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Abstract

Objective: This study aimed to describe the clinical
characteristics and distinctive findings of diffusion
restriction in cerebral white matter on diffusion-weighted
imaging (DWI) in neonates presenting with seizures
associated with rotavirus infection.

Methods: A retrospective review of medical records was
performed with neonates admitted to our neonatal
intensive care unit owing to seizures, at Haeundae Paik
Hospital, between 2012 and 2016. Infants tested positive
result for stool rotavirus antigens and diffusion restriction
in cerebral white matter were enrolled.

Results: Twenty-six full-term neonates were enrolled;
their mean birth weight and gestational age were 3,259 ±
527.9 g and 38.6 ± 5 weeks, respectively. They had no
history of perinatal asphyxia and were healthy before
acute-on-set seizures approximately 4-6 days after birth.
Approximately 80% of the infants did not have any signs
of infection or gastroenteritis symptoms. DWI revealed
distinctive diffusion-restricted lesions in the symmetric
cerebral white matter. During follow-up, favorable
neurodevelopmental outcomes were observed in 21
(80.8%) infants and the prognosis is associated with the
severity of the background EEG activities and
normalization of follow-up EEG (p<0.05).

Conclusion: Rotavirus infection should be considered in
neonates with seizures and clinicians should consider the
possibility of white matter injury in these infants.
Although it is difficult to draw conclusions about
neurodevelopmental outcomes in neonates with white
matter injury associated with rotavirus infection, the
prognosis is not always benign. Therefore, close attention
and follow-up for long-term neurological outcomes is
required for these infants.
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matter injury; Diffusion-weighted imaging

Introduction
Seizures are one of the most common, and sometimes the

only, distinctive clinical manifestations of neurological
dysfunction in neonates [1]. Their incidence is significantly
higher among neonates than in individuals of any other age
group. Despite improvements in neonatal care, the rates of
neurological sequelae after neonatal seizures remain high.
Seizure etiology is known to play a primary role in long-term
neurodevelopmental outcomes [2]. Viral infection is rare but is
a critical cause of seizures that should not be overlooked.
Herpes simplex virus, cytomegalovirus, enterovirus, human
parechovirus, and rotavirus have been considered important
causative viruses in cases of neonatal seizures [3-5].

Rotavirus is the most common cause of gastroenteritis in
infants and young children worldwide. In addition, several
studies have demonstrated that rotavirus can cause a wide
range of neurological manifestations [6,7]. Recently, a few
interesting studies have described a distinctive white matter
injury associated with neonatal seizures in the context of
rotavirus infection [8-10]. Diffusion-weighted images (DWIs)
clearly show characteristic findings of extensive and symmetric
diffusion restriction in subcortical white matter of the cerebral
hemisphere including the corpus callosum [1].

This retrospective study was conducted to describe the
brain magnetic resonance imaging (MRI) findings including
DWIs, and short-term neurodevelopmental outcomes in
infants with neonatal seizures associated with rotavirus
infections.

Materials and Methods

Patients
We reviewed the medical records of neonates who were

admitted to the neonatal intensive care unit (NICU) of the Inje
University Haeundae Paik Hospital from March 2012 to March
2016. Full-term neonates with clinically evident neonatal
seizures (within the first 28 days after birth) were considered.
The seizures were diagnosed by a neonatologist or pediatrician
based on clinical observations using internationally accepted
criteria [1]. Infants who tested positive for stool rotavirus

Research

iMedPub Journals
www.imedpub.com

Pediatrics & Health Research

ISSN 2574-2817
Vol.3 No.1:4

2018

© Copyright iMedPub | This article is available from: www.imedpub.com/pediatrics-and-health-research/ 1

DOI: 10.21767/2574-2817.100029

http://www.imedpub.com/


antigens and diffusion restriction in cerebral white matter
were enrolled [2].

Data collected included information regarding gestational
age, birth weight, sex, and mode of delivery, perinatal clinical
factor, and Apgar score. Information on
electroencephalographic (EEG) findings, neuroimaging
findings, and clinical course after admission including response
to antiepileptic drugs (AEDs) was also obtained. Perinatal
clinical factors including presence of fetal distress, meconium-
stained fluid, need of resuscitation in the delivery room, and
maternal history were also recorded [3]. Seizure types were
categorized in accordance with Volpe’s classification schema,
based on the seizure semiology documented in the medical
records. The types included subtle, focal clonic, multifocal
clonic, myoclonic, and tonic seizures. If multiple types of
seizures were recorded, the most prominent one was selected.

