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Abstract

Seasonal, pandemic, and avian influenza virus infections may be associated with central nervous system pathology, albeit with
varying frequency and different mechanisms. Here, we demonstrate that differentiated human astrocytic (T98G) and neuronal
(SH-SYS5Y) cells can be infected by avian H7N9 and pandemic HIN1 viruses. However, infectious progeny viruses can only be
detected in H7N9 virus infected human neuronal cells. Neither of these viral strains can generate infectious progeny virus in
human astrocytes despite replication of viral genome was observed. Furthermore, H7N9 virus triggered high pro-inflammatory
cytokine expression, while pandemic HIN1 virus induced only low cytokine expression in either brain cell type. The experi-
mental finding here is the first data to demonstrate that avian H7N9 virus can infect, transcribe, and replicate its viral genome;
induce cytokine upregulation; and cause cytopathic effects in human brain cells, which may potentially lead to profound central
nervous system injury. Observation for neurological problems due to H7N9 virus infection deserves further attention when
managing these patients.
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Introduction

The recent avian H7N9 outbreak has caused concern owing to
its transmissibility to humans and apparent severity. Since
early 2013 to October 2017, there have been 1622
laboratory-confirmed human cases with 619 deaths, although
the overall number of human infected cases is believed to be at
least 100-fold greater (Yu et al. 2013). An avian virus repeat-
edly infecting humans on such a scale poses a significant
pandemic threat.

The main symptoms of H7N9 infection include fever,
cough, and dyspnea; however, the disease sometimes pro-
gresses to acute respiratory distress syndrome (ARDS) (Gao
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et al. 2013a; Shi et al. 2013). Hospitalized patients present with
clinical features of primary viral pneumonia, including bilateral
ground-glass opacity and consolidation of the lungs; other
symptoms include chills, shivering, nausea, vomiting, and di-
arrhea (Chen et al. 2013; Gao et al. 2013a; Shi et al. 2013).

Neurologic complications associated with influenza in-
fection are rare, but often severe. Seizures and encepha-
lopathy are the most common neurological complications
associated with influenza, most frequently observed in
young children (Gao et al. 2013b; Togashi et al. 2004).
Influenza has been reported to be associated with 2—11%
of cases in childhood encephalitis study cohorts (Fowler
et al. 2008; Ishikawa et al. 1993). In vivo study demon-
strated using ferret model showed that H7N9 virus caused
a more severe disease than did the 2009 pandemic
HIN1 (pdmHIN1) virus (Yum et al. 2015) and viral
H7N9 RNA was detected in the brain of experimentally
infected ferrets, suggesting the potential of avian H7N9
virus to spread to the mammalian brain (Kalthoff et al.
2014).

In this study, we investigated the neuropathogenicity of
H7N9 virus in vitro using differentiated human brain cells.
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Material and methods
Viruses

The influenza viruses used in this study were avian H7N9
virus, A/Shanghai/2/2013 (H7/SH2/13), avian H5N1 virus,
A/Vietnam/3212/2004 (H5/3212/04), and two pdmHIN1
strains including A/Hong Kong/415742/2009 (H1/415742/
09), isolated from infected patient in Hong Kong 2009
(pdmH1NT1) and A/Hong Kong/1750/2011 (H1/1750/11), iso-
lated from a pdmHINT1 case with neurological complications
(pdmH1N1-complicated). From their initial isolation, the vi-
ruses were propagated in Madin-Darby canine kidney
(MDCK) cells. Virus infectivity was determined on MDCK
cells and quantified as 50% tissue culture infectious dose
(TCIDsg). All experiments involving H7N9 and H5N1 viruses
were conducted in a Biosafety Level 3 facility at the Centre of
Influenza Research, The University of Hong Kong.

Cell cultures

MDCK cells were maintained in Minimal Essential Medium
(MEM, Invitrogen) supplemented with 10% fetal bovine se-
rum, 100 U/ml penicillin, 100 pg/ml of streptomycin and
cultured at 37 °C with 5% CO,. Human glioblastoma cells,
T98G were maintained in Minimum Essential Medium alpha
supplemented with 10% fetal bovine serum (FBS), 100 U/ml
penicillin and 100 pg/ml streptomycin, at 37 °C in 5% CO,.
For astrocyte differentiation, the cells were cultured in medi-
um supplemented with 0.5% serum and 1 puM all-trans
retinoic acid (Sigma-Aldrich) for 7 days. Culture medium
was changed every 3 days with 1 uM of all-trans retinoic acid.
Human neuroblastoma cell line, SH-SY5Y, was maintained in
MEM supplemented with 10% FBS, 100 U/ml penicillin and
100 pg/ml streptomycin, at 37 °C in 5% CO,. To induce
neuronal differentiation, cells were treated in medium supple-
mented with 0.5% serum and 10 uM all-trans retinoic acid for
7 days. Culture medium was changed every 3 days with
10 uM of all-trans retinoic acid. Primary human monocyte-
derived macrophages were cultured and derived according to
the approved protocol by the ethics committee of the
University of Hong Kong. Briefly, mononuclear cells were
separated from whole blood by gradient centrifugation
(Ficoll-paque Plus, GE Healthcare) and purified by plastic
adherence. Cells were let differentiate in vitro in RPMI 1640
medium (Invitrogen) supplemented with 5% autologous hu-
man serum for 14 days before the infectious experiments.

Virus infection of differentiated human astrocytic
and neuronal cells

Differentiated cells were infected at a multiplicity of infection
(MOI) of 2 or 0.001 as indicated. The cells were incubated

with the virus inoculum for 45 min, then washed with warm
PBS and replenished with the appropriate growth medium.
Mock-infected cells were incubated with corresponding
growth medium throughout the experiment. At the indicated
time, culture supernatants were collected for TCIDs, study.
Cell lysates were collected for RNA extraction using the
RNeasy Mini kit (Qiagen), and the cDNA was synthesized
for gene expression analysis. Cytopathic effect (CPE) of
virus-infected cells was examined under light microscopy
(TS100, Nikon).

