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Anti-Ma2 associated paraneoplastic neurological syndrome
presenting as encephalitis and progressive muscular

atrophy
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A 36 year old man with a history -of testicular germ cell
fumour presented: six months dfter bilateral orchidectomy
with ' progressive amnesia, rritability, vertical geze palsy,
and generalised seizures: Eight months after inifial onset of
symptoms; he demonsirated o head drop: with muscular
atrophy of ‘the upper-limbs; shoulder girdle, and posterior
‘neck. He reported no sensory disturbances and his sensory
examination was normal. : The overall: clinical presentation
was consistent with motor neurorie disedse. Cerebrospinal
fluid analysis revedled mild pleocytosis and increased profein
concentration. Serum and cerebrospinal fluid were positive
for the “anti-Ma2 antibody. by western blot analysis and
immuriostaining. Abnormal” highsignal in the grey matter
“was noted’ in -the cervical spinal cord .and" brain by T2
weighted magnetic resonance imaging. {MRI). The patient
was reated with corficosteroids, infravenaus immunoglobu:
fin, ‘and - antiepileptic: medication. - The - potient improved
dinically -and: symptom progression ceased afier initiation
of treatment. There wes complete resolution of the ebnormal
brain- MRl lesions; however, thecervical - spinal cord” MRl
lesion and “muscular afrophy remained: unchanged. It is
suggested that the dnti-Ma2 antibody is involved not only. in
encephalifis, but may also play o role in the cervical spinal -
cord lesions resulting in a “motor. neurone  disease-like
presentation. B

neoplastic limbic encephalitis are neurological disorders

that occur in patients with cancer.' Parancoplastic
limbic encephalitis is often associated with small cell lung
carcinoma and testicular germ cell tumours.™*

Recently, it was suggested that anti-Ma2 associated
encephalitis differs from classic paraneoplastic limbic ence-
phalitis because of its variable clinical features.”

Here, we report the clinical and neuroradiological findings
in a patient with an anti-Ma2 associated parancoplastic
neurological syndrome who presented with encephalitis and
progressive muscular atrophy.

To our knowledge, this is the first report describing the
unique clinical features of a cervical spinal cord lesion
confirmed by magnetic resonance imaging (MRI) in a patient
with anti-Ma2 associated parancoplastic neurological syn-
drome.

Paraneoplastic neurological syndromes including para-

CASE REPORY

A 36 year old man was admitted to our hospital for
progressive amnesia, hypersomnia, diplopia, and generalised
convulsions in September 2003, ’

He had undergone a bilateral orchidectomy for testicular
germ cell tumour six months before presentation. There was
no recurrence of the tumour noted at the time of presenta-
tion.

On admission, the patient presented with confusion and
seizures. There was no cerebellar ataxia or sensory dis-
turbance noted on cxamination. Progressive muscular atro-
phy, weakness, and fasciculations of the upper extremities,
shoulder girdle, and neck began eight months after initial
presentation. Thereafter, he developed flaccid paralysis of the
upper extremities and a head drop. A Babinski’s sign was
present bilaterally.

Cerebrospinal fluid (CST) contained 3 x 10? lymphocytes/
litre and 830 mg proteinylitre. There were no atypical
Iymphocytes or tumour-like cells noted in the CSF. IgM
titres for herpes simplex were negative. Muscle computed
tomography at the level of C5 demonstrated severe muscular
atrophy of the lirnb, shoulder girdle, paraspinal, and thoracic
muscles.  Electromyogram studies showed neurogenic
changes in the muscles of the upper extremities and shoulder
girdle, including the deltoid, biceps, triceps, scapular, and
upper paraspinal muscles, and no changes to the muscles of
the lower extremities and pelvic girdle. The results of a nerve
conduction study, including sensory and motor evoked
potentials, were within the normal ranges for all extremities.

Brain MRI revealed high signal intensity in the grey matter
of the right frontal and bilateral mesial temporal lobes (fig 14,
B). T2 weighted MRI revealed high signal intensity in the
grey matter of the cervical spinal cord (fig 1C, D). Serum and
CSF were positive for the anti-Ma2 antibody confirmed by
the binding to the recombinant Ma-2 protein, but were
negative for anti-Mal, anti-Hu, and anti-Yo antibodies
(fig 2A, B). Thus, the patient was diagnosed as having an
anti-Ma2-associated paraneoplastic neurological syndrome.
The patient was treated with two courses of intravenous
immunoglobulin (2.5 g/day for five days), followed by
intravenous methylprednisolone (1 g/day for three days)
during which the patient showed clinical improvement. The
patient stabilised and progression of the muscular atrophy
ceased, although he continued 1o have severe flaccid paralysis
of the upper extremities and a head drop. The symptoms of
ammnesia, irritability, overall cognitive decline, hypersomnia,
and vertical gaze palsy also remained unchanged. The patient
was subsequently treated with antiepileptic medication to
prevent further seizure activity. Brain MRI abnormalities
resolved after the course of treatment, but the MRI cervical
cord lesion remained.

Abbreviations: CSF, cerebrospinal fluid; MRI, magnetic resonance
imaging
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tient's serum

Figure 2 (A} Western blolting analysis showed that the
reacts with the 40 kDa protein ban representing recombinant Ma-2
protein. (B) Immunostaining using the patient’s serum and rat cerebrom
shows nucleolar rather than nuclear staining.

