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Differences of Clinical Manifestations According
to the Patterns of Brain Lesions in Acute
Encephalopathy with Reduced Diffusion in the
Bilateral Hemispheres

BACKGROUND AND PURPOSE: The precise clinical characteristics of acute encephalopathy with hilat-
eral reduced diffusion are not fully understood. We compared clinical, laboratory, and neuroimaging
findings according to the patterns of brain lesions among children with reduced diffusion in the bilateral
hemispheres.

MATERIALS AND METHODS: Nine patients were analyzed. The patterns of brain lesions were divided
into diffuse lesions and central-sparing lesions. Diffuse lesions were defined as reduced diffusion in
the whole cortex andfor subcortical white matter. Central-sparing lesions were defined as the lack of
reduced diffusion in the areas around the bilateral Sylvian fissures. Clinical, faboratory, and neuroim-
aging findings were compared between groups.

RESULTS: Five patients showed diffuse lesions and 4 showed central-sparing lesions. Coma was
significantly more common in patients with diffuse lesions, whereas a biphasic clinical course was
more common in those with central-sparing lesions. Outcome was worse in patients with diffuse
lesions. Maximal aspartate aminotransferase, alanine aminotransferase, and kinase levels were also
significantly higher in patients with diffuse lesions. In 2 patients with diffuse lesions, diffusion-
weighted images during the acute phase revealed reduced diffusion in the bilateral frontal and occipital
areas, followed by diffuse lesions. No patient with central-sparing lesions showed MR imaging
abnormalities during the acute phase.

CONCLUSIONS: Clinical manifestations in patients with diffuse lesions were severe, whereas those in

Acute encephalopathy in association with infectious dis-
ease has attracted the attention of pediatricians and
pediatric neurologists in Japan since the outbreak of influ-
enza-associated encephalopathy during the 1997/1998 win-
ter season. Every year, it is estimated that hundreds of Jap-
anese children die or experience neurologic sequelae due to
acute encephalopathy of infectious causes, which has
prompted studies on acute encephalopathy in Japan. Re-
cent studies have revealed several patterns of neuroimaging
abnormalities in children with acute encephalopathy.
Acute necrotizing encephalopathy is characterized by the
presence of multiple symmetric brain lesions in the bilat-
eral thalami and other specific brain regions, such as the
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patients with central-sparing lesions were relatively mild.

periventricular white matter and internal capsule.' Clinically
mild encephalitis/encephalopathy with a reversible splenial lesion
is characterized by transient reduced diffusion in the splenium of
the corpus callosum, with complete recovery.”

Recently, Takanashi et al* described a form of acute encepha-
lopathy characterized by biphasic seizures and late reduced diffu-
sion (AESD). In patients with AESD, a seizure, especially a pro-
longed one, is commonly observed at onset. The following day,
patients appear relatively well and seem to have recovered con-
sciousness almost fully, though slightly reduced responsiveness,
an absent-minded appearance, or subtle disorientation may be
apparent. Deterioration of consciousness, clustered seizures, and
involuntary movements appear 3-7 days after the first seizure.
Furthermore, this subtype of acute encephalopathy is character-
ized by widespread reduced diffusion on MR imaging from 3 to 9
days after onset. Although the outcome of patients with AESD is
reportedly very poor,” a milder form of AESD without neurologic
sequelae has also been described.* It is interesting that all reported
cases of children with AESD have been of in those of East Asian
descent.”

At present, the precise clinical characteristics of AESD are
not fully understood. For example, it is uncertain whether a
biphasic clinical course is always observed in children with
AESD., It is also unclear whether reduced diffusion is always
absent on MR imaging within 2-3 days after onset. We com-
pared the clinical manifestations, laboratory data, and MR im-
aging features of children with reduced diffusion in the bilat-
eral hemispheres, according to the patterns of brain lesions, to
better understand the spectrum of this subtype of acute en-
cephalopathy associated with infection.
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Fig 1. MR imaging findings of a patient with diffuse lesions. Top: The day afier the onset, Tt-weighted (TIWI) images show mild thickening of the coriex and T2-weighted {TZWI) images
reveal mildly increased intensities in the costex of the bilateral frontal lobes. Reduced diffusivity is observed in the bilateral frontal and occipital regions an DWis {frontal accipital fesions).
Botlem: Five days after the onset, TIWI and T2W! images demonstrate marked edematous changes in he enlire corlex. Reduced diffusivity is observed in the entire subcortical white
matter on DWis.

Materials and Methads

Weidentified 79 children (age, =15 years) with acute encephalopathy
who were admitted to the Department of Pediatrics at Nagoya Uni-
versity Hospital, Juntendo University Hospital, and 13 affiliated hos-
pitals between January 2000 and August 2007. Acute encephalopathy
was defined as a condition characterized by decreased consciousness
with or without other neurologic symptoms, lasting for 24 hoursin
children with infectious symptoms, such as fever, cough, and diar-
rhea. We carefully excluded patients with sustained decreased con-
sciousness after a febrile seizure, and those with delirious behavior
without obviously reduced consciousness. We also excluded patients
who were clinically diagnosed with status epilepticus by the attending
physician. In this study, a prolonged seizure was defined as one lasting
for ~>20 minutes. Coma was defined as a condition in which the
patient was not arousable with maximal painful stimulation, which is
consistent with a score of 3-5 on the Glasgow Coma Scale, modified
for children, or a score of 100-300 on the JTapan Coma Scale.

MR imaging was performed in 65 of 79 patients, and diffusion-
weighted images (DWIs) were obtained in 37 patients. Among these, 9
patients showed widespread reduced diffusion in the cortex and/or sub-
cortical white matter of the bilateral hemispheres. These 9 patients be-
came the subjects of this study. Inthese patients, DWIs were generated by
using a 1.5T unit, with a spin-echo echo-planar imaging sequence with
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variable settings (TE, 86-109 ms; TR, 3066—~4100 ms; 952- to 1445-Hz/
pixef bandwidih; echo-planar factor, 53-128; section thickness, 5.0-6.0
mm). MR spectroscopy was not performed in any patient.

Two distinct patterns of brain lesions were recognized in DWIL
diffuse lesions and central-sparing lesions (Figs 1 and 2). Diffuse le-
sions were defined as reduced diffusion in the whole cortex and/or
subcortical white matter in the bilateral hemisphere during the clini-
cal course. In some patients, reduced diffusion in the frontal and
occipital areas preceded diffuse lesions. Central-sparing lesions were
defined as the lack of reduced diffusion in the areas around the bilat-
eral Sylvian fissures, though diffuse abnormalities were typically
present in other areas on MR imaging. All MR imaging data were
reviewed by the chief author (A.Q.), with the attending physicians.

Laboratory data were also assessed from medical records. We in-
vestigated the following values: platelet counts; aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase,
creatinine kinase, blood urea nitrogen, creatinine, glucose, and am-
monia levels; and cell counts and protein in the CSE. Some of these
values were evaluated in previous studies as prognostic factors of
acute encephalopathy.®” Nagao et al® revealed that elevated AST lev-
els, hyperglycemia, the presence of hematuria or proteinuria, and the
use of diclofenac sodium were associated with poor outcomes in chil-
dren with influenza-associated encephalopathy.
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Fig 2. MR imaging findings of a patient with central sparing lesions. Top: Twa days after the onset, o abnormalities are observed. Bottom: Four days after the onset, T1-weighted (TYWH
images show: unclear gray-white matler differentiation in the hilateral frontal regions. T2-weighted [T2WWi) images reveal Uiffuse thickening of the corlex and inrreased signal intensities
in the bilateral caudate nuclel. Reduced diffusivity is observed in the bilateral frontal and parietoorsipital regions on DWis.

Cognitive impairment was assessed in all surviving patients 1-1.5
years after discharge. Cognitive impairment was usually measured by
using the Kaufman Assessment Battery for Children, though it could
not be applied in some patients with severe cognitive impairment.
The severity of cognitive impairment was defined as mild when the
patient’s intelligence quotient (IQ) or development quotient (DQ)
was between 50 and 70, moderate when 1Q/DQ was between 30 and
50, and severe when 1Q/DQ was below 30.

Statistical analyses between the 2 groups were performed by using
the Mann-Whitney U test for numeric variables and the Fisher exact
probability test for categoric variables. The outcome of patients was
also analyzed by using the Mann-Whitney Utest. P values <7 .05 were
statistically significant.

Results

Patient Characteristics

Five boys and 4 girls were analyzed. The median age was 17
months (range, 3—66 months), and 6 of the children were 18
months of age or younger. One patient showed multiple con-
genital anomalies and developmental delay of unknown cause.

