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San Diego, CA). Values of P < 0.05 were considered
significant in all analyses.

RESULTS

Patients (n = 34) with acute/lymphoma-type ATL
participated in this study. The characteristics of these
patients are listed in Table I. One patient received two
courses of pre-emptive ganciclovir treatment because
positive CMV antigenemia was noticed. No other
patient received any antiviral treatments. For the
six patients who received hematopoietic stem cell
transplantation, observation of viral reactivation for
this study was stopped upon starting conditioning
for transplantation. Median survival, based on
Kaplan—Meier analysis, from the start of chemotherapy
and 3-year overall survival rate with censoring trans-
plantation patients were 244 days and 22.3%, respect-
ively. A total of 22 patients died during the observation
period: causes of death were ATL deterioration in
14 patients and infectious diseases in 8 patients. All
patients who died of infectious diseases had concomi-
tant, uncontrollable ATL.

Sequentially collected plasma samples were used to
evaluate viral reactivation. Generally, plasma samples
were collected from patients once every 7-14 days, but
the interval was greater than 20 days for 6.5% of the
samplings (28 of 434 intervals) because sampling was
not performed during periods in which patients were not
hospitalized. The median observation period for viral
reactivation in individual patients was 113 days (range,
45-318 days).

Cumulative incidence of reactivation for each virus
according to Kaplan-Meier analysis are shown in
Figure 1, and the kinetics of plasma viral DNA load
in patients who displayed positive viral DNA are shown
in Figure 2. The characteristics of reactivation are
shown in Table II. A Kaplan—Meier plot of the prob-
ability of survival according to viral reactivation is
shown in Figure 3.

CMYV Reactivation

The overall cumulative rate of a positive result
for plasma CMV DNA by 100 days after the start of
chemotherapy was 50.6% (Fig. 1). Univariate analysis
revealed that higher white blood cell count and abnor-
mal cell count at diagnosis were associated with CMV
reactivation (Table I). As shown in Figure 2A,B, most
CMYV reactivations were self-limited. However, plasma
CMV DNA levels had a tendency to persist or increase
if and when the CMV DNA load reached a level of
>10* copies/ml (n = 5) (Fig. 2A). For the five patients
whose plasma CMV DNA reached >10* copies/ml, the
median period from the detection of the first CMV-DNA-
positive plasma sample to the attainment levels of
>10* copies/ml was 42 days (range, 21-98 days), and
the period from first detection to peak levels was 98 days
(range, 28-133 days). Median period from the first
detection of a level of >10* copiess/ml CMV DNA to
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the death was 9 days (range, 1-152 days). One patient
developed complications that were probably associated
with CMV. A 72-year-old female developed fatal
interstitial pneumonia at the time when the CMV
DNA load peaked at 1.6 x 10° copies/ml. In this patient,
the period from first detection of plasma CMV DNA to
development of interstitial pneumonia was 98 days.
The arrow in Figure 2A indicates the day on which
the interstitial pneumonia developed. No other patient
developed a clinical disease that was likely to be related
to CMV reactivation. Kaplan—-Meier analysis (Fig. 3)
revealed median survival time from start of chemother-
apy was 188 days in patients who experience CMV
reactivation and 683 days in patients without CMV
reactivation. CMV reactivation was negatively associ-
ated with survival, but the P-value for this association
was at the borderline of statistical significance
(P = 0.052, log-rank test).

HHV-6 Reactivations

The overall cumulative rate of a positive result for
HHV-6 DNA in a plasma sample was 52.3% by 100 days
after the start of chemotherapy (Fig. 1). No variables at
diagnosis were identified as a risk factor associated with
HHV-6reactivation (Table I). Most HHV-6 reactivations
were self-limited (Fig. 2C,D). The plasma HHV-6 DNA
levels in the patient whose plasma HHV-6 DNA reached
the highest value observed in this study suddenly
climbed and dropped to an undetectable level three
times (blue line in Fig. 2C). The duration in weeks of
positive HHV-6 DNA tests in individual patients
tended to be shorter compared with that of positive
CMV DNA (Table II), but the difference was not
statistical significance (P = 0.11, Mann—Whitney test).
No patient developed complications, such as encephali-
tis or interstitial pneumonia, that were likely to be
related to HHV-6 reactivation. There was no association
between HHV-6 reactivation and survival (Fig. 3;
P = 0.35, log-rank test).

EBV Reactivations

The overall ecumulative rate of a positive result
for EBV DNA in a plasma sample was 21.6% by 100 days
of the start of chemotherapy (Fig. 1). No variables at
diagnosis were identified as a risk factor associated with
EBV reactivation (Table I). Most EBV reactivations
were self-limited (Fig. 2E,F). Five patients had EBV
DNA in the plasma sample taken within the first 7 days
of treatment, and probability of incidence of EBV
reactivation within the first 7 days of treatment was
14.7%. The duration, in weeks, of positive EBV-DNA
tests in individual patients (Table II) was significantly
shorter than that of positive CMV DNA tests (P = 0.02,
Mann-Whitney test) but was not significantly different
from that of positive HHV-6 DNA tests (P = 0.18). No
patient developed EBV-associated lymphoproliferative
disorder. There was no association between EBV
reactivation and survival (Fig. 3; P = 0.11, log-rank test).
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TABLE I. Patient Characteristics at Diagnosis and Association of These Variables With Herpesvirus Reactivation in Patients With Adult T Cell Leukemia (ATL) (n = 34)

