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KEYWORDS Background: Human herpesvirus 6 (HHV-6) has been reported to be associated with multiple

CIDP; sclerosis (MS) and Guillain—Barré syndrome (GBS).

Guillain—Barré Methods: We analyzed cell-free HHV-6 DNA as an indication of active infection in the periph-
syndrome; eral blood and cerebrospinal fluid (CSF) of Swedish patients with GBS, patients with chronic

HHV-6; inflammatory demyelinating polyradiculoneuropathy, treatment-naive patients with possible

IFNB; MS, interferon-f treated MS patients [with or without neutralizing antibodies (NAbs)], and con-

Multiple sclerosis; trol patients with headache.

NAb Results: One of 14 GBS patients and one of eight patients with chronic inflammatory demyelin-

ating polyradiculoneuropathy were positive for HHV-6 DNA in serum. Of the 27 treatment-naive
possible MS patients, two were positive in plasma and one in CSF. HHV-6 DNA was detected in
the serum of three of 79 NAb+ patients and one of 102 NAb-interferon-f treated MS patients.
HHV-6 DNA could not be detected in the plasma or CSF of any of the 33 controls, although the
differences were not statistically significant.

Conclusion: Our results do not suggest active HHV-6 infection to be a common phenomenon in
any of the patient groups studied.
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Introduction

Multiple sclerosis (MS), Guillain—Barré syndrome (GBS), and
chronicinflammatory demyelinating polyradiculoneuropathy
(CIDP) are diseases characterized by autoimmune demye-
lination of the nervous system. The mechanisms behind the
triggering of these diseases remain obscure, but viral in-
fections are possible candidates. Human herpesvirus 6
(HHV-6) is a ubiquitous virus' that has been suggested to be
associated with MS%3 and GBS* but has not yet been investi-
gated in CIDP. Furthermore, relapse risk has been shown to
positively correlate with HHV-6 viral load® and anti-HHV-6 1gG
titers.®

Interferon-p (IFNB) is a first-line treatment of rela-
psing—remitting MS but also an important antiviral cyto-
kine. Treatment with IFNB has been shown to reduce the
HHV-6A DNA load in sera of patients with MS.” Because
about 20% of patients treated with IFNB develop neutral-
izing antibodies (NAbs) against the drug, thereby blocking
the efficacy of the treatment,® and possibly an antiviral
systemic effect, a difference regarding the level of viral
load between NADb positive and NAb negative patients might
be detected in serum from these patients.

It has been difficult to establish a causal relationship
between HHV-6 and neurological diseases. A proof of prin-
ciple would be if one could observe a clinical improvement
after antiviral treatment targeting HHV-6 in patients with
neuroinflammatory diseases, who—during the course of
disease—have shown evidence of active viral infection.
However, this would require a robust method to screen for
candidate patients eligible for such a trial. Hence, we aimed
to determine the frequency of HHV-6 DNA in plasma, cere-
brospinal fluid (CSF), and serum samples of patients with
GBS, CIDP or possible MS in a clinical setting, using samples
taken as standard clinical practice. In addition, we investi-
gated whether reduced responsiveness to IFNB, due to NAbs,
leads to increased detection of HHV-6 cell free DNA.

Materials and methods

We analyzed serum and CSF samples from 14 patients with
GBS (Asbury criteria) and eight patients with CIDP (EFNS
2005 criteria). Furthermore, plasma and CSF samples from
27 treatment-naive patients who were newly diagnosed or
showed signs of MS but had not yet fulfilled the full diag-
nostic criteria for MS were analyzed.® This group is here-
after referred to as possible MS. As controls, serum and CSF
samples from 33 headache patients investigated for
noncomplicated headache were analyzed. GBS and CIDP are
demyelinating diseases of the peripheral nervous system
(reviewed by Hughes and Cornblath'®). GBS was diagnosed
by the combination of typical clinical features of ascending
paralysis and areflexia during a progressive phase lasting a
maximum of 4 weeks, in addition to features of a peripheral
demyelinating neuropathy on neurophysiological examina-
tion." CIDP was characterized by a subacute progressive
proximal and distal paralysis of the extremities with a
progressive phase lasting a minimum of 8 weeks
and neurophysiological features similar to those of GBS."? In
the GBS group one patient was treated with intravenous
methyl-prednisone and one with intravenous

