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Abstract

Background: Respiratory syncytial virus (RSV) is the most common viral cause of pediatric bronchiolitis and pneumonia
worldwide. Risk factors for high mortality and prolonged morbidity after RSV infection include premature birth,
bronchopulmonary dysplasia, congenital heart disease, and Down syndrome. However, some previously healthy,
full-term children who are infected with RSV also require hospitalization and even experience severe sequelae or death.

Case presentation: In this report, we present the case of an RSV-associated death of a child who was born at full-term
and developed normally up to the age of 2 years old. Cardiopulmonary arrest occurred within 3 days after the onset of

symptoms, which included cough and high fever. Complete brain edema was prominent, and encephalopathy was
developing. Viral antigen detection and microbiome analyses of oral swab and nasopharyngeal aspirate specimens
verified an RSV infection, while bacterial culture of blood specimens yielded negative results. The RSV strain detected in
this patient was subtyped as RSVB9, and no mutation was found in the six antigenic sites for targeted drugs or vaccines.

Conclusions: The patient had a severe infection associated with RSV, which was very likely the cause of her central
nervous system infection and acute neurological complications.
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Background

Respiratory syncytial virus (RSV) is the major cause of
lower respiratory tract illness in children. For most chil-
dren, an initial RSV infection normally occurred within
the first 2 years of life. In infants less than 1 year of age
and with lower respiratory infection, up to 80% are due
to RSV [1]. In most cases, the virus is not fatal. The
most severe infections and well-defined high-risk
groups, including infants with a history of premature
birth, and those with chronic lung disease, congenital
heart disease, cystic fibrosis and immunodeficiency [2].
For those high-risk infants, palivizumab, a humanized
monoclonal antibody which has produced favorable re-
sults to date, is strongly recommended to be administered
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prophylactically [3]. However, most children with RSV in-
fection were previously healthy, and it is often difficult to
predict deterioration of RSV infection [2, 4].

RSV-related encephalitis with acute encephalopathic
symptoms such as seizure, severe sequelae and even
death following RSV infection in children without
underlying disease has sporadically been reported [5].
RSV-related encephalitis usually develops within 1 to
2 days after the onset of clinical symptoms, such as high
fever, cough, and fatigue. However, the mechanism
underlying the rapid progression of related encephalitis
remains unclear. Central nervous system (CNS) infec-
tion, coinfection with bacteria, and dysfunction of the
host immune system may be possible causes.

Next-generation sequencing (NGS) accompanied with
metagenomic analysis can be used as a nonselective
method for pathogen discovery and is increasingly ap-
plied as a diagnostic tool to investigate the causes under-
lying unexplained encephalitis in patients. Two key
features of this methodology are: (1) it makes no as-
sumptions about the type of pathogen and has the po-
tential to detect nucleotides from all species, and (2) the
causative pathogen may not necessarily be the most
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abundant signal in the NGS results and may sometimes
be present as only a low-level signal compared to all other
signals associated with commensal pathogens. It can, how-
ever, provide unbiased and sensitive identification.

In this report, we present the case of a 2-year-old girl
who was not born prematurely and had no underlying
disease whose sudden death may have been related to an
RSV infection identified by conventional methods and
metagenomic analyses.

Case presentation

The patient in this fatal case was a 2-year-old girl who
was born full-term and had developed normally. She had
no medical history of asthma or pneumonia and no fa-
milial history of immunodeficiency. She had no brothers
or sisters.