CMV reactivation HHV-6 reactivation EBYV reactivation
Total Yes® No® Yes® NoP Yes® No®
Characteristics (n = 34) (n = 22) (n =12) P (n = 20) (n = 14) P (n=11) (n = 23) P
Age in years, median 65 (36-82) 69.5 (36-82) 56 (31-80)  0.03"  66.5 (36-82) 62 (38-80) 0.66" 68 (36-82) 61(31-80)  0.85°
(range)
Sex
Male 13 (38.2) 10 (45.5) 3 (25) 0.29%8 9 (45) 4 (28.6) 0.48% 6 (54.5) 7(30.4) 0.26°
ATL subtype
Acute 22 (64.7) 17(77.3) 5(41.7) 0.06% 12 (60) 10 (71.4) 0.728 8(72.7) 14 (60.9) 0.70%
Lymphoma 12 (35.3) 5(22.7) 7 (58.3) 8 (40) 4 (28.6) 3(27.3) 9(39.1)
WBC count, /pL, 8,310 10,095 6,320 0.04f 10,375 7,370 0.16 10,700 7,900 0.28f
median (range) (2,500-64,550) (3,930-64,550) (2,500-43,800) (3,600-64,550) (2,500-43,800) (4,200-10,700) (2,500-64,550)
Abnormal lymphocyte 235 1,430 22.5 0.02f 201 387 0.98 351 222 0.80°
count, /L, median (0-56,804) (0-56,804) (0-31,098) (0-56,804) (0-31,098) (0-12,527) (0-56,804)
(range)”
LDH, more than twice 18 (52.9) 14 (63.6) 4 (33.3) 0.15% 10 (50) 8(57.1) 0.74% 7 (63.6) 11 (47.8) 0.48°
the upper limit
Hypercalcemia 6/33 (18.2) 5(22.7) 1(9.1) 0.64% 4 (20) 2 (6.5) >0.998 1(9.1) 5(22.71) 0.64%
sIL2R, U/L, median 14,200 18,750 8,350 0.14f 17,600 9,650 0.38° 20,750 11,300 0.17°
(range) (5698-96,700)  (3,750-96,700)  (598-73,800) (879-96,700) (598-73,800) (6,040-96,700)  (598-73,800)
Initial treatment
Regimen®
THP-CEP 15 10 5 8 7 5 10
THP-COP 10 6 4 5 5 3 7
mLSG15 8 5 3 6 2 3 5
CHOP 1 1 0 1 0 0 1

Data represent number (%) of patients, unless otherwise indicated.

WBC, white blood cell; sIL2R, soluble interleukin-2 receptor; LDH, lactate dehydrogenase.
“Patlents with positive DNA of each viral genome in plasma at any time after start of chemotherapy.
bPatients without positive DNA of each viral genome in plasma throughout the clinical course after start of chemotherapy.

‘Data were missing for two patients.
Normal range, 145-519 U/ml. Data were missing for two patients.

eAgent,s which constitutes a regimen were indicated in the Materials and Methods Section.

‘Mann-Whitney U test.
EFisher’s exact test.

TILV Ut uoljealdeey Aqd PUe ‘9-AHH ‘AWD

S0L



706 Ogata et al.
CcMV HHV-6 EBV
- @100— 1007 1007 Any level )
g s e —— T >1000 copies/mi
© 5 sof 80 Haleaia sy e >10,000 copies/mi
|0 ; - i
S o 607 .__.-.-.: 60 3 604
— ) ———a P e el -
L8 4 N PR 404 i 401 —
B o ! U . s P
S 2 20 frntsrons o eecnonenin 204 et 20
EG o pat I TP
30 fo.r i =
(SRR o 4™ Tian { . . . ....‘u-.-n,-.-.-...-—..,...'......-‘..u....‘....‘.,.....: o : . . .
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
Days from start of chemotherapy
Fig. 1. Kaplan-Meier plot of the cumulative incidence of reactivation of CMV, HHV-6, or EBV, by
number of copies of each viral DNA per ml in the day after start of chemotherapy.
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reactivation indicates the day on which interstitial pneumonia developed in one patient.

TABLE II. Characteristics of Each Virus Reactivation Among Positive Cases

CMV HHV-6 EBV

Time to onset from start of chemotherapy

Median, days (range) 28.5 (1-157) 38.5 (1-275) 28 (1-236)

Mean, days (SD) 61.4 (65.7) 70.8 (81.9) 73.7 (87.3)
Time to peak viral DNA from start of chemotherapy

Median, days (range) 104.5 (2-315) 84 (1-315) 71 (1-238)

Mean, days (SD) 115.8 (74.9) 101.9 (91.8) 87.4 (81.8)
Duration of positive viral DNA in each patient

Median, weeks (range) 5.5 (1-26) 2 (1-16) 1(1-4)

Mean, weeks (SD) 7.1(6.9) 3.8 (4.0) 1.9(1.1)

Peak viral load
Median, copies/ml (range)

1,216 (35-14,743,520)

1,117 (69-2,041,969)

10,810 (80-343,140)

SD, standard deviation.

J. Med. Virol. DOI 10.1002/jmv
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Fig. 3. Kaplan—Meier plot of the probability of survival according to viral reactivation. In each figure,
“positive” indicates that tested positive for DNA of a viral genome in plasma at any time after start of
chemotherapy, and “negative” indicates patients without positive DNA for a particular viral genome at any
point after start of chemotherapy. Comparisons of survival were made using the log-rank test.

