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A severe case of human rhinovirus A45
with central nervous system involvement
and viral sepsis
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Abstract
Background: Rhinovirus is a common viral aetiology of upper respiratory infection and is mostly associated with
common cold or flu-like illness. Although rhinovirus has been recognized as a pathogen for lower respiratory infections in severe cases credited to advances in molecular detection, central nervous system involvement and multiorgan dysfunction are extremely rare.
Case presentation: A previously healthy 10-year-old girl developed fever, sore throat and conjunctive injection after
contact with an upper respiratory infection patient, followed by seizures, haematuria, and severe diarrhoea. She experienced viral sepsis and multiorgan dysfunction after admission. Cerebral computed tomography showed significant
diffuse encephaledema. Cerebrospinal fluid analysis showed significantly elevated protein levels. After her consciousness disturbance improved, she still took a long time to recover from haematuria and diarrhoea. We identified a rarely
reported rhinovirus A45 in her oropharyngeal and anal swabs by metagenomic next-generation sequencing, and
bacterial culture of blood specimens yielded negative results.
Conclusions: This case presents a patient with severe rhinovirus infection, which was very likely responsible for her
central nervous system symptoms and viral sepsis.
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Background
Human rhinovirus (HRV) is classified in the Enterovirus
genus within the Picornaviridae family. It is a common
viral aetiology of upper respiratory infections and has
been mostly associated with cold and flu-like illnesses
[1]. In most cases, HRV infection is mild and self-limited,
but it is responsible for severe symptoms in children,
such as wheezing, exacerbation of asthma, bronchiolitis, severe pneumonia, and cardiopulmonary disease
[2–4]. Risk factors associated with moderate to severe
HRV infections include comorbidities and RSV coinfection, prematurity, congenital heart diseases, and noninfectious respiratory diseases (including obstructive sleep
apnea, asthma, chronic obstructive pulmonary disease,
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bronchiectasis, interstitial and pulmonary vascular diseases, etc.) [5].
Enterovirus (enterovirus-A71, enterovirus-D68, type B
coxsackieviruses, etc.) is frequently considered to be the
most likely pathogen by paediatricians in cases of aseptic
meningitis, encephalitis, encephalopathy, and disseminated infection in children [6, 7]. However, HRV, also a
member of enterovirus genus, is rarely associated with
central nervous system (CNS) infection. To date, only a
few cases of HRV-related encephalitis/encephalopathy
have been reported worldwide [8–12].
Herein, we presented a severe case of HRV-related
CNS involvement in a previously healthy child without
known medical history. HRV infection was confirmed by
metagenomic next-generation sequencing (mNGS) and
virus isolation.

Case presentation
In this case, the patient was a 10-year-old girl who was
born full-term and developed normally. She had no
recorded medical issues of congenital heart diseases or
noninfectious respiratory disease. There were no noteworthy diseases in her family history, except that her
mother had a miscarriage at 20 weeks gestation in her
third pregnancy. She has a healthy twin brother.
On the 10th of July (five days before admission), the
patient experienced sore throat, redness in her eyes, and
neck stiffness and developed fever with a temperature up
to 40.5 °C after contact with a patient with a respiratory
infection (her mother). She was prescribed azithromycin, but it did not relieve the symptoms. She was presented to the emergency department after an episode of
convulsion and loss of consciousness lasting 2 min and
ceased spontaneously. The second episode of convulsion
occurred when she was observed in the emergency room,
which could not be controlled by diazepam (10 mg) and
chloral hydrate (10 ml). She did not regain consciousness
after this episode and bloody urine could be seen in the
catheter, wherefore was admitted to a paediatric intensive
care unit (PICU).
On examination, her temperature was 36.5 °C, her
blood pressure was 134/89 mmHg, her heart rate was
172 beats per minute, her respiratory rate was 37 breaths
per minute, and her oxygen saturation was 96% while the
patient was breathing ambient air. Her Glasgow Coma
Scale (GCS) score was 6 (E1V1M4). Her pupillary size
was 3 mm in both eyes, but the pupillary response was
delayed, and conjunctives were injected and oedematous. Neither meningeal nor abnormal neurologic signs
were noted. On abdomen auscultation, bowel sounds
decreased. Other physical findings were unremarkable.
Her head computed tomography showed significant diffuse encephaledema (Fig. 1A–C). Laboratory tests were