Another had a history of febrile seizures. Five patients showed
diffuse lesions, and 4 showed central-sparing lesions.

Patient characteristics ave summarized in Table 1. Age and
sex did not differ between groups. Prodromal illnesses were
variable: Virologically proved influenza was observed in 3 pa-
tients; exanthem subitum, in 1; gastroenteritis, in 2; and non-
specific febrile illness, in 3.

Neurologic symptoms are also shown in Table 1. Coma was
observed within 24 hours after onset in all patients with ditfuse
lesions. One patient with central-sparing lesions became co-
matose on the fourth day of illness. Coma was significantly
more common in patients with diffuse lesions than in those
with central-sparing lesions (P = .048). In contrast, a biphasic
clinical course was more common in patients with central-
sparing lesions than in those with diffuse lesions (P = .048).
All patients with central-sparing lesions showed a biphasic
clinical course. The reduction of consciousness was mild
within the first few days after onset, followed by seizures ap-
pearing 3—6 days after onset in association with deteriorated
consciousness. One patient with diffuse lesions also showed a

AJINR Am J Neuroradiol 30:825-30 : Apr 2009 | www.ajnr.org 827

- 274 -



Table 1: Patients’ characteristics, neurologic symptoms, and
outcome

Diffuse Lesions Central-Sparing

{n=5) Lesions {n = 4) P Value
Age (months)® 18{3-52) 15 {10-66) NS
Sex (M-F) 3.2 2:2 NS
Prodromal illness Not done
Influenza 2 1
Subitum 0 1
Gastroenteritis 2 0
NSFI 1 2
Coma 5 1 048
Biphasic clinical course 1 4 048
Seizure at onset 3 4 NS
Prolonged seizure at onset 1 1 NS
Seizure after the first 24 hours 2 4 NS
QOutcome 056
Death 3 0
Severe cognitive impairment 1 1
Mild cognitive impairment 1 2
Healthy 0 1

Note:—NSF| indicates nonspecific febrile iliness; NS, not significant.
" Data are shown as median {rangel.

biphasic clinical course. In this patient, coma without seizures
was the initial presentation, but the reduction of conscious-
ness became milder thereafter. Clustered seizures and worsen-
ing of consciousness were observed 2 days after onset. Seizures
at onset or after the first 24 hours were observed in all patients
with central-sparing lesions, whereas seizures were observed
in 3 patients at onset and in 2 after the first 24 hours among
those with diffuse lesions. A prolonged seizure was observed in
1 patient with diffuselesions and in 1 with central-sparinglesions.
The duration of seizures was 60 minutes in these patients.

Statistical analyses showed marginal differences in out-
come between patients with diffuse-versus-central-sparing le-
sions (Table 1). Allexcept 1 patient with diffuse lesions died or
had severe cognitive impairment, whereas all patients with
central-sparing lesions survived and only 1 showed severe cog-
nitive impairment (P = .056). Postmortem examination was
not performed in those who died.

Laboratory Data

Maximal AST, ALT, and creatinine kinase levels were signifi-
cantly higher in patients with diffuse lesions than in those with
central-sparing lesions (Table 2). Although abnormalities in
platelet counts and lactate dehydrogenase, blood urea nitro-
gen, and creatinine levels tended to be more severe in patients
with diffuse lesions, these differences were not statistically sig-
nificant. Elevation in ammonia levels, if present, was mild.
Hyperglycemia (serum glucose >200 mg/dL) tended to be
more common in patients with diffuse lesions, though this
difference did not reach statistical significance. CSF analyses
did not reveal pleocytosis or increased protein levels in any
patient. Disseminated intravascular coagulation was observed
in only 1 patient with diffuse lesions. Metabolic acidosis was
observed in all except 1 patient with diffuse lesions and in none
of those with central-sparing lesions (P = .048).

Neuroimaging Findings
MR imaging during the acute phase {within the first 72 hours

after onset) was obtained in 2 patients with diffuse lesions and
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in 2 with central-sparinglesions. In 2 of 3 patients with ditfuse
lesions, reduced diffusion was observed in the cortical and
subcortical areas in the bilateral frontal and occipital areas (Fig
1). Inaddition, T1-weighted images demonstrated mild thick-
ening of the cerebral cortex in the corresponding areas, and
T2-weighted images revealed mildly increased intensities in
the same areas. However, no abnormalities were observed in
the remaining 3 patients.

During the subacute phase (from the fourth to the 12th day
of illness), MR imaging demonstrated abnormal findings in all
patients. As used in the categorization of the patients, mark-
edly reduced diffusion and edematous changes in the entire
cortical and subcortical areas were observed in 5 patients (Fig
1). Thickening of the cortex and T1and T2 prolongation in the
subcortical white matter were more remarkable compared
with these findings during the acute period in all patients.
Blurring of the gray-white matter junction was also promi-
nent. In this group of patients, MR imaging was performed on
the fourth day of illness in 1 patient, on the sixth in 2, on the
eighth in 1, and on the 12th in 1. In 4 patients with central-
sparing lesions, pre- and postcentral areas were clearly spared
(Fig 2). Thickening of the cortex and T and T2 prolongation
in the subcortical white matter were relatively mild, and blur-
ring of the gray-white matter junction was not observed. In
this group of patients, MR imaging was performed on the fifth
day of illness in 1 patient, on the sixth in 1, on the eighth in 1,
and on the 12thin 1.

During the late phase (>>2 weeks after onset), MR imaging
was conducted in all 7 surviving patients. Three of 5 patients
with diffuse lesions survived. Marked cerebral atrophy was
observed in 2 patients, and mild cerebral atrophy, in 1 patient
on MR imaging during the late phase. Laminar necrosis and
increased signal intensities in the subcortical white matter on
T2-weighted images were observed in all of these patients. All
4 patients with central-sparing lesions survived. Late MR im-
aging revealed mild cerebral atrophy in 3 patients and no ab-
normality in 1. Laminar necrosis was not observed in any pa-
tient with central-sparing lesions, whereas mildly increased
signal intensities in the subcortical white matter on T2-
weighted images were recognized in 3 patients.

No patient showed markedly reduced diffusion in the basal
ganglia, thalami, or corpus callosum throughout the dlinical
course, However, T2-weighted images showed increased sig-
nal intensities in the bilateral caudate nuclei in 2 patients with
central-sparing lesions during the subacute period.

Discussion
This study demonstrated that acute encephalopathy with re-
duced diffusion in the bilateral hemispheres can be divided
into 2 distinct groups according to the distribution of brain
lesions: diffuse and central-sparing lesions. Clinical manifes-
tations, laboratory data, and outcomes were markedly differ-
ent between patients with diffuse-versus-central-sparing le-
sions. These results indicate that these 2 groups should be
distinguished, though they share common MR imaging ab-
normalities (ie, widespread reduced diffusion in the cortex
and/or subcortical white matter of the bilateral hemispheres).
Patients with diffuse lesions appear to represent a severe
phenotype of acute encephalopathy. Clinical symptoms were
characterized by rapid and severe deterioration of conscious-
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Table 2: Laboratory data

Diffuse Lesions

Central Sparing Lesions

(n = 5) (n =4 P Value
Minimal Plt (X10%/ L% 14.3(6.2-36.6) 17.8(11.3-46.9) NS
Maximal AST (lUA)” 917 (183-4407) 107 {53--239) 028
Maximal ALT {U/L) 403 {48-3200) 33{19-77) .028
Maximal LDH {U/L®* 1325 (681-7758) 815(351-1193) NS
Maximal CK {IU/L) 6500 {2057-128472) 320(62-915) 014
Maximal BUN {mg/dL)" 19{7.0-79.1) 12518.3-15.2) NS
Maximal Cr {mg/dLi* 0.59(0.20-2.2) 0.29{0.22-0.40) NS
Maximal ammonia {pg/dL)” 147 {35-176) 83 {85-111} NS
Blood glucose =>200 mg/dL 4 1 NS
CSF cell >10/ul 0 0 NS
CSF protein =>40 mg/dL 0 0 NS
Dic 1 0 NS
Metabolic acidosis 4 0 048

Note:—Pit indicates platelet counts; 1DH, lactate dehydrogenase; CK, creatinine kinase; BUN, blood urea nitrogen; Cr, creatinineg; DIC, disseminated intravascular coagulation; AST,

aspartaie aminotransferase; ALT, alanine aminotransferase.
* Data are shown as median {range).

ness, though seizures were not always observed. A biphasic
clinical course was rare. Laboratory abnormalities were prom-
inent, including elevated AST, ALT, and creatinine kinase lev-
els; hyperglycemia; and metabolic acidosis. The outcome for
patients with diffuse lesions was very poor. Death or severe
neurologic sequelae were observed in 4 of 5 patients. These
findings may be explained by a systemic inflammatory re-
sponse, in which multiple organ failure, shock, and dissemi-
nated intravascular coagulation are often observed. During
the acute stage of acute encephalopathy, the serum and CSF
levels of inflammatory cytokines, such as interleukin-6 and
tumor necrosis factor-q, were markedly elevated.”” Several
pathologic studies have suggested that vascular injury as a re-
sult of endothelial damage by inflammatory cytokines is the
pathologic substrate of severe types of acute encephalopathy,
such as acute necrotizing encephalopathy."'? Although serum
and CSF levels of inflammatory cytokines were not measured,
it is possible that hypercytokinemia may contribute to the
pathogenesis of diffuse lesions.