DISCUSSION

Immunosurveillance by virus-specific T cells prevents
reactivation of herpesviruses. Compromised cellular
immune responses are associated with reactivation
of herpesviruses. In patients who have received solid-
organ or allogeneic stem cell transplantation, reactiva-
tion of CMV, HHV-6, and EBV is closely related
to serious complications—including CMV pneumonia
[Boeckh and Ljungman, 2009], HHV-6 encephalitis
[Zerr, 2006a; Ogata et al.,, 2010], and EBV-related
post-transplant lymphoproliferative disorder [Shapiro
et al., 1999; Omar et al., 2009]. Interestingly, reactiva-
tions of EBV and CMV are also common in patients with
severe aplastic anemia who received immunosuppres-
sive therapies but are rarely associated with clinical
disease even in patients with high-level reactivation
[Scheinberg et al., 2007]. These results indicate
that clinical syndromes accompanied by herpesvirus
reactivation depend on not only on viral reactivation
but also on the patient’s background or the cause of
immunosuppression.

This study showed that CMV, HHV-6, or EBV reac-
tivation was surprisingly frequent in ATL patients
receiving chemotherapy. Some ATL patients developed
profound reactivation. For example, plasma CMV viral
load exceeded 10° copies/ml in two ATL patients. Such
high levels of reactivation had not been observed in
a previous study investigating CMV reactivation in
patients who received stem cell transplantation at Oita
University Hospital [Tkewaki et al., 2005]. A recent
report demonstrated that plasma HHV-6 DNA levels
of >10% copies/ml are associated with the development
of HHV-6 encephalitis in stem cell transplant recipients
[Ogata et al., 2010]. In this study, one ATL patient
repeatedly experienced such a high-level of HHV-6reac-
tivation throughout the clinical course.

Each virus had distinct reactivation kinetics. In
patients with high levels of CMV DNA (i.e., >10* cop-
pies/ml plasma), plasma CMV DNA levels increased
gradually and needed at least 4 weeks to reach a peak
CMVviralload. Furthermore, plasma CMV DNA did not

disappear if the CMV DNA load reached a level of
>10* copies/ml of plasma. Subsequent prognosis of
patients whose CMV DNA load reached this level was
very poor. These findings suggest that there is a
threshold level of CMV reactivation after which spon-
taneous improvement of the reactivation cannot be
expected. A CMV load >10* copies/ml plasma is indica-
tive of subsequent exacerbation of CMV reactivation
and development of serious clinical course. In contrast,
most HHV-6 reactivation peaked within 1 week, and
high-level reactivations could disappear and reappear
suddenly. The dynamicreactivation pattern of HHV-6in
ATL patients may be similar to that of recipients of stem
cell transplant: in stem cell transplantation patients,
plasma HHV-6 DNA can elevate to peak within 1 week
but do not persist in most cases [Ogata et al., 2008]. Most
EBV reactivation did not persist. Interestingly, the rate
of EBV-DNA-positive samples near the initiation of che-
motherapy was relatively high. The viral DNA observed
in the early phase of chemotherapy disappeared rapidly.
Polyclonal EBV-infected cells were frequently observed
in the lymph nodes of patients with incipient ATL
[Ohshima et al., 1997], and this observation may be
associated with the EBV-DNA-positive samples
observed in the early phase of chemotherapy. The
characteristics of the reactivation kinetics of each her-
pesvirus are probably affected by the doubling-time of
each virus, the ability of virus-specific T cells to control
each virus in the host, and the responsiveness of each
virus to the host immune response.

This study has several limitations—including the
retrospective design, the small number of patients
enrolled, research at only two institutes, and the irreg-
ularity of the sampling intervals. This study may under-
estimate the incidence of viral reactivation because
some plasma-sampling intervals were long.

The results of this study raised the possibility that
routine prospective monitoring for CMV DNA in plasma
may be useful in preventing CMV-related disease in
ATL patients. CMV pneumonia is major cause of death
in ATL patients [Suzumiya et al., 1993]. In fact, one
patient in this study developed fatal interstitial

J. Med. Virol. DOI 10.1002/jmv
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pneumonia when CMV DNA reached peak levels.
Pre-emptive anti-viral therapy using active agents,
such as ganciclovir or foscarnet, when CMV DNA levels
reach >10* copies/ml may be justified. Because at least
3 weeks were needed to reach CMV DNA >10* copies/
ml, routine monitoring of CMV DNA once every 7-14
days is proposed. In contrast, the levels of HHV-6 and
EBV DNA in plasma increased and decreased suddenly
in patients experiencing high-level reactivations, and
these dynamic kinetics make prediction of subsequent
viral reactivation or disease development based on the
plasma HHV-6 or EBV DNA load difficult. Although
HHV-6 encephalitis or EBV-associated lymphoprolifer-
ative disorder in ATL patients has been reported, these
complications are very rare. Therefore practical routine
monitoring for HHV-6 and EBV to prevent disease from
HHV-6 or EBV is not justified in patients with ATL.