Page 2 of 10

in the normal range except for slightly elevated procalcitonin (PCT) levels.
The patient received standard supportive care after
admission, including Nasal Continuous Positive Airway
Pressure (NCPAP), continuous intravenous midazolam,
methylprednisolone (2 mg/kg·d), mannitol, and 3% saline.
Six hours after transfer to the PICU, the patient underwent intubation and mechanical ventilation for paradoxical respiration and worsening oxygen saturation with
cyanosis. The patient exhibited significant elevations of
creatine kinase (1345 U/L; reference range, 25–200 U/L)
and myoglobin (247.8 ng/ml; reference range, 0–140 ng/
ml), and the diagnosis of rhabdomyolysis was confirmed
accordingly. Other enzymes were measured, including
alanine transaminase, aspartate transaminase, pancrelipases, pancreatic amylase, amylase, lactate dehydrogenase, which all were elevated and details were listed
in Table 1. Detailed laboratory results were also listed
in Table 1. On hospital Day 2, cerebrospinal fluid (CSF)
analysis revealed that protein levels were significantly
increased by nearly 3 times the upper limit of the reference range (1288 mg/L; reference range, 20–450 mg/L),
and glucose levels were slightly elevated (6.29 mmol/L;
reference range, 2.8–4.5 mmol/L), while Gram staining of the CSF was negative. Considering autoimmune
encephalitis, intravenous immunoglobulin (IVIG) was
administered. On hospital Day 3, the patient’s situation
deteriorated, and she developed hypotension and hypovolemia. Blood analysis revealed decreased WBC counts
and elevated C-reactive protein levels (CRP). Her PCT
level was 157.97 ng/L. Cytokine levels were examined,
and the results showed elevated levels of IL-6 (388.67 pg/
ml [reference range < 5.40 pg/ml]), IL-8 (1116.66 pg/
ml [reference range < 20.60 pg/ml]), IL-10 (17.88 pg/ml
[reference range < 12.90 pg/ml]), and IFN-γ (38.21 pg/
ml [reference range < 23.10 pg.ml]). In combination of
her laboratory results, proven pathogen infection by
PCR assay and clinical manifestation, she was diagnosed
with septic shock, and anti-shock therapy was initiated.
Meropenem and linezolid were prescribed to control an
infection. Doses of methylprednisolone were increased
to 10 mg/kg. On physical examination, her pupils were
dilated, and pupillary light reflexes were prolonged, findings suggestive of intracranial hypertension. Because the
patient had progressively increased creatine levels and
mixed metabolism and respiratory acidosis, continuous renal replacement therapy (CRRT) with continuous
venovenous haemofiltration was started. On hospital
Day 4, she developed coagulation disorder and pancytopenia. Haemophagocytic syndrome was considered, but
the laboratory results did not meet the criteria to support the diagnosis until hospital Day 17 (pancytopenia,
elevated serum ferritin [777.4 ng/ml, reference range
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Fig. 1 Cerebral computed tomography results. A–C Images obtained on admission Day 1 show a finding suggestive of diffuse encephaledema.
D–F Images obtained on admission Day 7 show improvement of encephaledema

6–159 ng/ml], SCD25, decreased NK cell counts and
phagocytosis in bone marrow). Bloody fluid was visible in
the indwelling gastrointestinal decompression tube with
decreased haemoglobin levels of 7.1 g/dl, and the patients
had bloody and watery diarrhoea, which prompted
active gastrointestinal bleeding. After medical interventions and supportive care, the symptoms of intracranial
hypertension were mitigated, and the patient’s awareness improved on hospital Day 6. Computed tomography shows improvement of encephaledema (Fig. 1D–F).
We monitored her blood enzymes, which returned to the
normal range. On hospital Day 12, the patient was awake,
and spontaneous breathing was restored. Levels of CRP
and PCT dropped to the reference range. CSF analysis
showed normal cell count and chemistries. However, the
patient still experienced persistent diarrhoea and haematuria. When her gastrointestinal condition improved, we
performed video capsule endoscopy on hospital Day 37,
uncovering diffuse intestinal abnormalities with a gross
appearance characterized by continuous lesions, ulcerations, erythema, oedema, and inflammatory hyperplasia (Fig. 2). We performed endoscopy on hospital Day
44, and endoscopic biopsy suggested diffuse nonspecific inflammation of the intestine. Haematuria stopped
on hospital Day 42. The patient had gradual improvement in digestive tract function, and diarrhoea mitigated

gradually. She could tolerate enteral nutrition on hospital
Day 38, and parenteral nutrition was stopped on hospital
Day 51. She recovered well. After 75 days in hospital, she
was discharged.
Viral analysis
PCR assay

