive PCR results
obtained for the 26 specimens in our study, taken together with
the clinical syndrome of each of the 24 patients, and the neg-
ative results obtained for other herpesviruses, adenovirus, en-
terovirus, and arboviruses, strongly suggest that HHV-6 infec-
tion was associated with the patient’s clinical disease.

Three of the total 1,482 patients tested were found to have
dual infections with EBV or adenovirus. HHV-6 and EBV are
frequently detected simultaneously (3) given that both viruses
are prevalent in lymphoid tissues. It has been shown that
HHV-6 infection can activate EBV replication from latency
(18) and that the presence of EBV genome can make B cells
more susceptible to HHV-6 infection in vitro (11).

Reactivation of HHV-6 occurs in immunocompromised in-
dividuals, especially patients with AIDS or those undergoing
solid organ, stem cell, or bone marrow transplantation (7).
Immunosuppression was not reported for any of the patients
who were positive for HHV-6 in our study, except possibly for
patient 9, who had undergone a blood transfusion.

The outcome for HHV-6-positive patients is generally favor-
able, with most patients recovering fully. However, mild to
moderate neurological impairment as well as death due to
complications of neurological disease has been reported (27,
35, 41). Three of the specimens that were positive for HHV-6
in our study were autopsy specimens from infants of �2 years
of age. Adenovirus was also detected for patient 20; further-
more, this patient appeared to have an underlying disease
(sickle cell anemia). Despite the underlying disease, a rule-out
of viral agents of encephalitis was requested at autopsy. The
symptoms for patient 21 were suggestive of a respiratory dis-
ease rather than encephalitis. The remaining autopsy specimen
was from a patient (patient 12) who had been diagnosed with
encephalitis, and no other agents were identified. In these
cases, we cannot conclude that HHV-6 infection was the cause
of death, but it remains a possibility.

HHV-6 DNA has been shown to integrate into the human
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genome and can be transmitted from parent to child in an
integrated form (13, 42). In addition, stem cell transplantation
can lead to the transmission of an integrated HHV-6 from a
donor to a recipient (10). A study in Japan estimated that
HHV-6 integration is present in 0.21% of the study population
(42). Therefore, when testing for HHV-6, it is necessary that
we distinguish between individuals who have an integrated
HHV-6 and those who have an active infection. The integra-
tion of HHV-6 in the genome leads to abnormally high levels
of HHV-6 DNA being present in PBMCs and can be detected
by fluorescent in situ hybridization analysis (33). In the present
study, we did not determine whether any of the HHV-6-posi-
tive patients had the virus integrated in their chromosomes.
Therefore, although integration is unlikely in all cases, we
cannot rule it out. Experiments to determine viral DNA titers
in CSF specimens from healthy individuals who have HHV-6
integrated in their chromosomes is warranted, since it would
allow a background level to be established.

Real-time PCR, due to its quantitative properties, is used in
clinical diagnostics to identify a target copy number that is
related to a sample’s viral load. Through such measurement of
the viral load, it may be possible to differentiate latent from
active infection and also to monitor patients during the course
of illness (30, 38), especially to verify the efficacy of antiviral
therapy.

There are currently no approved agents for the treatment of
HHV-6 infection. However, a number of antiviral agents, in-
cluding ganciclovir, foscarnet, and cidofovir, have been shown
to be effective against HHV-6 in vitro (46). In transplant pa-
tients, the use of foscarnet or ganciclovir has been shown to
decrease HHV-6 viral load (43). Ganciclovir was used success-
fully to decrease the viral load in an immunocompetent indi-
vidual diagnosed with meningoencephalitis (4), and it was also
shown to lead to the recovery of an immunocompetent patient
with HHV-6 encephalomyelitis (15).

Our data and previously reported data show that HHV-6
should be included in the differential diagnosis of encephalitis/
meningitis cases in immunocompetent as well as immunocom-
promised individuals. Although we did not perform HHV-6
serology, a combination of molecular detection and serology is
ideal for study cases. Further investigations are needed to
determine the relationship between the presence of the viral
genome in patient’s CSF specimens and the actual role of the
virus in pathogenesis in encephalitis/meningitis cases. Early
detection of actively replicating HHV-6 in patients with clinical
signs of encephalitis is important so that antiviral therapy can
be initiated in order to attempt to resolve the neurological
symptoms.
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