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Invasion by human herpesvirus 6 and human
herpesvirus 7 of the central nervous system in
patients with neurological signs and symptoms
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Abstract
Methods—A total of 43 children with
neurological signs and symptoms were
enrolled in the study. All children were
suspected of having meningitis, and lum-
bar punctures were performed. Human
herpesvirus 6 (HHV-6) and HHV-7 DNA
was detected in cerebrospinal fluid (CSF)
and peripheral blood mononuclear cells
(PBMC) by nested polymerase chain
reaction.
Results—Most patients had detectable
serum antibody to both HHV6 and 7.
HHV6 DNA was detected in PBMC of 15
patients and in CSF cell pellet of seven.
Corresponding figures for HHV7 were 28
and 6.2/7, and 5/6 with CSF viral DNA also
had it in PBMC, respectively. No viral
DNA was detected in CSF supernatants.
The seven HHV6 CSF viruses were all
variant B.
Conclusion—These data suggest that
HHV-7 may invade the CNS.
(Arch Dis Child 2000;83:170–171)
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It is now considered that both human herpesvi-
rus 6 (HHV-6) and HHV-7 cause exanthem
subitum. An association between exanthem
subitum and seizures during the febrile stage of
the disease, as well as less frequent post-
exanthematous residual encephalopathy, has
been postulated. Since the identification of the
causative agents for the disease, there have been
several reports which suggest HHV-6 invades
the central nervous system (CNS)1 2 and causes
CNS manifestations including febrile seizures.
Recently, it has been reported that HHV-7 is
also associated with the occurrence of febrile
seizures and encephalitis/encephalopathy, and
might invade the CNS.3–5 An epidemic of asep-
tic meningitis in the population around our
university hospital occurred from May 1998 to
the end of August 1998. In order to determine
whether HHV-6 and HHV-7 invade into the
CNS in these patients, we investigated the
presence of both virus genomes in cerebro-
spinal fluid (CSF) obtained from patients with
neurological signs and symptoms.

Materials and methods
PATIENTS

A total of 43 children (25 boys and 18 girls)
seen in our university hospital with neurologi-
cal signs and symptoms (for example, vomit-
ing, irritability, headache, and stiV neck) and
admitted to the hospital between 1 May 1998
and 31 August 1998 were eligible for enrol-
ment. All patients were suspected of having
meningitis, and lumbar punctures were per-
formed at the discretion of the attending physi-
cian. Mean patient age was 6 years (ranging
from 1 to 13 years). Informed consent was
obtained from a guardian for all patients in this
study. No patient’s course was complicated by
seizures. At the time of admission, EDTA
peripheral blood and CSF were collected. No
bacteria were isolated from any of the CSF
specimens in this study. Patients who had CSF
cell counts greater than 5/µl were diagnosed as
having aseptic meningitis.

SAMPLE PREPARATION

CSF samples were collected from patients and
separated into cell pellets and supernatant by
slow centrifugation. Peripheral blood mono-
nuclear cell (PBMC) fractions of each blood
sample were isolated by density gradient
centrifugation (Ficoll-Paque; Amersham Phar-
macia Biotech, Uppsala, Sweden). All speci-
mens were stored at −70°C until the time of
analysis.

PCR AMPLIFICATION

DNA was extracted from PBMCs, cell pellets
in CSF, and 300 µl of CSF supernatant by
phenol–chloroform treatment followed by
ethanol precipitation. Nested polymerase chain
reaction (PCR) was carried out for amplifica-
tion of HHV-6 DNA using two primer sets as
described previously.2 The type of HHV-6 was
determined by the presence of a HindIII site in
each second PCR product, which was shown to
be present in variant B, but not variant A
HHV-6.

ANTIBODY ASSAYS FOR HHV-6 AND HHV-7

Antibody titres to HHV-6 and HHV-7 were
measured by an indirect immunofluorescence
assay.
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Results
Forty patients had HHV-6 (range ×4 to ×64)
and 39 had HHV-7 (range ×4 to ×64) antibod-
ies at the time of admission, indicating past
infection with the viruses. HHV-6 DNA was
detected in the PBMC of 15 and in the cell
pellets of CSF of seven of 43 patients. All seven
HHV-6 DNAs were digested with HindIII,
indicating variant B (data not shown). In con-
trast to HHV-6, HHV-7 DNA was detected in
the PBMC of 28 of 43 patients, and was
detected in the cell pellets of CSF of six of 43
patients. Neither of the DNAs was detected in
any CSF supernatant samples.