In contrast, patients with central-sparing lesions appear to
represent a relatively mild phenotype of acute encephalopa-
thy. Coma was uncommon and laboratory abnormalities were
mild, if present. No patient died, though various degrees of
cognitive impairment were observed as neurologic sequelae. A
biphasic clinical course is characteristic of this group of pa-
tients, as described previously.” Several studies on acute en-
cephalopathy have also reported a biphasic clinical course.'"
Onset is often marked by a prolonged seizure followed by im-
proved consciousness. However, clustered seizures, signs of
frontal lobe dysfunction, and worsening of consciousness be-
come apparent at 3—4 days after onset. These features were
observed in our patients with central-sparing lesions. The
pathogenesis of acute encephalopathy with central-sparing le-
sions may be different from that of acute encephalopathy with
diffuse lesions. Some authors have suggested that this subtype
of acute encephalopathy is caused by excitotoxicity,”'* be-
cause prolonged seizures are often observed at the onset of
AESD. MR spectroscopy has shown increased glutamate con-
centrations and decreased N-acetylaspartate levels in patients
with AESD."® However, a prolonged seizure at onset was rare
in our patients. Further studies are necessary to clarify the

pathogenesis of acute encephalopathy with central-sparing
lesions.

We consider it possible to distinguish central-sparing le-
sions from frontal occipital lesions, which may precede diffuse
lesions. First, the appearance of reduced diffusion is earlier in
frontal occipital lesions than in central-sparing lesions. In this
study, central-sparing lesions were not observed in any patient
within the first 3 days after onset, consistent with several pre-
vious reports.™*'*'7 In contrast, frontal occipital lesions
were recognized within the first 3 days after onset and were
followed by diffuse lesions. Second, the distribution of brain
lesions is different in the 2 situations. In patients with central-
sparing lesions, the areas without reduced diffusion were
strictly limited, around the Sylvian fissures. In the occipital
lobes, lesions in the lateral areas were more prominent than
those in the mesial areas. In contrast, lesions were located in
the anterior half of the frontal lobes and mesial areas of the
occipital lobes. Diffusion abnormalities were absent in the
posterior half of the frontal lobes and the parietotemporal
lobes and were less prominent in the lateral areas of the occip-
ital lobes. However, these observations were based on a small
number of patients.

The results of our study are not conclusive. Neuroimaging
evaluations of many patients will be necessary to clarify differ-
ences between central-sparing lesions and frontal occipital le-
sions. The recognition of frontal-occipital lesions is useful in
the early diagnosis of acute encephalopathy with diffuse le-
sions and may contribute to early intensive treatment. Our
previous study indicated that early steroid use was related to
better outcomes in children with acute necrotizing encepha-
lopathy without brain stem lesions.®

The DWI patterns of our patients were characteristic,
though reduced diffusion in the bilateral hemispheres may be
observed with other causes of brain injury, such as hypoxic-
ischemic encephalopathy and shaken infant syndrome.'™*" It
is possible that encephalopathy due to substance abuse or in-
toxication may exhibit similar DWT abnormalities. Thus, the
distinction between acute encephalopathy and brain injuries
due to other causes may be problematic solely on the basis of
imaging findings. For this reason, a diagnosis should be made
only after considering clinical manifestations, physical and
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neurologic examinations, and laboratory data, in combina-
tion with MR imaging abnormalities. In our patients, there
was no evidence of hypoxia-ischemia, nonaccidental head in-
jury, or substance intoxication.

To our knowledge, the subtypes of acute encephalopathy
have not been sufficiently established at present. The clinical
presentation and imaging features of our patients overlap
partly with other acute encephalopathy syndromes, including
AESD,? acute infantile encephalopathy predominantly affect-
ing the frontal lobes,'" human herpes virus-6 encephalopathy
with clusters of convulsions during the eruptive stage,'* and
subacute encephalopathy.'* These acute encephalopathy syn-
dromes likely represent a spectrum of disorders that share a
common process in terms of brain injury. Multidisciplinary
studies and further clinical experience are required to clarify
the relationships between these syndromes.

In conclusion, acute encephalopathy with reduced diffu-
sion in the bilateral hemispheres can be divided according to
the pattern of brain lesions. Patients with diffuse lesions were
characterized by coma, severe abnormalities in laboratory test
results, and poor neurologic outcome, whereas those with
central-sparing lesions were characterized by a biphasic clini-
cal course, less severe abnormalities on laboratory test results,
and relatively mild neurologic sequelae. Further neuroimag-
ing studies with larger numbers of patients are necessary to
establish the subtypes of MR imaging for acute encephalopa-
thy with reduced diffusion in the bilateral hemispheres and
will contribute to clarifying its pathogenesis and effective
treatments.

References
1. Mizuguchi M, Abe J, Mikkaichi K, et al. Acute necrotising encephalopathy of
childhood: a new syndrome presenting with multifocal, symmetric brain le-
sions. ] Neurol Neurosurg Psychiatry 1995;58:555-61
2. TadaH, Takanashi |, Barkovich A, et al. Clinically mild encephalitis/enceph-
alopathy with a reversible splenial lesion. Nenrology 2004;63:1854-58

830 Okumura | AJNR 30 | Apr 2009 | www.ajnr.org

o

~

»w

- 277 -

. Takanashi J, Oba H, Barkovich Al et al. Diffusion MRI abnormalities after

prolonged febrile seizures with encephalopathy. Neurology 2006:66:1304 - 09

. Takanashi 1, Tsuji M, Amemiva K, et al, Mild influenza encephalopathy with

biphasic seizures and late reduced diffusion, ] Newral Sci 26G07;256:86 -89

. Traul DE, Traul C§, Matsumoto J, et al. Acute encephalopathy with biphasic

seizures and late restricted diffusion on MRI in a Japanese child living in the
USA. Dev Med Child Nevirol 200850071719

. Nagao T, Merishima T, Kimura H, et al. Prognostic factors in influenza-asso-

ciated encephalopathy. Pediatr Infect Dis ] 2008;27:384 -89

. Ichivama T, Eado S, Kaneko M, et al. Serum cytokine concentrations of influ-

enza-associated acute necrotizing encephalopathy. Pediatr Int 20034573430

. Ichivama T, fsumi H, Ozawa H, et al. Cerebrospinal fluid and serum levels of

cytokines and soluble tumor necrosis factor receptor ininfluenza virus-asso-
ciated encephalopathy. Scand J Infect Dis 2003;35:59 61

. Aiba H, Mochizuki M, Kimura M, et al. Predictive value of serum interleukin-6

level in influenza virus-associated encephalopathy. Newrology 2001;57:295-99

. Mizuguchi M. Acute necrotizing encephalopathy of childhood: a nevel form

of acute encephalopathy prevalent in Japan and Taiwan. Brain Doy
1997;19:81-92

. Yamanouchi H, Kawaguchi N, Mori M, et al. Acute infantile encephalopathy

predominantly affecting the frontal lobes. Pediatr Neurol 2006;34:93-100

. Nagasawa T, Kimura I, Abe Y, et al. HHV-6 encephalopathy with cluster of

convulsions during eruptive stage. Pediatr Neurol 2007;36:61-03

. Okamoto R, Fujii $, Inone T, et al. Biphasic clinical course and early white

matter abnormalities may be indicators of neurological sequelae after status
epilepticus in children. Neuropediatrivs 2006;37:32~41

. Okumura A, Kidokoro H, Itomi K, et al. Subacute encephalopathy: clinical

features, laboratory data, neurcimaging, and outcomes. Paidiatr Newrol
2008;38:111-17

. Mizuguchi M, Yamanouchi H, Ichiyama T, et al. Acute encephalopathy asso-

ciated with influenza and other viral infections. Aca Newrol Scand
2007 (suppl); 186:45-56

