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Abstract

Background: Recent reports associate rotavirus infection with neonatal seizures of distinctive white matter injury (WMI) pattern,
but evidence is lacking. We examined this association prospectively and analyzed factors related to occurrence of seizures and WMI
pattern in neonates with rotavirus infection.

Methods: We prospectively included 228 neonates (�34 gestational weeks) who were admitted to a regional neonatal intensive
care unit between February 2015 and April 2016 and underwent rotavirus antigen testing using stool samples. Patients with neonatal
seizures of other etiologies were excluded.

Results: Seventy-eight (34.2%) neonates were rotavirus-positive. Otherwise-unexplained seizures were more frequently observed
among rotavirus-positive than among rotavirus-negative neonates (20.5% vs. 4.0%, p < 0.001). Rotavirus infection increased the risk
of seizures (odds ratio [OR], 6.19; p < 0.001), even after adjustment for confounders (OR, 4.46; p = 0.007). After stratification
according to probiotic administration immediately after birth, rotavirus infection remained a significant risk factor only in patients
without probiotic medication (OR, 4.83; p = 0.01 vs. OR, 2.44; p = 0.49). The WMI pattern was observed in 9 of 22 neonates with
seizures, and this subgroup was characterized by rotavirus infection (100% vs. 53.8%, p = 0.004) and seizure onset on days 4–6 of life
(66.7% vs. 15.0%; p = 0.02). G9P[8] was the most common genotype in this subgroup but was also commonly detected in neonates
without seizures.

Conclusion: Rotavirus infection is an independent risk factor for neonatal seizures, and associated with the WMI. Immediate
administration of probiotics after birth may reduce rotavirus-associated neonatal seizures.
� 2018 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

While afebrile seizures following rotavirus infection
are widely recognized in infants and young children
[1–4], rotavirus has been largely overlooked as a poten-
tial causative pathogen in neonatal seizures. However,
recent Korean studies have suggested an association
between rotavirus infection in neonates presenting with
seizures and a distinctive pattern of white matter injury
(WMI) [5–7]. Cystic evolution and neurological sequelae
have been reported in these neonates [5–7]. Considering
the relatively high prevalence of rotavirus infection in
neonatal intensive care units (NICUs) [8], pediatricians
should be aware of this issue. However, the worrisome
conclusions from these previous studies were based on
limited evidence because of the retrospective study
design and absence of systematic assessment of neonatal
seizures. In addition, it remains unclear which factors
are involved in rotavirus-related brain injury in new-
borns. We aimed to verify the relationship between rota-
virus infection and neonatal seizures, and to determine
significant factors potentially associated with seizures
and with the WMI pattern seen in rotavirus infections.