Table 1 shows the demographic characteris-
tics of the patients from whom HHV-6 or
HHV-7 genomes were detected in CSF, and
the details of the results of PCR. Even though
CSF cell counts were normal in cases 1, 2, and
8, HHV-6 or HHV-7 DNA was detected in
CSF. Moreover, five of six patients with detec-
tion of HHV-7 DNA in CSF had the virus
genome in PBMC. Only two of seven patients
with detection of HHV-6 DNA in CSF had the
virus genome in PBMC. As shown in table 1,
all of the patients we examined had both
HHV-6 and HHV-7 antibodies in acute plasma
samples except for case 2.

Discussion
The results of PCR analysis in this study
showed not only the presence of HHV-6 DNA
in the CNS but also the presence of HHV-7
DNA in the CNS in 14% of children with
neurological symptoms. Two cases with pri-
mary HHV-7 infection complicated by seizures
and acute hemiplegia have been reported
previously, although in these cases HHV-7
DNA was not detected in CSF.3 Subsequently,
it was shown that HHV-7 DNA could be
detected in CSF obtained from a patient with
CNS manifestations.4 Moreover, a recent
prospective study found that primary HHV-7
infection was more likely to cause febrile
seizures than primary HHV-6 infection.5 Taken

together with the results of these reports, the
present study suggests that HHV-7 may invade
and latently infect the CNS, or may be involved
in CNS manifestations. However, the sample
sizes are small and the subjects are restricted in
this study. In order to confirm our findings, a
prospective study including a larger number of
cases is required.

HHV-7 DNA was detected in PBMC of all
of the patients with positive CSF except for
case 8. In contrast, only two of the seven
patients from whom HHV-6 DNA was de-
tected in CSF had viral DNA in PBMC.
Moreover, all HHV-6 DNA detected in CSF
was variant B. It is possible that HHV-6 is more
tropic to neurological tissues compared to
HHV-7. Recently, Hall et al showed that
HHV-6 variant A has greater neurotropism.6

The reason for this discrepancy may depend on
diVerences in the epidemiology of the variants
between the countries of these two studies.

Most of the patients in this study had both
HHV-6 and HHV-7 serum antibodies, indicat-
ing that most patients had had past infection
with both viruses. After primary infection, both
viruses can latently infect several body sites
including PBMC. Therefore, detection of the
virus genomes in PBMC or cell pellets in CSF
may reflect latent infection with the viruses. If
we can detect virus DNA in cell free body flu-
ids by PCR, then this suggests active virus
infection. In the present study, however, we
could not detect HHV-6 or HHV-7 DNA in
CSF supernatant. This result could reflect two
possible scenarios: either that both viruses can
latently infect the CNS in such patients, or that
there was virus DNA in the supernatant due to
reactivation of the viruses, but at amounts
below the detection limit. In order to resolve
this issue, it will be necessary to improve the
sensitivity of our PCR or to measure the viral
RNA expression by reverse transcriptase PCR.
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Table 1 Clinical and laboratory findings in patients positive for HHV-6 or HHV-7 DNA
in CSF

No. of
cases Age (y) Sex

Cell counts
in CSF
(per µl)

Antibody titres* HHV-6 DNA HHV-7 DNA

HHV-6 HHV-7 PBMC CSF PBMC CSF

1 7 M <6 8 16 — Yes — —
2 6 M <6 <4 16 — Yes — —
3 5 F 7 64 64 — Yes Yes —
4 8 F 9 ND ND — Yes Yes —
5 7 M 34 16 16 Yes Yes Yes —
6 8 F 93 32 16 — Yes — —
7 6 M 45 64 8 Yes Yes — —
8 1 F <6 ND ND — — — Yes
9 9 F 7 16 16 — — Yes Yes

10 7 F 7 32 64 — — Yes Yes
11 5 M 41 64 16 — — Yes Yes
12 5 M 31 4 16 Yes — Yes Yes
13 8 M 16 8 16 — — Yes Yes

*Antibody titres were determined by indirect immunofluorescence assay. Plasma samples
obtained at the time of admission were analysed.
ND, not done.
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