In conclusion, this study showed that CMV, HHV-6,
and EBV reactivation was common in ATL patients
who were receiving cytotoxic chemotherapy. Routine
monitoring of CMV reactivation may be useful for the
early detection of CMV-related diseases. Clinical trials
of plasma-CMV-DNA-guided, preemptive approaches
against CMV-related diseases are warranted. In con-
trast, the practical usefulness of monitoring for HHV-6
or EBV was not evident based on the results of
this study.
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Abstract : Systemic rotavirus infection, such as rotavirus
antigenemia, has been found in immunocompetent rotavirus
gastroenteritis patients. However, the pathogenesis of rotavirus
infection in immunocompromised transplant recipients remains
unclear. Enzyme-linked immunosorbent assay was used to
measure rotavirus antigen levels in serially collected serum
samples obtained from 62 pediatric patients receiving allogeneic
hematopoietic stem cell transplants (HSCT). Rotavirus antigen
was detected in 43 (6.8%) of 633 serum samples (8 of 62 patients).
The duration of rotavirus antigenemia ranged between 1 and

10 weeks, and diarrhea was concurrent with rotavirus antigenemia
in Cases 3, 6, 7, and 8. The level of viral antigen in the transplant
recipients (0.19 + 0.20) was significantly lower than that observed
in serum samples collected from immunocompetent patients on
either day 1 (0.49 = 0.18, P = 0.0011) or day 3 (0.63 + 0.09,

P = 0.0005). A patient who received a graft from a human
leukocyte antigen (HLA)-mismatched donor was at significant risk
for rotavirus antigenemia (P = 0.024; odds ratio = 9.44) in
comparison to patients who received grafts from HLA-matched
donors. Although the duration of antigenemia was clearly longer
in HSCT patients than in immunocompetent rotavirus
gastroenteritis patients, the levels of viral antigen were not as
high. Therefore, mismatched HLA may be a risk factor for
rotavirus antigenemia after HSCT.

K. Sugata', K. Taniguchi?, A. Yui?,

H. Nakai®, Y. Asano', S. Hashimoto®,
M. Thira®, H. Yagasaki®, Y. Takahashi®,
S. Kojima®, K. Matsumoto®, K. Kato®,
T. Yoshikawa'

Departments of 'Pediatrics, “Virology and Parasitology,
3Hygiene, Fujita Health University School of Medicine,
Toyoake, Aichi, Japan, “Faculty of Clinical Engineering,
Fujita Health University School of Health Sciences, Toyoake,
Aichi, Japan, ®Department of Pediatrics, Nagoya University
Graduate School of Medicine, Nagoya, Japan, 5Division of
Hematology-Oncology, Children’s Medical Center, the
Japanese Red Cross Nagoya First Hospital, Nagoya, Japan

Key words: rotavirus; antigenemia; hematopoietic
stem cell transplantation; pediatric

Correspondence to:

Tetsushi Yoshikawa, MD, Department of Pediatrics,
Fujita Health University School of Medicine, Toyoake,
Aichi 4701192, Japan

Tel: +81-562-939251

Fax: +81-562-352216

E-mail: tetsushi@fujita-hu.ac.jp

Received 3 May 2011, revised 15 June, 20 June
2011, accepted for publication 28 June 2011

DOI: 10.1111/].1399-3062.2011.00668.x
Transpl Infect Dis 2011: 0: 1-8

Rotavirus is the major cause of gastroenteritis in
young children worldwide. Severe dehydration
caused by rotavirusinduced diarrhea and vomiting
can be fatal in developing countries. In addition, the
gastroenteritis induced by rotavirus infection causes
a large economic burden in developed countries.
Rotaviral infection is generally benign and self-
limited in immunocompetent children. In contrast,
it has been reported that rotavirus can cause
severe diarrhea resulting in fatal outcomes for
immunocompromised transplant recipients (1-5).
Thus, the pathogenesis of rotaviral infection may
differ between immunocompetent and immunocom-
promised individuals.

Initially, rotavirus replication was thought to be
limited to the gastrointestinal tract in patients with
rotavirus gastroenteritis. However, recently, rotavirus
antigen and RNA were detected in the sera of rotavi-
rus-infected children (6-9). In addition, rotavirus anti-
gen was detected not only in the serum but also in
several organs, including the stomach, intestine,
liver, lung, spleen, kidney, pancreas, thymus, and
bladder in rotavirus-infected animals (10). These
findings suggest that rotavirus spreads beyond the
intestine in children with rotavirus gastroenteritis,
resulting in systemic viral infection. Recently, we
found that rotavirus antigenemia was frequently
observed during the acute phase of rotavirus
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gastroenteritis (11). Rotavirus antigen peaked on day
2 of the illness, with the amount of viral antigen
gradually decreasing to nearly undetectable levels by
day 6. We also found that cytokines were involved in
controlling antigenemia levels. The results of this
study, together with those from previous studies
(7, 8, 12, 13), suggested that host immune responses
have important roles in regulating viral replication.
Therefore, the kinetics of rotavirus antigenemia in
transplant recipients may be different from those in
immunocompetent rotavirus gastroenteritis patients.
In this study, we sought to elucidate the Kkinetics
of rotavirus antigenemia in hematopoietic stem
cell transplant (HSCT) recipients. We measured
rotavirus antigen levels in serum samples serially
collected from pediatric HSCT recipients and
analyzed the associations between antigenemia and
clinical features.

Patients and methods
Patient characteristics

Between September 2004 and February 2007, 62
patients received allogeneic HSCT (17 with allogeneic
bone marrow transplant [BMT] from human leuko-
cyte antigen [HLAJ-matched siblings, 9 with alloge-
neic BMT from HLA-mismatched siblings, 22 with
allogeneic BMT from unrelated donors, 2 with periph-
eral blood stem cell transplants, and 12 with umbilical
cord blood transplants) at the Division of Hematol-
ogy-Oncology at the Children’s Medical Center, the
Japanese Red Cross Nagoya First Hospital, or the
Department of Pediatrics at the Nagoya University
Graduate School of Medicine. The patients’ guardians
provided written consent for their participation in this
study. This study was approved by the review boards
of the 3 institutes. Patient characteristics are summa-
rized in Table 1 and include age, gender, underlying
diseases, type of graft, HLA matching, having
received total body irradiation (TBI) or anti-thymo-
cyte globulin (ATG) in conditioning regimen, and
occurrence  of acute graftversus-host disease
(GVHD).