. Takanashi J, Tada H, Terada H, et al. Excitotoxicity in acute encephalopathy

with biphasic seizures and late reduced diffusion. AJNR Am ] Newroradiol
2009;30:132-35. Epub 2008 Aug 13

. Tada H, Takanashi j1, Terada H, et al. Severe form of acute influenza enceph-

alopathy with biphasic seizures and late reduced diffusion. Neuropediatrics
2008;39:134-36

. Okumura A, Mizaguchi M, Kidokoro H, et al. Outcome of acute necrotizing

encephalopathy in relation to treatment with corticosteroids and gamma-
globulin. Brain Dev 2009;31:221-27. Epub 2008 May 3

. Biousse V, Suh DY, Newman NJ, et al. Diffusion-weighted magneticresonance

imaging in shaken baby syndrome. Am J Ophthalniol 2002;133:249-55

. Barkovich Al. Brain and spineinjuriesin infancy and childhood. In: Barkovich

Al, ed. Pediatric Neuroimaging. 4t ed. Philadeiphia: Lippincott Williams &
Wilkins; 2005:190-290



ORIGINAL ARTICLE

Microbiol Immunol 2009; 53: 83-88
doi:10.1111/].1348-0421.2008.00100.x

Differences in clinical manifestations of influenza-associated

encephalopathy by age

Tomoaki Wada', Tsuneo Morishima', Akihisa Okumura?, Masato Tashiro3, Mitsuaki Hosoya®,

Masashi Shiomi® and Yoshinobu Okuno®

1Department of Pediatrics, Okayama University, Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, 2-5-1 Shikata-cho, Okayama,
700-8558; 2Department of Pediatrics and Adolescent Medicine, Juntendo University School of Medicine, Hongo 2-1-1, Bunkyo-ku, Tokyo,
113-8421; 3Department of Virology Iil, National Institute of Infectious Diseases, Toyama 1-23-1, Shinjuku-ku, Tokyo, 162-8640; *Department of
Pediatrics, Fukushima Medical University School of Medicine, 1 Hikariga-oka, Fukushima, 960-1295; SDepartment of Pediatric Emergency Medicine,
Osaka City General Hospital, 2-13-22, Miyakojima-hondori, Miyakojima-ku, 534-0021; 5Department of Infectious Diseases, Osaka Prefectural
Institute of Public Health, 3-69, Nakamichi 1-chome Higashinari-ku, Osaka, 537-0025, Japan

ABSTRACT

Data from patients in Japan was analyzed to examine the age distribution and differences by age in
the clinical manifestations of influenza-associated encephalopathy. Between 1998 and 2002, 472 cases of
influenza-associated encephalopathy in patients aged 15 years or younger were reported to the Collabo-
rative Study Group on Influenza-Associated Encephalopathy. These cases were divided into two groups
by age: 0-5 and 6-15 years. The differences between the groups were estimated based on the data for
those aged 0-5 years, and the odds ratios and 95% confidence intervals calculated. Distribution was
inversely correlated with age, with a peak at 1-2 years old. In comparison with patients aged 0-5, those
aged 6-15 years had a significantly greater incidence of type B infection, lower frequency of convulsions,
higher frequency of loss of consciousness and altered consciousness as the initial neurological symptom,
lower serum transaminase levels, lower frequency of low-density area for brain CT upon admission, and
lower incidence of sequelae. Our analysis indicates that the clinical course, laboratory data, and brain
imaging findings of influenza-associated encephalopathy exhibits patterns that vary with age.

Key words age distribution, age groups, influenza-associated encephalopathy.

INTRODUCTION

Influenza-associated encephalopathy occurs worldwide,
but has been reported more often in Japan than in other
countries (1—4). Although this disease was previously be-
lieved to occur only in Japan, case reports from other
countries have increased (5-16). Influenza-associated en-
cephalopathy is an abrupt disorder of the nervous systern
that is triggered by an influenza virus infection, often lead-
ing to death or severe sequelae. There have been no na-
tionwide data on this disease, and frontline clinicians have
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difficulty identifying it and determining a course of man-
agement. Therefore, in the winter of 1998, we initiated a
national survey to investigate various parameters of this
disease in Japan. Our first comprehensive report, which
included 148 cases of influenza-associated encephalopathy
in Japan, was released in 2002 (1). Here, we shed further
light on the characteristics of this disease in a wider age
range of victims, based on data collected over four years.
One of the noteworthy characteristics of this disease is
the age distribution of its victims. Influenza viruses have
a broad geographic range and affect people of all ages
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as a consequence of antigen drift each year. The scale of
the epidemic varies with the virus type. Although school-
aged children play an important role in the spread of
influenza, most influenza-associated encephalopathy pa-
tients are children younger than five; adults are rarely
affected (1, 3, 4). We believed that the clinical manifesta-
tions of the disease in older children differed from those in
patients aged 0-5 years. Therefore, we analyzed the differ-
ences in the clinical manifestations of influenza-associated
encephalopathy by age. :

MATERIALS AND METHODS

Data collection

Questionnaires were developed by the Collaborative Study
Group on Influenza-Associated Encephalopathy, which
was organized by the Japanese Ministry of Health, La-
bor, and Welfare. This was a cross-sectional survey of in-
fluenza cases treated at all medical facilities. Between 1998
and 2002, hospitals, clinics, and local pediatric facilities
reported 585 cases of influenza-associated encephalopa-
thy. In addition to isolation of virus, the sudden onset of
high fever with respiratory signs, myalgia, and headache
were used as diagnostic markers.

Case definition

The diagnosis of encephalopathy was based on clinical
signs. All patients had altered consciousness (i.e. delirium,
confusion, and senselessness) or loss of consciousness (i.e.
deep coma, coma, semicoma, stupor, and somnolence).
Patients with meningitis, myelitis, and febrile seizures
without prolonged unconsciousness were excluded. Pos-
tictal unconsciousness with prompt recovery was classified
as febrile convulsion.

The diagnosis of influenza infection was based on viral
isolation, the viral antigen test, or RT-PCR, or a fourfold or
greater increase in paired serum antibody titers (hemag-
glutination inhibition or complement fixation test). Pa-
tients with none of those findings were excluded from fur-
ther study. In all, 472 influenza-associated encephalopathy
cases in patients aged < 15 years were analyzed. The out-
comes of influenza-associated encephalopathy were de-
fined as normal resolution, mild sequelae, severe sequelae
that necessitated personal help for the activities of daily liv-
ing, and death. Mild sequelae include learning disorders,
mental retardation, secondary epilepsy, and mild motor
and sensory paralysis.

Statistical analysis

The 472 cases were divided into two groups based on
patient age: 0-5 years {n = 382, 80.9%) and 6-15 years

84

(n = 90, 19.1%). The group of patients aged 6-15 was
compared to that aged 0-5 years. Odds ratios for the data
of the 0-5 age group and their 95% confidence inter-
vals were estimated. P-values of dichotomous variables
were calculated using the x? test or Fisher’s exact test as
appropriate. Epi Info version 3.3.2 was used to estimate
odds ratios and their confidence intervals and to calculate
P-values.

RESULTS

Patient background

The number of patients peaked at between one and
two years of age. There were only three patients under
six months of age; the youngest was two months old.
No remarkable differences were observed in the age dis-
tribution of patients over each of the four years of the
study compared to the combined distribution for all cases
(Fig. 1). However, the total number of patients in each year
varied (Table 1). Over the course of the study, mortality
decreased each year, but the incidence of sequelae did not.

Two antiviral drugs were used for treatment: amanta-
dine and a neuraminidase inhibitor. The former was used
frequently in the 1999-2000 season, whereas the latter was
used more frequently after it became commercially avail-
able in Japan in the 20002001 season. The percentage of
patients who took amantadine and the neuraminidase in-
hibitor were similar in the two age groups across the four
seasons studied. Some patients received both drugs.

Ahistory of febrile seizures was present in 54 patients; 14
of these had epilepsy. Another three patients had epilepsy
with no history of febrile seizures. One patient with propi-
onic acidemia had convulsions and loss of consciousness
and died on the day of fever onset.

Differences by age

The male-to-female ratios did not differ between the age
groups (data not shown). The influenza virus type was
identified in 436 of the 472 cases. The other 36 cases were
diagnosed using a viral antigen test that cannot distinguish
between type A and type B influenza. On comparing the
age groups in the 436 cases, the ratio of type B to type
A was significantly higher in patients aged 6-15 than in
those aged 0-5 years {odds ratio, 2.35; 95% confidence
interval, 1.11~4.91). There was no significant difference
in peak body temperature (Table 2).

