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ARTICLE INFO ABSTRACT

Articl_e history: Background: Cytokines and chemokines induced by human herpesvirus 6 (HHV-6) infection may play an
Received 7 July 2010 important role in the observed HHV-6-associated clinical complications. However, basic data for cytokine
Received in revised form and chemokine synthesis in primary HHV-6 infected patient without complication is lacking.

18 September 2010

jective: Al this stud i i
Accepted 23 September 2010 Objective: Aim of this study was to elucidate basic kinetic data for expressions of cytokines and

chemokines in patients with primary HHV-6 infection without complication.

Study design: Twenty-six patients suffering from fever were enrolled in this study. Fourteen biomark-
ers were measured in 74 serially collected sera samples from 26 patients. Additionally, serum samples
Exanthem subitum obtained from 14 healthy children were used for control.

Primary infection Results: Twenty of the 26 patients were diagnosed with primary HHV-6 infection based on viral isola-
Cytokine tion and serological analysis. The mean age (P=0.1289) and proportion of males to females (P=0.9999)
Chemokine between the patients with and without primary HHV-6 infection were not statistically different. At the
acute phase of the disease, three cytokines (IFN-y; P=0.0046, IL-2; P=0.0366, and IL-4; P=0.0255) and
one chemokine (MCP-1; P=0.0019) were significantly higher in patients with primary HHV-6 infection
compared to those without infection. Interleukin-5 levels during the convalescent period were signif-
icantly higher in patients with HHV-6 infection (P=0.0205). By 1 month post-infection, cytokine and
chemokine expression had returned to almost basal levels.

Conclusion: As suggested by the previous in vitro studies, present in vivo analysis also suggests that HHV-6
has potency for induction of cytokines and chemokines.

Keywords:
HHV-6

© 2010 Elsevier B.V. All rights reserved.

1. Background over, in vitro studies demonstrated that HHV-6 can modulate host
immunity by several mechanisms, including killing lymphocytes

Primary human herpesvirus 6 (HHV-6) infection can cause  and controlling cytokine synthesis.8-12 Thus, the cytokines and
exanthem subitum in infants and young children.! Although the chemokines induced by HHV-6 infection may play an important

disease is generally a benign febrile iliness with self-limiting clin-  role in the observed HHV-6-associated clinical manifestations.
ical course,? several severe complications, such as encephalitis,

have been reported. It has been suggested that several cytokines 2. Objective
might be involved in causing HHV-6 encephalitis.* Additionally,

our recent studies suggested that several inflammatory cytokines Aim of this study was to elucidate basic kinetic data for expres-

were upregulated by HHV-6 reactivation and these may contribute  gjons of cytokines and chemokines in patients with primary HHV-6
to the associated clinical manifestations in transplant recipients®® infection without complication.

and patients with drug induced hypersensitivity syndrome.” More-
3. Study design

Abbreviations: HHV-6, human herpesvirus 6; IL, interleukin; IFN, interferon; 3.1. Patients and sample collection
TNF, tumor necrosis factor; MCP, monocyte chemotactic protein.

¥ Grant support: This work was supported in part by a grant from the Ministry of Twenty-six patients suffering from fever. who visited Kumagai
Education, Culture, Sports, Science and Technology of Japan. ’

* Corresponding author. Tel.: +81 562 939251; fax: +81 562 952216. Pediatric Clin_ic, were enrolled iq this stu.dy. P_atients were con-
E-mail address: tetsushi@fujita-hu.ac,jp (T. Yoshikawa). sented by their guardians for participation in this study. This study
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Table 1
Cytokine levels in serially collected sera samples in patients with and without primary HHV-6 infection.
Sampling days Cytokines (pg/ml) Normal control With primary HHV-6 inf. W/O primary HHV-6 inf. P-Value?
Mean +SD Median (25-75%) Median (25-75%)

Days 0-5 (acute) 1L-18 0.0+ 0.0 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.3921
IL-2 0.0 £ 0.0 241 (15.7-26.8) 8.4 (0.0-17.6) 0.0366
-4 0.0 +£ 0.0 135 (0.0-23.0) 0.0 (0.0-0.0) 0.0255
IL-5 0.0 £ 0.0 115 (8.9-12.2) 9.5 (2.3-10.1) 0.2227
IL.-6 11+ 4.2 14.2 (0.0-21.2) 7.8 (0.0~22.5) 0.8001
IL-10 39+48 403 (18.9-64.0) 9.0 (0.0-25.5) 0.0513
1L12p70 0.0+00 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.3237
IFN-vy 0.0+ 0.0 168.2 (119.1-291.7) 66.7 (38.0-85.5) 0.0046
TNF-a 0.0 £ 0.0 0.0 (0.0-9.3) 0.0 (0.0-6.6) 0.0874