Viral detection for human enterovirus (HEV) assay targeting the 5′-untranslated region was conducted using
real-time reverse transcription polymerase chain reaction (PCR) by pan-enterovirus detection kit (DAAN
GENE, Cat. #DA-BT109). Throat swabs and anal swabs
were positive, whereas CSF specimens (collected on the
day of admission) were negative.
mNGS for pathogen detection

Oropharyngeal swabs, anal swabs, and serum specimens (collected on hospital Day 4) were subjected to
metagenomic analyses using an NGS platform. Nucleic
acids were extracted from each sample using the
Direct-zol RNA miniprep kit (Zymo Research, Irvine,
CA, USA) and TRIzol LS reagent (Thermo Fisher Scientific, Carlsbad, CA, USA). The DNA/RNA concentrations were measured using a Qubit fluorometer
(Thermo Fisher Scientific). DNA libraries were constructed through transposase mediated methods, and
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Table 1 Patient laboratory data
Variable

On admission

Hospital day 3

Hospital day 12

Reference
range,
children*

Haematocrit (%)

38.1

30.8

16.2

36–46

Haemoglobin (g/L)

134

109

59

118–156

White blood cells (×109/L)

14.39

2.77

7.23

4.3–11.3

Neutrophils

13.16

2.27

4.79

1.6–7.8

Neutrophils (%)

91.4

82

66.2

31–70

Lymphocytes

0.69

0.4

1.27

1.5–4.6

Lymphocytes (%)

4.8

14.4

17.6

23–59

Platelets (×1012/L)

200

120

66

167–453

Prothrombin time (sec)

–

> 300

16.8

14.3–18.8

Activated partial-thromboplastin time (sec)

–

> 180

32.9

25.1–38.4

Prothrombin-time international normalized ratio

–

1.48

1.07

Total bilirubin (mmol/L)

49.7

56.15

170.59

3.42–20.5

Direct bilirubin (µmol/L)

38.87

47.87

129.84

0–3.42

Indirect bilirubin (µmol/L)

10.2

8.28

40.75

0–17.10

Alanine transaminase (U/L)

94.1

52.4

58.2

7–30

Aspartate transaminase (U/L)

111.5

120.2

48.1

14–44

Pancrelipases (U/L)

1683

2810

106

0–125

Pancreatic amylase (U/L)

27

94.4

82.2

0–39

Amylase (U/L)

184

232

63

17–115

Creatine kinase (U/L)

1345

1551

105

25–200

Lactate dehydrogenase (U/L)

620

648

392

110–295

C-reactive protein (mg/L)

14

154

57

<8

Procalcitonin (ng/mL)

19.78

157.97

0.77

< 0.25

Blood urea nitrogen (µmol/L)

12.15

13.29

10.15

2.5–6.5

Creatine (µmol/L)

93.6

159.1

55.4

27–66

Myoglobin (ng/mL)

247.8

–

77.2

0–140

Differential count (per µl)

*

Reference values are affected by many variables, including the patient population and the laboratory methods used. The ranges used at Beijing Children’s Hospital
are for children. They may, therefore, not be appropriate for all patients
–The laboratory test was not performed on that day

PCR amplification followed (Life Technologies, Carlsbad, CA). The quality of the DNA/RNA libraries was
assessed using a Qsep1 biofragment analyser (BiOptic,
La Canada Flintridge, CA) to measure the sizes of fragments before sequencing. The quantified libraries were
pooled and sequenced on a NextSeq 550Dx sequencing
platform (Illumina). A single-end (75-bp read length)
sequencing strategy was used. Reads that passed these
filters were mapped against human references using
Bowtie v2.2.4. Reads that aligned to either of the references were removed. The remaining reads were subjected to a BLASTn v2.2.30 search, and mapping was
performed using CLC Genomics Workbench v21.0.3.
All tools were run with default parameters unless otherwise specified. Human rhinovirus type A (HRV A)
was identified from oropharyngeal swabs (3274 reads)
and anal swabs (9 reads). These random distributions

of reads of HRV A sequences covered 100% of the
total HRV A genome. GB virus C (hepatitis G virus)
sequences (1091 reads) were detected in blood samples, but we considered it to be the causative pathogen
because GB virus C single infection barely had clinical
implications. An abundance of sequences of conditional
pathogenic bacteria were detected in oropharyngeal
swabs and anal swabs, including Streptococcus anginosus, Prevotella melaninogenica, Veillonella parvula,
Bacteroides thetaiotaomicron, and Klebsiella pneumoniae. Large amounts of Streptococcus anginosus reads in
DNA (up to 18,274) and RNA (up to 413,806) libraries
were detected in oropharyngeal swabs and anal swabs,
and we suspected it could be a co-pathogen. However,
cultures of blood samples yield negative results and the
patient’s clinical presentation didn’t warrant a bacterial
infection.
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Fig. 2 Images of video capsule endoscopy on hospital Day 37. A Gastric antrum; B duodenum; C jejunum; D ileum; E terminus of ileum; F colon