As an initial neurological symptom, convulsions oc-
curred less frequently in patients aged 6-15 than in those
aged 0-5 years (Table 2). However, loss of consciousness
and altered consciousness as the initial neurological symp-
tom occurred more frequently in patients aged 6-15 than

(© 2008 The Societies and Blackwell Publishing Asia Pty Lid
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Fig. 1. Age distributions of patients with influenza-associated encephalopathy (vertical bars) and with influenza (line) in Japanese children between
1998 and 2002. *Influenza cases were reported as part of the National Epidemiological Surveillance of Infectious Diseases.

in those aged 0-5 years. The time of neurological onset
(days after the onset of high-grade fever) did not differ
significantly between the groups.

Concerning the relationship between age and labo-
ratory findings on admission, patients aged 6-15 had
lower serum transaminase levels than those aged 0-5 years
{Table 3). Urinalysis and cerebrospinal fluid abnormalities
did not differ significantly between the groups.

Brain CT was obtained on admission in 368 cases; ap-
proximately half of these were normal (Table 4). Brain
edema occurred in approximately half of the cases in each
age group. Low-density areas occurred less frequently in
patients aged 6~15 than in those aged 0-5 years. The time
from onset of neurological findings to the day of CT was
no more than two days in 89% of the patients for whom
both dates were reported.

Table 1 Baseline characteristics of influenza-associated encephalopathy in Japanese children between 1998 and 2002

Characteristic 1998-1999 1999-2000 2000-2001 2001-2002 Total

No. of patients 137 71 54 210 472

Age: no. (%)
0-5 years 119 (86.9) 51(71.8) 40 (74.1) 172 (81.9) 382 (80.9)
6-15 years 18(13.1) 20(28.2) 14 (25.9) 38(18.1) 90 (19.1)

Sex: no. (%)
Male 75(54.7) 36 (50.7) 34 (63.0) 101 (48.1) 246 (52.1)
Female 62 (45.2) 35 (49.3) 20(37.0) 109 (51.9) 226 (47.9)

Virus type: no./total no. (%)
Type A 118/134 (88.1) 71/71 (100) 41/49 (83.7) 163/182 (89.6) 393/436 (90.1)
Type B 16/134(11.9) 0/71(0) 8/49 (16.3) 19/182 (10.4) 43/436 (9.9)
Unclassified 3 4] 5 28 36

Outcome: no./total no.t (%)
Normal resolution 54/137 (39.4) 37/71 (52.1) 28/51 (54.9) 106/183 (57.9) 225/442 (50.9)
Mild sequelae 27/137 (19.7) 11/71 (15.5) 11/51 (21.6) 27/183 (14.8) 76/442 (17.2)
Severe sequelae 12/137 (8.8) 7/71(9.9) 5/51 (9.8) 20/183(10.9) 44/442 (10.0)
Death 44/137 (32.1) 16/71 (22.5) 7/51{13.7) 30/183 (16.4) 97/442 (22.0)

Medication: no./total no.t (%)
Amantadine 55/133 (41.4) 52/70 (74.3) 31/39(79.5) 91/130(70.0) 229/372 (61.6)
Neuraminidase inhibitor - - 10/27 (37.0) 62/121(51.2) 72/148 (48.6)

Total no. consists of patients whose outcomes were ascertained.

1Total no. consists of patients with a definite history of the medication and who took the medicine both before and after the onset of encephalopathy.
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Table 2 Comparison of patient progress in the acute phase of influenza-associated encephalopathy

No. of patients (%)

Odds ratio with respect

Parameter 0-5 years 6-15 years to 05 years (95% C))
peak body temperature: no. of patients/total no. (%)
>40°C 160/309 (51.8) 40/71 (56.3) 1.20(0.69-2.09)
>41°C 25/309(8.1) 1177181 2.08(0.91-4.72)
Initial neurological symptom: no. of patients/total no. (%)
Convulsion 270/343(78.7) 42/76 (55.3) 0.33(0.19-0.58)
Loss of consciousness! 62/343 (18.1) 26/76(34.2) 2.36(1.31-4.22)
Altered consciousness? 11/343 (3.2) 8/76 (10.5) 3.55(1.25-9.97y**
Time of neurological onset
> day 3/< day 2 (% of > day 3/total no.) 24/357 (6.3) 11/78(12.4) 2.10(0.92-4.71)

Total no. indicates the number of patients who responded to the question.

Hncludes deep coma, coma, semicoma, stupor, and somnolence.
fincludes delirium, confusion, and senselessness.

§Days after the onset of high-grade fever.

* P < 0.001,**: P=10.002,**: P =0.011 (Fisher exact).

There was no difference in mortality by age (Table 5).
However, patients aged 6-15 had a significantly lower in-
cidence of sequelae than did those aged 0-5 years. No
significant differences in the severity of sequelae were ob-
served.

DISCUSSION

Although, according to the report from the National
Institute of Infectious Diseases, the age distribution of
influenza-affected patients in Japan between 1998 and
2002 was generally flat from one to nine years of age, the
distribution of influenza-associated encephalopathy was
inversely correlated with age, with a peak at 1-2 years of

Table 3 Comparison of laboratory findings (blood, urine, and CSF)

age (17). The age distribution of influenza virus AH3N2
was similar to that of influenza-associated encephalopa-
thy (data from the National Institute of Infectious Dis-
eases, Japan [http://idsc.nih.go.jp/index.html] (17). In-
fluenza virus AH3N2 is more likely than other types of
the virus to trigger encephalopathy (1). We found that
the ratio of virus type B to A among patients with en-
cephalopathy was significantly higher in the 6-15 than in
the 0-5 years group, possibly because of the prevalence
rates of antibodies to each virus type. The National Insti-
tute of Infectious Diseases has reported that the antibody
prevalence rate to type B virus is very low at all ages, be-
cause the scale of type B epidemics is smaller than those
of other virus types (17). For example, among healthy

No. of patients (%)

Odds ratio with respect

0-5 years 6-15 years to 0-5 years (95% C)

Blood

AST > 100 UL 119/313(38.0) 13/68 (19.1) 0.39(0.19-0.76)"

AST > 500 UL 45/313(14.4) 6/68 (8.8) 0.58 (0.21-1.49)

CPK > 1000 UL 31/285(10.9) 5/60 (8.3) 0.74(0.24-2.13)

PT < 70% 48/88 (54.5) 12/21 (57.1) 1.11{0.39-3.23)
Platelet count < 10 x 10%/ul 55/293 (18.8) 9/65 (13.8) 0.70(0.30-1.56)

Platelet count < 5 x 10%/uL 26/293 (8.9) 2/65 (3.1) 0.33(0.05-1.47)
Urine

Hematuria or proteinuria 79/240 (32.9) 13/55 (23.6) 0.63 (0.30-1.30)
CSF

WB8C count > 8/ul 25/237 {10.5) 10/53(18.9) 1.97 (0.82-4.69)

Protein level > 50 mg/d| 27/230(11.7) 10/50 (20.0) 1.88(0.78-4.45)

AST, aspartate transaminase; CPK, creatinine phosphokinase; PT, prothrombin time; CSF, cerebrospinal fluid; WBC, white blood cells.

*: P=0.005
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Table 4 Comparison of brain CT findings (on admission)

No. of patients/total no. (%)

Odds ratio with respect

Finding 0-5 years 6-15 years to 0-5 years (95% Cl)
Normal 120/306 (39.2) 32/62 (51.6) 1.65 (0.92-2.96)
Edema 154/306 (50.3) 25/62 (40.3) 0.67 (0.37-1.20)
Low-density area 40/306 (13.1) 2/62(3.2) 0.22 (0.04-0.97)"
Hemorrhage 4/306 (1.3) 1/62 (1.6) 1.24(0.02-12.78)

*: P =0.045

individuals stratified by age groups, the 2002 rates of HI
titers > 40 to virus type B/Shandong/7/97 (Victoria lin-
eage) were < 10% in all age groups other than the 20~
29 years group. However, the rates of HI titers of > 40
to A/New Caledonia/20/99(HIN1) were 40-50% in the
5-19 years age group and approximately 20% in the 0-
4 years age group. Finally, the rates of HI titers of > 40
to A/Panama/2007/99(H3N2) were slightly less than 70%
in patients aged 5-9 years, 55-65% in teens, and 25% in
patients aged 04 years. Therefore, older children appear
to be more susceptible to the type B virus.