Days 6-15 (convalescent) IL-18 0.0 4+ 0.0 0.0 (0.0-12.4) 0.0 (0.0-0.0) 0.1264
IL-2 0.0 £0.0 23.6 (6.9-33.5) 7.8 (0.0-16.4) 0.0701
1L-4 0.0 £ 0.0 18.5 (0.0-21.7) 0.0 (0.0-0.0) 0.0535
IL-5 0.0 £ 0.0 109 (8.4-13.4) 0.0 (0.0-6.2) 0.0205
IL-6 1.1+42 0.0 (0.0-17.5) 4.2 (0.0-9.0) 0.4503
IL-10 39+48 0.0 (0.0~15.4) 0.0 (0.0-0.0) 0.0653
IL12p70 0.0 £ 0.0 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.4173
IFN-y 0.0+ 0.0 45.8 (35.2-52.0) 134 (0.0-45.2) 0.3033
TNF-o 0.0+ 0.0 15.9 (6.6-19.7) 8.8 (0.0-17.7) 0.6276

1 month after onset of iliness IL-1B 0.0 &+ 0.0 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.8195
1L-2 0.0 +£0.0 222 (9.6-29.5) 17.2 (4.2-17.8) 0.6367
1L-4 0.0 £ 0.0 0.0 (0.0-13.9) 0.0 (0.0-7.8) 0.7676
IL-5 0.0 +£0.0 10.8 (0.0-14.1) 9.6 (1.7-13.5) 0.9729
IL-6 1.1+ 4.2 0.0 (0.0~0.0) 0.0 (0.0-0.0) 0.6859
IL-10 39+48 0.0 (0.0-1.8) 0.0 (0.0-4.7) 0.8627
IL12p70 0.0 £ 0.0 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.4945
[FN-y 0.0 +£ 0.0 31.1 (9.8-43.7) 16.1 (3.3-21.2) 0.3625
TNF-at 0.0 + 0.0 5.6 (0.0-16.9) 0.0 (0.0-11.4) 0.8853

Inf.: infection, W/O: without.

Bold value indicates the biomarkers, in which there were significant difference between the 2 groups.

2 Comparison between patients with and without primary HHV-6 infection.

was approved by the review boards of Fujita Health University.
EDTA-treated peripheral blood and serum were serially collected
from the patients at the initial visit to the clinic (days 0-5, acute),
days 6-15 (convalescent), and 1 month after onset of the illness.
Meanwhile, 1 ml of serum was collated from 14 healthy controls
in Konan Kosei Hospital.

3.2. Virus isolation and serological analysis

The procedures for the isolation and identification of HHV-6
have been described elsewhere.? IgG antibody titers to HHV-6
were measured using an indirect-immunofluorescence assay as
described previously.? We defined the patients with either sero-
conversion or HHV-6 viremia as the patients with primary HHV-6
infection.

3.3. Measurements of cytokines and chemokines

Serially collected serum samples were processed immediately
after collection and stored at -70°C for the subsequent mea-
surement of cytokines and chemokines. The quantification of
nine cytokines (interleukin 1B (IL-1B), IL-2, IL-4, IL-5, IL-6, IL-
10, IL-12p70, interferon-y (JFN-v), and tumor necrosis factor-o
(TNF-at)) and five chemokines (IL-8, regulated on activation nor-
mal T-cell expressed and secreted (RANTES), monokine induced
by interferon-y (MIG), monocyte chemotactic protein-1 (MCP-1),
interferon inducible protein-10 (IP-10)) in serum were determined
by the cytometric bead array kit (BD Biosciences, CA, USA). Assays
were carried out according to the manufacturer’s instructions.

3.4. Statistical analysis

Demographic factors and clinical data were compared between
patients with and without primary HHV-6 infection by Fisher’s

exact test or Student’s t-test. Mean peak cytokine and chemokine
levels were compared between the two groups using the
Mann-Whitney U-test. The statistical analysis was performed with
StatView software, version J-5.0.