Viral molecular analysis

Conventional reverse transcriptase PCR (RT–PCR) targeting the VP4/VP2 region of HRV-A was used to verify the mNGS results as described elsewhere [13]. The
complete length of the HRV A genome was obtained
using the NGS method. This HRV strain was subtyped
as HRV-A and named HRV/BCH/PICUBJ210720. The
complete genome sequence was deposited in GenBank
(accession number: OL989374). Multiple-sequence alignments were constructed with MAFT (https://www.ebi.ac.
uk/Tools/msa/mafft/) software (version 7.407) using the
accuracy-oriented method (L-INS-i). Phylogenetic trees
based on the complete genomes and viral gene VP1 were
generated using the neighbour-joining method, and bootstrap values of MEGA software version 7 with 1000 replicates were calculated to evaluate confidence estimates
(Fig. 3). Phylogenetic analysis showed that the HRV-A
strain in this study was subgrouped into A45. Nucleotide homology comparisons indicated that this strain
was closely related to four strains (HRV-45_strain_20693,
HRV-45_strain_1217, HRV-45_isolate_12MYKLU1410_
from_Malaysia, HRV-45_isolate_14MYKLU3891_from_
Malaysia), which were denoted as rhinovirus A clade D
[14]. Compared to the HRV-45 prototype strain ATCC
VR-1155, 51 amino acid missense mutations were identified in HRV/BCH/PICUBJ210720. Two unreported
substitutions, C900H in P2-A and N2096T in P3-C, were

found in this virus. Notably, two substitutions, K654T
in the BC loop of VP1 and Q228K in the puff region (EF
loop) of VP2, have been reported to associate with viral
neutralization sites and virulence [15].
Virus isolation

Virus was isolated from oropharyngeal swab samples by
growing in H1-HeLa cells. Cell lines were cultured at
37 °C in 5% carbon dioxide in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco) with 10% foetal bovine serum
(FBS, Gibco) and 1% penicillin and streptomycin (P/S,
Gibco). The sample was centrifuged at 10,000 rpm for
20 min at 4 °C, and 100 µl of the supernatant in 200 µl
DMEM supplemented with 1% P/S was inoculated
onto monolayers of H1-HeLa cells, which were grown
in 24-well cell culture plates after removing the growth
medium and washed with DMEM. The cells were incubated for 1 h at 33 °C to allow virus absorption. Then, the
inoculum was removed, and DMEM supplemented with
2% FBS and 1% P/S was added to each well. The cultures
were incubated further in a 5% C
 O2 incubator at 33 °C.
Cytopathic effects (CPEs) were observed on Day 5 after
inoculation (Fig. 4).
Whole exome sequencing

DNA was isolated from peripheral blood samples
obtained from the patient using a Gentra Puregene

Liu et al. Virology Journal

(2022) 19:72

Page 6 of 10

Fig. 3 Phylogenic analysis of HRV-A45 detected in this patient and other representative sequences of HRV. MEGA v7.0 software was used to
generate phylogenetic trees with the neighbour-joining method and the Kimura 2-parameter model. The robustness of the phylogenetic trees was
assessed using the bootstrap method with 1,000 replicates. The strain in the current study is marked with a solid red circle. A Phylogenic tree based
on the completed genome sequences; B phylogenic tree based on the VP1 gene sequences; C phylogenic tree based on the 5’UTR sequences

Blood Kit (QIAGEN, Hilden, Germany). The SureSelect Human All Exon Kit (Agilent Technologies, Santa
Clara, America) was used for whole exome capture. The
target regions were sequenced on NovaSeq (Illumina,
San Diego, America) and aligned to the GRCh37/hg19
human reference sequence. Variants were annotated
and filtered by TGex (tgex-app.genecards.cn). Variants were classified following the ACMG/AMP interpretation standards and guidelines [16]. Whole-exome
sequencing revealed heterozygous mutation of ALMS1
related to Alstrom Syndrome, which was characterized
by a complex array of clinical presentations, including
progressive retinal degeneration, hearing loss, hyperinsulinaemia, dilated cardiomyopathy, and fibrosis.
However, these symptoms did not match the clinical
manifestations of our patient.