Most of the influenza-associated encephalopathy pa-
tients had convulsions as an initial neurological sign
(74.5% of all cases). However, older children were more
likely to experience loss of consciousness or altered
consciousness. This may represent information bias, as
non-differential misclassification could occur as a result
of underestimation of minor neurological signs like altered
consciousness, especially in younger children. The age dis-
tribution of influenza-associated encephalopathy is simi-
lar to that of febrile seizures. Difficulty in distinguishing
these two diseases could cause non-differential misclas-
sification. However, differential misclassification might
be low because there was almost no information about
influenza-associated encephalopathy when we conducted
our study, and our selection biases might be very low be-
cause almost every case in Japan was reported. There have
been some reports that the incidence of febrile seizures is
higher in Asia than in Western Europe and the USA (18).

Table 5 Comparison of outcomes

In turn, more cases of influenza-associated encephalopa-
thy have been reported in Japan than in Western Europe
and the USA (1,2, 4, 6, 19). Cases of acute necrotizing en-
cephalopathy, a type of acute encephalopathy, have also ac-
cumulated in East Asia (20), although reports from other
areas have increased recently (9, 11, 12, 21, 22). Based on
this data, a genetic background might be involved in the
pathogenesis of these diseases.

Patients with influenza-associated encephalopathy of-
ten die from multiple organ failure, which is thought to be
caused by mitochondria-mediated apoptosis (23). Hosoya
et al. and Nunoi et al. have reported that cytochrome
¢, a mitochondrial protein found in the intermembrane
space, is a good marker for evaluating the clinical sever-
ity of influenza-associated encephalopathy (24, 25). Our
comparison showed that, upon admission, patients aged
6-15 had a lower incidence of liver dysfunction, and of
low-density areas with brain CT, than did those in the
group aged 0-5 years. Other studies have also shown that
the prevalence of neuroimaging abnormalities is higher
in younger than in older children (16, 26). A smaller ex-
tent of apoptosis may have caused these findings, which
correlate with the low frequency of sequelae in the group
aged 6~15 years. Clarke et al. have reported that young
age is associated with a poor outcome, such as death or
severe sequelae, in childhood encephalopathy (27). We
suspect that age is a prognostic factor for the seque-
lae of influenza-associated encephalopathy, although it is
not a prognostic factor for death (28). In summary, we

No. of patients (%)

Odds ratio with respect

Outcome 0-5 years 6-15 years to 0-5 years (95% CY)
Mortality: no./total no.t (%) 80/359 (22.3) 17/83 (20.5) 0.90 (0.48-1.67)
Existence of sequelae: no./no. alive (%) 105/279 (37.6) 15/66 (22.7) 0.49 (0.25-0.95)
Severity of sequelae

Severe sequelaet/mild sequelae (% of total no. of sequelae) 38/67 (36.2) 6/9 (40.0) 1.18 (0.34-3.99)

{Number of patients whose outcomes were reported.
Require persenal help for activities of daily living.
= P=0.032
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found that influenza-associated encephalopathy exhibits
patterns that vary with age.
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Multiplex real-time PCR for the simultaneous detection
of herpes simplex virus, human herpesvirus 6,

and human herpesvirus 7
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ABSTRACT

A simultaneous detection system to quantify HSV, HHV-6, and HHV-7 DNA via multiplex real-time
PCR using different fluorochromes was developed. The minimum quantitative level established via this
multiplex assay was four copies per reaction for HSV type 1, four copies for HHV-6, and three copies
for HHV-7, respectively. The dynamic range encompassed at least six orders of magnitude. The system
was specific and reproducible even in the presence of large amounts of other viral DNA. We then applied
this multiplex real-time PCR assay to 105 CSF specimens obtained from subjects less than 15 years old in
whom a diagnosis of viral encephalitis/encephalopathy was suspected on clinical grounds. The detection
rate for each viral DNA was 6.7% for HSV, 9.5% for HHV-6, and 1.9% for HHV-7. These results indicate
that our system is reliable and may be useful for the rapid diagnosis of viral encephalitis/encephalopathy.

Key words cerebrospinal fluid, encephalitis, encephalopathy, viral load.

The human herpesviruses are ubiquitous within human
populations; they remain latent within the body after
primary infection and often become reactivated in im-
munocompromised individuals (1, 2). Both primary and
recurrent herpesvirus infections may lead to CNS infec-
tion and disease. HSV-1 and HSV-2 belong to the genus
Simplexvirus, subfamily Alphaherpesvirinae, family Her-
pesviridae (3). HSV-1 is the commonest cause of acute
sporadic focal encephalitis (4), and accounts for 2 to 19%
of all cases of viral encephalitis and 20 to 75% of all
necrotising encephalitis (5, 6). HSV-2 causes encephali-
tis in neonates and recurrent meningitis in adults (3, 7).
HHV-6 and HHV-7 are species within the genus Rose-
olovirus, subfamily Betaherpesvirinae, family Herpesviri-
dae (8). HHV-6 and HHV-7 infections occur primarily

Correspondence

during childhood; >95% of adults have been infected
with these viruses (9-11). Primary HHV-6 and HHV-7
infections cause febrile illness, occasionally complicated
by convulsions or, much more rarely, encephalopathy (12~
16). Recently, it has been shown that reactivation of HHV-
6 causes encephalitis, mainly in immunocompromised in-
dividuals (17-22).

Early diagnosis of viral encephalitis/encephalopathy
is important to ensure adequate treatment and exclude
other diseases with a similar clinical presentation. The
diagnosis of viral CNS infections has been advanced by
new molecular technologies, such as the amplification of
viral DNA from CSF via PCR (23-25). PCR has been used
for the early diagnosis of CNS HSV infections (26-29). We
recently established a multiplex real-time PCR system to
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Table 1 Sequences of primers and probes used in multiplex real-time PCR

Target gene (GenBark no.)

Sequence (5'—3') Position

HSV-1 UL30 Forward primer ACATCATCAACTTCGACTGG 64203-64222
(X14112) Reverse primer CTCAGGTCCTICTICTTGTCC 64453-64473

Probe FAM-ATGGTGAACATCGACATGTACGG-BHQ1a 6436464386
HHV-6 U31 Forward primer TITGCAGTCATCACGATCGG 46661-46680
(AF157706) Reverse primer AGAGCGACAAATTGGAGGTTTC 46862—46883

Probe Cy5-AGCCACAGCAGCCATCTACATCTGTCAA-BHQ3a 46753-46780
HHV-7 U57 Forward primer CGGAAGTCACTGGAGTAATGACAA 88307-88330
(AF037218) Reverse primer ATGCTTTAAACATCCTTTCTTTCGG 8839088412

Probe

JOE-CTCGCAGATTGCTTGTTGGCCATG-BHQ1a

8833288355

simultaneously  detect  Epstein-Barr  virus, cy-
tomegalovirus, and HHV-6 DNA (30). This method is
able to quantify more than one target per reaction by
using different fluorochromes (31, 32), thus decreasing
the expense, time, and labour required to diagnose viral
CNS infections. Here, we present a multiplex real-time
PCR assay for quantifying HSV, HHV-6, and HHV-7
DNA which will aid in the rapid diagnosis of viral
encephalitis/encephalopathy.

MATERIALS AND METHODS

Viruses

HSV-1 KOS strain, HSV-2 186 strain, HHV-7 Sato strain,
and a clinical HHV-6 strain isolated from a patient with
exanthem subitum were used as positive controls. Genet-
ically related viruses, including a VZV Kawaguchi strain,
human cytomegalovirus AD169 strain, and Epstein-Barr
virus B95-8 strain, were used for the cross-reactivity
study.

Clinical specimens

CSF samples were collected from 105 patients and serum
samples simultaneously obtained from 46 of them. In to-
tal, 151 specimens {(CSF, 105; serum, 46) were included in
this study. The patients were clinically examined for viral
encephalitis/encephalopathy. The 105 patients ranged in
age from 0 to 15 years (median, 0.9 years); however, more
detailed patient profiles were not available. Informed con-
sent was obtained from parents or guardians, and the
ethical provisions of the Declaration of Helsinki were
observed.

DNA extracts from either CSF or sera known to be
negative for HSV-1, HHV-6, and HHV-7 were used for
reconstruction studies. DNA extracted from sera obtained
from 30 healthy volunteers was used as a negative control.

(© 2009 The Societies and Blackwell Publishing Asia Pty Ltd

DNA extraction

DNA was extracted from 200 ul of each viral culture, CSF,
or serum using QIAamp DNA blood kits (Qiagen, Hilden,
Germany) and eluted into 50 ul of sterile, double-distilled
water, The DNA specimens were stored at —20°C until
use.