Www.jnnp.com
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Figurel {A, B} The magnetic resonance
imaging (MR fluid atfenuated inversion
recovery image on admission
| demonsirated o high signal intensity in
the bilateral mesio?temporal lobe, right
trontal cortex, and right insula. There
was no enhancement by gadolinium-
DTPA {diethylene triamine pentaccetic
i acid). These abnormal signal lesions
| disoppeared following freatment with
intravenous immunoglobulin and
steroids, {C, D} T2 weighted MR
demonstrated o symmerical high signal
lesion {arrow), which was relafively
confined to the grey matter of the
carvical spinal cord. The lesion was not
enhanced by gadolinium-DTPA,

DISCUSSION

We report the case of an anti-Ma2 associated parancoplastic
neurological syndrome in a patient with a history of testicular
germ cell tumour who presented with encephalitis and motor
neurone disease-like features. T2 weighted MRI of the
cervical spinal cord showed a well confined high signal
intensity lesion, which correlated with the extensive mus-
cular atrophy and weakness.

Dalmau ef al studied the clinical findings of 38 patients
with anti-Ma2-associated encephalitis.® They reported that
€ye movement abnormalities were prominent in 92% of the
patients with brainstem dysfunction, and 60% of these
patients had vertical gaze paresis. Among 34 patients with
cancer, 18 had testicular germ cell tumours. They concluded
that anti-Ma2 encephalitis should be suspected in patients
with limbic, diencephalic, or brainstem dysfunction who
have MRI abnormalities in these regions and CSF inflam-
matory changes. In young male patients who present with
parancoplastic neurological syndromes, the primary tumour
is usually located in the testis.* Dalmau ef af also described a
58 year old man with adenocarcinoma of the Iung, who
developed proximal weakness, muscular atrophy, and fasci-
culations of the upper extremities without evidence of MRI
abnormalities in the brain or spinal cord® Qur patient’s
presentation was characterised not only by encephalitis, but
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Anti-Ma2 associated progressive muscular atrophy

also by motor neurone disease-like clinical features, which
are probably attributable to the cervical spinal cord lesion.

Although it remains unclear whether the anti-Ma2 anti-
body associated with testicular germ cell tumours is directly
involved in the pathogenesis of encephalitis and cervical
spinal cord lesions, the response 10 immunomodulatory
treatments such as intravenous immunoglobulin and steroids
supports the idea that anti-Ma2 has anti-tumour immune
activity.

Our case supports the unique clinical diversity of the anti-
Ma2-associated paraneoplastic neurological disorder.
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L) CASE REPORT O

Encephalopathy with Isolated Reversible
Splenial Lesion of the Corpus Callosum

Masamitsu YAGUCHI, Hisa YacucH], Tetsuro [Top* and Koic_hi OKAMOTO**

Abstract

We report a 51-year-old Japanese man with chronic
alcoholism who complained of mental confusion follow-
ing respiratory and intestinal infections. The splenium of
the corpus callosum showed hyperintensity on both diffu-
sion-weighted MR images and fluid-attenuated inversion
recovery images and hypointensity on Tl-weighted im-
ages. These findings were resolved on MR images ob-
tained 3 days later. He showed complete neurological
recovery within 2 months. We suspected that he had mild
encephalopathy with a reversible splenial lesion after SYS-
temic viral or bacterial infection.

(Internal Medicine 44: 1291-1294, 2005)

Key words: encephalopathy, splenium of the corpus
callosum, infection, MRI, diffusion-weighted
image

Introduction

The prevalence of acquired lesions of the corpus callosum
was estimated to be about 3% in a MR study of 450 patients
and the differential diagnosis of corpus callosum abnormali-
ties is considered to be difficult (1). Splenial lesions in the
corpus callosum include Marchiafava-Bignami disease,
ischemia, diffuse axonal injury, multiple sclerosis, hydro-
cephalus, tumors, epilepsy, antiepileptic drugs, hypoglyce-
mia, cerebral malaria and encephalitis/encephalopathy (1-7).

We report a man with chronic alcoholism, who com-
plained of acute confusion following a one-day illness with
cough and diarrhed, and showed an isolated reversible
splenial lesion of the corpus callosum on MR images.

Case Report

A 51-year-old Japanese man was admitted to our hospital
because of high fever (39.8°C) and mental confusion follow-
ing a one-day illness with cough and diarrhea. He had a long
history of alcoholism, drinking over 400 ml of rough dis-
tilied spirits (proof 20%) every day. He was confused and
disoriented, but there were no signs of meningeal irritation,
Oculomotor and cranial nerve functions were normal.
Neither ataxia, paresis nor asterixis were observed. Deep ten-
don reflexes on the extremities were normal, and plantar re-
sponses were flexor. Chest X ray disclosed pneumonia in the
right lower lung field. Laboratory tests showed elevations of
CK, AST, ALT, BUN, CRE and CRP (Table 1). Serum vita-
mins were not measured. Mycoplasma prewmoniae antibody
and Chlamydia psittaci antibody were negative. Cerebro-
spinal fluid (CSF) studies were normal. Rapid antigen detec-
tion assay from a nasopharyngeal swab did not demonstrate
influenza. There were no pathogenic organisms isolated from
blood or sputum. Cultures of the stool were not performed.
Electroencephalography (EEG) showed slow basic activities
with no paroxysmal discharges. Abdominal ultrasonography
was normal. MR images on admission (Fig. 1A~C) demon-
strated an isolated small lesion in the splenium of the corpus
callosum that was markedly hyperintense on diffusion-
weighted images (DWI), hyperintense on fluid-attenuated in-
version recovery (FLAIR) images and slight hypointense on
Tl-weighted images (TIWI). A few small areas showing
high signals were seen in the cerebral white matter. Steady
clinical recovery was noted following treatment with intrave-
nous administration of vitamin B complex and antibiotics.
On follow-up MR studies (Fig. 1D~F) obtained 3 days after
the initial study, resolution of the abnormality without con-
trast enhancement was noted. Neuropsychological examina-
tions 3 weeks after admission demonstrated mild impairment
of memory and cognitive functions but there was no sign of
callosal disconnection. His score on the mini-mental state
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Table 1.