Patient management
Details of the conditioning regimen and GVHD pro-
phylaxis have been previously described (14, 15). In

brief, patients with hematologic malignancies were
conditioned with high-dose chemotherapy consisting

2 Transplant Infectious Disease 2011:0; 1-8

of melphalan (180 mg/m? plus busulfan (16 mg/kg)
or TBI (12 Gy). Patients with severe aplastic anemia
were conditioned with 200 mg/kg cyclophosphamide
and 10 mg/kg rabbit ATG for transplantation from a
matched sibling donor. For patients transplanted with
an unrelated bone marrow donor, TBI (5-10 Gy) was
added (16). GVHD prophylaxis consisted of cyclo-
sporine or tacrolimus with shortterm methotrexate.
All patients received trimethoprim—sulfamethoxazole
orally or inhaled pentamidine as prophylaxis against
Pneumocystis jirovecii. The standard doses of oral
amphotericin B and acyclovir were administered as
prophylaxis for fungal and herpes simplex virus
infections. Intravenous y-globulin preparations were
administered weekly during the first 3 months as pro-
phylaxis for cytomegalovirus (CMV) infection. In addi-
tion, ganciclovir was given as preemptive therapy
against CMYV infection following a positive result from
a CMV antigenemia assay. Acute and chronic GVHD
was diagnosed and graded according to established
criteria.

Experimental design

Serum samples were collected from 62 recipients at
the time of HSCT, weekly for 3 or 4 months post
transplant. Ultimately, 633 serum samples were ana-
lyzed in this study. In addition to these samples, 15
serum samples were collected from rotavirus gastro-
enteritis patients on days 1, 3, and 5 of illness and
used as controls. Clinical data were collected retro-
spectively and assessed to determine associations
with rotavirus antigenemia.

Rotavirus antigen detection

Rotavirus antigen was measured using a previously
described  enzyme-linked immunosorbent assay
(ELISA) for the detection of VP6 antigen of the
virus (11). Diluted serum (1:16, 50 pl) was used to
detect rotavirus antigen. Ninety-six-well well plates
(Nalgen Nunc, Rochester, New York, USA) coated
with a monoclonal antibody against the VP6 antigen
of rotavirus (YO-156) (17) were used for the ELISA
(18). The plates were incubated with 50 pL of
diluted serum at 4°C overnight. Then, 50 pL of anti-
human rotavirus hyperimmune rabbit serum (diluted
1:5000 with phosphate buffered saline [PBS] contain-
ing 0.05% Tween-20 [PBST] and 2.5% skim milk)
was added to each well Peroxidase-conjugated
donkey anti-rabbit immunoglobulin G (IgG) (diluted
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Patient characteristics and risk factors for rotavirus antigenemia after hematopoietic stem cell transplantation

Rotavirus antigenemia

Categories Yes (n = 8) No (n = 54) QOdds ratio (95% ClI) P
Age (years) 7.4 +5.6 8.3+£5.1 0.652
Sex
Male 4 37 0.46 (0.10-2.06) 0.312
Female 4 17
Underlying disease*
Malignancy 4 36 2.0 (0.44-8.93) 0.368
Non-malignancy 4 18
Total body irradiation
Yes 6 41 1.05 (0.18-5.85) 0.955
No 2 i3
Anti-thymocyte globulin
Yes 4 11 0.25 (0.05-1.19) 0.080
No 4 43
Acute graft-versus-host disease (grade 2-4)
Yes 3 17 0.77 (0.16-3.58) 0.705
No 5 37
Source of the graft
Related donor 3 23 1.0
Unrelated donor 3 19 1.21 0.827
CBT 1 11 0.70 0.760
PBSCT 1 1 7.67 0.206
HLA matching
Match 1 31 9.44 (1.09-82.11) 0.024
Mismatch 7 23

*Acute lymphoblastic leukemia, 23; aplastic anemia, 12; acute myeloid leukemia 11; myelodysplastic syndrome, 4; rhabdomyosarcoma, 1;

malignant lymphoma, 2; neuroblastoma, 1; others, 8.

Cl, confidence interval; CBT, cord blood transplant; PBSCT, peripheral blood stem cell transplant; HLA, human leukocyte antigen.

Table 1

1:5000, Jackson ImmunoResearch Laboratory Inc.,
West Grove, Pennsylvania, USA) was used as a sec-
ondary antibody. Finally, the amount of rotavirus
VP6 antigen bound to specific monoclonal antibody
was assessed by adding substrate. The optical den-
sity (OD) was read using spectrophotometry at
492 nm, and an appropriate cut-off value was estab-
lished based on data from 20 serum samples col-
lected from control subjects. As the mean OD of
the control samples was 0.084 + 0.014, we defined
0.13 (mean + 3 standard deviations [SD]) as the
baseline value in this study.