2. Methods

2.1. Study design and participants

The prospective observational study was conducted
at the Gyeongsang National University Hospital
(GNUH) NICU from February 2015 to April 2016.
All neonates (�34 gestational weeks) who were admitted
to the NICU for over 3 days were recruited. Informed
consent was obtained from the parents. Stool samples
were collected from the neonates and tested using a rota-
virus enzyme-linked immunosorbent assay (ELISA) at
days 3 and 7 of life for in-born neonates and on the
day of admission for out-born patients. The test was
repeated weekly until the patients were discharged, as
well as whenever the neonates demonstrated symptoms
associated with rotavirus infection. Based on detection
of rotavirus antigens in stool specimens, the neonates
were divided into rotavirus-positive and -negative
groups. Symptoms associated with rotavirus infection
included fever (�38 �C), vomiting (2-fold increase in fre-
quency), diarrhea (2-fold increase in the frequency of
watery vs. normal stool), seizures, and apnea/bradycar-
dia. Seizures were defined as clinically distinctive parox-
ysmal phenomena observed by physicians at least twice
during the NICU stay, accompanied by abnormal find-
ings on 1-hour electroencephalography (EEG), with
definitive responses to antiepileptic drugs. Apnea/brady-
cardia was defined as an episode of breathing cessation
lasting �20 s, or shorter if associated with bradycardia
or cyanosis, and only if the diagnostic criteria for sei-
zures were not met.
We excluded neonates with other obvious causes of
seizures, such as intracerebral hemorrhage, epileptic syn-
drome, and metabolic encephalopathy. We also
excluded neonates with perinatal asphyxia, meningitis
due to pathogens other than rotavirus, persistent hypo-
glycemia (<30 mg/dL, requiring high levels of glucose
support >12–16 mg/kg/min) [9], hyponatremia (<120
mEq/L), hypocalcemia (<6.0 mg/dL) [10], and any
inborn errors of metabolism, regardless of seizure occur-
rence, in order to avoid underestimation of seizures in
neonates with such conditions. Perinatal asphyxia was
defined if meeting at least one of the following criteria:
fetal distress at delivery and/or immediately preceding
delivery, requirement for resuscitation at birth, and 5-
min Apgar score �5 [11]. Meningitis was defined as con-
firmed presence of pathogens in the cerebrospinal fluid
(CSF), with or without CSF pleocytosis (�25 white
blood cells/mm3). Screening for inherited metabolic dis-
orders was performed using tandem mass spectrometry
at least 72 h after birth. The independent ethics commit-
tee of GNUH approved the study.
2.2. Clinical data

The following clinical data were obtained for all
patients: gestational age; sex; presence of rotavirus anti-
gen in stool; symptoms during rotavirus testing; birth
weight; age of symptom onset; Apgar score; obstetric
history, including parity and delivery method; in-born
(born in same hospital) versus out-born (born elsewhere
and transferred) birth; maternal obstetric complications
including maternal fever, diabetes mellitus, hyperten-
sion, placenta abruption, and uterine rupture; meco-
nium aspiration syndrome; perinatal asphyxia;
meningitis; and probiotic administration within 24 h of
birth. Laboratory data obtained at the time of the symp-
toms. Data on seizure type, duration, frequency, time of
occurrence, and antiepileptic drugs were obtained for
patients with seizures.
2.3. Viral diagnosis and genotype analysis of rotavirus

Rotavirus infection diagnosis was based on positivity
of stool samples, determined using a rotavirus ELISA
kit (VIDAS rotavirus, bioMérieux Vitek, France). In
patients with seizures, an array of PCR tests using fresh
CSF samples and additional PCR analyses of rotavirus,
parechovirus, and enterovirus using frozen samples
(CSF, serum, or stool) were performed as in our previ-
ous study (see Supplementary material S1) [5]. The fro-
zen samples had been stored at –70 �C at the National
Biobank of Korea. Genotypic analyses of rotavirus were
performed as described by Han et al (see Supplementary
material S2) [12].
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2.4. Magnetic resonance imaging (MRI) investigations

Neonates presenting with seizures underwent brain
MRI within 5 days of symptom onset. MRI findings
of the seizure group were reviewed by a neuroradiologist
blinded to the patients’ clinical information. The distinc-
tive WMI pattern on diffusion-weighted imaging (DWI)
was defined as extensive and symmetrical areas of
restricted diffusion in the periventricular white matter,
deep white matter, and white matter tracts, including
the corpus callosum [5–7].

2.5. Statistical analysis

We first compared demographics and clinical charac-
teristics between rotavirus-positive and -negative
groups, using the v2 and t-tests for categorical and con-
tinuous data, respectively. Next, we performed a uni-
variate logistic regression analysis to identify factors
related to seizures. The crude odds ratio (OR) with
95% confidence interval (95%CI) of rotavirus infection
for seizures was then adjusted for other factors related
to seizures, by using backward stepwise multiple logistic
regression. Such factors were defined as variables associ-
ated with p < .20 in univariate analysis but no multi-
collinearity (variance inflation factor �5). In addition,
we stratified the neonates by probiotic administration,
to estimate whether probiotics affect the relationship
between rotavirus infection and seizures. Differences
between subgroups with and without the WMI pattern
were analyzed using the v2 and Mann-Whitney U-tests
for categorical and continuous variables, respectively.
P-values < .05 were considered to indicate statistical
significance.