Blood Cell Count

WBC 8,600/mm’ (4,100-9,500)
RBC 455x10%mm’* (420-360)
Hb 15.3 g/dl (13-17)

Het 44.3% (40-51)

Plt 9.1x10%/mm’ (15.4-33.0)

Blood Chemistry
T-Bil

0.8 mg/dl (0.2-1.2)

Glucose 176 mgl/dl (70-110)
NH; 63 pg/dl (12-66)

CRP 47.4 me/dl (<0.47)
TSH 1.12 plU/ml (0.05-5.00)

FT; 2.96 pg/ml (2.30—4.30)

TP 6.4 o/d} (6.5-8.3)
AST 278 U/ (8-38)

ALT 129 10U/ (4-44)

ALP 170 TU/ (104-338)
v-GTP 40 TU/L (16-73)

CHE 208 U/ (203-460)
CK 5.990 1U/I (56-244)
T-Cho 171 mg/dl (120-220)
BUN 48,5 mg/dl (8.0-20.0)
CRE 2.3 me/dl (0.6-1.1)
Na 134 mEg/l (135-150)
K 2.6 mEqg/l (3.5-5.0)
Cl 99 mEqg/l (98-110)
Ca 0.97 mmol/! (8.5-10.5)

FT. 1.42 ng/dl (0.90-1.70)
Urinalysis

protein 2+

occult blood 3+

glucose (=)

ketone (=)
Blood gas analysis

pH 7.51 (7.35-7.45)

PaCO: 30.1 mmHg (35-43)

Pa0, 60.0 mmHg (80-90)

HCOy 23.7 mmol/I (22-26)

Base Excess 0.9 mmol/] (0£2)
CSF study

cell count 3/3 mm’

protein 26 mg/dl

glucose 63 mg/dl

I1sG 2.0 mg/dl

(MMS) was 23/30 points at that time. MMS on day 53 after
admission showed a full score.

Discussion

We report a Japanese man with encephalopathy demon-
strating an isolated reversible splenial lesion of the corpus
callosum on MR images. The splenial lesion resolved rapidly
within a few days, and the complete neurological recovery
was obtained within 2 months. A history of long-term
chronic alcoholism suggested that he had Marchiafava-
Bignami disease; however, we suspected another disorder
due to the existence of systemic infection preceding central
nérvous system manifestations.

Recently, Tada et al reported 15 patients with clinically
mild encephalitis/encephalopathy with reversible lesions in
the splenuim of the corpus callosum on MR images (7). They
were relatively young (12 patients were below 20 years old),
and fever and/or diarrhea preceded manifestations of the cen-
tral nervous system including impairments of consciousness,
seizures and vertigo. In their report, CSF studies demon-
strated normal cell counts or pleocytosis with normal glucose
and protein levels. EEG showed slow basic activities. The
splenial lesions were hyperintense on T2WI and DWI, and
isointense to slightly hypointense on TIWI. There was no
enhancement of the lesion after gadolinium administration.
Resolution of splenial abnormalities was usually noted
within one week on follow-up MR studies, and a complete
recovery was obtained within one month. The associated
pathogens were varied, including O-157 Escherichia coli (8),
measles virus (9), rotavirus (10), Salmonella enteritidis (11),
influenza virus (7, 12), Legionella preumophila (13),

adenovirus, mumps virus, varicella-zoster virus and an un-
known pathogen, however the pathogen was not clarified in
10 of 15 patients (7). It is unknown why the splenium is in-
volved as an isolated site. The pathogenesis is speculated to
involve pathogens or antibodies induced by them that di-
rectly damage axons or the myelin sheath in the spleninm of
the corpus callosum (7, 8, 10), and the participation of ele-
vated inflammatory cytokines such as interleukin-6 is also
postulated in the pathogenesis (7, 12). However, these hy-
potheses remain controversial. Except for the history of long-
term chronic alcoholism, the clinical and radiological course
of the present case is compatible with that of the syndrome.
Although the pathogens causing diarrhea and pneumonia
were not clarified, there was a possibility that the pathogene-
sis of encephalopathy in our case was similar to that in the
syndrome.

Similar reversible and isolated symmetrical lesions in the
splenium of the corpus callosum, which are hyperintense on
DWI and T2WI and hypointense on TIWI, could be seen in
diffuse axonal injury (14), epilepsy or an influence of
antiepileptic drugs (4), hypoglycemia (5) and Marchiafava-
Bignami disease (15). These diseases are usually differenti-
ated from the encephalitis/encephalopathy reported by Tada
et al (7) by their clinical courses and laboratory findings.
Minor splenial lesions may be asymptomalic, and MR ex-
aminations are not performed routinely in the clinical setting.
The incidence of the encephalopathy/encephalitis with re-
versible splenial lesion after systemic infection might be
higher than conceived. It is important for clinicians to note
that an isolated reversible splenial lesion is observed in a va-
riety of disorders.

