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Abstract

Background To understand the clinical characteristics and prognosis of respiratory syncytial virus (RSV)-related
encephalopathy in children.

Methods A retrospective analysis of the data of children who were diagnosed with RSV-related encephalopathy
and admitted to the paediatric intensive care unit (PICU) of Beijing Children’s Hospital between November 2016 and
November 2023 was performed.

Results Four hundred and sixty-four children with RSV infection were treated in the PICU, and eight of these patients
(1.7%) were diagnosed with RSV-related encephalopathy. The mean age of the patients was 24.89 (5.92 ~ 36.86)
months. Two patients had underlying diseases. The time from the onset of illness to impaired consciousness was 3
(1.88-3.75) days. Five patients had convulsions, and three patients had an epileptic status. The serum procalcitonin
(PCT) level was 1.63 (0.24, 39.85) ng/ml for the eight patients, and the cerebrospinal fluid (CSF) protein level was
232 (163 ~848) g/L. Among the 8 patients, four patients underwent electroencephalogram (EEG) monitoring or
examination. One patient showed continuous low-voltage, nonresponsive activity, and another patient displayed
persistent slow waves, the remaining two patients had negative results. One patient had a combination of acute
necrotizing encephalopathy (ANE) and acute encephalopathy with biphasic seizures and late reduced diffusion
(AESD). Additionally, one patient had ANE, and another had acute brain swelling (ABS). One patient died in the
hospital, and the other seven patients were discharged with improvement. Routine follow-up was conducted for
4.58(0.5~6.50) years, and all patients fully recovered.

Conclusions RSV-related encephalopathy could have varying clinical manifestations, and some types, such as ANE
and ABS, are dangerous and can lead to death.
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Background

Respiratory syncytial virus (RSV) is one of the most
common pathogens of children [1, 2]. More than 95% of
infants and children aged less than two years have a his-
tory of RSV infection [3]. Although most cases of RSV
infection are mild, approximately 5.3% of children aged
less than five years with RSV-related acute lower respira-
tory tract infection need to be hospitalized [4]. 8% of hos-
pitalized children need to be transferred to the paediatric
intensive care unit (PICU) [1], and the incidence of all-
cause mortality in the PICU is approximately 2% [4]. The
respiratory system is the most commonly damaged target
organ in children infected with RSV, and extrapulmo-
nary symptoms in severe cases of RSV infection have not
been adequately studied. A previous systematic review
[5] reported that 1.1-7.1% of children infected with
RSV have neurological complications, and as many as
6.6—36.4% are treated in the PICU. Additionally, enceph-
alopathy is relatively prevalent [6]. To date, there has
been relatively limited research on RSV-related encepha-
lopathy, with predominantly monocentric small sample
studies [7—11]. Currently, research findings indicate that
the severity of neurological complications caused by
RSV infection may not be related to the severity of lung
involvement [12]. RSV-related encephalopathy is primar-
ily characterized by excitotoxic brain damage [7], which
could also lead to severe types of brain diseases with a
poor prognosis and a risk of death [5].

Thus, in this retrospective study, the clinical character-
istics of patients with RSV-related encephalopathy admit-
ted to the Beijing Children’s Hospital PICU over the past
seven years at a single centre were reviewed with the aim
of increasing the understanding of this disease.

Methods

The data of children admitted to the PICU of Beijing
Children’s Hospital who were diagnosed with RSV infec-
tion and met the diagnostic criteria for infection-related
acute encephalopathy (AE) were retrospectively studied,
and follow-up data were obtained and evaluated [13]. The
Beijing Children’s Hospital Institutional Review Board
approved this study ([2023]-E-123-R) with a waiver of the
requirement to obtain informed consent.

Inclusion and exclusion criteria

(1) Inclusion criteria: ® Twenty-nine-day to 18-year-old
children who were admitted to the PICU of Beijing Chil-
dren’s Hospital between November 2016 and November
2023; @ children who met the 2021 diagnostic criteria
for AE [13], that is, there was a disturbance of conscious-
ness during the acute onset of infection (Glasgow Coma
Scale (GCS) score<11 points and duration was >24 h);
® RSV infection was confirmed by the presence of RSV
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positive nucleic acid or antigen in throat or nasopharyn-
geal swabs.