3. Results

During the study period, 418 neonates born after 34
weeks’ gestation were admitted for longer than 3 days at
this 25-bed regional NICU; of these, 34 (8.0%) were
diagnosed with seizures. A total of 171 neonates were
excluded due to failure to obtain informed consent (n
= 79) or undergo the rotavirus antigen test (n = 92).
Thus, stool specimens of 247 neonates (including 31
neonates with seizures) were tested, representing 59.1%
of eligible neonates. Nineteen additional patients were
also excluded due to other obvious causes of seizures
(n = 9) and absence of clinical seizures but presence of
predisposing factors for seizures (n = 10) (Fig. 1).
Among the 19 neonates excluded, rotavirus infection
was observed in 3 patients.

Thus, 228 neonates were ultimately included in this
study. The male-to-female ratio was 121:107. The mean
gestational age and birth weight were 37.2 ± 2.0 weeks
and 2.8 ± 0.6 kg, respectively. The mean age at the time
of the rotavirus testing using stool specimens was 5.7 ±
4.1 days. Seventy-eight neonates (34.2%) were rotavirus-
positive, while the remaining 150 neonates (65.8%) were
rotavirus-negative. Twenty-two neonates with seizures
were included, and additional viral testing with PCR
was performed on samples of CSF (n = 14), serum (n
= 15), and stool (n = 17). MRI was performed in all
included patients with neonatal seizures, and WMI pat-
tern was observed in 9 patients (Fig. 2). Among the
patients with seizures, there was only one inborn birth
that experienced seizures during hospitalization. The
remaining 21 patients were outborn births, 20 of whom
were immediately transferred from other hospitals or
postpartum care facilities due to seizures; only one
patient was admitted our hospital after being discharged
home from an external facility.

3.1. Seizures were more frequent in the rotavirus-positive

patients

Compared with the rotavirus-negative group, the
rotavirus-positive group was characterized by older ges-
tational age (37.7 ± 2.1 vs. 36.9 ± 1.9 weeks, p = 0.003)
and higher birth weight (2.9 ± 0.6 vs. 2.7 ± 0.5 kg,
p = 0.001) (Table 1). Diarrhea (23.1% vs. 2.0%, p <
0.001) and seizures (20.5% vs. 4.0%, p < 0.001) were
more frequent in the rotavirus-positive group. Probiotic
administration at birth was also less common in the
rotavirus-positive group (41.0% vs. 66.7%, p < 0.001).
No significant difference was found between the groups
in other variables.

3.2. Other factors related to neonatal seizures

To determine factors potentially associated with
neonatal seizures, univariate analysis was applied to
compare neonates with seizures (n = 22) to those with-
out seizures (n = 206) (Table 2). Significant factors
related for neonatal seizures included older gestational
age (OR, 1.47; 95%CI, 1.15–1.88, p = 0.002), higher
birth weight (OR, 4.59; 95%CI, 1.96–10.61, p < 0.001),
and out-born birth (OR, 22.69; 95%CI, 2.99–171.89, p
= 0.003). In contrast, probiotic administration immedi-
ately after birth significantly decreased the risk for sei-
zures (OR, 0.09; 95%CI, 0.02–0.32, p < 0.001). No
significant multi-collinearity was observed among these
potential factors.

3.3. Rotavirus infection as a risk factor for neonatal

seizures

Rotavirus infection increased the risk of neonatal
seizures (unadjusted OR, 6.19; 95%CI, 2.31–16.57,
p < 0.001); adjustment for all other factors related to
seizures (gestational age, birth weight, out-born birth,
and probiotics medication at birth) changed the OR
(adjusted OR, 4.46; 95%CI, 1.49–13.35, p = 0.007). A



Fig. 1. Study population.
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stratified analysis according to probiotic administration
immediately after birth showed that rotavirus infection
was a significant risk factor only in patients without pro-
biotic medication (OR, 4.83; 95%CI, 1.36–17.10, p =
0.01) (Table 3).