Internal Medicine Vol. 44, No. 12 {December 2005}
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Figure 1. Magnetic resonance (MR) imaging on admission, showing an isolated small lesion in the splenium of the corpus
callosum on diffusion-weighted image (DWI) (A), fluid-attenuated inversion recovery (FLAIR) image (B) and T1-weighted image
(C). MR imaging on day 3, showing resolutions of the lesion on DWI (D), FLAIR image (E) and enhanced image after gadolinium
administration (F).
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SUMMARY

Human herpes virus-6 {HHV-6) is a ubiquitous virus. but ene that can
es. Rucently, several seizures have
been reported as new HHV-6-associated diseases based on virelogical

induce various neur ological diseas

analysis, Neonates whoe are perinstally infected with HHV-6 can
develop afebrile seizures, which are considered to be exanthem
subitum {ES] in the neonatal period, Infants with ES alse tend to
develop atypical febrile ssizures. After primary infection, HHV.6
communly establishes Iatency in the central nervous systam (CNS]
and sometimes reactivates in the hippecampus, causing lmbic
encephalitis and temporal lobe epilepsy. These HHV-6-associated
CNS dissases due o virus reactivation can sceur in both
immunocompramised and mmunscempetent hosts, This article
summarizes HHV-8-associated seizures during childhousd.
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Analysis of Shedding of 3 B-Herpesviruses in Saliva
from Patients with Connective Tissue Diseases

Tetsushi Yoshikawa,' Masaru Ihira,® Hiroaki Taguchi,? Shunji Yoshida? and Yoshizo Asano'

Departments of 'Pediatrics and Internal Medicine, Fujita Health University School of Medicine, and *Department of Medical Information
Technology, Fujita Health University College, Toyoake, Aichi, Japan

Background.  Whether an association exists between infection with B-herpesviruses and connective tissue
diseases remains unclear, as are the mechanisms for the regulation of these infections in the salivary glands.

Methods. Human herpesvirus (HHV)-7 was isolated and viral DNA was quantified by real-time polymerase
chain reaction (PCR) in serially collected saliva samples, to determine whether viral load correlated with infectiv-
ity. Then, to examine the role played by 8-herpesviruses in connective tissue diseases, cytomegalovirus, HHV-6,
and HHV-7 DNA loads were examined by real-time PCR in serially collected saliva samples from 21 patients with
connective tissue diseases.

Results.  Although subjects with frequent HHV-7 shedding were more likely to have a high viral load than
were other subjects, high viral loads were detected in saliva samples from a portion of the subjects with low viral
shedding rates. No significant difference between the quantity of HHV-7 DNA in saliva samples from which active
virus was isolated and that amplified from samples without detectable virus was observed. Patients with adult-
onset Still disease consistently had high HHV-7 DNA loads, in contrast to patients with other connective tissue
diseases (P = .0003) and healthy adults (P = .0224), The mean HHV-6 (P = .012) and HHV-7 (P<.0001) DNA

loads in patients with connective tissue diseases were lower than those in healthy adults.

Conclusion.

These data suggest that a number of host factors in patients with adult-onset Still disease may

function to accelerate HHV-7 replication in the salivary glands.

Human herpesvirus (HHV)-7 was originally isolated
from peripheral-blood mononuclear cells (PBMCs) from
healthy adults in 1990 {1]. This viras, a member of the
B-herpesvirinae subfamily, is closely related to HHV-6.
Primary infection with either of these 2 viruses causes
exanthem subitum {2, 3], a common febrile disease of
childhood {2, 3]. Because most infants and young chil-
dren acquire infections with both of these viruses [4, 5],
both are ubiquitous among adult populations. The ep-
idemiologic profile of each virus is similar to that of

Received 18 Agril 2005; accepted 3 June 2005; electronically published 28
September 2005.

Presented in part: 29th International Herpesvirus Workshop, Reno, Nevada, 25—
30 July 2004 (abstract 9.16).

Potential conflicts of interest: none reported.

Financial support: Ministry of Education, Culture, Sports, Science, and Tech-
nology of Japan {grant-in-aid to the 21st Century Center of Excellence Program
of Medicine and the Open Research Center, Fujita Health University).

Reprints or correspondence: Dr. Tetsushi Yoshikawa, Dept. of Pediatrics, fujita
Health University School of Medicing, Toyoake, Aichi 4701192 Japan {tetsushi@
fujita-hu.ac jp}.

The Journal of infectious Diseases  2005;192:1530-6
© 2005 by the infectious Diseases Society of America. Al rights reserved.
0022-1898/2005/19209-0005%$15.00

cytomegalovirus (CMYV), the original member of the
B3-herpesvirinae subfamily. After primary infection, her-
pesviruses persistently infect the host throughout its
lifetime. The salivary glands have been proposed as res-
ervoir sites for persistent infection with 8-herpesviruses;
HHV-7 can frequently be isolated from saliva [6, 7].
Using longitudinal viral-isolation analysis, we recently
demonstrated that HHV-7 shedding in saliva varies
among individuals [8]. This finding suggests that host
factors may play an important role in the regulation of
viral replication in the salivary glands. It will be signif-
icant to determine whether the kinetics of shedding of
the other 3-herpesviruses in saliva are similar to that of
HHV-7, because it will help to illuminate the mecha-
nisms that control viral replication in the salivary glands.