Primers and probes

The sequences of the primers and probes used in the mul-
tiplex real-time PCR assay are listed in Table 1. The target
gene for HSV is UL30, encoding DNA polymerase. The
target gene for HHV-6 is U31, which is a homologue of
human cytomegalovirus UL48 and codes alarge tegument
protein. The target gene for HHV-7 is U57 which is a ho-
mologue of human cytomegalovirus UL86 and codes a
major capsid protein. We searched reported sequences of
target regions in 13 strains of HSV-1, 3 strains of HHV-
6 (including HHV-6A and HHV-6B), and 2 strains of
HHV-7. The primers and probes covered all the strains
searched. With the exception of the HHV-7 reverse primer,
the primer and probe sets used here have been described in
previous studies (33-36). The HHV-7 reverse primer was
modified because addition of the original primer sup-
pressed amplification of HHV-6 DNA. A difference in
only one nucleotide exists between the reverse primer se-
quences for HSV-1 and HSV-2 (34). A previous study has
shown that the primer set for HSV-1 can detect HSV-
2 with almost equal efficiency (34), so this primer set
was used in the present study (Table 1). Each probe was
labelled with different fluorochromes: the HSV-1 probe
was labelled with FAM and quenched with BHQ 1a, the
HHV-6 probe was labelled with Cy 5 and quenched with
BHQ3a, and the HHV-7 probe was labelled with JOE and
quenched with BHQla. All primers (Fasmac, Kanagawa,
Japan) and probes (Operon Biotechnologies, Huntsville,
AL, USA) were synthesised commercially.
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Quantification of viral DNA by multiplex
real-time PCR

Multiplex and single real-time PCR were performed using
a QuantiTect multiplex PCR kit (Qiagen). The multiplex
real-time PCR assay was performed inatotal reaction mix-
ture (25 ul) containing 5 ul of DNA extracts, 12.5 ulof2x
QuantiTect multiplex PCR master mix, 200 nM of each
primer, and 100 nM of each probe. The passive reference
dye Rox was included in the reaction mixture. Amplifica-
tion and real-time fluorescence detection were performed
using the Mx3000P real-time PCR system (Stratagene, La
Jolla, CA, USA) and the following protocol: an initial de-
naturation and polymerase activation step for 15 min at
95°C, followed by 50 cycles of denaturation at 94°C for
60 secand 62°C for 90 sec. Real-time fluorescent measure-
ments were recorded and a Ct value for each sample was
calculated by determining the point at which the fluores-
cence exceeded the threshold. Each real-time PCR assay
contained a standard dilution series for DNA quantifica-
tion, and all samples were analysed in duplicate. Negative
controls were added to each run. The standards were plas-
mid controls that contained the PCR products amplified
by each primer set as described previously (33-36). For
multiplex real-time PCR, each plasmid control was mixed
and diluted to producestandard curves. The number of vi-
ral DNA copies was calculated from these standard curves
and expressed as copies/ml CSF or serum. A single real-
time PCR assay was performed in the same manner as the
multiplex assay, except that only one set of primers/probe
was included.

Statistical analysis

SPSS for Windows 14.0 (SPSS, Chicago, IL, USA) was used
to perform the data analysis. Probit analysis was used to
determine the minimum quantitative level in multiplex
real-time PCR (37).

RESULTS

Standard curve and dynamic range
of multiplex real-time PCR

Serial dilutions of mixed plasmid standards were tested
with the multiplex assay, and standard curves were con-
structed from the Ct values. The multiplex assay was able
to detect each plasmid standard over a linear span of 5 to
5 x 10° copies per reaction (Fig. 1a). The standard curves
generated from the multiplex assay were similar to those
generated from the single assay (Fig. 1b). The dynamic
range of the assay encompassed at least six orders of mag-
nitude, with a strong linear relationship between the Ct
values and the log; of the input number of copies (HSV-
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1, # = 0.996; HHV-6, r* = 0.996; HHV-7, r* = 0.997).
The slope of each standard curve was —3.147 for HSV-1,
—3.135 for HHV-6, and —3.255 for HHV-7. The mini-
mum quantitative level, which was determined by probit
analysis, was four copies per reaction for HSV-1 (95%
confidence interval: 2.53-9.45), four copies for HHV-6
(2.81-9.25), and three copies for HHV-7 (1.99-7.28).

Reproducibility of multiplex real-time PCR

To investigate whether the background DNA of the clin-
ical specimen influences amplification efficiency, we per-
formed reconstructing studies using plasmid standard di-
luted in water (Fig. 1a) or in water containing HSV-1-
, HHV-6-, and HHV-7-negative DNA from either CSF
(Fig. 1c) or serum (Fig. 1d). Significant changes were not
observed in the presence of DNA from CSF or serum, indi-
cating that background DNA does not affect amplification
efficiency.

To evaluate intra- and inter-assay variability, a tenfold
serial dilution of the mixed standards was used in the
multiplex assay. Ct values were measured in multiple repli-
cates, and the mean of each Ct value and coefficients of
variation were calculated. Intra-assay variability was de-
termined using ten replicates per batch, and inter-assay
variability was examined by running the same standards
with five replicates on four consecutive days (Table 2).
Except for the use of five copies of standard plasmids,
the coefficients of variation were less than 5% in the
intra- and inter-assays, indicating that the assay was highly
reproducible.

Specificity of multiplex real-time PCR

To confirm the specificity of the primers and probes, viral
genomic DNA extracts from standard strains were tested.
No cross-reactivity was observed for VZV, human cy-
tomegalovirus, or Epstein-Barr virus. On the other hand,
up to five copies of HSV-2 186 strain were detected by the
multiplex assay. To confirm cross reactivity between HSV-
1 and HSV-2, the HSV-1 DNA plasmid was replaced with
the HSV-2 DNA plasmid, and standard curves were con-
structed. The standard curves generated from the multiple
assays with the HSV-2 plasmid (Fig. le) were similar to
those generated with the HSV-1 plasmid (Fig. 1a). Probit
analysis showed that the minimum quantitative level was
13 copies per reaction for HSV-2 (95% confidence inter-
val: 10.41~23.37). These results indicate that the multiplex
real-time PCR assay with the HSV-1 specific primer set can
quantify HSV-2 with similar efficiency to HSV-1, although
its sensitivity is somewhat lower.

To determine whether viral genomic DNA influences
amplification efficiency, we tested our multiplex assay in
the presence of large amounts of other viral DNA. In the
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Fig. 1. Standard curves for multiplex and single real-time PCR. Se-
rial dilutions of each viral standard ranging from 5 to 5 x 10° copies per
reaction were used to generate the standard curves. The cycle of thresh-
old values that corresponded to each PCR cycle number was plotted
against the copy number of each viral standard. (a) Multiplex real-time
PCR. (b) Single real-time PCR. (¢) Multiplex real-time PCR with HSV-1-,

presence of 10° copies of HSV-1 genomic DNA, the HHV-6
and HHV-7 standard curves were similar to those gener-
ated from the standard dilutions alone (Fig. 2a). Similarly,
in the presence of 10° copies of HHV-7 genomic DNA, the
HSV-1 and HHV-6 standard curves were similar (Fig. 2b).
In contrast, the Ct values for HSV-1 increased and the stan-
dard curve for HSV-1 was altered in the presence of 10°
copies of HHV-6 genomic DNA (Fig. 2¢). However, in the
presence of 10* copies of HHV-6 genomic DNA, the HSV-
1 standard curve was similar to that generated from the
standard dilutions alone (Fig. 2d). These results indicate
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HHV-6-, and HHV-7-negative DNA extracts from cerebrospinal fluid. (d)
Multiplex real-time PCR with HSV-1-, HHV-6-, and HHV-7-negative DNA
extracts from sera. (e) Multiplex real-time PCR. As a standard, HSV-1
DNA plasmid was replaced with HSV-2 DNA plasmid. (O), HSV-1 DNA
plasmid standard; (), HHV-6 DNA plasmid standard; ((0), HHV-7 plas-
mid standard; (®), HSV-2 DNA plasmid standard.

that HHV-6 genomic DNA influences the quantification
of HSV-1, but the assay remains reliably quantitative in
the presence of less than 10* copies of each viral genomic
DNA per reaction.