3.4. Clinical characteristics for the WMI pattern in

neonatal seizures

The clinical features of 9 patients with WMI pattern
on DWI were summarized (Table 4). The mean gesta-
tional age and birth weight were 39.1 ± 1.9 weeks and
3.4 ± 0.6 kg, respectively. No abnormal findings were
found on metabolic screening. All patients were treated
with antiepileptic drugs. Multifocal-clonic seizures were
the most common seizures. CSF, serum, and stool spec-
imens were analyzed for rotavirus, parechovirus, and
enterovirus using PCR in all nine patients. Rotavirus
was detected in the stool specimens of all patients, but
not in the CSF or serum. Only one patient was detected
parechovirus in the stool and serum, while the others
were not detected parechovirus nor enteroviruses in
any specimen. DWI findings in all 9 patients were nearly
identical (Fig. 2). On comparing between patients with
and without the WMI pattern during neonatal seizures
(Table 5), rotavirus infection (100% vs. 53.8%,
p = 0.004) and seizure onset between day 4 and 6 of life
(66.7% vs. 15.4%, p = 0.02) were characteristic of
neonatal seizures with WMI pattern. No probiotics were
administered immediately after birth in the subgroup
with WMI pattern (0% vs. 23.1%, p = 0.24).

3.5. Genotypes of rotavirus

Rotavirus genotypes were analyzed in 45 of 78 neo-
nates from the rotavirus-positive group (GenBank
accession numbers: VP4, KY 419229–4192279; VP7,
KY 419280–4192330). Overall, the most common
strains were G1P[8] (33.3%), G9P[8] (26.6%), G9P[4]
(20.0%), and G3P[8] (15.5%) (see supplementary
Table 1). Of these, G9P[8] was the most common strain
in neonates with seizures (5 of 10 tested) and in those
who were out-born (9 of 24 tested). G9P[8] (n = 4),
G1P[8] (n = 1), and G3P[8] (n = 1) were detected in neo-
nates with the WMI pattern. Interestingly, G9P[8] was
also commonly detected in neonates without seizures
(7 of 35) and in those who were in-born (3 of 21).
G4P[6] was detected in only one patient without
seizures.

4. Discussion

In this prospective observational study, we firstly
showed that rotavirus is an independent risk factor of
neonatal seizures (4.46-fold higher risk), but probiotic
administration at birth might decrease the risk of



Fig. 2. Diffusion-weighted imaging findings in three neonates within 5 days of seizure onset Patients 1 (A, D, images on the day of the seizures, 10
days of age), 2 (B, E, images on the day of the seizures, 5 days of age), and 7 (C, F, images on the second day of the seizures, 6 days of age). Extensive
and symmetrical areas of restricted diffusion were noted in specific regions including periventricular white matter and deep white mater (A, B, C). On
apparent diffusion coefficient maps, the corresponding regions revealed low signal intensity (D, E, F).
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rotavirus-associated seizure. The clinical diagnosis of
neonatal seizures is not easy because many manifesta-
tions are entirely subclinical [13]. In perinatal asphyxia,
which is the most common cause of neonatal seizures,
electrographic-only seizures are common [14]. However,
we did not routinely perform EEG monitoring in neo-
nates with these conditions. To avoid unintended selec-
tion bias, we excluded all neonates with known risk
factors for seizures (e.g., perinatal asphyxia) regardless
of clinical seizure occurrence. Thus, our study was
specifically designed to investigate the association
between rotavirus infection and otherwise-unexplained
neonatal seizures.