The role played by such viral infections in the path-
ogenesis of autoimmune diseases remains unclear. Her-
pesviruses, including Epstein-Barr virus [9} and CMV
[10], interact with the immune system in a variety of
ways and establish latency in either lymphocytes or
monocytes/macrophages while retaining the potential
for reactivation. In addition to these viruses, HHV-6
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Table 1. Characteristics of the patients with connective tissue diseases.
Patient {age Disease Pulse Immunosuppressive Positivity/antibody titer
{in years], sex} Disease activity Steroids therapy drugs CMV HHV-6 HHY-7
1 {45, F) MCTD Inactive No No No + + 32
2 46, F) MCTD inactive Yes No No + + 32
3(62,F) Polymvyositis Onset Yes Yes No + + NS
4 (59, F) Systemic sclerosis inactive No No No + NS NS
5 (59, F) Systemic sclerosis inactive No No No + + 16
6 (55, M) Rheumatoid arthritis Inactive Yes No MTX + + 32
7 (66, F Rheumatoid arthritis Inactive Yes No MTX + + 128
8 (68, M) Rheumatoid arthritis inactive Yes No No + + 16
9 {28, F) SLE Inactive Yes No No + + 256
10 (43, F) SLE Reiapse Yes No No + + 16
11 (62, F) SLE Inactive Yes No No + + 16
12 (39, F) SLE Inactive Yes No No + NS NS
13 (32, F) SLE Relapse Yes Yes No ND NS NS
14 {20, F) SLE [nactive Yes No No - + NS
15 (20, M) AO Siill disease Relapse Yes Yes MTX, CyA, AZP ND + 16
16 (23, F) AQ Still disease Relapse Yes No No + + 32
‘\7 (33, F) AQ Still disease Reiapse Yes Yes MTX, CyA + 32
8 (33, M) AO Still disease Onset Yes Yes No + + 8
9 (32, F AQ Stilt disease Onset Yes No No + + 64
0 (36, M AQ Still disease Onset Yes No No + + 64
1 {55, F AQ Siill disease Onset Yes No MTX + + 16

NOTE.

AQ, adult onset; AZP azathioprine; CMY, cytomegalovirus; CyA, cyclosporin A; £ female; HHV, human herpesvirus; M, maie; MCTD, mixed connective

ussue disease; MTX, methotrexate; ND, not done; NS, nonspecific fluorescence; SLE, systemic lupus erythematosus.

and HHV-7 latently infect PBMCs {11-13], periodically reac-
tivating in immunosuppressed patients [14]. It has recently
been suggested that these 2 viruses may modulate the immune
response [15-19]; an association between HHV-6 and multiple
sclerosis, an autoimmune-mediated demyelinating disease of
the central nervous system, has been intensely debated in recent
vears [20, 21]. Thus, it is important to determine the role played
by these 2 f3-herpesviruses in the pathogenesis of connective
tissue diseases. Furthermore, it is well known that patients with
adult-onset Still disease, which is one of the popular connective
tissue diseases, often have hypercytokinemia. Because hyper-
cytokinemia might play an important role in the control of
viral replication in the salivary glands, analysis of the relation-
ship between connective tissue diseases (Still disease, in par-
ticular) and infection with B-herpesviruses would provide us
with important information that will elucidate the host factors
that control viral replication.

In the present study, we sought to identify host factors in-
volved in the regulation of 3 8-herpesviruses (HHV-7, in par-
ticular) in the salivary glands. Because isolating HHV-7 from
saliva is difficult and analyzing large numbers of samples is
time-consuming, we first determined whether real-time poly-
merase chain reaction (PCR), instead of viral isolation, could
be used for monitoring viral replication in the salivary glands.
In addition to exploring the host factors that control viral rep-

lication in the salivary glands, we also sought to elucidate the
association between infection with 8-herpesviruses and auto-
immune connective tissue diseases.

SUBJECTS, MIATERIALS, AND METHODS

Subjects and sample preparation. The subjects included 19
healthy adults (9 men and 10 women between 21 and 29 years
old), 7 patients with adult-onset Still disease, and 14 patients
with other connective tissue diseases (such as systemic lupus
erythematosus [6], rheumatoid arthritis {3], systemic sclerosis
[2], poliomyelitis [1], and mixed connective tissue disease [2]).
The patients’ characteristics, such as disease activity and treat-
ment (including receipt of several immunosuppressive drugs),
are summarized in table 1. All subjects consented to participa-
tion in this study. Saliva samples were serially collected from the
healthy adults weekly for 6 weeks and from the patients with
connective tissue diseases monthly for 6 months. Two milliliters
of saliva from the healthy adults was used for viral isolation and
measurement of HHV-7 DNA load by real-time PCR. A total of
114 saliva samples from the healthy adults were analyzed in this
study, One milliliter of saliva from the patients with connective
tissue diseases was used to measure the viral DNA load of each
of 3 B-herpesviruses (CMV, HHV-6, and HHV-7) by real-time
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PCR. A total of 126 saliva samples were prospectively coflected
from the patients and were used to measure viral DNA load.
Isolation of HHV-7 from saliva samples. TFor the healthy
adults, HHV-7 shedding in saliva was evaluated by use of the
viral-isolation method. HHV-7 was isolated by cocultivation of
saliva with preactivated cord-blood mononuclear cells, as de-
scribed elsewhere [6]. Briefly, 1 mL of saliva was dilated 1:2 in
RPMI 1640 and then centrifuged at 2000 g Supernatants were
filtered through a 0.45-um-pore filter, were inoculated onto
preactivated cord-blood mononuclear cells, and were centri-
fuged at 2000 g for 60 min, to enhance viral absorption. After
centrifugation, cells were cultured in growth medium at 37°C
in 5% CO,. Viral isolation was considered to be achieved when
large, round cell formation and specific immunofluorescence
staining with a monoclonal antibody to HHV-7 (KR4; provid-
ed by T. Okuno, Department of Microbiology, Hyogo College
of Medicine, Hyogo, Japan) were observed.
Specific anti-HHV-6 and anti-HHV-7
IgG antibody titers were measured by indirect immunofluores-