4. Results '
4.1. Virological analysis and demographic factors

Seroconversion of HHV-6 IgG antibody titers was observed in 20
of the 26 (76.9%) patients. Additionally, HHV-6 was isolated from
13 of the 20 patients that had seroconverted. All of the patients
with primary HHV-6 infection showed the typical clinical course
of exanthem subitum. None of the patients had complications such
as febrile seizure and hepatitis. No skin rash was observed in the
patients without primary HHV-6 infection. In these patients, initial
hematological examinations revealed normal range of leukocyte
counts and C-reactive protein. The mean age of the patients with
and without primary HHV-6 infection was 9.1 months (ranged
between 6 and 16 months) and 12 months (ranged between 7
and 16 months), respectively (P=0.1289). The proportion of males
to females was not statistically different between the two cat-
egories (with primary HHV-6 infection, 6/14; without primary
HHV-6 infection; 2/4, P=0.9999).

4.2. Cytokine and chemokine levels

A total of 74 serially collected sera samples (days 0-5, 25 sam-
ples; days 6-15, 24 samples; 1 month after the onset of the illness,
25 samples) were analyzed in this study. The cytokine levels for the
patients with and without primary HHV-6 infection are reported in
Table 1. The expression of three cytokines (IFN-v, IL-2, and IL-4) at
days 0-5 were significantly higher in patients with primary HHV-6
infection than those without primary HHV-6 infection. The level of
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Chemokine levels in serially collected sera samples in patients with and without primary HHV-6 infection.

67

Sampling days

Chemokines (pg/ml)

Normal control

With primary HHV-6 inf.

W/O primary HHV-6 inf.

P-Value?

Mean = SD Median (25-75%) Median (25-75%)
Days 0-5 (acute) 1L-8 123442 30.7 (23.0-44.2) 311 (24.6-36.0) 0.8313
RANTES 19,238.3 +£6592.1 27454 (724.3-19,822.6) 35133 (2302.2-18,470.3) 0.5839
MIG 648.9 +£499.4 859.9 (534.9-1204.8) 850.1 (539.0-1569.6) 0.6701
MCP-1 148.1£72.7 974.7 (732.1-1385.0) 296.6 (250.6-519.7) 0.0019
[P-10 660.1£333.5 3130.8 (2560.3-3985.5) 1977.6 (1448.5-3678.1) 02733
Days 6-15 (convalescent) IL-8 123443 28.6 (17.7-43.0) 28.0 (18.1-30.3) 0.4836
RANTES 19,238.3 +:6592.1 3506.0 (2059.8-22,030.1) 12,459.2 (3229.5-22,535.5) 0.6057
MIG 648.94+499.4 339.0 (189.9-842.5) 615.8 (450.6-1195.8) 0.2267
MCP-1 148.1+72.7 402.1 (310.4-455.5) 315.6 (274.8-353.0) 0.1046
IP-10 660.1+£333.5 792.6 (489.7-1066.4) 517.7 (268.6-832.1) 0.1815
1 month after onset of illness IL-8 123+£43 25.9 (9.7-40.8) 18.0 (15.9-21.3) 0.4611
RANTES 19,238.3 £6592.1 3893.5 (858.0-22,256.7) 12,4633 (1524.4-24,455.6) 0.3412
MIG 648.9+499.4 325.7 (202.7-482.7) 503.0 (440.0-561.6) 0.2849
MCP-1 148.1+£72.7 469.1 (333.1-611.8) 394.8 (288.5-440.8) 0.2040
IP-10 660.1+£333.5 548.7 (425.2-687.8) 444.8 (384.6-505.1) 0.5475

Inf.: infection, W/O: without.

Bold value indicates the biomarkers, in which there were significant difference between the 2 groups.

a Comparison between patients with and without primary HHV-6 infection.

IL-5 during the convalescent period (days 6-15) was significantly
higher in patients with primary HHV-6 infection than those with-
out primary HHV-6 infection (10.0 £5.2 pg/ml vs. 3.2+ 5.0 pg/ml,
P=0.0205).

The chemokine levels are shown in Table 2. MCP-1 expression
was significantly higher in patients with primary HHV-6 infection
than those without primary HHV-6 infection (1028.2 = 459.3 pg/ml
vs. 385.2+224.0 pg/ml, P=0.0019). No other chemokine levels
were statistically different between the patients with primary
HHV-6 infection and those without primary HHV-6 infection.