Similar to previous reports [5,7], our study demon-
strated that rotavirus infection and seizures around
day 5 of life were characteristics of late-preterm and
healthy-term newborns with the WMI pattern. The
incubation period of rotavirus is 2 to 3 days [15],
and the interval from diarrhea to seizures in children
with rotavirus infection is 1–3 days [16]. Thus, in new-
borns with the WMI pattern, rotavirus infection likely
occurs just after birth. A healthy gut microbiome is
important to protect the host against rotavirus infec-
tion [17]. Because human gut is sterile at birth [18],
the gut might be relatively sterile at the time of rota-
virus infection in patients demonstrating the WMI
pattern. Together with a particular developmental
window in the central nervous system (CNS), rota-
virus infection before maturation of the gut microenvi-
ronment may be important. As previously reported,
rotavirus was not detected in the serum or CSF of
patients with the WMI pattern [5,6]. WMI mechanism
may involve something other than direct viral invasion
of the CNS.



Table 1
Baseline Characteristics of Rotavirus-Positive and –Negative Neonates.

Variable Mean (±SD) or n (%) Rotavirus-positive
(n = 78)

Rotavirus-negative
(n = 150)

Total (n = 228) pa

Sex, male 47 (60.3) 74 (49.3) 121 (53.1) 0.12
Gestational age, weeks 37.7 (±2.1) 36.9 (±1.9) 37.2 (±2.0) 0.003
Late-preterm (34–36 weeks) 27 (34.6) 73 (49.7) 100 (44.4) .03
Term (37 weeks) 51 (65.4) 74 (50.3) 125 (55.6)
Birth weight, kg 2.9 (±0.6) 2.7 (±0.5) 2.8 (±0.6) 0.001
Age at rotavirus test, days 6.2 (±4.1) 5.4 (±4.1) 5.7 (±4.1) 0.15
1-min Apgar scoreb 7.7 (±1.5) 7.3 (±1.5) 7.4 (±1.5) 0.07
5-min Apgar score 9.2 (±1.0) 8.9 (±1.0) 8.9 (±1.1) 0.05
Meconium aspiration syndrome 1 (1.3) 4 (2.7) 5 (2.2) 0.66
Obstetric complications 13 (16.7) 26 (17.3) 39 (17.1) 1.00
Nulliparity of mother 43 (55.1) 80 (53.3) 123 (53.9) 0.89
Out born 47 (60.3) 73 (48.7) 120 (52.6) 0.12
Probiotics at birthc 32 (41.0) 100 (66.7) 132 (57.9) <.001
Hospital stay, days 11.3 (6.2) 12.0 (8.8) 11.7 (8.0) 0.57
At least one symptom 47 (60.3) 36 (24.0) 83 (36.4) <.001
Fever 12 (15.4) 11 (7.3) 23 (10.1) 0.07
Vomiting 6 (7.7) 9 (6.0) 15 (6.6) 0.78
Diarrhea 18 (23.1) 3 (2.0) 21 (9.2) <.001
Seizures 16 (20.5) 6 (4.0) 22 (9.6) <.001
Apnea/bradycardia 9 (11.7) 11 (7.3) 20 (8.8) 0.32

Abbreviations: SD, standard deviation.
a p-values obtained using the v2 or t-test.
b Apgar score not obtained in 32 patients.
c Probiotics administration within 24 h of birth.

Table 2
Crude Odds Ratio (OR) of potential risk factors associated with seizures.