Measurement of rotavirus-specific IgG

Serum anti-rotavirus IgG antibody titer was determined
using sandwich ELISA. Briefly, 96-well plates were
coated with rabbit anti-rotavirus serum diluted 1:10,000
in 10 mM PBS overnight at 4°C. After the plates were
washed twice with 10 mM PBS containing 0.05% PBST,
then 1% bovine serum albumin in PBST was added, and
the plates were incubated for 4 h at 4°C. The plates
were washed twice with PBST. SA-11-infected culture
fluid was then added to the plates and incubated for 1 h
at 37°C. Serum samples diluted with 2.5% skim milk in

Transplant Infectious Disease 2011:0: 1-8 3
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PBST were allowed to react for 1 h at 37°C. After wash-
ing 4 times with PBST, donkey anti-human IgG (H+L)
conjugated to horseradish peroxidase (Jackson Immu-
noResearch Laboratory Inc.) diluted 1:1000 in 2.5%
skim milk in PBST was added. The plates were incu-
bated for 1 h at 37°C, then washed 4 times with PBST,
and o-phenylenediamine-2HCl substrate was added.
The OD was read by spectrophotometry at 492 nm. As
the mean OD of the control samples was 0.047 + 0.026,
we defined 0.124 (mean + 3 SD) as the baseline value
in this study.

Statistical analyses

Statistical analyses were performed using JMP7 (SAS
Institute, Cary, North Carolina, USA). A Mann-Whit-
ney U-test was used to compare the levels of rotavirus
antigenemia between sera collected from transplant
recipients and immunocompetent rotavirus gastro-
enteritis patients (days 1, 3, and 5). The antigen
levels in 16fold and 4-fold diluted serum samples
were compared using a Wilcoxon’s signed-ranks test.
The anti-rotavirus IgG antibody levels with and with-
out rotavirus antigenemia were compared using a
Student’s #test.

To elucidate risk factors for rotavirus antigenemia
in transplant recipients, pre-transplant variables and
transplant variables were compared between recipi-
ents with and without antigenemia. Pre-transplant vari-
ables included age, gender, and underlying diseases.
Transplant variables included TBI, ATG, HLA match-
ing, type of graft source, and acute GVHD. The ages
of the recipients with and without rotavirus antigen-
emia were compared using a Student’s #test. Odds
ratios (and 95% confidence intervals) were based on
2 x 2 contingency tables and were calculated to
assess the association between rotavirus antigenemia
and demographics. The significance of measurement
was determined by chi-square and Fisher’s exact
tests.

Results

Rotavirus antigen was detected in 43 (6.8%) of 633
serum samples (8 of 62 patients). The kinetics and
season of rotavirus antigenemia are shown in
Figure 1. Rotavirus antigenemia lasted between 1 and
10 weeks. Rotavirus antigenemia started within
4 weeks of the transplant in all 8 recipients. Although
the endemic seasons for rotavirus gastroenteritis are
generally in the winter and spring in Japan, rotavirus

4 Transplant Infectious Disease 2011:0: 1-8

antigenemia was observed in non-endemic periods in
Cases 1, 2, 3, 4, and 7. Figure 1 also shows a tempo-
ral relationship between rotavirus antigenemia and
diarrhea. Diarrhea was concurrent with rotavirus anti-
genemia in Cases 3, 6, 7, and 8. Meanwhile, rotavirus
antigenemia persisted after the cessation of diarrhea
in Cases 6 and 7. Moreover, diarrhea was not
observed during rotavirus antigenemia in Cases 1, 2,
and 5.

To determine whether the amount of serum rotavi-
rus antigen was higher in HSCT recipients than in
immunocompetent rotavirus gastroenteritis patients,
the antigen levels were compared between the 2
groups (Fig. 2). As expected, rotavirus antigen
peaked on day 3 after illness onset in the serum
samples collected from immunocompetent rotavirus
gastroenteritis patients. The levels of rotavirus anti-
genemia in the transplant recipients (0.22 + 0.19) and
day 5 serum samples collected from immunocompe-
tent rotavirus gastroenteritis patients (0.19 + 0.20)
were similar (P = 0.9060). The level of viral antigen in
the transplant recipients was significantly lower than
that observed in either day 1 (0.49 + 0.18, P = 0.0011)
or day 3 (0.63 + 0.09, P = 0.0005) of serum samples
collected from immunocompetent rotavirus gastro-
enteritis patients. Although a remarkable peak in
rotavirus antigen levels was observed in immunocom-
petent rotavirus gastroenteritis patients (11), no such
peak was seen in the kinetics of rotavirus antigenemia
in HSCT recipients (data not shown).

As rotavirus antigenemia levels were low in HSCT
recipients, antigen level was measured using less dilute

Case Season (month)
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Fig. 1. Associations between rotavirus antigenemia (black boxes)
and diarrhea (shaded bars) are shown. White boxes indicate anti-
genemia-negative serum samples.
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Fig. 2. Comparison of rotavirus antigen levels between immuno-
competent rotavirus gastroenteritis patients and hematopoietic stem
cell transplant (HSCT) recipients. *Days after onset of the illness.
OD, optical density.

sera (1:4) to determine whether these positive samples
contained low levels of rotavirus antigen. Forty-three
antigen-positive serum samples and 40 randomly
selected antigen-negative samples were used in this
experiment (Fig. 3). The lower dilutions of antigen-
positive serum samples (1:4) demonstrated signifi-
cantly higher rotavirus antigen levels than the 1:16
diluted sera (P < 0.0001). However, no statistical differ-
ence was observed between 1:4 and 1:16 dilutions of
antigen-negative samples (P = 0.2733). In addition, the

A

OD value antigenemia positive  (n=43)

1.0

0.5

16 fold 4fold (dilution)

Median 0.172 0.302
(range) 0.069-0.579 0.099-0.892

- _
~

P<0.0001
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immune response against rotavirus was also examined
to confirm rotavirus infection; only one recipient with
rotavirus antigenemia demonstrated a marked increase
in rotavirus IgG antibody titers (Fig. 4).