5. Discussion

At the time of the acute phase of disease (days 0-5), the expres-
sion of 3/9 cytokines (IFN-y, IL-2, and IL-4) and 1/5 chemokines
(MCP-1) were significantly higher in patients with primary HHV-
6 infection than those without HHV-6 infection, which might
contain various type of viral infections. Additionally, IL-5 lev-
els during the convalescent period (days 6-15) was significantly
higher in patients with primary HHV-6 infection. Moreover, as
shown in Table 1, all of the cytokines and chemokines analyzed
in this study were returned to normal levels by 1 month after
onset of the illness, such that there was no statistical difference
between the patients with and without primary HHV-6 infec-
tion. Therefore, the upregulation of cytokines and chemokines
observed during the acute and convalescent periods of the disease
are considered to be specific finding. Many in vitro analyses have
been carried out to determine whether HHV-6 can modulate with
cytokine and chemokine production,®-1? however, to our knowl-
edge, this is the first study, which analyzed cytokine and chemokine
expression in vivo, specifically in patients with primary HHV-6
infection.

Interpretation of increased levels of cytokines or chemokines
in patients with HHV-6 infection might be difficult because of the
complex cytokine and chemokine networks in vivo. It has been
demonstrated thatIL-2, which is strong T-cell activator, is necessary
for efficient HHV-6 replication in cultured lymphocytes.!® There-
fore, upregulation of IL-2 in patients with primary HHV-6 infection
may enhance viral replication in vivo. However, a previous in vitro
study reported reduced IL-2 production by HHV-6 infected T-cells,
which may contribute to immune suppression.'4 These conflicting
data suggest that the in vitro findings may not fully recapitulate the
cytokine and chemokine responses to primary HHV-6 infection in
vivo. Meanwhile, an increase in production of IL-4 and IL-5, which

are associated with allergic reaction, has been demonstrated in
patients with drug induced hypersensitivity syndrome with HHV-6
reactivation.!® However, no remarkable observation with regard to
these cytokines has been reported on the basis of in vitro experi-
ments. Thus, further in vitro and in vivo analysis is needed to the
functional biological relevance of the expression of these cytokines
and chemokines during HHV-6 infection.

Upregulation of MCP-1 has been demonstrated in HHV-6
infected human peripheral blood monocytes in vitro.!® Thus, our
observation of increased MCP-1 levels in patients with primary
HHV-6 infection is consistent with the previous in vitro study. MCP-
1 is strong mediator of monocyte chemoattraction. As it has been
suggested that HHV-6 can latently infect monocytes/macrophage
cells after primary infection,'® upregulation of this chemokine
might be beneficial for efficient establishment of HHV-6 latency.
Furthermore, it has been demonstrated that HHV-6 encodes viral
chemokines,'” which can mediate monocyte chemoattraction.
Collectively, these data suggest that HHV-6 might use various
mechanisms to establish latency in monocytes/macrophage.
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1. Background

Background: Pathogenesis of human herpesvirus 6 (HHV-6) encephalitis, in particular difference between
HHV-6 encephalitis at the time of primary infection and reactivation remains unclear.
Objectives: To elucidate the mechanism of HHV-6 encephalitis at the time of primary infection and
reactivation.
Study design: Twenty-two HHV-6 encephalitis patients at the time of primary infection, 6 febrile convul-
sion (FC) patients caused by HHV-6 infection, and 14 FC patients without HHV-6 infection (non HHV-6
FC) were enrolled. Additionally, 7 stem cell transplant recipients with HHV-6 encephalitis and eight
adult controls were also enrolled in this study. Cerebrospinal fluid (CSF) HHV-6 DNA copy numbers and
biomarkers levels were compared.
Results: Low copy number of CSF HHV-6 DNA was detected in 7 of the 22 patients with HHV-6 encephalitis
in primary infection, whereas all seven CSF samples collected from post-transplant HHV-6 encephalitis
patients contained high viral DNA copy numbers (P<0.001). CSF concentrations of IL-6 (P=0.032), IL-8
(P=0.014), MMP-9 (P=0.004), and TIMP-1 (P=0.002) were significantly higher in patients with HHV-
6 encephalitis in primary infection than non-HHV-6 FC. CSF IL-6 (P=0.008), IL-8 (P=0.015), and IL-10
(P=0.019) concentrations were significantly higher in patients with post-transplant HHV-6 encephalitis
than adult controls.
Conclusion: The present study suggests that the characteristics of HHV-6 encephalitis are different
between HHV-6 encephalitis at the time of primary infection and reactivation in transplant recipients.
© 2011 Elsevier B.V. All rights reserved.