(2) Exclusion criteria: @ Well-defined meningitis or
encephalitis caused by RSV infection, @encephalopathy
caused by other pathogens, and ® a diagnosis of epilepsy
or other causes of a disturbance of consciousness.

Data collection and follow-up

(1) Data collection: Patient data, including age, sex,
onset manifestations, and GCS score, were collected
through the hospital electronic medical records system.
Auxiliary examinations: routine blood tests, including
tests of C-reactive protein (CRP), procalcitonin (PCT),
coagulation parameters, and a biochemistry panel; cere-
brospinal fluid (CSF)-related examination; and others.
Simultaneously, electroencephalogram (EEG) and cranial
imaging data, as well as treatment measures, were col-
lected. Body temperature data were axillary temperature
measurements.

(2) Encephalopathy was diagnosed and classified
according to the 2021 Guidelines for the Diagnosis
and Treatment of Acute Encephalopathy in Childhood
[13]: ® AEs caused by a metabolic disorder: classic
Reye’s syndrome and congenital metabolic disorders;
@ encephalopathies caused by a cytokine storm: acute
necrotizing encephalopathy (ANE) and hemorrhagic
shock and encephalopathy syndrome (HSES) (if children
met the criteria for ANE, they underwent further ANE
Severity Score (ANE-SS) testing) [14], ® encephalopathy
with convulsive status epilepticus (possibly due to exci-
totoxic brain damage): AE with biphasic seizures and
late reduced diffusion (AESD); and ® miscellaneous syn-
dromes: other/unclassified encephalopathy.

(3) Follow-up and prognosis: The GCS score of the
patient at discharge from the PICU was recorded. Surviv-
ing patients are routinely followed up through outpatient
or internet-based clinics based on the severity of their ill-
ness and the convenience of medical care. Patients with
abnormal imaging findings at discharge underwent re-
examinavtion, and the follow-up results were recorded.
Following the initiation of this research, telephone
follow-up with surviving children were conducted on
August 2023, and Pediatric Overall Performance Cate-
gory (POPC) scores were assessed during these calls [15].

Statistical methods
Using descriptive analysis, the measurement data of the
bias distribution are presented as M (range).

Results

Demographic information and clinical manifestations

Four hundred and sixty-four children with RSV infection
were admitted to the PICU of Beijing Children’s Hospital
from November 2016 to November 2023. According to
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the inclusion and exclusion criteria, eight children (1.7%)
with RSV encephalopathy were ultimately included
(Fig. 1).

The children in this group were aged 24.89
(5.92 ~36.86) months, and there were four boys and four
girls. At the time of onset, six children had tempera-
tures greater than 39°C, with a maximum temperature of
40.25°C (39.03 ~41.05C). The time from the onset of ill-
ness to impaired consciousness was 3 (1.88~3.75) days,
and the GCS score was <8. Among the eight patients,
five had generalized seizures, and six had complications
(Table 1). Two children had an abnormal gestational his-
tory or underlying disease, Patient 7 had a 36-week pre-
mature delivery, and Patient 8 had a combined history of
delayed intellectual and physical development and a ven-
tricular septal defect. In the remaining children, no other
abnormalities were found. The PICU hospitalization time
was 7.5 (5~11.5) days, and the total hospitalization time
was 14 (10.5~19) days.

Laboratory findings

No obvious abnormalities in leukocytes were observed.
Two patients had elevated CRP levels; five patients had
elevated PCT levels, at 1.63 (0.24, 39.85) ng/ml; and four
patients had significant increases in liver enzymes, with

Children infected with RSV
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alanine aminotransferase (ALT) at 367 (10.8 ~2385.78)
IU/L. Three children had coagulation dysfunction, all
of whom showed prothrombin time (PT) prolongation
(Table 2). Patient 6 underwent venous cytokine and ferri-
tin (Fer) examination, in which blood interleukin (IL)-1f,
IL-6, IL-10, interferon-y and Fer were elevated; blood
IL-8, natural killer (NK) cell activity and soluble CD25
were normal; blood ammonia was 191 pmol/L; and blood
sugar and lactic acid were normal. At the same time, her
blood and urine metabolism screening tests indicated a
decrease in guanidinoacetic acid. Whole-exome gene
screening was performed for Patient 5 and Patient 6, and
no abnormalities were found.