The patient was admitted to the hospital due to 3 days
of fever and 15 min of respiratory and cardiac arrest.
The symptoms started on 10 November (3 days before
admission), with a fever (up to 39.8 °C) but no chills,
rash or convulsions. Ibuprofen was given orally. The body
temperature decreased for 4 to 5 h but then climbed to
40.3 °C. Shortness of breath accompanied the fever, and
the body temperature did not decrease obviously after the
oral administration of ibuprofen. Wheezing caused by the
retention of phlegm in the throat and a single paroxysmal
cough occurred. The patient occasionally coughed up a
small amount of yellow phlegm and had a slightly
runny nose. She had no asthma, breathing difficulty or
hemoptysis; she had lethargy and a poor appetite but
no vomiting or diarrhea. On 11 November (2 days be-
fore admission), the patient still had a high fever, and
her body temperature fluctuated around approximately
40 °C. The patient’s body temperature did not obviously
decrease after she was given oral ibuprofen and acet-
aminophen alternately. Acute infection was considered
from then on. The patient received an intravenous infu-
sion of 0.14 g Zithromax and 120 mg rographolide as
well as aerosol inhalation of 2 mg budesonide, but her
fever persisted, and her body temperature rose to a
peak of 40 °C. On 12 November (1 day before admis-
sion), the patient still had a persistent fever and wheez-
ing due to the retention of phlegm in her throat. She
had shortness of breath, a light cough, and a drooping
spirit, accompanied by a rash on the torso and limbs.
Her appetite was slightly improved, and she had no
vomiting or convulsions. On 13 November, the patient
had sudden respiratory and cardiac arrest 3 h before ad-
mission. She was immediately and continuously treated
with cardiopulmonary resuscitation by physicians and the
intravenous injection of adrenaline (4 times). She was
treated with trachea cannula and mechanical ventilation,
and her heart beat recovered approximately 15 min later,
but the patient remained in a deep comatose state with no
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spontaneous breathing. Then, the patient was transferred
to our hospital and immediately underwent electrocardio-
gram (ECG) monitoring. Bloody fluid was visible in the in-
dwelling gastrointestinal decompression tube, and the
blood-gas analysis showed metabolic acidosis. The patient
was treated with sodium bicarbonate to correct the acid-
osis. She was diagnosed with an acute CNS infection and
brain hernia. After cardiopulmonary resuscitation, she was
admitted to the pediatric intensive care unit (PICU). The
head CT scan showed extensive brain swelling, decreased
brain parenchymal density, narrowed cerebral ventricles
and cisterns. These findings prompted a diagnosis of ex-
tensive brain edema and hernia. The chest posteroanterior
radiograph showed fuzzy, coarse bilateral lung markings,
visible small patchy shadows in the right inferior lung and
a clear pulmonary hilus. These findings were diagnosed as
pneumonia. Routine blood examination results suggested
the presence of a bacterial infection; thus, the patient was
treated with vancomycin and meropenem to control an
infection. After that, immunoglobulin (1 g/kg) was admin-
istered for immune support. The patient was still in a deep
coma state, and light reflexes of both pupils were absent.
The patient’s spontaneous breathing was weak and irregu-
lar, and she had no response to painful stimulation. Com-
pared with earlier, her rash was reduced, and the
pulmonary lesions shown on the chest posteroanterior
radiograph were slightly absorbed. Immunoglobulin (1 g/
kg) was continuously administered to neutralize patho-
gens. On 15 November (3 days after admission), transcra-
nial Doppler ultrasound assessment showed that the
patient’s anterior and posterior cerebral circulation corre-
sponded to the diagnostic criteria for brain death. On 17
November (5 days after admission), various organ func-
tions failed, and the patient could not tolerate a spontan-
eous breathing test. Her guardian chose to quit treatment,
and the patient died.

Laboratory diagnosis

Viral antigen detection based on both an immunofluor-
escence assay and the Luminex xTAG respiratory viral
panel assay was positive for RSV in the patient’s naso-
pharyngeal aspirates (which were collected on 14 Nov, the
5th day of disease onset and the 2nd day of admission)
and negative for adenovirus, influenza A and B viruses,
parainfluenza virus 1-4, human metapneumovirus, en-
teroviruses and rhinoviruses, human coronavirus HKU1,
229E, NL63 and OC43, and human bocavirus. Because
the patient’s guardian refused to consent to lumbar punc-
ture, cerebrospinal fluid (CSF) was not available for the
detection of CNS infection.

The blood biochemistry results are summarized in
Table 1. The amounts of red blood cells (RBCs),
hemoglobin, and platelets continuously decreased
after the onset of symptoms. Extremely high levels of
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C-reactive protein from the third day (36-104 mg/L)
suggested viral or bacterial infection; however, bacter-
ial cultures of blood specimens vyielded negative
results.

The percentage of T lymphocytes was 46.6%, of which
helper T cells and suppressor T cells accounted for 29.6
and 13.2%, respectively. The ratio of CD4/CD8 was 2.2.
The proportions of B lymphocytes and NK cells were 45.
6 and 3%, respectively. All these immunological indexes
indicated dysfunction of the patient’s immune system.

Metagenomic and viral molecular analysis

Oral swab, nasopharyngeal aspirate, and serum speci-
mens collected on 14 Nov (the 5th day of disease onset
and the 2nd day of admission) were subjected to multi-
plex metagenomic analyses using an NGS platform. The
nucleic acid library was constructed as previously de-
scribed [6]. The amplified nucleic acid libraries were
then analyzed using an Illumina HiSeq 4000 sequencer
for a single read of 126 bp. The raw sequence reads were
filtered using previously described criteria [7] to obtain
valid sequences.