Discussion
Human enteroviruses (EVs) are divided into seven species, including enterovirus species A to D and rhinovirus
species A to C [17]. EVs have been strongly associated
with neurotropic pathogens causing a wide spectrum of
clinical manifestations in the CNS ranging from aseptic
meningitis to severe encephalitis/encephalopathy. Some
species, such as EV-A71, CV-A6, CV-A16, and EV-D68,
have been shown to be strongly neurotropic and responsible for diverse neurological complications [18]. However, HRV typically causes symptoms, such as fever,
rhinitis, and cough, which are characterized as common
cold or flu-like illnesses. HRV-related CNS involvement and multiorgan dysfunction are extremely rare. In
this report, we presented a previously healthy girl who
developed fever and sore throat, followed by seizures,
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Fig. 4 Cytopathic effect (CPE) in H1-HeLa cells after inoculation and 5 days post-inoculation of clinical specimens. A Control 0 days after inoculation
with DMEM; B control 5 days post-inoculation with DMEM; C 5 days after inoculation with oropharyngeal swab; D 5 days after inoculation with anal
swab

haematuria, and severe diarrhoea, and experienced viral
sepsis and multiorgan dysfunction after admission. We
identified a rarely reported HRV-A45 in her oropharyngeal and anal swabs by mNGS. Besides HRV-A45, we also
detected a large amount of Streptococcus anginosus reads
in in oropharyngeal swabs and anal swabs. However, the
patient’s clinical presentation didn’t warrant a bacterial
infection. Also, we empirically used antibiotics (meropenem and linezolid) to control infection, but they didn’t
relieve the patient’s symptoms. Most importantly, bacterial culture of blood specimens yielded negative results.
Thus, we presumed that Streptococcus anginosus might
not attribute to the patient’s clinical presentation.
Viral sepsis is defined as life-threatening organ dysfunction due to an inappropriate, severe inflammatory
response in the host to suspected or confirmed viral
infection [19, 20]. For clinicians, septic patients lacking
evidence of bacterial or fungal infections should always
consider viral sepsis. In clinical practice, bacterial sepsis
is presumably more common, and antibiotics are administered in most septic patients. Virus tests and identification are frequently foregone in the acute presentation
of sepsis. However, in a global epidemiological study of