VariableMean (±SD) or n (%) With seizures
(n = 22)

Without seizures
(n = 206)

OR (95% CI) pa

Sex, male 11 (50.0) 110 (53.4) 0.87 (0.36–2.10) 0.87
Gestational age, weeks 38.5 (±1.5) 37.0 (±2.0) 1.47 (1.15–1.88) 0.002
Late-preterm (34–36 weeks) 3 (13.6) 99 (48.1) 0.17 (0.04–0.59) 0.005
Term (>37 weeks) 19 (86.4) 107 (51.9) Reference
Body weight, kg 3.2 (±0.5) 2.7 (±0.6) 4.56 (1.96–10.61) <.001
Meconium aspiration syndrome 1 (4.5) 4 (1.9) 2.40 (0.25–22.51) 0.44
Fever 1 (4.5) 22 (10.7) 0.39 (0.05–3.10) 0.38
Diarrhea 2 (9.1) 19 (9.2) 0.98 (0.21–4.53) 0.98
Probiotics at birthb 3 (13.6) 129 (62.6) 0.09 (0.02–0.32) <.001
Out born 21 (95.5) 99 (48.1) 22.69 (2.99–171.89) 0.003
Nulliparity of mother 9 (40.9) 114 (55.3) 0.55 (0.23–1.37) 0.20
Maternal obstetric conditions 3 (13.0) 36 (17.5) 0.74 (0.20–2.65) 0.65
Cesarean section 13 (56.5) 127 (62.3) 0.72 (0.30–1.76) 0.48
Rotavirus infection 16 (72.7) 62 (30.1) 6.19 (2.31–16.57) <0.001

Abbreviations: SD, standard deviation; CI, confidence interval.
a p-values obtained from univariate logistic regression analysis.
b Probiotics administration within 24 h of birth.

Table 3
Adjusted Odds Ratio (OR) for risk of seizures associated with rotavirus-infection.

Sample Adjusted OR (95%CI) p

Overalla, n = 228 4.46 (1.49–13.35) 0.007
Probiotics medication at birthb, n = 132 2.44 (0.18–32.15) 0.49
Without probiotics medication at birthc, n = 96 4.83 (1.36–17.10) 0.01

Abbreviations: CI, confidence interval.
a Adjusted for gestational age, birth weight, out-born birth, probiotic medication at birth.
b Adjusted for gestational age, birth weight, out-born birth, and restricted to patients with probiotics medications at birth.
c Adjusted for gestational age, birth weight, out-born birth, and restricted to patients without probiotics medications at birth.
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In the present study, we demonstrated that probiotic
administration immediately after birth was associated
with 10-fold decreased risk of seizures (OR, 0.09; p <
.001). When a stratified analysis was performed, rota-
virus infection remained a risk factor only in patients
without probiotic administration (OR, 4.83; p = .01).
The probiotics taken by patients were almost entirely
Saccharomyces boulardii and only one took Lactobacil-

lus casei. Both probiotics have been reported to prevent
and treat various gastrointestinal diseases including
rotavirus gastroenteritis [19,20]. In particular, S. boular-
dii prevented rotavirus-induced chloride secretion and
oxidative stress in enterocytes via the inhibition of
NSP4 [21]. NSP4 is a non-structural protein that func-
tions as a viral enterotoxin, and has previously been
hypothesized to be involved in rotavirus-associated neu-
rological injury [22,23]. S. boulardii also has been shown
to confer beneficial effects in various infections by its
immunomodulatory effects [24]. Inflammation outside
the CNS could induce white matter injury, particularly
in the developing brain [25]. Therefore, the probiotics
might reduce the risk of rotavirus-associated neonatal
seizures via NSP4 inhibition or through modulation of
the inflammatory signals from the gut.