immunoglobulin, and in the CIDP group two patients were
treated with intravenous immunoglobulin and one with oral
prednisone and azathioprine before collection of blood and
CSF. The remainder of the patients with GBS and CIDP were
still treatment-naive at the time-point of blood and CSF
collection. MS is a demyelinating disease of the central
nervous system (reviewed by Hafler et al'®) where detec-
tion of dissemination of lesions is separated in time and
space as revealed by clinical symptoms or, for example,
magnetic resonance imaging.® We also analyzed serum
samples from patients with MS treated with IFNB, 79 pa-
tients with high titer NAbs (NAb+) (>1280 ten-fold reduc-
tion units (TRU)/ml), and 102 patients without NAbs (NAb—)
(<10 TRU/ml) (Table 1), as determined using the myxovirus
resistance protein A (MxA) gene expression assay previously
described.™ All samples were frozen directly after collec-
tion and stored at —80°C until analysis. The study was
approved by the National Ethics Committee of Sweden
(0-32-2005).

DNA extraction

Viral DNA was extracted from 560 pL plasma or serum and
CSF from patients with possible MS and controls with
headache. From patients with GBS and CIDP, DNA was
extracted from 200 pL serum and CSF using a commercial
kit (Qiagen, GmbH, Hilden, Germany). For contamination
control, water was added to every fifth column. DNA was
eluted in 100 pL buffer for the possible MS and headache
patients and in 80 uL for the GBS and CIDP patients and
stored at —80°C.

Nested polymerase chain reaction

All samples were screened for HHV-6 DNA using a nested
polymerase chain reaction (PCR) previously described.'
Tests were considered valid if all water controls remained
negative and if the viral laboratory strains U1102 and Z29,
used as positive controls, were amplified. To discriminate
between HHV-6A and 6B, in the virus positive serum sam-
ples of NAb+ or NAb— MS patients, a variant-specific nested
PCR targeting the immediate early gene was performed as
previously described.'® The MCP nested PCR sensitivity was
240 copies/mL, as determined by real-time quantitative
PCR as previously described.'” Samples from IFNB treated
patients were run in duplicates.

Statistical analysis
Fisher’s exact test (« < 0.05, two-sided) was used for sta-

tistical calculations using the software GraphPad Prism
(GraphPad Software, Inc., La Jolla, CA, USA).

Results

HHV-6 in possible MS, GBS, and CIDP plasma, serum,
or CSF samples

HHV-6 DNA was found in 3 of the 27 patients with possible
MS (2 in plasma and 1 in the CSF), as well as one of 14



420

R. Gustafsson et al.

Table 1

Presence of HHV-6 DNA in plasma, serum, or CSF of patients with possible MS, GBS, or CIDP, or headache controls; and

in serum of IFNB treated MS patients positive (+) or negative (—) for NAbs against therapeutic IFNB

Diagnosis Number of Females Median Sample type % HHV-6 HHV-6 p
patients age positive subtype
MS? 27 25 49 Plasma 7.4 (2/27) NT 0.20, 0.18,°
0.11¢
CSF 3.7 (1/27) NT 0.45
GBS 14 8 65 Serum 7.1 (1/14) NT 0.30
CSF 0 (0/14) - N/A
CIDP 8 2 56 Serum 12.5 (1/8) NT 0.20
CSF 0 (0/8) - N/A
Headache 33 26 45 Plasma 0 (0/33) - -
CSF 0 (0/33) - -
MS? NAb+ 79 56 48 Serum 3.8 (3/79) 2*A, 1*B 0.32
MS? NAb— 102 80 46 Serum 1.0 (1/102) 1*A -

@ Treatment-naive patients with possible MS.
P Compared to IFNB MS patients.
¢ Compared to NAb— IFNB MS patients.