Table 1 summarizes the results of statistical analyses
identifying risk factors for rotavirus antigenemia in
HSCT recipients. No statistical difference was seen
between the ages of recipients with (7.4 + 5.6 years)
and without (8.3 + 5.1 years) rotavirus antigenemia
(P = 0.652). Moreover, neither gender (P = 0.312) nor
underlying disease (P = 0.368) correlated with occur-
rence of rotavirus antigenemia. Of the 4 transplant-
related variables, neither having received TBI
(P = 0.955), having received ATG (P = 0.080), compli-
cations from acute GVHD (P = 0.705), nor type of graft
source (related vs. unrelated; P = 0.827, related vs.
cord blood; P = 0.760, related vs. peripheral blood
stem cell transplant; P = 0.206) were associated with
occurrence of rotavirus antigenemia. However, a
patient who received a graft from an HLA-mismatched
donor was at significant risk for rotavirus antigenemia
(P = 0.024; odds ratio = 9.44) in comparison to patients
who received a graft from an HLA-matched donor.

Discussion

Although it has been reported that rotavirus can
cause severe clinical manifestations in immuno-
compromised transplant recipients (1-4), few studies
have been conducted to elucidate the full spectrum of

B
OD value antigenemia negative  (n=40)
1.0
0.5
0
16 fold 4 fold (dilution)
0.096 0.094
0.073-0.111 0.072-0.122
— _
~
P=0.2733

Fig. 3. Comparison of rotavirus antigen levels between 16-fold and 4-fold diluted serum samples to determine rotavirus antigenemia. OD,
optical density. (A) Antigenemia positive (n = 43). (B) Antigenemia negative (n = 40).
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Fig. 4. Kinetics of anti-rotavirus immunoglobulin G (IgG) antibody
titers in rotavirus antigenemia-positive patients (# = 8). IgG anti-
body titers were determined using enzyme-linked immunosorbent
assay. OD, optical density.

rotavirus infection in transplant recipients (4, 19-21).
In this study, rotavirus antigen was detected in 43/
633 (6.8%) serum samples, and rotavirus antigenemia
was observed in 8/62 (12.9%) transplant recipients. To
the best of our knowledge, this is the first study that
demonstrates rotavirus antigenemia in transplant
recipients. Stelzmueller et al. (4) demonstrated that
rotavirus infection was observed in 1.5% of solid organ
transplant (SOT) recipients, and the highest fre-
quency of rotavirus infections was observed in
pediatric liver transplant recipients (52%) based on
conventional rotavirus antigen detection analysis of
stool samples. In addition, previous reports have iden-
tified rotavirus infection in 10-12% of pediatric BMT
recipients (1, 20). Thus, although the clinical speci-
mens used to detect rotavirus antigen were different,
the frequency of antigenemia in our pediatric HSCT
recipients was similar to previous studies (1, 20).

Both rotavirus-specific neutralizing antibodies and
CD8&" cytotoxic T cells have been shown to play
important roles in terminating rotavirus infection (22—
25). In addition to adaptive immunity, it has been
suggested that the innate immune response is also
important for protecting the host from rotaviral infec-
tion (13, 26). Thus, it is likely that rotaviral infection
would be more severe in transplant recipients with
severe immunosuppression than in immunocompetent
children. Persistent rotavirus excretion in the stool
has been documented in children with a congenital
T-cell deficiency (27) and BMT recipients (5). We pre-
viously reported that the duration of rotavirus antigen-
emia in immunocompetent rotavirus gastroenteritis
patients was short (11). Our present study suggests

6 Transplant Infectious Disease 2011:0: 1-8

that rotavirus antigenemia persists for a longer period
in transplant recipients, and this corresponds to rota-
virus excretion in the stool (5).

To confirm specificity of the low levels of antigen-
emia in transplant recipients, antigen levels were mea-
sured in less diluted serum samples (Fig. 3). As less
dilute (1:4) sera demonstrated statistically higher lev-
els of antigen than that of a higher dilution (1:16), we
considered that serum demonstrating low level of anti-
gen really contained low levels of rotavirus antigen.
Ray et al. (8) and Blutt et al. (9) reported that serum
rotavirus antigen levels were negatively associated
with rotavirus antibody levels in children with rotavi-
rus antigenemia. Moreover, serum rotavirus antigen
levels were significantly lower in patients who had a
subsequent infection than in those with primary infec-
tion (7). The ages of the patients in this study ranged
between 8 months and 23 years old. Thus, most of
the recipients in this study could have previously had
a primary rotavirus infection, which may have caused
their lower levels of rotavirus antigen. Further
detailed immunologic analysis of rotavirus infection is
needed to clarify the pathogenesis of the characteris-
tic kinetics of rotavirus antigenemia (low levels and
long duration) observed in HSCT recipients.

Seven of 8 recipients with rotavirus antigenemia
failed to demonstrate an antibody response against
rotavirus. There are 2 possible explanations for such
a low immune response rate. One is low immunoge-
nicity of the low levels of antigenemia, and another is
severe immunosuppression in transplant recipients.
Although it is not clear whether positive antigenemia
indicates active rotaviral infection, a serological assay
is insufficient for monitoring rotavirus antigenemia in
HSCT recipients.