EEG and neuroimaging
If a seizure was diagnosed, inter-ictal EEG monitoring was

performed as soon as possible in tolerated neonates (Medelec,
Oxford, UK). EEG records were reviewed by a pediatric
neurologist, and the findings were classified into three groups
based on inter-ictal activity: Group 1, normal or mildly
abnormal (increased sharp activity, absent or decreased
frequency of normal patterns, excessively long low-voltage
periods or overall slightly decreased voltage); Group 2,
moderately abnormal (moderately abnormal asymmetries in
voltage or frequencies, increased asynchrony for age); Group
3, severely abnormal (burst suppression pattern, severe
abnormal isoelectric or low-voltage invariant activity,
permanent discontinuous activity). Follow-up EEG was
performed at 1 and 3 months after discharge. Additional
follow-up EEG was performed in accordance with the decision
of a pediatric neurologist. Brain MRI was performed on 3.0-T
system (Intera Achieva;Phillips, Best, Netherlands). The
protocol included Tw-weighted imaging, T2-weighted imaging,
fluid-attenuated inversion recovery imaging, and diffusion-
weighted imaging with preparation of apparent diffusion
coefficient maps [4,5].

Follow up and neurodevelopmental outcomes
Neurodevelopmental outcomes were classified as favorable

or adverse by our multidisciplinary team based on the
available documentation of medical records at last follow-up.
Cerebral palsy, global developmental delay (GDD), and epilepsy
were classified as adverse outcomes. GDD was defined as a
significant delay in two or more developmental categories,
including gross and fine motor, speech and language,
cognition, personal-social, and activities of daily living.

Statistical analysis
The statistical analysis was performed using the Statistical

Package for Social Sciences software version 18.0 (SPSS Inc.,

Chicago, IL). The Chi-square and Fisher exact tests were used
for categorical variables in group comparisons. Student t-test
and Mann-Whitney U-test were used for double comparisons
[6]. The results were evaluated with a confidence interval of
95%. P-values less than 0.05 were considered significant.

Results
During the study period, a total 2919 infants were admitted,

and 196 full-term infants were diagnosed with seizures.
Among 196 infants, 41 infants had positive results in the stool
rotavirus antigen test [7]. Of these infants, 26 infants were
enrolled who presented with seizures and diffusion-restricted
lesions in bilateral cerebral white matter on DWI scans (Figure
1).

Figure 1 Seizures and diffusion-restricted lesions in bilateral
cerebral white matter on DWI scans.

Clinical characteristics and seizure semiology
The retrospective cohort for analysis included 15 (57.7%)

boys and 11 (42.3%) girls. The mean birth weight was 3,259 ±
527.9 g (2250.0-4940.0 g) and mean gestational age was 38.6
± 5 weeks (37+0 to 40+3 weeks). Table 1 shows the clinical
characteristics and seizure semiology [8]. All infants were
delivered at local obstetric clinics and they were relatively
healthy for several days after birth. They were all transferred
to our NICU because of seizure. Seizures developed within the
first week of life (median 5 days, range 4 - 6 days after birth).
Only five infants (19.2%) showed signs of infection at 1-2 days
before the seizure on-set, including poor feeding, diarrhea,
and mild fever. The most common accompanying symptom
was apnea and it was observed in nine infants Seizures were
brief and repetitive, occurring more than 10 times in some
cases. Focal or multi-focal clonic were the predominant seizure
type. Similarly, most infants showed.

Without specific perinatal complications and were relatively
stable before seizure on-set. Two of these five infants required
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endotracheal intubation and mechanical ventilation owing to
severe apneic episodes with uncontrolled seizures [9,10].

Table 1 Analysis of predictive factors on neurological outcomes.

Variables Number of infants
Favorable Unfavorable

p-value
Outcome Outcome

Total 21 5 -

Gestational age (weeks) 38.65 ± 0.89 38.8 ± 0.52 0.74

Birth weight (grams) 3345.24 ± 530.29 2898 ± 365.81 0.09

Delivery type

Spontaneous 8 6 (75.0) 2 (25.0)
0.62

Cesarean delivery 18 15 (83.3) 3 (16.7)

Apgar score at 5 mins

<7 1 1 (100.0) 0 (0.0)
0.43

≥ 7 25 20 (80.0) 5 (20.0)

Small for gestational age

Yes 2 1 (50.0) 1 (50.0)
0.25

No 24 20 (83.3) 4 (16.7)

Seizure on-set

<3 days 2 2 (100.0) 0 (0.0)

0.653-7 days 21 17 (81.0) 4 (19.0)

≥ 7 days 3 2 (66.7) 1 (33.3)

Seizure type

Subtle 3 2 (66.7) 1 (33.3)

0.054
Focal/multifocal clonic 20 18 (90.0) 29 (10.0)

Tonic 3 1 (33.3) 2 (66.7)

Myoclonic 0 0 (0.0) 0 (0.0)

EEG findings

Normal/mildly abnormal 20 18 (90.0) 2 (10.0)
0.029

Moderate to severe abnormal 6 3 (50.0) 3 (50.0)