Highly sensitive nested polymerase chain reaction (PCR)
detected HHV-6 DNA in cerebrospinal fluid (CSF) collected from

Primary human herpesvirus 6 (HHV-6) B infection (exan-
them subitum)!-2 is considered a benign febrile illness that rarely
causes neurological complications such as febrile convulsion and
encephalitis. According to a recent survey,® an annual incidence
of exanthem subitum-associated encephalitis/encephalopathy was
estimated at 60 cases per year in Japan, and the prognosis of the dis-
ease was unexpectedly poor. In addition to primary infection, it has
been suggested that HHV-6 reactivation can cause encephalitis in
transplant recipients*® and patients with drug-induced hypersen-
sitivity syndrome.?-11

Abbreviations: HHV-6, human herpesvirus 6; PCR, polymerase chain reaction;
CSF, cerebrospinal fluid; CNS, central nervous system; IL, interleukin; TNF, tumor
necrosis factor; MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metallo-
proteinase.

* Corresponding author. Tel.: +81 562 939251; fax: +81 562 952216.

E-mail address: tetsushi@fujita-hu.ac,jp (T. Yoshikawa).

1386-6532/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.jcv.2011.02.002

HHV-6 encephalitis patients’?-'4 and exanthem subitum patients
with febrile convulsion,!® suggesting direct invasion of the virus
into central nervous system (CNS). Furthermore, both viral DNA
and viral antigens were detected in the postmortem brain tissues?®
and brain tissues collected from mesial temporal lobe epilepsy
patients.!” In addition, HHV-6 also infects neuroglial cell lines and
modulates cytokine synthesis in HHV-6-infected an astrocytoma
cell line.’® Collectively, these findings highlight the neurovirulence
of HHV-6. However, the pathogenesis of HHV-6 encephalitis, in par-
ticular the difference between HHV-6 encephalitis at the time of
primary infection and viral reactivation remains unclear.

2. Objective

In the present study, we assessed viral copy number and
expression of several biomarkers in CSF samples collected from
HHV-6 encephalitis patients to elucidate the mechanism of
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Table 1
Characteristics of the patients.

HHV-6 encephalitis
at primary inf.

FC with HHV-6 inf.

FC wfo HHV-6 inf. Post-transplant Adult controls

HHV-6 encephalitis

(n=22) (n=6) (n=14) (n=7) (n=8)
Mean age + SD (years old) 0.7+0.8 0.8+0.8 1.1+0.6 439+15.2 66.9:-11.0
Gender (M/F) 11/11 2/4 4/10 5/2 4/4

FC; febrile convulsion, inf.; infection.

Adults controls: 2 patients with involuntary movement, 2 patients with spinocerebellar degeneration, 1 patient with frontotemporal dementia, 1 patient with normal pressure
hydrocephalus, 1 patient with progressive supranuclear palsy, 1 patient with Parkinson disease.

HHV-6 encephalitis at the time of primary infection and reactiva-
tion.

3. Study design
3.1. Patients

Twenty-two patients with HHV-6 encephalitis at the time of
primary infection (HHV-6 encephalitis at primary infection) were
enrolled. Thirteen of the 22 patients had convulsions and became
comatose within a few days after the onset of fever, and 9 of the 22
patients had cluster convulsions at the eruptive phase. As control
groups, six patients with febrile convulsion due to primary HHV-6
infection (HHV-6 FC) and 14 patients with febrile convulsion with-
out HHV-6 infection (non HHV-6 FC) were also examined. The viral
reactivation group included seven allogeneic hematopoietic stem
cell transplant recipients with HHV-6 encephalitis. Eight adult con-
trol patients were enrolled. Patient demographics are summarized
in Table 1. This study was approved by the review boards of Fujita
Health University. Guardians or the patients consented to their
participation in this study.