9 IFNB treated MS patients positive (+) or negative (—) for NAbs against the therapeutic IFNB.
Treatment-naive MS, GBS, and CIDP patients are compared with headache controls, if other comparisons are not specified. NAb+ MS

patients are compared with NAb— patients.
N/A = not applicable; NT = not tested.

GBS and one of eight CIDP serum samples. None of the
patients with possible MS were positive in both plasma and
CSF. The single HHV-6 positive patient with GBS was un-
dergoing methyl-prednisone treatment at the time-point
of blood and CSF collection. None of the 33 control pa-
tients with headache were HHV-6 positive (Table 1).
Compared to the control headache patient group, HHV-6
DNA was not detected more often in possible MS plasma
(p = 0.20), CSF (p = 0.45) or plasma together with CSF
(p = 0.09), orin GBS (p = 0.30) or CIDP (p = 0.20) serum
samples. None of the HHV-6 positive patients with possible
MS were in clinical relapse. However, the HHV-6 positive
GBS and CIDP patients were in relapse at the point of
sampling.

HHV-6 in MS NAb+ or NAb — patients

Clinical serum samples from NAb+ and NAb— MS patients
(Table 1) were analyzed, and DNA was found in three of 79
NAb+ and one of 102 NAb— patients, which was not sta-
tistically significant (p = 0.32). A virus-specific nested PCR
revealed that all positive samples in the IFNB treated group
were HHV-6A, except one in the NAb+ group, which was
HHV-6B (Table 1). Furthermore, no difference was detected
in the whole group of IFNB treated patients (p = 0.18), or
between the NAb— subgroup (p = 0.11) and treatment-
naive patients with possible MS. The NAb— subgroup was
chosen for further analysis as the IFNB treatment is not
impaired by circulating NAbs. Among the HHV-6 positive
patients, one of the NAb+ patients was in relapse, whereas
the others were not.

Discussion

HHV-6 has been associated with MS? and GBS.# Our aim was
to replicate these findings in cross-sectional samples

collected as part of routine clinical practice. If HHV-6
infection can be consistently identified in patients’ serum
or CSF of patients with MS and GBS during active phases of
the respective diseases, treatment with antiviral therapy
targeting HHV-6 may have a positive influence on the
outcome of MS and GBS. A first step to test this hypothesis is
the capability to easily identify patients who have HHV-6
virions or anti-HHV-6 responses in serum or plasma and
CSF. Several serological methods, such as enzyme-linked
immunosorbent assay targeting antiviral IgG or IgM, or
molecular methods, such as real-time quantitative PCR,
could be used for this purpose, but nested PCR ought to be
one of the most sensitive, rapid, and cost-effective
methods and was therefore used in this study. Other re-
searchers have shown that treatment with rhIFNB reduces
the titer of HHV-6 DNA in serum,’ and thus, this effect
might not be seen in MS patients treated with rhIFNg who
have developed NAbs against the drug.

We did not find HHV-6 infection in a significantly higher
number of patients with GBS, CIDP, or MS, nor did we
observe any difference between IFNp treated and treat-
ment-naive MS patients that would allow us to confirm the
association noted in previous reports.?*> Of the treatment-
naive patients with possible MS who tested positive, none
had detectable levels of HHV-6 virus in both CSF and
plasma, indicating a local infection, not passing over the
blood—brain barrier. Screening for HHV-6 DNA in a cross-
sectional setup at one time point only might be a too
stringent approach to identify patients with active HHV-6
infection. Following patients by longitudinal sampling over
the course of the disease might be a better approach if the
aim is to detect HHV-6 as a possible agent contributing to
the pathogenesis of the disease. The limited number of
patients with active infection found of this study makes it
difficult to state that HHV-6 infection plays a major caus-
ative role in the pathogenesis of MS, GBS, and CIDP.
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