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Cellular localization of human herpesvirus-6 in the
brains of children with AIDS encephalopathy
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Human herpesvirus-6, the etiologic agent of exanthem subitum, is a ubiqui-
tous virus that infects almost all children by the age of 2 years and that has
previously been shown to be neuroinvasive. These characteristics suggest
that human herpesvirus-6 may be important in the neuropathogenesis of
acquired immune deficiency syndrome (AIDS) in children. To address this
hypothesis, we evaluated postmortem pediatric brain tissues for the presence
of human herpesvirus-6 infection. Using in situ hybridization with a digoxi-
genin-labeled DNA probe for the large tegument protein gene of human herpes-
virus-6, we detected nuclear signals in postmortem brain tissue from 4/5 chil-
dren with human immunodeficiency virus-1 encephalitis. Human her-
pesvirus-6 DNA was found in numereous oligodendrocytes of the white mat-
ter and less frequently in astrocytes, macrophages, microglia and neurons.
.The human herpesvirus-6 positive cells detected by in situ hybridization
were not immunoreactive either for human herpesvirus-6 early nuclear
phosphoproteins or for surface glycoproteins associated with productive
infection. Only rare human herpesvirus-6 infected cells were found in age-
matched control brain tissues. No human herpesvirus-6 infected cells were
found in human fetal brain tissue. These data suggest that human her-
pesvirus-6 is more extensively disseminated in neural cells in the presence of
human immunodeficiency infection and immunodeficiency in pediatric
AIDS patients, and it may contribute to the pathogenesis of AIDS
vencephalopathy.
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Introduction

Human herpesvirus-6 (HHV-6) is a recently discov-
ered herpesvirus that has been isolated from periph-
eral blood lymphocytes of patients with lymphopro-
liferative disorders and human immunodeficiency
virus type 1 (HIV-1) infection (Salahuddin et al,
1986; Tedder et al, 1987; Downing et al, 1987). It is
the causative agent of exanthem subitum
(Yamanishi et al, 1988) as well as other febrile ill-
nesses in children (Pruksananonda et al, 1992), and
it has been associated with seizures (Hall et al,
1994). Serological studies have shown that HHV-6
is a ubiquitous virus that infects more than 90% of
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all children before the age of 2 years (Hall et al,
1994; Okuno et al, 1989; Saxinger et al, 1988; Levy
et al, 1990a). Recently, two distinct variants of
HHV-6 have been identified: HHV-6 A and HHV-6 B
(Schirmer et al, 1991; Ablashi et al, 1991; Aubin et
al, 1991). In the US, HHV-6 B has been frequently
isolated in a population of infants with sympto-
matic primary viral infection (Dewhurst et al, 1992,
1993). After the primary infection, there is lifelong
viral persistence, possibly in a latent state. Thus,
most adults continue to harbor detectable levels of
viral DNA in both peripheral blood (Gopal et al,
1990; Kondo et al, 1991) and the oropharynx,
including the salivary glands (Levy et al, 1990a;
Gopal et al, 1990; Fox et al, 1990). In immune sup-
pressed individuals, HHV-6 infection can be reacti-



vated from this latent or low-level productive state,
giving rise to active infection with viremia (Okuno
et al, 1990).

The brain is a common site for persistent viral
infections (Johnson, 1982), including herpesviruses,
and it is of interest that neurological complications
occur frequently during the course of exanthem
subitum (Moller, 1956). Evidence for entry of HHV-
6 into the central nervous system (CNS) during pri-
mary infection includes intrathecal production of
anti-HHV-6 antibodies (Ishiguro et al, 1990) as well
as detection by polymerase chain reaction (PCR) of
HHV-6 DNA in cerebrospinal fluid from children
(Asano et al, 1992; Yoshikawa et al, 1992; Caserta et
al, 1994; Kondo et al, 1993) as well as in post-
mortem brain tissue (Asano et al, 1990). Taken
together, these observations suggest that HHV-6 is
able to invade the CNS during acute infection and
persist. In the light of similarities between HHV-6
and other herpesviruses, including herpes simplex
virus type 1 (HSV-1) (Fraser et al, 1981; Karlin et al,
1994), it is possible that HHV-6 may establish a per-
sistent or latent infection in cells of the CNS.

Recently, Knox and Carrigan have demonstrated
productive HHV-6 infection in lung, lymph node,
spleen, liver and kidney of young adult patients
who died with acquired immune deficiency syn-
drome (AIDS) (Knox and Carrigan, 1994). Both HIV-
1 and HHV-6 are neuroinvasive, and hence HHV-6
may interact with HIV-1 in the CNS, particularly in
pediatric subjects who might be expected to have a
primary HHV-6 infection before the age of 2 years.
In order to investigate the possible role of HHV-6 in
the pathogenesis of AIDS encephalopathy, we

Table 1 Summary of cases examined
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examined previously characterized brain tissue
from pediatric AIDS patients for the presence of
HHYV-6 infection.

Results

Microscopic findings

Neuropathological findings from the five cases are
included in Table 1. No cells bearing nuclear or
cytoplasmic inclusions were seen in any of the
cases.

In situ hybridization for HHV-6 of control cells and
tissues

The digoxigenin-labeled HHV-6 DNA probe
hybridized strongly to cord blood mononuclear
cells (CBMC) that had been infected with HHV-6
(Figure 1a). No hybridization signal was detected in
uninfected cord blood cells (Figure 1b). HHV-6
DNA was rarely found in brain sections from the
HIV-1 negative, immunocompetent children (Figure
1c), while human fetal brain tissues had no cells
containing HHV-6 DNA (Figure 1d). Lack of cross
hybridization of this probe with human
cytomegalovirus (CMV) was confirmed by perform-
ing in situ hybridization on a human CMV-infected
retinal xenograft (DiLoreto et al, 1994), with nega-
tive results (Data not shown).

In situ hybridization for HHV-6 of HIV-1 infected
tissues

Positive hybridization for HHV-6 nucleic acid
sequences was obtained in four of the five HIV-1

Patient Age (yrs) Sex

Clinical and neuropathological features PCR Icc ISH

HV p24 HHV-6

Progressive encephalopathy, severe

myelopathy

(+) 3+ 3+

Severe HIV-1 encephalomyelitis; vacuolar

myelopathy

Progressive encephalopathy, terminal viral

pneumonitis

+) : 0 o2+

White matter pallor, mineralizations in

basal ganglia

Probable progressive encephalopathy, with

cerebal atrophy on CT

(+) 1+ Co1+

Moderately severe HIV-1 encephalitis

Progressive encephalopathy

(+) 1+ 0

Moderately severe HIV-1 encephalitis;

pontine leukoencephalopathy

5 6 M

"Severe progressive encephalopathy (+) 3+ 1+
Severe HIV-1 encephalomyelitis

0 = No cells positive, 1+ = 1 to 10 positive cells/20x field, 2+ = to 40 positive cells/20x field, 3+ = Greater than 40 positive cells/20x

field
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