Detection of HSV, HHV-6, and HHV-7 DNA
in clinical specimens

The multiplex real-time PCR assay was applied to a total
of 151 clinical specimens (105 CSF and 46 sera). These
specimens were obtained from neonates or children with
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HSV-1 HHV-6 HHV-7
Copy number of plasmid standard Mean of Ct CVi% Mean of Ct V% Mean of Ct V%
Intra-assay (n = 10)
5 x 10° 17.01 1.78 17.73 2.93 18.18 1.62
5x 10° 20.01 2.28 20.82 2.95 21.68 1.05
5 x 107 23.63 1.59 24.02 2.56 2476 1.38
5 x 10° 26.74 1.00 27.20 1.66 28.05 1.35
5% 102 29.19 0.94 29.62 1.72 30.92 1.45
5x 10 32.54 3.63 32.86 3.70 34.10 1.00
5 35.93 31.77 37.06 48.50 37.82 2.96
Inter-assay (n = 20, five replicates x four times)
5 x 108 17.05 1.90 17.86 2.48 18.34 1.74
5% 10° 20.09 174 20.88 2.19 2155 1.04
5x 104 23.52 1.26 24.14 2.02 2477 1.03
5 x 10 26.82 0.85 27.42 1.56 28.23 1.19
5x 10? 29.51 1.55 30.12 2.18 31.18 1.61
5x 10 32.67 2.60 33.28 2.90 34.32 1.37
5 36.06 41.15 37.02 49.04 38.09 2.62

1CV, coefficient of variation.

suspected encephalitis/encephalopathy. Since the system
can quantify HSV-2 as well as HSV-1 and cannot discrim-
inate between HSV-1 and HSV-2, the types of HSV are
not stated in further experiments. The detection rates and

amounts of each viral DNA are presented in Table 3. In
CSF, all three viral DNA were detected. The detection rate
of each viral DNA was 6.7% for HSV, 9.5% for HHV-6,
and 1.9% for HHV-7. In one CSF specimen, HHV-6 and
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Fig. 2. Inhibition of PCR amplification by large amounts of viral
genomic DNA during multiplex real-time PCR. (a) Tenfold dilution
series of HHV-6 and HHV-7 plasmid standard mixed with 10° copies of
HSV-1 genomic DNA were analysed via multiplex real-time PCR. (b) Ten-
fold dilution series of HSV-1 and HHV-6 plasmid standard mixed with 103
copies of HHV-7 genomic DNA. (c) Tenfold dilution series of HSV-1 and
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HHV-7 plasmid standard mixed with 10° copies HHV-6 genomic DNA.
(d) Tenfold dilution series of both HSV-1 and HHV-7 plasmid standard
mixed with 10* copies of HHV-6 genomic DNA. (O), HSV-1 DNA plas-
mid standard; (), HHV-6 DNA plasmid standard; (03), HHV-7 plasmid
standard.
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Table 3 Detection and quantification of HSV, HHV-6, and HHV-7 DNA in cerebrospinal fluid and sera using multiplex real-time PCR

Cerebrospinal fluid (n = 105)

Serum (n = 46)

Detected viral DNA No. of positive (%)

Mean copies/m! (range)

No. of positive (%) Mean copies/ml (range)

HSV 7 15 813

6.7) (40-51 750}
HHV-6 10 435

9.5) (50—1.960)
HHV-7 2 27.0

(1.9) (12-42)

2 18 860

4.3) (16 250-21 470)
12 18 041

(26.0) (40104 900)

4]

HHV-7 were detected at levels of 1960 copies/ml and 42
copies/ml, respectively. In contrast, only HSV and HHV-
6 were detected in sera. HHV-6 was detected most fre-
quently; the highest number of HHV-6 copies was 104 900
copies/ml, corresponding to 2090 copies/reaction.

DNA extracted from sera from 30 healthy volunteers
was analysed as a negative control. HSV, HHV-6, and
HHV-7 DNA were not detected in any samples.

DISCUSSION

We established a simultaneous detection system to quan-
tify HSV, HHV-6, and HHV-7 DNA using multiplex real-
time PCR. The multiplex assay was sensitive enough to
detect and quantify a very low copy number without mu-
tual interference. The system was also specific and repro-
ducible even in the presence of background DNA or large
amounts of other viral DNA. Although very large amounts
of HHV-6 DNA decreased quantitative power, this assay
was reliable in the presence of less than 10 000 copies of
viral DNA per reaction. Because the highest copy number
for HHV-6 in clinical samples was 2090 copies per reac-
tion, this multiple real-time PCR assay may be useful for
clinical samples. A recent study showed that serum viral
loads in patients with primary HHV-6 infections were less
than 1000 copies/ml (38). These results indicate that the
multiplex system described here would be a reliable tool
in clinical settings.

Only three genes can be analysed simultaneously when
using the Mx3000P real-time PCR system. We selected
HSV, HHV-6, and HHV-7 for several reasons. First, these
three viruses are most representative of the DNA viruses
that cause encephalitis/encephalopathy in children: HSV-1
is the commonest cause of acute sporadic focal encephali-
tis (4) and primary HHV-6 and HHV-7 infections cause
significant neurological morbidity in children (15, 39, 40).
HSV-2, which causes encephalitis in neonates and recur-
rent meningitis in adults, can be quantified by the multi-
plex real-time PCR system. Other DNA viruses exist that
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affectthe CNS: VZV, which belongs to the Alphaherpesviri-
nae subfamily, is also neurotropic, and primary or reac-
tivated VZV infections have been linked to CNS disease,
including acute cerebellar ataxia, encephalitis, meningitis,
myelitis, strokes, and Reye’s syndrome (7). However, typi-
cal skin eruptions can be used to diagnose VZV-associated
CNS diseases. Second, encephalitis caused by HSV-1 and
HSV-2 has a poor prognosis, but can be treated with spe-
cific antiviral agents (3). Similarly, encephalitis cansed by
HHV-6 and HHV-7 occasionally leads to neurologic se-
quelae (7). Successful treatment with antiviral agents has
been reported in HHV-6 encephalitis (22, 41-43). There-
fore, early diagnosis is critical for encephalitis caused by
HSV, HHV-6, and HHV-7. Furthermore, this system can
be used to examine the effectiveness of anti-viral thera-
pies by quantifying viral DNA loads in patients under-
going treatment. Finally, several RNA viruses can cause
encephalitis/encephalopathy, including arboviruses, en-
teroviruses, and influenza virus (44), most of which are
endemic or seasonal (4). Although real-time PCR is appli-
cable to RNA viruses, the simultaneous detection of DNA
and RNA viruses is difficult. Therefore, we examined only
DNA viruses in this study.

The reported prevalence of herpesvirus DNA in CSF is
variable because of different systems and populations. A
report using a DNA microarray showed that the preva-
lence of viral DNA was 6.7% for HSV, 5.0% for HHV-6A
and -6B, and 1.6% for HHV-7 in patients with clinically
suspected meningitis or encephalitis (45). On the other
hand, in another study the prevalence of HHV-6 DNA in
CSF samples was 2.5% in young children (<2 years) with
neurological illness (38). In this study, the detection rates
for each viral DNA in CSF were 6.7% for HSV, 9.5% for
HHV-6, and 1.9% for HHV-7. This study was based on
samples from children and neonates with suspected vi-
ral encephalitis/encephalopathy. Because this group may
be biased (i.e. cases without encephalitis/encephalopathy
may have been included), we do not think that these
rates represent the prevalence of each virus-associated en-
cephalitis/encephalopathy in Japanese children. However,
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our results indicate that the number of cases of these virus-
associated CNS diseases in the population is substantial,
which supports our decision to study these three viruses
in particular.

Notably, both HHV-6 and HHV-7 were detected in CSF
from one out of 105 patients (0.95%). Because of the study
design, we could not obtain additional clinical informa-
tion about this patient, so the significance of the double-
positive is unclear. However, it does demonstrate that our
multiplex assay is useful for detecting unexpected viruses.
Further studies are necessary to determine the significance
of co-existing HHV-6 and HHV-7 infections in the CNS.

Because these viruses are latent in lymphocytes, false-
positive PCR detection can occur in CSF samples (16).
In contrast, if viral replication does not occur in the
CNS, viral DNA may not necessarily be present in the
CSF. Interestingly, HHV-6 DNA was detected in 26%
of the sera from patients with suspected encephali-
tis/encephalopathy, while it was positive in only 9.5% of
the CSE. Meanwhile, we should be careful about the in-
terpretation placed on the existence of HHV-6 DNA in
the serum, since chromosomal viral integration is occa-
sionally seen in immunocompetent individuals and may
result in a mistaken association with encephalitis (38). The
multiplex real-time PCR system described here may prove
useful in elucidating the pathogenetic mechanism of these
virus-associated CNS diseases.

In conclusion, we developed a multiplex real-time PCR
system for the simultaneous detection of HSV, HHV-6,
and HHV-7. This system was sensitive, specific, and re-
producible without mutual viral interference. As such, this
system offers potential benefits in clarifying the pathogen-
esis of viral encephalitis/encephalopathy and facilitating
the early diagnosis of viral encephalitis.
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