Serological assays.

cence, as described elsewhere [4, 5], with the FG-1 HHV-6 strain
and the Sato HHV-7 strain as standard antigens, respectively, An
antibody titer was defined as the reciprocal of the serum dilution
necessary to obtain specific fluorescence. Anti-CMV 1gG anti-
body titers were measured by ELISA in a commercial laboratory
(SRL, Tokyo, Japan).

DNA extraction and real-time PCR, DNA samples ex-
tracted from 200 pL of saliva by use of a QfAamp Blood Kit
(QIAGEN) were stored at —20°C. Real-time PCR was used to
quantitate CMV, HHV-6, and HHV-7 DNA copy numbers. De-
tails on the real-time PCR methods used to assess CMV and
HHV-6 DNA loads have been described elsewhere {22}, The
validity of this real-time PCR technique to quantify HHV-7
DNA was established by use of the U31 gene, which encodes
the HHV-7 tegument protein, as a positive control sequence.
The forward ( 5’—AAAGAATGGTTTTGTTCAAC’I‘CCAA-3") and
reverse (5-ACATTCACTTTGCGTGCATTTTC-3) primers and
the probe (5-[FAM]-TCATCGAGAACATAGGAGAAGCTCC-
AGCA-[TAMRA]-3') sequence were designed by use of Primer
Express (version 3.0; PE Applied Biosystems) [23]. PCRs were
performed by use of the TagMan PCR Kit (PE Applied Bio-
systems). Standard curves for each viral DNA assessment were
constructed on the basis of the cycle-threshold (C,) values ob-
tained from serial dilution of plasmid DNA containing the
target sequence. To construct plasmids containing the target
sequence, viral DNAs were amplified from the AD-169 CMV
strain, the Z29 HHV-6 strain, or the RK HHV-7 strain with
the primers designed for real-time PCR. Amplified PCR prod-
ucts were then subcloned by use of the pGEM-T Vector Sys-
tem (Promega), in accordance with the manufacturer’s pro-
tocol. The C; values for each sample were plotted on a standard
curve, allowing automatic calculation of the DNA copy number

by use of Sequence Detector (version 1.6; PE Applied Biosys-
tems). Each sample was tested in duplicate; the mean of the 2
values defined the sample copy number.

Statistical analysis. Viralloads were compared by the Mann-
Whitney 7 test, by use of StatView (version 1-5.0; SAS Institute).

RESULTS

Association between HHV-7 isolation and viral DNA load, as
determined by real-time PCR. It is complicated and time-
consuming to isolate HFV-7; for this reason, if HHV-7 DNA
load, as determined by real-time PCR, correlates well with viral
isolation, measurement of viral DNA load would be a valuable
tool for monitoring active viral infection. Because the amount
of HHV-7 DNA in saliva from healthy adults is stable in each
individual, 6 saliva samples serially collected over a course of
6 weeks from each healthy adult in the present study were used
to analyze the correlation between viral isolation and viral DNA
load. During the observation period, 114 saliva samples were
collected from 19 healthy adults, all of whom were seropositive
for HHV-7. The frequency of HHV-7 shedding (calculated as
the number of saliva samples from which active virus was iso-
lated per the 6 samples collected from the subject during the
observation period) in the saliva samples varied between in-
dividuals, as was expected (fAgure 1), Virus could not be isolated
from any of the 6 saliva samples from 1 (5.2%) of the healthy
adults. Two (10.5%) of the healthy adults excreted significant
amounts of virus in all saliva samples. The saliva samples from
the healthy adults with frequent viral shedding (5 or 6 positive
results; figure 24) generally had higher viral DNA loads than
did the saliva samples from the healthy adults with intermedi-
ate viral shedding (3 or 4 positive results) (Ggure 2B). Several
healthy adults with infrequent viral shedding (0-2 positive re-
sults), however, had high viral DNA loads (figure 2C). There
were no statistical differences in HHV-7 DNA load between the

No. of healthy adults

5

] 2 3 4 5 6
Frequency of HHV-7 shedding (no. of positive resul ts)

Figure 1. Frequency of human herpesvirus (HHVI-7 shedding in &
saliva samples serially collected from healthy adults during the 6-week
observation period. Virus was isolated from saliva by cocultivation with
preactivated cord-blood menonuciear cells.
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Figure 2. Association between frequency of human herpesvirus (HHV}-

7 shedding and DNA load in saliva samples from healthy adults (n = 19).
tach line denotes the HHV-7 DNA loads of 1 healthy adult. A Frequent
shedding (5 or B positive results during the 6-week observation period;
n = 3} B Intermediate shedding {3 or 4 positive results; n = 3} C, Infre-
guent shedding (0~2 positive results; n = 13). The dotted red lines are
included to facifitate comparison among the groups and do not indicate data.

saliva samples from which active virus was isolated and those
from which virus was not isolated (P = .2837) (table 2).