paediatric severe sepsis, 21% of patients had confirmed
viral infection, whereas bacteria and fungi made up 54.4%
and 13.4% of infectious aetiologies, respectively [21]. Of
these viral infection cases, rhinovirus, respiratory syncytial virus, and adenovirus are most commonly identified.
In our case, clinical presentations, laboratory tests, and
metagenomic analysis all prompted the diagnosis of viral
sepsis caused by HRV infection.
HRV is a positive-sense, single-stranded RNA (ssRNA)
virus that can be recognized by Toll-like receptors
(TLRs). Once double-stranded RNA is generated, it can
be recognized by melanoma differentiation-associated
gene 5 (MDA-5) and subsequently activate the type I
interferon response. The engagement of these receptors
is essential to employ the innate immune system to trigger inflammation and antiviral responses [22]. The interaction between these ligands and receptors is required
for maximizing HRV-induced IFN-γ, IFN-β, and proinflammatory cytokine expression, including IL-6, IL-8,
and IP-10 [23]. As a result, when the immune system
tries to eradicate invading pathogens, the virus can utilize these strategies to cause an exaggerated inflammatory response and tissue damage. In this case, they are
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critical to the ability to cause viral sepsis, which leads
to multiorgan damage or dysfunction. We observed significantly elevated IL-6, IL-8, IL-10, and IFN-γ when the
patients developed septic shock, indicating that TLR and
MDA-5 recognition of HRV might play a crucial role in
pathogenesis.
The patient suffered a series of digestive symptoms,
such as hepatitis and pancreatitis. However, rhinovirus is
rarely associated with these symptoms and we could not
get the biopsy of liver and pancreas to find out if virus
replicated in these organs. In addition, the patient experienced refractory diarrhoea, and we observed diffuse
inflammation in her gastrointestinal tract. Mostly, HRV
is liable to acidic environments, and thus, most of the
virus is inactivated in the stomach. We only detected 9
reads of rhinovirus RNA in anal swab samples by mNGS,
which implied that there was no significant virus replication in the gastrointestinal tract and that diarrhoea was
unlikely to be caused by the virus directly. Multiple organ
dysfunction syndrome (MODS) is commonly secondary
to severe sepsis or septic shock. In shock status, redistribution of blood, a mechanism of our body to regulate
the blood of “unnecessary” organs to maintain perfusion of the brain and heart, can lead to gastrointestinal
hypoperfusion and dysfunction. Imbalance of intestinal
bacterial flora can occur subsequent to MODS and the
use of broad-spectrum antibiotics, which results in disorder of gastrointestinal function and severe diarrhoea.
The success of faecal microbiota transplantation treatment in patients suffering severe diarrhoea after MODS
has proven that gut microbiota imbalance is a possible
aetiology of refractory diarrhoea in these patients [24,
25]. Altogether, we presume that the digestive symptoms
including hepatitis, pancreatitis and persistent diarrhoea
in our patients might be secondary to viral sepsis instead
of direct virus insults.
In most scenarios, neurotropic viruses reach the CNS
through the bloodstream. Although the blood brain
barrier (BBB), which is highly selectively semipermeable, constricts the virus to invade the CNS, in pathological conditions such as virus infection or coinfection
of bacteria, meningitis, autoimmune encephalomyelitis,
and multiple sclerosis [26], BBB integrity can be compromised, which enables the virus to injure the CNS.
However, in our case, the mNGS results of blood samples did not support the diagnosis of viremia. Other
underlying mechanisms include the Trojan horse route
[27], by which the virus hijacks peripheral circulating immune cells to carry them into the CNS, and the
retrograde axonal transport route [28]. HRV was not
detectable in the patient’s CSF, but we could not rule
out the possibility of an earlier insult by HRV causing the current symptoms. Given the patient’s clinical
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symptoms, laboratory findings and mNGS reports, we
suggested that HRV was the only pathogen accounting
for neurological complications and viral sepsis that led
to multiorgan dysfunction.
Viral and host factors are associated with disease severity in viral infection. Immunocompromised patients are
more susceptible to virus with lower native virulence
and prone to severe infection [29, 30]. Early age is also
a risk factor for severe viral infection [20]. Neonates and
young infants are at high risk of severity. Although the
BBB is functionally and morphologically mature in early
development, the cellular barrier function and intracellular transfer route of the BBB might be different between
early-age children and adults [31]. In reported HRVrelated CNS cases, the majority of patients are < 3 years
old [9–11]. However, our patient was an immunocompetent 10-year-old girl with no noteworthy medical records
or drug use responsible for immunosuppressant status.
Whole-exome sequencing did not show any mutations
associated with the clinical presentation.
For viral factors, type HRV-45 is a rarely reported virus
that was denoted as rhinovirus A clade D. All documented studies about HRV-A45 were associated with
acute upper respiratory tract infections [13, 14]. Notably,
amino acid mutations in the BC and DE loops of VP1,
puff region (EF loop) of VP2, and knob regions of VP3
are known for major neutralization sites in picornavirus
[15]. Previous studies have shown that mutations in these
sites can change the virulence of viruses [15, 32–34]. We
identified 51 missense mutations in our strain. Two unreported amino acid mutations were found in the P2-A and
P3-C regions. Additionally, we observed two mutations
in the BC loop of VP1 and the EF loop of VP2. Further
studies are needed to investigate whether these mutations are related to virulence and facilitate neurotropism.
In summary, we present a case of severe HRV infection
that led to CNS involvement and multiorgan dysfunction.
Our findings emphasize that HRV can be an underlying
aetiology of neurological complications and viral sepsis.
In clinical practice, early recognition of the neurological
complications of HRV infection and viral sepsis is indispensable for initiating effective treatments to reduce
mortality and improve prognosis.
Abbreviations
HRV: Human rhinovirus; CNS: Central nervous system; mNGS: Metagenomics
next-generation sequencing; PCT: Procalcitonin; NCPAP: Nasal continuous
positive airway pressure; CSF: Cerebrospinal fluid; CRP: C-reaction protein;
CRRT: Continuous renal replacement therapy; HEV: Human enterovirus; CPE:
Cytopathic effect; BBB: Blood–brain barrier; TLRs: Toll-like receptors; MDA-5:
Melanoma differentiation-associated gene 5; MODS: Multiple organ dysfunction syndrome.
Acknowledgements
Not applicable.

Liu et al. Virology Journal

(2022) 19:72

Author contributions
JL and YCL provided clinical specimens and information. HWZ and QYF
performed the laboratory experiments. ZHF performed the data analysis and
drafted the manuscript. SYQ, HMG, LLX, and ZDX participated in the study
design and coordinated the drafting of the manuscript. All the authors read
and approved the final manuscript.
Funding
This work was funded by the National Natural Science Foundation of China
(82172275) and CAMS Innovation Fund for Medical Sciences (CIFMS, 2019-I2
M-5-026).
Availability of data and materials
The datasets supporting the conclusions of this article are included within the
article.