Primary HHV-6 infection was defined on the basis of viral iso-
lation or detection of viral DNA in serum and serological analysis.
HHV-6 encephalitis in primary infection was defined as the patients
with stupor and/or convulsion at the time of primary HHV-6 infec-
tion. To exclude patients with a severe form of febrile convulsion,
abnormal radiological examinations were required for diagnosis
of HHV-6 encephalitis in this study. Reactivation of HHV-6 was
confirmed by a presence of HHV-6 1gG antibody and either detec-
tion of viral DNA in serum or viral isolation from peripheral blood
at the time of disease onset in transplant recipients. All seven
post-transplant HHV-6 encephalitis patients had typical clinical
symptoms and radiological findings for limbic encephalitis.

3.2. Measurement of CSF cytokines, MMP-9 and TIMP-1

CSF samples were collected from patients within 48 h of the
onset of neurological symptoms and stored at —70°C. The con-
centrations of interleukin (IL)-8, IL-1f3, IL-6, IL-10, TNF-o, and
IL-12p70 in CSF were determined using the cytometric bead array
kit according to the manufacturer’s instructions (BD Biosciences,
CA, USA). Matrix metalloproteinase (MMP)-9 (pro- and active
forms) concentrations in the CSF (1:5 dilution) were determined
by enzyme-linked immunosorbent assay (Amersham Biosciences,
Buckinghamshire, UK) according to the manufacturer’s instruc-
tions. Tissue inhibitor of metalloproteinase (TIMP)-1 concentration
in CSF (1:8 dilution) was also determined by enzyme-linked
immunosorbent assay (Invitrogen, CA, USA).

3.3. DNA extraction and real-time PCR

DNA was extracted from 200 p.l of CSF or serum using QlAamp
Blood Kit (QIAGEN, Chatsworth, CA) and eluted in 50 pl of elu-
tion buffer, then stored at —20°C. The details of the real-time
PCR methods for measuring viral DNA copy numbers have been

described elsewhere.!® Detection limit of the real-time PCR was
125 copies/ml.

3.4. Statistical analysis

CSF viral DNA copy number or concentration of the biomarkers
between the two different groups of the patients were compared:
(1) HHV-6 encephalitis in primary infection vs HHV-6 FC; (2) HHV-
6 encephalitis in primary infection vs non-HHV-6 FC; (3) HHV-6
FC vs non-HHV-6 FC; (4) HHV-6 encephalitis in primary infection
without neurological sequelae vs HHV-6 encephalitis in primary
infection with neurological sequelae; (5) HHV-6 encepalitis in pri-
mary infection vs post-transplant HHV-6 encephalitis; and (6)
post-transplant HHV-6 encephalitis vs adult control. The statistical
comparison of age and gender was evaluated by Student’s t-test and
Fisher’s exact test, respectively. The statistical comparison of CSF
biomarkers levels was evaluated by Mann-Whitney U-test. P<.05
was considered to be statistically significant. The statistical analysis
was performed with StatView software, version J-5.0.

4. Results
4.1. Patients

As shown in Table 1, there was no significant age and gender
difference among 22 patients with HHV-6 encephalitis in primary
infection, 6 patients of HHV-6 FC, and 14 patients of non-HHV-6
FC. Although only one encephalitis patient had mild pleocyto-
sis (13 cell/pl), CSF cell counts were normal in the remaining 19
patients. Seven of the 22 HHV-6 encephalitis patients with primary
infection had severe neurological sequelae such as hemiplegia (2
cases), quadriplegia (2 cases), and mental retardation (3 cases).
The 13 patients revealed no severe neurological sequelae. No detail
information about sequelae was available from remaining the two
cases. All seven post-transplant HHV-6 encephalitis patients were
adult. Although no statistical gender difference was demonstrated
between post-transplant encephalitis patients and adult control
(P=0.608), mean age of the controls (66.94 11.0years) was sig-
nificantly higher than post-transplant HHV-6 encephalitis patients
(43.9+15.2years) (P=0.008). In order to exclude possibility for
chromosomal integration of the HHV-6 genome in post-transplant
HHV-6 encephalitis patients, copy numbers of HHV-6 DNA was
measured in serum or CSF samples collected after antiviral treat-
ment. CSF HHV-6 DNA decreased to undetectable level in 3 of the 7
patients. No viral DNA in serum was demonstrated in the remain-
ing 4 recipients (data not shown). These results suggested that the
7 post-transplant HHV-6 encephalitis patients were not chromo-
somal integrated HHV-6 patients.

