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Introduction

Objective: Totestforthe presence ofherpesviruses in postmortembrainsamples
from multiple sclerosis patients and controls using polymerase chain reaction.
Background: Herpes simplex virus, varicella-zoster virus, Epstein-Barr virus,
cytomegalovirus, and human herpesvirus-6 are common viruses capable of
persistence and latency. All have been detected in the CNS.

Methods: Active and inactive plaque tissue, unaffected white mattér (WM) and
gray matter (GM) from MS cases,and WM and GM controls (Alzheimer’s disease,
Parkinson’s disease and non-neurological disease) were screened for the
herpesvirus by PCR. .

Results: (1) 37% of the MS cases were positive for herpes simplex virus (HSV).
Twenty-eight percent of controls cases were positive for HSV. Forty-one percent
of active plaques were positive for HSV in contrast to only 20% of inactive
plaques(Sanders etal, 1996). (2) 57% ofthe MS cases and 43% ofthe control cases
were positive for HHV-6. Thirty-two percent of the active plaques contained
HHV-6 compared to 17% of inactive plaques. (3) 43% ofthe MS cases and 32% of
the control cases were positive for VZV. Fourteen percent of the active plaques
and 10% of the inactive plaques were positive for VZV. (4) 27% of MS cases and
38% of control cases were positive for EBV. Five percent of the active plaques
were positive for EBV and 10% of the inactive plaques were positive. (5) 16% of
the MS cases and 22% of the controls were positive for CMV. Nine percent of the
active plaques and 10% ofthe inactive plaques were positive. We also compared
MS WM and GM with controls and found no s1gn1.ﬁcant difference.
Conclusions: HSV, HHV-6, and VZV were present in a greater frequency of MS
cases compared to controls; however, no statistical differences were noted. The
presence of herpesvirus in all tissue makes an etiologic association to MS
uncertain. Cellular localization of virus and its relationship to pathology and
latency may reveal an association.
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Multiple sclerosis (MS) is a disease of unknown
etiology characterized by multifocal demyelination
and polyphasic inflammation. It is hypothesized
that MS'is caused by a persistant virus in the
central nervous system (CNS) inducing demyelina-
tion by direct infection of oligodendrocytes or
indirectly by cytokine productlon In order to
determine an association between virus and MS, it
is necessary to perform a systematic screening of
different tissue'types from MS and non-MS patients
utilizing the most specific and sensitive techniques
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“available, namely polymerase chain reaction/ South-

ern blot detection (PCR). There are seven human
herpesviruses: herpes simplex 1 (HSV1), herpes
simplex 2 (HSV2), cytomegalovirus (CMV), Epstein-
Barr virus (EBV), Varicella-Zoster virus (VZV),
human herpesvirus 6 (HHV-6), and human herpes-
virus 7 (HHV-7). They share biologic properties that
are amenable to causing primary demyelin-ation as

" seen in MS. The viruses are capable of establishing

latency within the host and may reactivate under
various conditions. Persistence lasts the lifetime of
the host. Herpesviruses are endemic to the human
population. Most infect the host at an early age. All
viruses have been associated with neurological
disease (with the exception of HHV-7).
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HSV

Herpes simplex virus is one of the most common
human pathogens; 70-80% of the population have
antibodies to HSV1 (Whitley, 1990). Latent virus
may be located in sensory ganglia and the CNS
(Stevens, 1994). HSV can induce multifocal demye-
lination in mice characterized by preservation of
axons and an inflammatory infiltrate (Kristensson et
al, 1979; Hill, 1983). HSV has been isolated from the
CSF during the ‘first attack’ of a MS patient
(Bergstrom et al, 1989) and found in the CNS of an
MS patient (Gudnadottir et al, 1964). Immunoreac-
tivity against HSV-2 was seen in three of 31 MS
postmortem brains. Reactivity was restricted to glial
cell nuclei in or near the lesions (Martin et al, 1988).
Our study has determined that 46% of the MS cases
and 28% of the control cases had samples positive
for HSV. Forty-one percent of active MS plaques
were positive for HSV in contrast to 20% of inactive
plaques, 24% of the MS WM, 14% of the MS GM.
Twenty-eight percent of control WM.and 7% of
control GM were positive for HSV (Sanders et al,
1996). Although these frequencies were not statis-
tically different, the presence of virus in a higher
percentage of active plaques compared to other
tissue types warrants further investigation.