Nervous system-related examination: Patient 1 did
not undergo lumbar puncture (LP) because of guardian
refusal. The number of CSF cells in all the other seven
patients was normal, and the CSF protein level was 232
(163 ~848) g/L (Table 2). CSF smears and cultures were
negative for seven patients, and CSF metagenomic next-
generation sequencing (mNGS) test results for both
Patient 5 and Patient 6 were negative. Moreover, five
patients did not undergo CSF RSV-related testing. Four
out of eight patients underwent comprehensive EEG
monitoring or examninations. Patient 1 exhibited con-
tinuous low-voltage, nonresponsive activity on a bedside

380 excluded
Without neurological complications

44 excluded

Underlying conditions that could lead to altered
consciousness
* Did not meet the criteria for encephalopathy

n=464
(
L .
84
Y
40

(

32 excluded

L- Co-infection with other pathogens

v

Included
n=8

Fig. 1 RSV-related encephalopathy inclusion and exclusion process
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Table 1 The clinical manifestations of patients with RSV-related encephalopathy
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Characteristic Patient 1 Patient 2 Patient 3 Patient4 Patient5 Patient 6 Patient 7 Pa-
tient 8
Age, m 2753 097 1.87 2727 22.50 3997 4193 18.07
Sex Female Male Male Male Female Female Female Male
Month of the year of onset 11 1 11 1 6 5 12 12
Onset symptom
Maximum body temperature (C) 40.0 38.1 36.0 40.5 412 41 385 39.2
Cough + + + + + + +
Wheeze + + - - - + + +
Convulsion - - + + + + +
Chemosis + - - + - - - -
GCS score at admission to the PICU 3 8 6T 5 5T 5T 7 7
Complications
Central respiratory failure + - + - - - - -
Neurogenic shock + - - - - + - -
Hernia + - - - - - - -
Cardiac arrest + - + - - - - -
Status epilepticus - - + - + - + -
Multiorgan failure + - - - - + - -
Diagnosis ABS Unclassified  Unclassified  Unclassi- ~ ANE ANE Unclassified  Un-
AE AE fied AE superimposed AE clas-
on AESD sified
AE
ABS acute brain swelling
Table 2 Laboratory and imaging findings
Parameters Patient 1 Patient 2 Patient3 Patient4 Patient5 Patient 6 Patient7 Patient8
CRP (mg/dl) 140 3.00 <8 2278 12.03 2.50 <8 <8
PCT 70.71 047 1.21 278 3536 4134 0.16 048
(ng/ml)
PLT 41 280 272 187 118 37 273 247
(10°/L)
ALT (U/L) 537.7 13.9 196.3 1.5 1671.6 4528.3 22.8 59.2
CK(U/L) 8101 54 387 50 222 917 82 182
CK-MB (U/L) 120 8 220 20 19 63 16 28
PT (s) 124 10.5 14.5 16.5 16.1 16.9 10.2 13.1
LP results
CSF cells ND 0 0 2 2 5 6 0
(x10%/L)
Protein (mg/L) ND 848 372 163 216 1068 116 232
EEG Continuous low- ND ND ND Background front head or ~ Negative Negative  ND
voltage, nonrespon- back head slow waves
sive activity
Brain CT Widespread cerebral  Right top Negative ~ Negative  Negative Patchy areaof ~ Negative  Negative
oedema, cerebral blade-like low density
hernia formation low-density was observed
shadow, CT bilaterally in
value 16Hu the thalamus
Brain MRI ND Negative Negative  Negative  Bilateral cerebral hemi- ND Negative  Negative

sphere cortex swelling with

subcortical leukocytic oe-

dema and bilateral thalamic

involvement

PLT platelet count, CK creatine kinase, CK-MB MB isoenzyme of creatine kinase, LP lumbar puncture, MR/ magnetic resonance imaging, ND not done
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EEG. Patient 5 displayed slow waves activity on an EEG.
Patient 6 and Patient 7 showed negative findings in rou-
tine EEGs on the third and ninth days after the onset of
consciousness disorder, respectively. Brain MRI revealed
“bright tree signs’, combined with bilateral thalamus
involvement, in Patient 5. We considered that this patient
had a combination of ANE and AESD (Fig. 2), with an
ANE-SS score of 0 and a low risk. A diagnosis of ANE
was considered for Patient 6, with an ANE-SS score of 7
(high risk).