When bacteriophages, plant-origin sequences resulting
from food debris in the oral cavity, and contamination
from the reagents used in the sample processing step
(murine leukemia virus (MLV), for example) were ex-
cluded, only human RSV (based on the NCBI taxonomy
database) was identified, with at least one specific se-
quence from the oral swab (2137 reads) and the naso-
pharyngeal aspirate (146 reads). No virus-related
sequences were detected in the serum specimen. Mean-
while, large numbers of sequence reads related to bac-
teria, including Streptococcus mitis, Streptococcus
parasanguinis, Streptococcus pneumoniae, Streptococcus
salivarius, Streptococcus infantis, Streptococcus suis,
Neisseria meningitidis, Neisseria gonorrhoeae, Haemoph-
ilus sputorum, Haemophilus parainfluenzae, Entero-
coccus cecorum, and other conditioned pathogenic
bacteria were also detected in the oral swab, nasopha-
ryngeal aspirate, or/and serum specimens (Fig. 1). How-
ever, although the metagenomic analysis showed
sequence reads assigned to Kingdom Bacteria, the bac-
terial culture of the blood specimens yielded negative
results.

Based on the random distribution of reads of the RSV
virus genome, the complete length of the genome was
obtained using NGS methods and gap amplification.
This RSV strain was subtyped as RSVB; it was found to
cluster in the BA genotype and had the signature 60-bp
duplication in the G gene. The newly identified virus
was named RSVB/BCH-Y/2016, and the full genome se-
quence was deposited in GenBank under accession num-
ber KY924878. The phylogenetic analysis was conducted
with representative sequences from nearly all RSVB
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subgroups (BA1-10, GB1-4, SAB1-4, URU1-2) from
GenBank; RSVB/BCH-Y/2016 belonged to BA9 sub-
group (Fig. 2). The nucleotide homology comparisons
revealed that the G gene of this strain was most closely
related (share 98.82% homology) to strain RSVB/GZ/13—
730, which was isolated from a child in Guangzhou,
China, in 2013. For the six most important antigenic
sites (@, I, 11, IV, V, VI) in the fusion protein for drug or
vaccine (such as palivizumab) targeting [8, 9], no muta-
tion was found in RSVB/BCH-Y/2016.

Discussion and conclusions

RSV infection generally causes symptoms such as fever,
cough and wheezing. While respiratory failure may
occur in severe cases, the fatality rate is not high in clin-
ical cases. The patient in this case study was infected
with RSV, and the disease progressed rapidly, with ex-
tensive cerebral edema and hernia.

There are prior reports of neurological complications
of RSV infection, which mainly include central apnea,
seizures, and encephalopathy [10]. Apnea is a common
occurrence in RSV-infected patients younger than
2 months of age and is a frequent indication for intub-
ation [11, 12]. The mechanism of RSV-related apnea is
unknown, but a significantly reinforced laryngeal che-
moreflex or an immature respiratory center in infancy
has been proposed [11, 13]. Evidence of an encephalitic
pathology caused by RSV infection is sparse. The pres-
ence of RSV in CSE, detected using polymerase chain re-
action, was reported in a single case of a 4-month-old
boy with febrile seizure [14]. The pathogenesis of RSV-
related encephalitis is not yet fully understood. However,
it has been hypothesized that RSV may enter the CNS
through the hematogenous/blood-brain barrier route or
through invasion, causing the release of several humoral
neurotoxic cytokine mediators [15].

The diseases that we considered in the course of treat-
ment included the following: (1) Severe hand, foot and
mouth disease (usually caused by enterovirus, type 71):
this disease has a sudden onset in most cases, and symp-
toms include fever, rashes and herpes appearing on the
oral mucosa, hands, and feet. This disease progresses
quickly in a small number of cases, especially in children
younger than 3 years old. At 1-5 days after onset, com-
plications such as meningitis, encephalitis, encephalomy-
elitis, pulmonary edema and circulatory disorders occur.
A very small number of infections worsen and lead to
death. However, symptoms such as herpes and pulmon-
ary edema were not observed in this patient, and both
viral pathogen analyses showed negative results for en-
teroviruses, so this speculation was not supported. (2)
High pathogenic influenza virus infection: the typical
symptoms include fever, cough, sore throat, headache,
body pain and fatigue. Some patients progress quickly to
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Human respiratory syncytial virus
Azotobacter vinelandii
Propionibacterium acnes
Streptococcus mitis