Viral DNA load for 3 (3-herpesviruses in saliva. The ki-
netics of changes in viral DNA load for the 3 3-herpesviruses
were compared among the healthy adults, the patients with
adult-onset Still disease, and the patients with other connec-
tive tissue diseases (figure 3). It is likely that HHV-7 DNA
load differed among the 3 groups. In contrast to HHY-7 DNA
load, both HHV-6 and CMV DNA load varied significantly
during the observation period. HHV-7 DNA load was higher
than HHV-6 DNA load for all 3 groups. CMV DNA was de-
tected in only 2 patients with other connective tissue diseases
and 2 patients with adult-onset Still disease. No CMV DNA
was detected in the saliva samples from the healthy adults,
despite their CMV seropositivity.

To compare the viral DNA loads among the 3 groups, we
calculated the mean viral DNA copy numbers in the 6 saliva
samples serially collected from each subject. The mean viral DNA
loads for the subjects were then compared by the Mann-Whitney

U test (table 3). Because no CMV shedding was detected in any
of the healthy adults, only the HHV-6 and HHV-7 DNA loads
were analyzed. HHV-7 DNA load was significantly higher in the
patients with adult-onset Still disease (mean £ SD, 649,149 £
751,504 copies/mL) than in either the healthy adults (mean =
SD, 119,382 + 119,878 copies/ml; P = .0224) or the patients
with other connective tissue diseases (mean = SD, 10,733 =
nificant differences, however, in HHV-6 DNA load between the
patients with adult-onset Still disease (mean # SD, 875 =%
1120 copies/mL) and the healthy adults (mean % SD, 312 &
269 copies/mL; P = .6438) or between the patients with adult-
onset Still disease and the patients with other connective tissue
diseases (mean + SD, 489 = 1325 copies/mL; P = .0862). The
patients with other connective tissue diseases had significantly
lower viral DNA loads than did the healthy adults for both HHV-
6 {mean * SD, 489 * 1325 vs. 312 £ 269 copies/mL; P =
.0120) and HHV-7 (mean = SD, 10,733 = 21,896 vs. 119,382
+ 119,878 copies/mL; P<.0001). Because the diseases of a subset
of the patients with other connective tissue diseases (11/14 pa-
tients) were inactive, we compared HHV-6 and HHV-7 DNA
loads between patients in an active disease period and those in

21,896 copies/mL; P = .0003). There were no statistically sig-

an inactive disease period, to determine the effect of disease
activity on viral DNA load. We could not identify a statistical
difference in either HHV-6 or HHV-7 DNA load between the
patients in an active disease state and those in an inactive disease
state (mean = SD for HHV-6,521 + 902 vs. 480 =& 1456 copies/
ml; P = .6854) (mean * SD for HHV-7, 25,772 = 42,219 vs.
6631 = 13,432 copies/ml; P = .5858), although the number of
patients in an active disease state was small.

DISCUSSION

Clinical isolation of HHV-7 requires the cocultivation of sam-
ples with preactivated cord-blood mononuclear cells, a time-
consuming and troublesome process, especially for the anal-
ysis of a large number of samples. Real-time PCR often
replaces viral isolation in the analysis of HHV-7 infection.
However, information on the association between viral DNA
load in saliva and viral isolation has been limited. We attempt-
ed to correlate viral DNA load with viral isolation in serially
collected saliva samples from healthy adults. The kinetics of
changes in HHV-7 DNA load in saliva observed in this study

Tahle 2. Comparison of human herpesvirus (HHV)-7 DNA load
in saliva samples positive or negative by the viral-isolation assay.

HHV-7 DNA load
in saiiva, mean = SD,

Isolation of HHV-7 copies/mL P
Yes 143,766 = 168,839 2837
No 105,158 = 191,671
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Comparison among cytomegalovirus {CMV), human herpesvirus (HHV1-6, and HHV-7 DNA loads in saliva samples from healthy adults, patients

with adult-onset Still disease, and patients with other connective tissue diseases, The kingtics of changes in viral DNA load in serially collected saliva
samples were also examined. Because no CMY DNA could be detected in any of the samples from the healthy adults, data on CMY DNA loads for this
group are not shown in this figure. The dotted red lines are included to facilitate comparison among the groups and do not indicate data.

were consistent with the results of 2 previous longitudinal stud-
ies (in which samples were collected for 1 and 3 months) (24,
25], demonstrating that HHV-7 DNA load in saliva varies be-
tween individuals. Because 3 healthy adults with frequent viral
shedding appeared to excrete higher levels of viral DNA than
did 3 healthy adults with intermediate viral shedding (figure
2A and 2B), those with frequent viral shedding likely excrete
higher copy numbers of viral DNA in their saliva than do those
with lower levels of viral shedding. Several healthy adults with
infrequent viral shedding, however, excreted significant quan-
tities of viral DNA in saliva, particularly the 3 individuals. De-
spite this trend, there was no statistical difference in HHV-7
DNA load between the saliva samples from which active vi-
rus was isolated and those from which no virus was isolat-
ed (P = .2837) (table 2). Although the number of subjects was
smaller than that examined in this study, similar findings have
been reported by Fujiwara et al. [25]. This discrepancy may be
the result of the presence of a substance that inhibits viral
isolation or of large volumes of fragmented viral DNA in the
saliva of certain individuals. To better understand the viral life
cycle, further study is necessary to elucidate the molecular
mechanisms underlying this discrepancy between viral isolation

and real-time PCR analysis. These findings suggest that, al-
though real-time PCR can be used for monitoring viral rep-
lication in the salivary glands, it might be inappropriate for an
analysis of viral transmission because of the lack of a strong
correlation between infectious viral particles and viral DNA
load in some saliva samples.