Treatment

Six children underwent tracheal intubation mechanical
ventilation for 6.5 (4.75~8.25) days, and two patients
were treated with noninvasive ventilation for thirteen
days and four days (Table 3). Six children were treated
with glucocorticoid therapy at an initial dose of 2.5 (2~ 8)
mg/kg/d. Only Patient 6, who was diagnosed with ANE,
received glucocorticoid therapy at an initial dose of
20 mg/kg/d and underwent plasma exchange therapy.

Follow-up and prognosis
Patient 1 was admitted to the hospital with a cerebral
hernia after cardiopulmonary resuscitation due to central
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asphyxia on the 3rd day after onset. On the 7th day, her
parents asked to stop treatment, and the patient died. The
remaining seven children recovered and were followed
up for 4.58 (0.50 ~6.50) years. Brain MRI was conducted
for children with imaging abnormalities in the last imag-
ing examination during hospitalization, and the MRIs of
Patient 5 and Patient 6 indicated brain atrophy.

Discussion

Because of the limited number of reports of severe RSV-
related encephalopathy, paediatricians often have a lim-
ited understanding of this disease. By retrospectively
analysing the data of eight patients with RSV-related
encephalopathy, we evaluated the clinical manifesta-
tions and prognoses in detail, thus providing a reference
for paediatricians, especially paediatric intensive care
physicians.

The incidence of RSV-related encephalopathy is rela-
tively low; however, this condition can lead to AE with
a high fatality rate, and the prognosis varies. Sweetman
et al. [15] reported that the incidence of neurological
complications in children hospitalized with RSV infec-
tion was 1.2%, and the incidence of neurological com-
plications in children treated in the PICU was as high as

Fig. 2 MRl results of Patient 5
One year and ten months old gairl, was admitted for “six days of cough, intermittent fever and convulsions for five days” On the 8th day of the disease
course, the brain MRI showed flaky long T1 (A) and long T2 (B) abnormal signals in the bilateral thalamus, T2 FLAIR (C) had a high signal, and small patchy
diffusion restriction (D, E arrows) could be seen in the right thalamus lesion. Diffusion restriction (D~F) could be observed in the bilateral cerebral
hemisphere and subcortex, showing “bright tree signs’, indicating cytotoxicoedema. Re-examination of the brain by MRI on the 19th day of the disease
showed brain atrophy-like changes in T2 FLAIR images (G), the abnormal signals in the bilateral thalamus had basically disappeared, and the apparent
diffusion coefficient (ADC) (H) indicated that there was no restriction of diffusion in the brain
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Table 3 Treatment and prognosis of patients with RSV-related encephalopathy

Findings Patient Pa- Patient 3 Patient 4 Patient 5 Patient 6 Patient 7 Patient 8

1 tient
2

Glucocorticoids - - + + + + + +

IG + + + + - + - +

Antiviral drugs + + + - - + +

Sedatives and anticonvulsive - - midazolam midazolam midazolam, midazolam, phenobarbital,  pheno-

drugs clonazepam, phenobarbital, midazolam, barbital,

levetiracetam, levetiracetam,  diazepam propofol,
diazepam diazepam, diazepam,
propofol leveti-