Another interesting finding in our study was that
almost all rotavirus-associated seizures (93.8%) and all
seizures with the WMI pattern (100%) occurred in the
out-born patients, while rotavirus seemed to be equally
common in both groups (in-born, 28.7%; out-born,
39.2%). The present finding was consistent with our pre-
vious observations. We have encountered clusters of
neonates with the WMI pattern (about 34 neonates,
including 9 of the present study and previously reported
18 patients [5]) for a decade; however, all affected neo-
nates were transferred from postpartum care centers
or local nurseries and were infected with rotavirus. Sim-
ilar findings have never been observed among inborn
births in our NICU for the past decade, suggesting a
clear link between outborn birth and rotavirus-
associated WMI. Our NICU is the sole tertiary referral
center in the western Gyeongnam province of Korea,
and one of the few centers in this region with a policy
of routine probiotic administration (S. boulardii) follow-
ing birth, which could explain these interesting findings.
In the present study, no significant difference was
observed in genotype distribution between the groups
(in-born vs. out-born, and seizures vs. without seizures).
In a recent Korean study [6], G4P[6] was the predomi-
nant genotype in neonates with the WMI pattern. How-
ever, our study showed that G9P[8] was most common
in neonates with and without seizures, while G4P[6]
was only detected in one neonate without seizures.
These findings are suggest that a particular pathogenic
genotype may not involve the mechanism of WMI,
but our sample was too small to draw definitive conclu-
sions. Indeed, further analysis of genotypes are needed



Table 5
Association of WMI pattern on Diffusion-Weighted Imaging in Neonates With Seizures.

Variable Mean (±SD) or n (%) With WMI pattern (n = 9) Without WMI pattern (n = 13) pa

Sex, male 6 (66.7) 5 (38.5) 0.38
Gestational age, weeks 39.1 (±1.3) 37.4 (±3.2) 0.15
Term (>37 weeks) 8 (88.9) 11 (84.6) 1.00
Body weight, kg 3.4 (±0.6) 3.2 (±0.5) 0.40
1-min Apgar score 8.7 (±0.5) 7.7 (±2.6) 0.58
5-min Apgar score 9.7 (±0.5) 8.7 (±2.5) 0.49
Seizure onset between day 4 and 6 of life 6 (66.7) 2 (15.4) 0.02
Out-born birth 9 (1 0 0) 18 (90.0) 1.00
Cesarean section 5 (55.6) 7 (53.8) 1.0
Nulliparity of mother 2 (22.2) 7 (53.8) 0.20
Maternal obstetric conditions 0 (0) 2 (15.4) 0.49
Rotavirus Ag positive in stool 9 (100.0) 7 (53.8) 0.004
Probiotics at birthb 0 (0) 3 (23.1) 0.24

Abbreviations: SD, standard deviation.
a p-value obtained using the v2 or Mann-Whitney U test.
b Probiotics administration within 24 h of birth.
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because G9P[8] is a common global genotype but rarely
detected in neonates [26].

Why, then, is this pattern of rotavirus-associated
WMI almost exclusively seen in Korea? The most likely
explanation relates to traditional approaches to postpar-
tum care in Korea, referred to as Sanhujori, in combina-
tion with emerging trends associated with this culture.
Traditionally, Sanhujori services were provided at home
by the mother’s extended family, with newborn infants
isolated from other children or visitors for at least 21
days after birth. However, with the decline of the tradi-
tional extended family system in Korea, many of these
services are now provided by private postpartum care
facilities (Sanhujori centers) [27]. Today, one-third of
mothers currently use postnatal care facilities [28], in
which newborns are usually separated from their mother
and housed together in a communal nursery room for a
week or more. Not surprisingly, time spent at these facil-
ities has been shown to be an important risk factor for
neonatal infections [28]. As asymptomatic infected new-
borns born outside the hospital have been identified as
the main source of rotavirus infection in NICU environ-
ment [29], infection rate of this virus in Korean NICUs
ranging from 13.1% to 31.4% [29–31]. This problem is
particularly pronounced in Gyeongnam Province, where
our institution is located, in which only 26% of new-
borns receive rooming-in care (the baby and mother
shared a single room) in postpartum care facilities [32].
Given that all studies of rotavirus-associated WMI in
newborns performed to date have been performed at
NICUs in Gyeongnam Province [5–7].