HHV-6

HHV-6 is a common virus with more than 50% of
the population being seropositive (Levy et al, 1990;
Levine et al, 1992). Virus persists in a latent form in
the salivary glands and peripheral blood monocytes
in normal adults (Jarrett, 1992). Exanthem subitum
(roseola infantum) is the only disease known to be
definitely caused by HHV-6. The virus has been
detected in brain tissue by PCR in 11 out of 13 cases
(85%) of normal adults (Luppi et al, 1994). HHV-6
has been associated with areas of demyelination in
AIDS and bone marrow transplant patients at
autopsy. Infected cells were only seen in areas of
demyelination and appeared to be astrocytes and
microglial cells. There was relative sparing of
axons, absence of inflammation, and astrocytosis
in adjacent white matter areas (Drobyski et al, 1994;
Knox and Carrigan, 1995). HHV-6 has been detected
by PCR in the acellular fraction of CSF in four of 36
MS patients, and two of 27 neuro-AIDS patients
compared to none of the control patients (Liedtke et
al, 1995). HHV-6 has been detected in 78% of MS
and 74% of control brain samples by PCR. This
study also found HHV-6 in the oligodendrocytes of
MS patients but not controls and found a higher
concentration of infected cells in areas of demyelin-
ation compared to unaffected white matter (Chall-
oner et al, 1995).

VZV:

Seroprevalence for VZV is 100% in temperate
climates (Preblud et al, 1984). Latent virus has been
detected in 78% of trigeminal ganglia examined and

53% of thoracic ganglia (Mahalingam et al, 1990;
Liedtke et al, 1993). Latent virus can reactivate (in
the absence of immunosuppression) and infect
meningeal cells without producing zosteriform
lesions (Echevarria et al, 1994). Multifocal plaques
of active demyelination without inflammation have
been noted in VZV leukoencephalitis (Lentz et al,
1993; Amlie-Lafond et al, 1995). There are simila-
rities in the epidemiology of MS and VZV infection.
Varicella is rare in tropical climates and there is a
high susceptibility of individuals moving to more
temperate climates (Venkitaraman et al, 1984;
Kiersem and Jepsen, 1990). There is a north-south
gradient for varicella in the United States, similar to
that seen for MS. These results taken together
present a loose correlation between the incidence
of varicella and MS (Ross and Cheang, 1995).

EBV

Seroprevalence for EBV is between 50% and 100%,
depending on urban development (Liebowitz and
Kieff, 1993). EBV persists in B-lymphocytes in a
latent form (Miyashita et al, 1995). EBV has been
isolated from the CNS from patients with menin-
goencephalitis (Halsted and Chang, 1979; Trovato et
al, 1994) and has been detected by PCR from the
CSF or CNS of patients with other neurological
complications (Pedneault et al, 1992; Landgren et
al, 1994). Higher than normal frequencies and
concentrations of EBV antibodies have been de-
tected in MS patients (Haahr et al, 1992). In same-
gender twins, serum antibody levels to measles,
mumps and Epstein-Barr viruses were more ele-
vated in the patients with MS, compared to their
healthy co-twins (Kinnunen et al, 1990). EBV DNA
has been detected by PCR in two patients with
childhood MS (Pedneault et al, 1992). Age of EBV
infection/mononucleosis symptoms has been
linked to a greater risk for MS (Lindberg et al,
1991; Martyn et al, 1993). Four of five patients who
had neurologically complicated primary EBV infec-
tion and developed progressive or relapsing neuro-
logic deficits, were later diagnosed with MS (Bray et
al, 1992). . '

CMV J '
Frequency of seropositivity for CMV is between 40
and 100% of the population depending on geogra-

- phical location and urban development (Ho, 1991).