Declarations
Ethical approval and consent to participate
This study was approved by the Ethical Review Committee of Beijing Children’s Hospital. Written informed consent for the further analysis that followed
treatment of the patient and the sequencing that followed the routine care
was obtained on the patient’s behalf from her parents.
Consent for publication
Written informed consent provided by the patient’s parents was obtained on
the patient’s behalf for the publication of this case report and any accompanying images. A copy of the written consent is available for review by the
Editor-in-Chief of this journal.
Competing interests
The authors declare that they have no competing interests.
Received: 10 January 2022 Accepted: 8 April 2022

References
1. Winther B. Rhinovirus infections in the upper airway. Proc Am Thorac
Soc. 2011;8(1):79–89.
2. Jartti T, Gern JE. Role of viral infections in the development and
exacerbation of asthma in children. J Allergy Clin Immunol.
2017;140(4):895–906.
3. Bergroth E, Aakula M, Elenius V, Remes S, Piippo-Savolainen E, Korppi
M, Piedra PA, Bochkov YA, Gern JE, Camargo CA Jr, et al. Rhinovirus Type
in Severe Bronchiolitis and the Development of Asthma. J Allergy Clin
Immunol Pract. 2020;8(2):588-595.e584.
4. Broberg E, Niemela J, Lahti E, Hyypia T, Ruuskanen O, Waris M. Human
rhinovirus C–associated severe pneumonia in a neonate. J Clin Virol.
2011;51(1):79–82.
5. Costa LF, Queiroz DA, da Silveira HL, Bernardino Neto M, de Paula NT,
Oliveira TF, Tolardo AL, Yokosawa J. Human rhinovirus and disease severity
in children. Pediatrics. 2014;133(2):e312-321.
6. Jmii H, Fisson S, Aouni M, Jaidane H. Type B coxsackieviruses and central
nervous system disorders: critical review of reported associations. Rev
Med Virol. 2021;31(4):e2191.
7. Messacar K, Fischer M, Dominguez SR, Tyler KL, Abzug MJ. Encephalitis in
US Children. Infect Dis Clin North Am. 2018;32(1):145–62.
8. Wu J, Lin G, Cai X, Xie J, Lin C, Chen P, Zhou X, Lu X. Etiology and clinical
analysis of central nervous system infection caused by human rhinovirus
in children. Chin J Infect Dis. 2015;33(9):527–32.
9. Pelkonen T, Roine I, Anjos E, Kaijalainen S, Roivainen M, Peltola H,
Pitkaranta A. Picornaviruses in cerebrospinal fluid of children with meningitis in Luanda, Angola. J Med Virol. 2012;84(7):1080–3.
10. Hazama K, Shiihara T, Tsukagoshi H, Matsushige T, Dowa Y, Watanabe M.
Rhinovirus-associated acute encephalitis/encephalopathy and cerebellitis. Brain Dev. 2019;41(6):551–4.