4.2. HHV-6 DNA copy numbers in CSF

Detection rate and copy numbers of HHV-6 DNA in CSF sam-
ples are shown in Table 2. Small amounts of HHV-6 DNA was
detected in CSF from 7 of the 22 patients (31.8%) with HHV-
6 encephalitis in primary infection (median, interquartile range
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Table 2
Copy numbers and detection rate of HHV-6 DNA in cerebrospinal fluid.

Number of positive cases/
number of tested (%)

Copy numbers of HHV-6
DNA; mean + SD (copies/ml)

P-value

HHV-6 encephalitis

at primary infection 7/22 (31.8)

HHV-6 FC 1/6 (16.7)

Non HHV-6 FC 0/14 (0) 0+0
Post-transplant HHV-6 717 (100)

encephalitis

Adult controls 0/8 (0)

13.22 +39.16

48.75 +119.41

0+0

14
IEiE

464090.4 £ 1185622.0

(a) Comparison between patients with HHV-6 encephalitis at primary infection and those with HHV-6 FC (P=0.648). (b) Comparison between patients with HHV-6 FC
and those with non-HHV-6 FC (P=0.127). (c) Comparison between patients with HHV-6 encephalitis at primary infection and those with non-HHV-6 FC (P=0.021). (d)
Comparison between patients with HHV-6 encephalitis at primary infection and those with post-transplant HHV-6 encephalitis (P< 0.001). (e} Comparison between patients

with post-transplant HHV-6 encephalitis and adult controls (P<0.001).

(IQR); 0, 0-3.8copies/ml), and in 1 of the 6 patients (16.7%)
with HHV-6 FC (292.5 copies/ml). However, no HHV-6 DNA was
detected from CSF in any patients with non HHV-6 FC (control
group). In contrast to HHV-6 encephalitis in primary infection,
all seven CSF samples collected from post-transplant HHV-6
encephalitis contained high copy of HHV-6 DNA (median, IQR;
1820.0, 848.3-46120.8 copies/ml), which was significantly higher
than the patients with HHV-6 encephalitis at primary infection
(P<0.001).

4.3. CSF concentrations of cytokines, MMP-9, and TIMP-1

Comparison of the biomarkers among HHV-6 encephalitis at
primary infection, HHV-6 FC, and non-HHV-6 FC is presented
in Fig. 1. CSF IL-8 concentrations were significantly higher in
patients with HHV-6 encephalitis at primary infection (median,
IQR; 291.0,115.1-801.6 pg/ml) than those with HHV-6 FC (median,
IQR; 63.5, 56.2-173.2 pg/ml, P=0.025) or those with non-HHV-
6 FC (median, IQR; 105.5, 77.6-196.8 pg/ml, P=0.014). CSF IL-6
concentrations were also significantly higher in patients with
HHV-6 encephalitis at primary infection (median, IQR; 22.6,
9.2-64.0 pg/ml) than those with non-HHV-6 FC (median, IQR; 10.7,
7.9-16.5 pg/ml, P=0.032). Moreover, the concentration of MMP-9
(median, IQR; 7.9, 7.1-8.3 pg/ml) and TIMP-1 (median, IQR; 110.2,
87.0-153.3 pg/ml) was significantly higher in patients with HHV-
6 encephalitis at primary infection than those with non-HHV-6
FC (MMP-9, median, IQR; 6.3, 4.7-7.3 pg/ml, P=0.004; TIMP-1,
median, IQR; 55.2,47.9-77.5 pg/ml, P=0.002). Additionally, HHV-6
encephalitis in primary infection patients had a significantly higher
concentration of TIMP-1 (median, IQR; 110.2, 87.0-153.3 pg/ml)
than patients with HHV-6 FC (median, IQR; 71.6, 65.9-82.1 pg/ml,
P=0.025).

Interestingly, CSF IL-6 concentrations were significantly higher
in patients with HHV-6 encephalitis at primary infection with neu-
rological sequelae (median, IQR; 29.7,22.6-127.4 pg/ml) than those
without neurological sequelae (median, IQR; 13.3, 5.5-25.6 pg/ml,
P=0.017) (Fig. 2). No other biomarkers were significantly different
between the two groups.