Follow-up EEG

Normal 21 19 (90.5) 2 (9.5)
0.01

Abnormal 5 2 (40.0) 3 (60.0)

Similar clinical manifestations; they were
delivered Laboratory test results

C-reactive protein levels were within the normal reference
range in all patients (<0.5 mg/dL). Hypocalcemia (total calcium
<8.0 mg/dL and ionized calcium 1.0 mmol/L) was detected in
five infants at the time of seizure, but the seizures were not
controlled by intravenous calcium administration. We
performed serological viral studies including toxoplasma,
rubella, cytomegalovirus, and herpes virus in all infants, but
there was no positive result. Rotavirus antigens were detected

in stool specimens from all 26 infants (100%). Additional
rotavirus PCR testing of stool specimen was performed in 5
infants and they showed all positive results. Cerebro-spinal
fluid (CSF) analysis was performed in 19 infants; pleocytosis
was not observed (range 0-5 cells/mm3). The protein and
glucose levels of CSF were all within the reference ranges
(48-125 mg/dL and 47-132 mg/dL, respectively). For 19
infants, who were subjected to viral tests including herpes
simplex virus, and enterovirus in CSF specimens, no viruses
were detected [11].

Pediatrics & Health Research

ISSN 2574-2817 Vol.3 No.1:4

2018

© Copyright iMedPub 3



EEG findings
EEG was performed within 24 hours, 48 hours, and 72 hours

after seizure on-set in 8, 16, and two infants, respectively.
Most infants (24/26, 92.3%) were evaluated with EEG within
48 hours after seizure. Moderate to severe abnormal EEG
results were found in six infants (23.1%). Over two thirds of
the infants (20/26, 76.9%) showed normal or relatively mildly
abnormal EEG findings. Follow-up EEG was performed on 20
infants who showed abnormal findings in the initial EEG work-
up. EEG normalization was found in 15 infants within 3 months
after discharge. The remaining five infants showed persistent
abnormal findings on the EEG ranging from mildly delayed
maturation to definite epilepsy. Severity of ictal background
activities in EEG and normalization of follow-up EEG were
associated with neurological outcomes on univariate analysis
(Table 1).

Brain MRI findings
Brain MRIs were performed in 26 infants within 72 hours

after seizure. All infants showed typical diffusion-restricted
lesions in the symmetric cerebral white matter in DWIs
(Figures 2 and 3), but four infants did not show any abnormal
findings in white matter in T1-weighted images. The next most
common involved site was the corpus callosum (22/26, 84.6%).
Less commonly involved sites were the internal capsule,
thalamus, anterior commissure, and external capsule, in order
of frequency (69.2%, 65.4%, 26.9% and 23.1%, respectively).

Mortality and neurodevelopmental outcomes
During the study period, no patients died. Favorable

outcomes were observed in 21 infants (80.8%) and
unfavorable outcomes in five (19.2%). The mean follow-up
period was 18.19 ± 7.77 months (12-49 months).

Figure 2 Diffusion-weighted images of the one patient.

Figure 3 Diffusion-weighted images of the one more
patient.

Figure 4 Volume loss in cerebral white matter indicating
leukomalacia change.

One infant showed recurrent seizures and was diagnosed
with infantile spasm at 9 months of age. Two infants were
diagnosed with GDD, and they all showed motor and speech
delay. Two infants were diagnosed with cerebral palsy. Follow -
up brain MRI was performed in four infants among five with
adverse neurological outcomes, two showed negative findings
and two showed multiple patch signal changes with mild
volume loss in cerebral white matter indicating leukomalacia
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change (Figure 4). Low birth weight and moderate to severe
abnormal background EEG activities were associated with
adverse neurologic outcomes in univariate analysis, but we
could not determine a specific risk factor for adverse
neurological outcomes on multivariate analysis.

Discussion
Rotavirus is a major causative pathogen of gastroenteritis in

pediatric population, primarily in young infants and children. In
addition, previous studies have indicated that rotavirus can
also cause variable systemic extra-intestinal manifestations,
including neurological symptoms, necrotizing enterocolitis in
preterm infants, and several autoimmune diseases [11,12].
Especially, rotavirus infection has been linked to bradycardia-
apnea episodes of neonates, childhood seizures, and clinically
mild encephalitis/encephalopathy with a reversible splenial
lesion [13,14], and thereby numerous reports describe the
protective effects of rotavirus vaccination in reducing
childhood hospitalization for seizures [15,16]. Neonates are
vulnerable to seizures and rotavirus infection. However,
rotavirus is usually underestimated as a cause or pathogen in
neonates with seizures and it still does not constitute one of
the elementary items for routine diagnostic work-ups for
seizures in infants without gastroenteritis symptoms.