Page 9 of 10

11. Soma N, Aizawa Y, Matsunaga M, Saitoh A. Clinically mild encephalitis/
encephalopathy with a reversible splenial lesion associated with rhinovirus. Pediatr Infect Dis J. 2021;40(3):e122–5.
12. Cai XYL, Lin XD, Wang GY, Lin Q, Chen CX, Zhou PZ, et al. Detection
of human rhinovirus in the cerebrospinal fluid of children with viral
encephalitis. Int J Epidemiol Infect Dis. 2012;39(5):289–93.
13. Palmenberg AC, Spiro D, Kuzmickas R, Wang S, Djikeng A, Rathe JA,
Fraser-Liggett CM, Liggett SB. Sequencing and analyses of all known
human rhinovirus genomes reveal structure and evolution. Science.
2009;324(5923):55–9.
14. Ng KT, Takebe Y, Kamarulzaman A, Tee KK. Genome sequencing and
phylogenetic reconstruction reveal a potential fourth rhinovirus species
and its worldwide distribution. Arch Virol. 2021;166(1):225–9.
15. Ren L, Yang D, Ren X, Li M, Mu X, Wang Q, Cao J, Hu K, Yan C, Fan H, et al.
Genotyping of human rhinovirus in adult patients with acute respiratory
infections identified predominant infections of genotype A21. Sci Rep.
2017;7:41601.
16. Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, Grody WW, Hegde
M, Lyon E, Spector E, et al. Standards and guidelines for the interpretation
of sequence variants: a joint consensus recommendation of the American College of Medical Genetics and Genomics and the Association for
Molecular Pathology. Genet Med. 2015;17(5):405–24.
17. Ho BC, Yang PC, Yu SL. MicroRNA and pathogenesis of enterovirus infection. Viruses. 2016;8(1):11.
18. Chen BS, Lee HC, Lee KM, Gong YN, Shih SR. Enterovirus and encephalitis.
Front Microbiol. 2020;11:261.
19. Lin GL, McGinley JP, Drysdale SB, Pollard AJ. Epidemiology and immune
pathogenesis of viral sepsis. Front Immunol. 2018;9:2147.
20. Gupta N, Richter R, Robert S, Kong M. Viral sepsis in children. Front Pediatr.
2018;6:252.
21. Weiss SL, Fitzgerald JC, Pappachan J, Wheeler D, Jaramillo-Bustamante JC,
Salloo A, Singhi SC, Erickson S, Roy JA, Bush JL, et al. Global epidemiology
of pediatric severe sepsis: the sepsis prevalence, outcomes, and therapies
study. Am J Respir Crit Care Med. 2015;191(10):1147–57.
22. Triantafilou K, Vakakis E, Richer EA, Evans GL, Villiers JP, Triantafilou M.
Human rhinovirus recognition in non-immune cells is mediated by tolllike receptors and MDA-5, which trigger a synergetic pro-inflammatory
immune response. Virulence. 2011;2(1):22–9.
23. Slater L, Bartlett NW, Haas JJ, Zhu J, Message SD, Walton RP, Sykes A, Dahdaleh S, Clarke DL, Belvisi MG, et al. Co-ordinated role of TLR3, RIG-I and
MDA5 in the innate response to rhinovirus in bronchial epithelium. PLOS
Pathog. 2010;6(11):e1001178.
24. Wei Y, Yang J, Wang J, Yang Y, Huang J, Gong H, Cui H, Chen D. Successful
treatment with fecal microbiota transplantation in patients with multiple
organ dysfunction syndrome and diarrhea following severe sepsis. Crit
Care. 2016;20(1):332.
25. Li Q, Wang C, Tang C, He Q, Zhao X, Li N, Li J. Successful treatment of
severe sepsis and diarrhea after vagotomy utilizing fecal microbiota
transplantation: a case report. Crit Care. 2015;19:37.
26. Almutairi MM, Gong C, Xu YG, Chang Y, Shi H. Factors controlling permeability of the blood-brain barrier. Cell Mol Life Sci. 2016;73(1):57–77.
27. Tabor-Godwin JM, Ruller CM, Bagalso N, An N, Pagarigan RR, Harkins S,
Gilbert PE, Kiosses WB, Gude NA, Cornell CT, et al. A novel population of
myeloid cells responding to coxsackievirus infection assists in the dissemination of virus within the neonatal CNS. J Neurosci. 2010;30(25):8676–91.
28. Ohka S, Matsuda N, Tohyama K, Oda T, Morikawa M, Kuge S, Nomoto A.
Receptor (CD155)-dependent endocytosis of poliovirus and retrograde
axonal transport of the endosome. J Virol. 2004;78(13):7186–98.
29. Shahani L, Ariza-Heredia EJ, Chemaly RF. Antiviral therapy for respiratory
viral infections in immunocompromised patients. Expert Rev Anti Infect
Ther. 2017;15(4):401–15.
30. Walter JM, Wunderink RG. Severe respiratory viral infections: new
evidence and changing paradigms. Infect Dis Clin North Am.
2017;31(3):455–74.
31. Johansson PA, Dziegielewska KM, Liddelow SA, Saunders NR. The bloodCSF barrier explained: when development is not immaturity. BioEssays.
2008;30(3):237–48.
32. Stadnick E, Dan M, Sadeghi A, Chantler JK. Attenuating mutations in
coxsackievirus B3 map to a conformational epitope that comprises the
puff region of VP2 and the knob of VP3. J Virol. 2004;78(24):13987–4002.

Liu et al. Virology Journal

(2022) 19:72

Page 10 of 10

33. Kiener TK, Jia Q, Meng T, Chow VT, Kwang J. A novel universal neutralizing
monoclonal antibody against enterovirus 71 that targets the highly conserved “knob” region of VP3 protein. PLOS Negl Trop Dis. 2014;8(5):e2895.
34. Islam MR, Rahman MS, Amin MA, Alam A, Siddique MA, Sultana M,
Hossain MA. Evidence of combined effect of amino acid substitutions
within G-H and B-C loops of VP1 conferring serological heterogeneity
in foot-and-mouth disease virus serotype A. Transbound Emerg Dis.
2021;68(2):375–84.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