Next, concentrations of CSF biomarkers were compared
between post-transplant HHV-6 encephalitis patients and adult

controls or patients with HHV-6 encephalitis at primary infec-
tion (Fig. 3). CSF IL-8 (median, IQR; 200.0, 107.1-316.5 pg/ml
vs 60.3, 41.7-74.6pg/ml; P=0.015), IL-6 (median, IQR; 23.8,
7.8-143.3 pg/mlvs2.7,2.3-4.1 pg/ml; P=0.008),and IL-10 (median,
IQR; 2.5, 0.9-5.1pg/ml vs 0.0, 0.0-0.0pg/ml; P=0.019) con-
centrations were significantly higher in post-transplant HHV-6
encephalitis than adult controls. No statistical difference was
observed in all of the biomarkers between post-transplant HHV-6
encephalitis patients and HHV-6 encephalitis at primary infec-
tion patients. Although CSF MMP-9 concentrations were not
significantly different between post-transplant HHV-6 encephalitis
patients and adult controls, MMP-9 concentrations were signifi-
cantly lower in post-transplant HHV-6 encephalitis (median, IQR;
4.2, 3.6-6.0pg/ml) than HHV-6 encephalitis at primary infec-
tion (median, IQR; 7.9, 7.1-8.3 pg/ml; P=0.01). In contrast to
MMP-9, its inhibitor, CSF TIMP-1 was significantly higher in
post-transplant HHV-6 encephalitis patients (median, IQR; 207.4,
180.1-221.8 pg/ml) than either adult controls (median, IQR; 77.7,
66.8-95.0 pg/ml; P=0.001) or HHV-6 encephalitis at primary infec-
tion (median, IQR; 110.2, 87.0-153.3 pg/ml; P=0.001).

5. Discussion

Quantification of viral DNA copy number in CSF using real-time
PCR provided valuable information regarding the pathogenesis of
HHV-6 encephalitis. Although high copy numbers of HHV-6 DNA
have been detected in CSF collected from post-transplant HHV-
6 encephalitis,817.20.21 to our knowledge, this is the first report
demonstrating a difference in CSF HHV-6 DNA copy numbers
between HHV-6 encephalitis in primary infection and post-
transplant HHV-6 encephalitis patients using same real-time PCR
method. These data suggest that replication of HHV-6 in the CNS
plays an important role in the pathogenesis of post-transplant
HHV-6 encephalitis. However, it seems that direct viral replication
in the brain tissue is not main pathological mechanism for HHV-6
encephalitis in primary infection. Thus, the pathogenesis of HHV-
6 encephalitis would be different between primary infection and
reactivation in transplant recipients.

Elevation of two (IL-6 and IL-8) of the six cytokines in CSF
was striking in patients with HHV-6 encephalitis in primary infec-
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Fig. 1. Comparison of the eight cerebrospinal fluid (CSF) biomarkers (IL-1(, IL-6, IL-8, IL-10, IL-12p70, TNF-&, MMP-9, and TIMP-1) levels among patients with HHV-6
encephalitis in primary infection (n=22), febrile convulsion due to primary HHV-6 infection (HHV-6 FC) (n=6), and febrile convulsion without HHV-6 infection (non HHV-6
FC) (n=19). Data are shown as box plots, where the boxes represent the first through third quartiles, the lines within the boxes represent the median, and the lines outside

the boxes represent the minimum and maximum values.
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Fig. 2. Comparison of the eight cerebrospinal fluid (CSF) biomarkers (IL-1f, IL-6, IL-8, IL-10, IL-12p70, TNF-o, MMP-9, and TIMP-1) levels between HHV-6 encephalitis
patients (at primary infection) with neurological sequelae (n=7) and those without neurological sequelae (n=13). Data are shown as box plots, where the boxes represent
the first through third quartiles, the lines within the boxes represent the median, and the lines outside the boxes represent the minimum and maximum values.

tion. Recently, Ichiyama et al.?% reported similar findings in HHV-6
encephalitis in primary infection. These findings suggest that IL-
6 may play an important role in the pathogenesis of HHV-6
encephalitis in primary infection. Furthermore, significantly higher

concentration of CSF IL-6 was observed in HHV-6 encephalitis
in primary infection with severe neurological sequelae. Sim-
ilar observations have been demonstrated in herpes simplex
virus encephalitis patients?® and Japanese encephalitis patients.24
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