On the other hand, the recent introduction of two
rotavirus vaccines in Korea has led to significant reduc-
tions in the overall incidence of rotavirus gastroenteritis,
but these benefits did not extend to young infants
(<6 months of age, particularly <2 months of age), in
whom modest increases in infections were reported
[33]. Rotavirus vaccines are not indicated for newborns,
and therefore cannot be used to protect newborns from
rotavirus infections. These findings also suggest that
vaccine introduction may reduce maternally-
transferred immunity in young infants (due to the reduc-
tion of natural booster effects according to overall infec-
tion decrease). Rotavirus antibodies have been shown to
protect against seizures in rotavirus gastroenteritis [23].
Taken together, this series of overlapping reasons (the
recent trend of postnatal care and changes of maternally
transferred immunity) likely explains why WMI is
almost exclusively seen in Korea.

However, rotavirus-associated WMI might not be a
local phenomenon limited to Korea. Verboon-
Maciolek et al. [34] first reported this issue of rotavirus
infection in eight neonates from The Netherlands,
Switzerland, Norway, and Australia during a period of
six years. All eight patients had rotavirus-related symp-
toms such as diarrhea, vomiting, or fever [34]. In con-
trast, we reported on nine patients with WMI at our
single center in two years, but only three of them showed
rotavirus-related symptoms. Thus, if only patients with
gastrointestinal symptoms or fever were tested for the
presence of rotavirus infection, we could not reveal the
relationship between infection and WMI pattern. In
addition, the rotavirus infection rates in NICUs seem
to be higher than expected even in developed western
countries. A study in the US [8] documented a rotavirus
infection prevalence of 18.4% in their NICU. The rota-
virus infection prevalence reported in our study is simi-
lar to that reported at the NICU of a Greek tertiary
hospital (about 30%) [35], but is considerably lower than
that reported in studies conducted in India (43.9%–78%)
[36–37]. A recent meta-analysis demonstrated that rota-
virus is the most common pathogen of viral origin for
nosocomial infections in NICUs [38]. Thus, rotavirus
infection is still an important problem in the NICUs in
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some countries. We do not know why patients with
rotavirus-associated WMI pattern were rarely accompa-
nied by the gastroenteritis symptoms. However, these
findings suggest that neurological complications of rota-
virus in neonates may be more common than we
thought [39], and this phenomenon is not limited to
Korea alone.

Our study has some limitations. First, patients with-
out stool specimens or parental consent were excluded;
second, the study was conducted in a single center with
high rotavirus infection rate; third, only 14 out of 22
patients with seizures had CSF viral studies. We could
not estimate breast-milk effects, as supplement types
and frequency of breast-milk feeding varied with time.
However, we consider it unlikely that breast-milk feed-
ing affected our results significantly as most inborn neo-
nates were fed formula at least for the first 2–3 days after
birth, followed by a combination of formula and breast
milk for the first week of life. Additionally, MRI was
not performed in rotavirus-positive neonates without
neonatal seizures, which may have skewed our findings,
as those without clinical seizures may have also shown
WMI, though less severe. Although we defined one
patient co-infected with parechovirus (patient no. 9 in
Table 4) to have rotavirus-associated WMI, pare-
chovirus may have played a leading role in the pattern
of injury rather than rotavirus because the patient had
fever and CSF pleocytosis. Outborn birth may simply
be a confounding factor in the association between
neonatal seizures and rotavirus, casting doubt on the
apparent protective association between probiotics and
seizures. Thus, the present study might be insufficient
to confirm any preventive effects of probiotics on neona-
tal seizures associated with rotavirus infection. Further
studies involving NICUs without routine probiotics
medication will be necessary to test this hypothesis.

Despite its limitations, our study might suggest that
the risk of neonatal seizures is increased in rotavirus-
positive newborns, and that administration of probiotics
immediately after birth likely reduces the risk. From a
public health perspective, our findings throw an impor-
tant message in a policy of nursery care facilities for
healthy-term newborns; strict preventive measures
should be enforced in newborn nurseries, and compli-
mentarily, it is advisable to take probiotics immediately
after birth, particularly in areas where the rate of neona-
tal rotavirus infection is high but maternally-transferred
immunity is likely to be reduced.
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