In the present study, we measured the viral DNA loads of 3
B-herpesviruses in saliva samples from healthy adults and pa-
tients with connective tissue diseases by real-time PCR. We
sought to evaluate viral replication in the salivary glands to
establish an association between viral infection and connective
tissue disease, potentially implicating the host factors invalved
in the control of tissue viral replication. We believe that real-
time PCR is appropriate to address these questions.

Although these 3 B-herpesviruses share many genetic and bi-
ological similarities, the kinetics of changes in viral DNA load
in saliva differed between CMV, HHV-6, and HHV-7 {figure 3).
Although the quantity of HHV-7 DNA in saliva differed among
subjects, the majority of the patients with connective tissue dis-
eases and the healthy adults excreted consistent amounts of viral
DNA in saliva. Both the frequency of HHV-6 DNA excretion
and the HHV-6 DNA loads, however, were low in comparison
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Table 3.

Comparison of mean human herpesvirus (HHV) DNA loads (HHV-6 and HHV-7} in

saliva samples from healthy adults, patients with adult-onset Still disease, and patients with

other connective tissue diseases.

Viral DNA load P
in saliva, mean = SD,  Healthy Still Healthy

Virus, group copies/mL vs. Still  vs. other  vs. other
HHV-6 6438 .0862 .0120

Healthy 312 + 269

Adult-onset Still disease 8756 = 1120

Other connective tissue diseases 489 + 1325
HHV-7 0224 .0003 <.0001

Healthy 119,382 = 119,878

Aduit-onset Stili disease 649,149 = 751,604

Other connective tissue diseases 10,733 + 21,896

to those for HHV-7. CMV DNA was detected in saliva sam-
ples from only a few patients with connective tissue diseases,
likely in samples collected after immunosuppression. Several
investigators have reported frequencies of viral detection in

sither healthy control subjects or immunosuppressed patients,
such as patients with AIDS {26, 27]. Because differences in the
ethnicities of subjects or the details of PCR methods might
affect viral DNA detection in saliva samples, it is difficult to
compare directly all of these observations. Although our find-
ings are similar to those reported by Lucht et al. [27], they
compared healthy control subjects and patients with AlIDS by
qualitative PCR. In addition, although the number of subjects

s Hmited, Fujiwara et al. [25] reported that HHV-7 copy
ers in saliva were higher than those for HHV-6. To our
knowledge, ours is the first report analyzing longitudinal DNA
loads in saliva for 3 B-herpesviruses. In conjunction with pre-
vious studies, our results should be helpful in examining the
kinetics of changes in viral load in patients with other diseases.

In the present study, the patients with adult-onset Still dis-

case constantly excreted a significantly higher number of copies
of HHV-7 DMA in their saliva than did the patients with other

connective

ue diseases and the healthy adults (figure 3 and
table 3). These data suggest that a number of host factors in
patients with adult-onset Still disease may function to accelerate
HHV-7 replication in the salivary glands. Patients with Still
disease exhibit a characteristic hypercytokinemia. Proinflam-
matory cytokines, such as tumor necrosis factor-a;, play an im-
portant role in CMV reactivation by inducing the transcription
of CMV immediate early genes via induction of NF-«B [28-
31]. Although the mechanisms underlying both HHV-7 reac-
tivation and the regulation of HHV-7 immediate early genes
are not well understood, the advent of hypercytokinemia during
adult-onset Still disease may control the up-regulation of HHV-
7 immediate early gene expression, resulting in the reactivation
of the virus. Impairment of host immune responses against
HHV-7 may accelerate viral replication in the salivary glands.

Although CMV-specific T cell-mediated immunity is important
in the prevention of symptomatic viremia, it is not important
in the local control of viral replication {32-34]. To elucidate
the mechanisms underlying the up-regulation of HHV-7 rep-
lication in the salivary glands of patients with adult-onset Still
disease, we explored both the virological and immunological
aspects of this regulation. No activation of CMV infection was
demonstrated in the patients with adult-onset Still disease in
the present study. Although the sensitivity of real-time PCR for
CMV might be insufficient, low rates of CMV excretion in sa-
liva have been demonstrated by other investigators {27]. There-
fore, it is possible that the salivary glands are not the main site
of persistent infection of the virus, Further in-depth analysis is
needed to elucidate an association between CMV infection and
connective tissue disease.

Both HHV-6 and HHV-7 DNA loads in saliva were signif-
icantly lower in the patients with other connective tissue dis-
cases than in the patients with adult-onset Still disease and the

_ healthy adults (figure 3 and table 3). Because the majority of

patients (11/14) with other connective tissue diseases were in
an inactive disease period, we examined the effect of disease
activity on viral DNA load in saliva and observed that disease
activity did not affect either HHV-6 or HHV-7 DNA load in
saliva. Thus, a portion of the host factors involved in other
connective tissue diseases may prevent replication of these 3-
herpesviruses in the salivary glands. Because multiple factors,
including age, underlying disease, and treatment protocols,
may be involved in the control of viral replication in the sali-
vary glands, a detailed multivariate analysis of a large num-
ber of patients should be undertaken in the future. The mecha-
nisms underlying the regulation of B-herpesvirus in the salivary
glands are not well understood. Future work is necessary to
elucidate these mechanisms, which hopefully will provide a
greater understanding of the viral life cycle and the clinical
course of connective tissue diseases.
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