Recently, several small case series reported that rotavirus
infection is also associated with cerebral white matter injury
(WMI) in neonates, resulting in cystic periventricular
leukomalacia [4,8-10,17,18]. Even if there are no signs of
infection or gastroenteritis symptoms, rotavirus should be
considered as a cause of neonatal seizures, especially in
healthy full-term neonates with seizures around 5 days of life.
Initial brain MRI showed typical diffusion restriction in
periventricular WM, and leukomalatic change including cystic
evolution was determined at follow-up MRI work-ups.

Our study did not perform rotavirus testing in the CSF.
Furthermore, there was no pleocytosis in CSF examinations of
19 infants; other studies have also reported similar results that
rotavirus was not usually detected in the CSF of infants with
rotavirus-associated neurological complications [4,9]. In
addition, the pattern of WMI seen in rotavirus infection is not
specific. Other viruses, including enterovirus and human
parechovirus also cause similar WM lesions. We evaluated and
excluded herpesvirus and enterovirus in the CSF examination.
In considering human parechovirus, clinical features are
somewhat different: human parechovirus is usually manifested
by sepsis-like illness including fever, skin rash and lethargy, and
the on-set is more heterogeneous with a wide time range.
Therefore, we excluded other viral causes of WMIs. The
pathophysiology of central nervous system injury associated
with rotavirus infection has not been fully-understood. Among
several mechanisms that have been postulated, direct CNS
infection by rotavirus is the most plausible explanation
[19-21]. It has been demonstrated that rotavirus can infect
neuronal cells directly. This is supported by several
observational studies that rotavirus particles and RNA were
detected in the CSF of infants with neurological symptoms
[22,23]. Other indirect mechanisms have been suggested.

Rotavirus non-structured protein 4 (NSP4) has been regarded
as a cause of rotavirus-associated CNS complications [24]. It
has been identified in dendritic processes [25] and has been
shown to induce disruption of calcium homeostasis and
release of nitric oxide metabolites in intestinal epithelial cells
[26]. Additionally, it triggers secretion of pro-inflammatory
cytokines from macrophage-like cell lines via Toll-like receptor
2 and also stimulates the release of peripheral inflammatory
cytokines, such as interleukin-6 [27]. Although there is no
obvious evidence that rotavirus caused the white matter
injuries, it is certain that a significantly higher number of
neonates presenting with seizures and distinct white matter
lesions, observed in DWI, showed positive result in rotavirus
tests compared to infants with seizure without characteristic
DWI findings (100.0% vs. 8.8%). How rotavirus leads to WMIs
remains unclear and further studies on this issue are needed.

In this present study, 20% of enrolled infants showed
unfavorable neurodevelopmental outcomes. This is thought to
be low compared to the incidence of long-term neurological
sequelae after neonatal seizures caused by other etiologies
including HIE, inherited metabolic disorder, or congenital
developmental disorder of the brain [28-30]. However, we
cannot be so optimistic considering that most had favorable
outcomes in older infants and children with convulsions with
mild rotavirus gastroenteritis [31]. In general, older infants and
children with benign convulsion associated with rotaviral
gastroenteritis are known to show normal or transient splenial
lesions of the corpus callosum in brain MRI and they usually
achieve normal development [32-35]. Therefore, neonatal
seizure with WMIs accompanying rotavirus infection is a
unique clinical entity apart from the benign convulsion with
mild gastroenteritis seen in older ages. The prognosis is
variable according to the age at infection, and may be because
the immature, developing brain is more vulnerable to
infectious insults.

This study has some limitations. First, we could not
determine the mechanism of rotavirus induced white matter
injury. However, we could not locate any other possible causes
for the seizures except for rotavirus infection in enrolled
patients through comprehensive work-ups. Second, this study
was conducted retrospectively; consequently, diagnostic and
therapeutic methods were not uniformly applied in all enrolled
patients. Further, we could not determine the risk factors for
neurological outcomes owing to limited statistical power due
to the small sample size. Moreover, the follow-up period was
too short to evaluate long-term neurologic outcomes and
follow-up brain MRI was not performed in all patients.
However, this study described clinical features and short-term
neurological outcomes in neonates presenting with seizures
and suggested the association of rotavirus infection and white
matter injuries in these infants [34,36].

Conclusion
In conclusion, rotavirus should be considered in neonates

presenting with seizures especially in neonates with a
distinctive clinical course as described. Furthermore,
pediatricians need to allow for possibility of WMIs in these
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infants. Although the available data do not sufficient for
drawing conclusions on the association between brain lesions
and rotavirus infection, the prognosis in such cases is not
always benign, as reported by several studies. Therefore, close
attention should be paid and follow-up for long-term
neurological outcomes is required for infants with rotavirus-
induced seizures resulting in white matter injury.
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