racetam

Concentrated sodium chloride + - + + - + - -

Mannitol + - + + + + + +

Invasive ventilation time (d) 5 0 7 4 6 7 0 12

Vital status and GCS score at Death 15 15 15 14 14 15 15

discharge

Follow-up time (m) - 6.50 467 4.58 0.50 0.50 6.50 4.50

POPC score at follow-up - 1 1 1

IG immunoglobulin

4.4-36.4% [16, 17]. Hon et al. [17] reported that among
the neurological complications in children, 17.65%
had encephalitis/encephalopathy, and no deaths were
reported [16]. With a deeper understanding of the dis-
ease, reports of lethal encephalopathy caused by RSV
infection have been increasing. Two cases of RSV-related
ANE have been reported [10, 18], one of which involved
serious neurological sequelae. HSES has also been
reported [19]. In 2021, Saravanos et al. [5] systematically
reviewed eight cases of death from RSV-associated neu-
rologic complications, four of which seemed to be related
to ABS, so vigilance was needed. In the present study,
RSV-related encephalopathy was diagnosed in 1.7% of
all children hospitalized with RSV infection in the PICU,
including one patient with AESD superimposed on ANE,
one with ANE, and one with ABS, among whom the
one ABS patient died. Kawasaki et al. [8] reported that
approximately 50% of children had residual sequelae or
died, while the overall prognosis for surviving patients in
this study was favourable. The prognosis of RSV-related
encephalopathy reported by different investigators var-
ies greatly, which may be related to the small sample size.
Nevertheless, RSV-related encephalopathy can result in
severe types of encephalopathy and poses a risk of death.
All patients in this study underwent CSF pathogen
smear and culture, and no positive results were found.
Two patients had negative CSF mNGS results. There
are few reports of positive CSF pathogen test results in
patients with RSV-related encephalopathy [7]. Morichi et
al. [7] reported that among 9 patients with RSV-related
encephalopathy, the CSF of 4 patients tested positive for
RSV. It is speculated that the majority of patients may not
have direct viral invasion of nervous system but rather an
excessive immune response that causes damage.

The blood PCT level of children with RSV-related
encephalopathy could increase to varying degrees and
may serve as a reference for classification and prognosis.
The PCT level could be used as a basis for determining
whether children have an accompanying bacterial infec-
tion [20]. However, Maves et al. [21] noted that the PCT
level is not sensitive for distinguishing between bacterial
and viral infections in seriously ill children. Among our
cohort, five patients had elevated PCT levels, with three
patients showing notably high PCT levels, including
those with ANE superimposed on AESD, ANE, and ABS.
Moreover, the body temperature, ALT level, CK level,
and levels of other indicators exhibited more pronounced
increases in these 3 patients than in the other patients,
accompanied by a decrease in the PLT levels. The patient
with ABS died during hospitalization, while the other 2
children had relatively low GCS scores at discharge and
recovered at 3 and 6 months after discharge. It could be
speculated that these patients had a more pronounced
inflammatory response contributing to a more critical
condition.

The reasons for the elevated PCT in children with RSV-
related encephalopathy remain unclear. The cause may be
related to the elevation of cytokines such as IL-6 induced
by viral infection, which stimulates high PCT expression
[22]. Fujii et al. [23] found that blood PCT levels can also
increase in patients with AESD, but no statistically sig-
nificant difference in blood cytokine levels was observed
compared to those in febrile seizure patients, suggesting
that the elevated PCT levels in AESD patients may not be
cytokine-induced. Nukui et al. [24] noted the presence of
inflammatory responses in patients with ABS; however,
further exploration is required to understand the rea-
son behind the increased PCT levels. In conclusion, the
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initial degree of PCT elevation in children suffering from
RSV-related encephalopathy may offer valuable insights
into disease severity and prognosis. Nevertheless, addi-
tional research with a larger sample size is warranted for
confirmation.

The types of RSV-related encephalopathy can be super-
imposed. Morichi et al. [7] reported that RSV-related
encephalopathy was mainly caused by excitotoxic brain
damage. According to the diagnostic criteria of the 2021
Guidelines for the Diagnosis and Treatment of Acute
Encephalopathy in Childhood [13], the brain MRI of one
patient in this study showed bilateral diffuse subcorti-
cal white matter cell toxic brain oedema with obvious
“bright tree signs” and simultaneous involvement of the
bilateral thalamus. The patient had ANE superimposed
on AESD, that is, encephalopathy caused by excitotoxic
brain damage and a cytokine storm. Cases of two types
of encephalopathy induced by other pathogens occurring
simultaneously in the same child have been reported [25],
and this study is the first to report a similar phenomenon
caused by RSV infection. This suggests that there might
be multiple mechanisms involved in the occurrence of
RSV-related encephalopathy, and further research is
needed to elucidate its pathogenesis.