The virus may cross the blood brain barrier as
viremia or via infected lymphocytes. Pathological
features of CMV infection in the CNS include
microglial nodules, vasculitis, foci of demyelina-
tion, infarcts and cytomegalic ventricular ependy-
mal cells. All cell types may be infected with CMV
(Wiley et al, 1986; Morgello et al, 1988). CMV

‘antigens may be present in cells without any

cytopathological effect (Wiley and Nelson, 1988)."
These diseases have beén reported for patients with
apparently normal immune systems although they



are noted more frequently for immunosuppressed
patients (Gilden, 1993).

This study was de31gned to determine the role of
the human herpesviruses in the etiology of MS. The
working hypotheses are as follows: (1) MS is a
complex disease, due to more than one etiology
(autoimmune, viral, molecular mimicry). (2) A
subset of cases is due to persistent viral infection.
(3) Virus is located in areas of active demyelination
and may be located at lower frequencies or in a
latent form in inactive plaques, normal-appearing
white matter and normal-appearing gray matter.
This is the first systemic examination of different
tissue types from different diseases to elucidate an
association of virus with primary demyelination
using PCR/Southern blot.

Results

All viruses were found in all disease subgroups
(Figure 1) and in all tissue types (Figure 2). Herpes
simplex virus was included in our screening of the
post-mortem MS tissue. The data for HSV has been
published [Sanders, 1996 #1541]; therefore, a brief
summary of background and results has been
included in the introduction section.

HHV-6

MS Incidence of positive cases within the entire
MS group was 57% (21/37). Twenty-one percent
(26/109) of the MS samples were positive for HHV-
6. Thirty-two percent (7/22) of active plaques were
positive for the virus, 17% (5/29) of inactive
plaques were positive while 25% (9/37) of normal
appearing WM and GM were positive. There was no
significant difference among these frequencies
(p=0.67).

Controls For the control tissue, 43% (16/37) of the
cases gave positive signals. Thirty-eight percent (5/
13) of the cases without neurological disease (NND)
and 50% (6/12) of Alzheimer’s disease (AD) cases
had positive tissue samples. Forty-two percent (5/
12) of the Parkinson’s disease (PD) cases were
positive for HHV-6. There was no significant
difference among control subgroups (p=0.84).
Twenty percent (29/147) of control samples were
positive. Seventeen percent (7/47) of the AD tissue
samples were positive for HHV-6, 11% (6/52) and
12% (6/49) of the NND and PD samples were
positive. Thirteen percent of the WM samples and
13% of the GM samples were positive. There was no
significant difference between the frequency of
positive samples within these subsets (p=0.88).

MS vs non-MS controls Fifty-seven percent of the
MS patients samples had samples positive for HHV-
6; 43% of the entire non-MS controls were positive
for HHV-6. There was no significant difference
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Figure 1 Percentage of patients from different disease sub-
groups positive for different herpesviruses. MS=Multiple sclero-
sis; NND=Non-neurologically diseased controls; AD=Alzheimer’s
disease controls; PD=Parkinson’s disease control. HHV-6=Hu-
man Herpesvirus 6; HSV=Herpes simplex virus; VZV=Varicella-
zoster virus; EBV=Epstein—Barr virus; CMV=Cytomegalovirus.
Note: Herpes simplex virus data (Sanders ef al, 1996) included
for comparison.
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Figure 2 Frequency of different tissue types positive for
different herpesviruses. HSV=Herpes simplex virus; HHV-6=Hu-

man Herpesvirus 6; VZV=Varicella-zoster virus; CMV=Cytome-

galovirus; EBV=Epstein—Barr virus. Note: Herpes simplex virus
data (Sanders et al, 1996) included for comparison.

between these groups (p=0.24). Virus was found in

25% and 16% of the MS WM and GM samples,
respectively, and was found in 13% and 13% of the

non-MS WM and GM respectively. There was no’

significant difference among these frequencies
(p=0.40).

VZVv
MS The MS group contained 43% (16/37) of cases

positive for VZV. Fourteen percent (18/125) of the

MS samples contained viral DNA. Fourteen percent
(3/22) of the active plaques were positive for VZV,
10% (3/29) of the inactive plaques were positive

251