Prevotella melaninogenica
Staphylococcus epidermidis
Tannerella forsythia
Abiotrophia defectiva
Streptococcus parasanguinis
Streptococcus pneumoniae
Streptococcus salivarius
Escherichia coli

Ralstonia solanacearum
Haemophilus sputorum
Meiothermus silvanus
Stenotrophomonas maltophilia

Serratia marcescens
Streptococcus sp. oral taxon 431
Tannerella sp. oral taxon BUO63
Cardiobacterium hominis
Neisseria meningitidis
Neisseria gonorrhoeae
Nocardia farcinica
Staphylococcus aureus
Haemophilus parainfluenzae
Enterococcus cecorum
Streptococcus infantis

Streptococcus suis
Haemophilus influenzae

Kocuria paiustis |

Fig. 1 Heatmap based on the read numbers of pathogens derived from the oral swab, nasopharyngeal aspirate, and serum specimens. The
clinical specimens are listed in the bottom row, and the pathogen names are presented in the left column. The boxes colored from blue to red
represent the metagenomic sequencing reads observed (the reads varied between 2° and 2'?)

severe pneumonia, acute respiratory distress syndrome
(ARDS), shock and acute necrotic brain injury. However,
this child underwent repeated influenza A virus antigen
detection, and all results were negative; thus, this specu-
lation was not supported. (3) Fulminant myocarditis: the
initial symptoms primarily include fever, cough, fatigue
and vomiting. The disease develops rapidly and can
lead to sudden congestive heart failure, cardiogenic
shock, and Adam-Strokes syndrome. ECG sometimes
demonstrates ST-T changes, myocardial infarction, and
arrhythmia. The cardiac ultrasound may show left ven-
tricular enlargement. However, no abnormalities were
observed in the ECG or heart ultrasound analyses of
our patient; thus, this speculation was not supported.
Because the patient’s guardian refused to consent to
lumbar puncture, a CSF specimen was not available for
further validation. We could not be sure whether the
neuroinvasion of RSV did occur in this case because

RSV has only rarely been identified in CNS specimens
[12]. This finding is somewhat similar to that of influ-
enza encephalitis. Britton et al. have described cases of
influenza-associated neurological disease without testing
for influenza viruses in CSF specimens [16]. Whether
the influenza virus invades the CNS or not is still con-
troversial. Fujimoto et al. reported that influenza virus
RNA was detected in the CSF of 71.4% (5/7) of patients
who developed influenza-associated acute encephalop-
athy/encephalitis [17]. However, in other reports, only a
small number of patients were positive for viral RNA in
the CSF and brain, and there was a lack of inflammation
in the brain tissue of fatal cases [18—21]. In the reported
cases, no influenza RNA was detectable in the CSF.
However, this finding does not exclude influenza as a
cause of the encephalitis because the viral RNA may
have been cleared by the time the CSF was taken. The
fact that the RNA is no longer detectable does not
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Fig. 2 Phylogenetic analysis based on the complete G gene
sequence of the RSV detected in this patient and other representative
sequences from nearly all RSVB subgroups (BA1-10, GB1-4, SAB1-4,
URU1-2) from GenBank. The nucleotide phylogenetic tree was
constructed using the neighbor-joining method with nucleotide p
distances and 1000 bootstrap replicates in the Molecular Evolutionary

Genetics Analysis program (MEGA, version 4.0, USA)

exclude an earlier CNS insult by the virus causing the
current symptoms. For the case reported here, although
direct evidence of RSV infection in the CNS was not
available, the clinical symptoms together with the la-
boratory findings and metagenomic analysis results sug-
gested that the patient may have had severe sepsis that
potentially resulting from an RSV infection with a high
probability of CNS infection and acute neurological
complications.

Combining NGS with metagenomic analysis provides
an important clinical tool to identify unexpected or
novel pathogens in patients. The advantage of this meth-
odology is maximized when the causative pathogen pre-
sents a low-level signal compared to all other signals
representing environmental and commensal pathogens.
Improving the optimization and implementation of pro-
tocols suitable for clinical samples will no doubt improve
microbial diagnosis in clinical practice.

Our findings, in conjunction with previously reported
cases emphasize the need for more awareness of the
neurological complications of RSV infection. Its clinical
manifestations may include seizures, encephalopathy,
and focal neurological findings. Early recognition of
neurological complications of RSV infection is important
for initiating effective treatment to reduce mortality and
long-term morbidity.
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