RSV infection can also induce ANE, and early positive
treatment may improve patient prognosis. The mortal-
ity rate of ANE is approximately 30%; only 10% of chil-
dren recover completely, and survivors often have severe
neurological sequelae [6, 26-28]. To date, there have
been no reported fatalities linked to RSV-related ANE.
Yamamoto et al. [14] analysed the relationship between
clinical symptoms and the prognosis of children and pro-
posed that a high ANE-SS was strongly correlated with
mortality and severe disability. In our study, a child with
a low ANE-SS had a good prognosis after glucocorticoid
treatment and six days of invasive ventilation. Another
patient with a high ANE-SS was given invasive venti-
lation for seven days, and 20 mg/kg/d glucocorticoid,
immunoglobulin and plasma exchange therapy were
used on day 3 of the disease. At the follow-up, brain MRI
indicated cerebral atrophy. The previous two reports of
RSV-related ANE cases did not provide an ANE-SS, but
the invasive ventilation time of these patients was signifi-
cantly longer than that of the ANE patients in our study
and that of one patient with serious neurological sequelae
[10, 18]. The favourable outcomes in our study may be
attributed to the timely administration of glucocorti-
coid therapy, as well as the potential impact of high-dose
immunoglobulin and plasma exchange therapy [26, 29].
RSV-related encephalopathy can manifest as ABS, lead-
ing to death within a short period. Shiomi et al. [30] first
proposed AE with ABS in 2003. The disease progressed
rapidly, initially manifesting as symptoms related to cra-
nial hypertension and signs of brainstem involvement
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within the following hours. Nukui et al. [24] reported
the cases of four children with ABS, two of whom died.
Lan et al. [31] reported that the incidence of outburst
cerebral oedema in acute encephalitis was 2.4%, and the
mortality rate reached 64%. All survivors were left with
serious sequelae. Although these children were reported
as having “acute encephalitis’, some of them may have
had ABS. For most of the reported paediatric cases, ABS
was induced by influenza virus infection. We found that
RSV infection could also be a cause of ABS, and it may
be relatively common among deceased children. Bottino
[31] and Santos et al. [32] reported similar clinical char-
acteristics in a child who died from RSV-related encepha-
lopathy. In a systematic review, Saravanos [5] reported
eight deaths from RSV-related encephalopathy, four of
which were attributed to ABS [8, 11, 33, 34]. Xu et al. [11]
reported a child, referred to as Patient 1 in this article,
who had blurred consciousness on the third day of the
disease, sudden central respiratory failure and coma, and
cerebral hernia when he was admitted to the hospital.
At present, the possible cause of ABS is rapidly progres-
sive vasogenic oedema [24]. ABS is not completely con-
sistent with the subtype of encephalopathy published in
the 2021 edition of the AE Guidelines [13], and this type
of encephalopathy has not been widely recognized. As it
progresses rapidly, the prognosis is poor, and there is no
clear effective treatment for this disease. Therefore, fur-
ther attention and vigilance are warranted for this type of
encephalopathy.

We classified encephalopathy and proposed, for the
first time, the phenomenon of RSV-related encephalopa-
thy overlapping with ANE and AESD. Currently, only 2
cases of RSV-related ANE have been reported, and this
article presents the cases of an additional 2 patients. Fur-
thermore, we confirmed that RSV can induce the occur-
rence of a fatal type of encephalopathy, especially ANE
and ABS. Additionally, PCT may serve as an indicator of
the type and severity of RSV-related encephalopathy.

However, there are some research limitations of this
study. Firstly, this was a retrospective study with a rela-
tively small sample size. Only 2 patients underwent CSF
RSV testing, and some patients did not undergo MRI or
EEG monitoring/examinations. In some patients, EEGs
were negative findings indicative of encephalopathy, pos-
sibly due to the examinations being conducted during the
recovery period of this disease and the short-duration of
EEG examination, thus failing to capture the abnormali-
ties that might have been present. In the future, multi-
centre prospective studies could be conducted to gain
a more comprehensive understanding of RSV-related
encephalopathy.
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Conclusions

This article summarizes the clinical characteristics of
RSV-related encephalopathy and suggests that PCT
could be utilized as an effective indicator for predicting
the classification and prognosis of this condition. RSV-
related encephalopathy can result in a poor prognosis for
patients, and the occurrence of ANE and AESD in the
same patient is a noteworthy phenomenon. Clinicians
should be more vigilant about neurological complications
that can occur following RSV infection, especially RSV-
related encephalopathy. Furthermore, comprehending
the underlying mechanism of RSV-related encephalopa-
thy and the different types of encephalopathy is essen-
tial for improving treatment approaches and ultimately
improving patient outcomes.
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