It has been suggested that rotavirus can cause
severe diarrhea (1, 3-5) and toxic megacolon (28), and
may be confused with enteric GVHD (29), which
results in significant morbidity in transplant recipients.
As shown in Figure 1, persistent diarrhea and rotavirus
antigenemia were concurrent in Cases 3, 6, 7, and 8.
Meanwhile, rotavirus antigenemia persisted for a few
weeks after the resolution of diarrhea in Cases 3, 6,
and 7. Diarrhea was not observed in the 2 cases with
persistent rotavirus antigenemia. Although it would be
difficult to prove an association between rotavirus anti-
genemia and persistent diarrhea, because no complete
examinations were carried out to exclude all other
pathogens that would cause diarrhea, the current
findings suggest that rotavirus antigenemia may be
involved in the persistent diarrhea in HSCT recipients
in some recipients. It was difficult to determine how
many patients without rotavirus antigenemia had

—541—



diarrhea during the observation period following trans-
plantation, because this study was a retrospective study
using stored serum samples. Therefore, future prospec-
tive study is needed to elucidate the precise association
between rotavirus antigenemia and diarrhea.

Moreover, asymptomatic rotavirus antigenemia was
demonstrated in these patients. Asymptomatic rotavi-
rus excretion in stool has also been reported in HSCT
recipients, which could potentially make them index
cases for nosocomial rotavirus infections (19). Thus,
it is important to elucidate the ability of virus to be
transmitted from asymptomatic rotavirus antigenemia
patients. A prospective study that concurrently moni-
tors rotavirus antigenemia and viral excretion in the
stool is currently underway.

Notably, the timing after transplantation and occur-
rence of rotavirus antigenemia in non-endemic sea-
sons in HSCT recipients were quite different from
expected. According to a previous study based on
detecting rotavirus antigen in stool, the median dura-
tion of rotavirus infection is 20 days after SOT (4). In
our study, rotavirus antigenemia started within
4 weeks after transplant in all 6 cases except for
Cases 7 and 8. Six of the 8 recipients were cared for
in laminar airflow rooms at the beginning of rotavirus
antigenemia. Although medical personnel may have
caused nosocomial transmission, the likelihood of this
possibility is very low, because standard precautions
were thoroughly followed. Kang et al. (20) detected
rotavirus antigen in the stool of an HSCT recipient at
the time of pre-transplant screening. From a clinical
standpoint, a large-scale molecular epidemiological
study is needed to elucidate the route of viral trans-
mission in HSCT recipients. In addition to the timing
of rotavirus antigenemia, the seasons in which the
rotavirus antigenemia occurred are another remark-
able finding in this study. Although the endemic sea-
sons in Japan for rotavirus infection are the winter
and spring, rotavirus antigenemia was observed in the
summer and fall in several cases (Fig. 1). Recently, a
similar finding was demonstrated in SOT recipients
(4). One possible mechanism for rotavirus antigen-
emia outside of its endemic season is the persistence
of rotavirus infections in immunocompromised
patients. Further human or animal studies are neces-
sary to determine whether rotavirus can persistently
infect a host.

We believe that this is the first report to demonstrate
HLA mismatches as a significant risk factor for rota-
virus antigenemia after HSCT, which is similar to
Epstein-Barr virus (EBV) infection (30). ATG adminis-
tration, which is another wellknown risk factor for
EBYV infection after HSCT (30), tended to be a risk for

Sugata et al: Rotavirus antigenemia after transplantation

rotavirus antigenemia, though it did not reach the level
of statistical significance. Several characteristic factors
have been suggested to pose significant risks for each
viral infection in HSCT recipients. The present study
suggests that the risk factors for rotavirus antigenemia
are similar to those for EBV infection after HSCT. If the
clinical significance of rotavirus antigenemia in HSCT
recipients is confirmed, predictions about patients at
high risk for rotavirus antigenemia would be important
for improving their prognosis. Further clinical analysis
of rotavirus antigenemia should be continued to deter-
mine the significance of rotavirus antigenemia on the
morbidity or mortality of HSCT recipients.
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1. Background

ABSTRACT

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)' is considered a benign febrile iliness 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 peryearinJapan, 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®-8 and patients with drug-induced hypersen-
sitivity syndrome 9-11

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'2-'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

FC with HHV-6 inf.

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

at primary inf. HHV-6 encephalitis

(n=22) (n=6) (n=14) (n=7) (n=8)
Mean age + SD (years old) 0.7+08 0.8+0.38 1.1+06 439+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 IgG 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, 1L-1B, IL-6, IL-10, TNF-c, 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 ! 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 -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/l), 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 (66.9+ 11.0years) was sig-
nificantly higher than post-transplant HHV-6 encephalitis patients
(43.9+ 15.2 years) (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/ Copy numbers of HHV-6 P-value
number of tested (%) DNA; mean = SD (copies/ml)
HHV-6 encephalitis
at primary infection 7122 (31.8) 13.22 +39.16
a
HHV-6 FC 1/6 (16.7) 48.75 + 119.41 c
b d
Non HHV-6 FC 0/14 (0) 0x0
Post-transplant HHV-6 7/7 (100) 464090.4 = 1185622.0
encephalitis e
Adult controls 0/8 (0) 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); O, 0-3.8copies/mi), 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 1L-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,
7.9-16.5pg/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/m],
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/mlvs 2.7,2.3-4.1 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, 7.1-8.3pg/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 817202 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 (1L-1, IL-6, IL-8, IL-10, IL-12p70, TNF-oc, 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-18, IL-6, IL-8,

IL-10, 1L-12p70, TNF-a, 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.?2 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
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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