Real-time quantitative RT-PCR assays

The cDNA was synthesized from mRNA with poly(dT) primers
and SuperScript III reverse transcriptase (Invitrogen). For the
measurement of viral RNA (VRNA), cDNA was synthesized
from VRNA with Unil2 primer (Hoffmann et al. 2001) and
ProtoScript II reverse transcriptase (New England Biolabs).
Transcript expression was monitored using SYBR Fast gPCR
master mix kit (KAPA Biosystems, Wilmington, MA) with
corresponding primers. The fluorescence signals were mea-
sured using the 7500 real-time PCR system (Applied
Biosystems). The specificity of the SYBR® Green PCR signal
was confirmed by melting curve analysis. The threshold cycle
(CT) was defined as the fractional cycle number at which the
fluorescence reached 10 times the standard deviation of the
base-line (from cycle 2 to 10). The ratio change in target gene
relative to the [-actin control gene was determined by the
2"22CT method. Specific primers sequences for influenza virus
matrix (M) gene and 3-actin gene have been described previ-
ously (Lee et al. 2008; Lee et al. 2011); pro-inflammatory cy-
tokines: tumor necrosis factor-alpha (TNF-cv), interleukin-6 (/L-
06), IL-8 and chemokine (C-C motif) ligand 2 (CCL2), and
interferon-beta (/F'N-/3) were described in Table 1.

Statistical analysis

Results from the real-time RT-PCR were analyzed by two-
tailed Student’s ¢ test. A p value <0.05 was considered to be
statistically significant.

Results

Cytopathic effect of avian H7N9 virus-infected human
astrocytic and neuronal cells

Differentiation of T98G glioblastoma cells and SH-SYSY
neuroblastoma cells are shown in Fig. 1. Treatment of
T98G and SH-SYSY cells with all-trans retinoic acid for
7 days induced differentiation phenotypes. Differentiation
of T98G cells into astrocyte lineage (Fig. 1a) and SH-
SYSY cells with retinoic acid induced neurite outgrowth
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Table 1 Primers used in the study

Gene Forward primers (5' — 3') Reverse primers (5’ — 3')

(G-actin CATGTACGTTGCTATCCAGGC CTCCTTAATGTCACGCACGAT
TNF-« ATGAGCACTGAAAGCATGATCC GAGGGCTGATTAGAGAGAGGTC
IL-6 AAATTCGGTACATCCTCGACGG GGAAGGTTCAGGTTGTTTTCTGC
IL-8 ACTGAGAGTGATTGAGAGTGGAC AACCCTCTGCACCCAGTTTTC
CCL2 CTGCTCATAGCAGCCACCTT CAGATCTCCTTGGCCACAAT

IFN-§3 ATGACCAACAAGTGTCTCCTCC GCTCATGGAAAGAGCTGTAGTG

M gene CTTCTAACCGAGGTCGAAACG AGGGCATTTTGGACAAAGCGTCTA

(Fig. 1b) which is consistent to the previously reported
studies (Das et al. 2009; Haque et al. 2007; Lovat et al.
1993). Differentiated human T98G glioblastoma cells and
SH-SY5Y neuroblastoma cells (Ng et al. 2010) were in-
fected with influenza A H7N9 virus, A/Shanghai/2/2013
(isolated from a fatal human case in Shanghai, China
2013) and pdmHINI1 strains including A/Hong Kong/
415742/2009, isolated from pdmHINI1 virus-infected pa-
tient and A/Hong Kong/1750/2011, isolated from a patient
with neurological complications at a multiplicity of infec-
tion (MOI) of 2. CPE (such as cell rounding, vacuolation,
and cell detachment) of influenza A virus-infected cells
were examined. After 24 h of infection, distinct CPE was
observed in astrocytes and neuronal cells infected by
H7N9 virus. In contrast, there was only minor cytopathic
effect observed in both cell types infected by the two
pdmHINI1 virus strains (Fig. 2).

Viral replication kinetics of avian H7N9 in astrocytic
and neuronal cells

To examine the viral gene transcription and replication ki-
netics in H7N9 virus and pdmHIN1 virus-infected human

Undifferentiated

Differentiated

T98G

SH-SY5Y

Fig. 1 Differentiation of T98G glioblastoma cells and SH-SY5Y neuro-
blastoma cells with all-trans retinoic acid. a Treatment of T98G cells with
all-trans retinoic acid for 7 days differentiated into astrocyte lineage. b
Treatment of SH-SYSY cells with all-trans retinoic acid for 7 days in-
duced differentiation phenotypes with neurite outgrowth. Scale bar,
20 um
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brain cells, cell lysates were collected for RNA extraction
using the RNeasy Mini Kit (Qiagen, Valencia, CA, USA),
cDNA were synthesized by reverse transcription and PCR
was performed using real-time PCR with specific primers
(Table 1). Detection of the influenza A viral matrix (M)
gene has been described previously (Lee et al. 2011).
Human primary monocytes-derived macrophages, reported
as a permissive host for H7N9 virus (Zhao et al. 2016)
were included for comparison.

The detection and increase of viral M gene mRNA expres-
sion in astrocytic and neuronal cells infected by virus at MOI
of 2 to investigate the viral gene expression in one round of
virus replication indicates that H7N9 virus is able to infect and
transcribe its viral genome in human brain cells. Induction of
viral M gene can also be detected in both cell types after
infection by pdmHIN1 viruses, but to a lesser extent com-
pared to that of H7NO virus at all post-infection time under
investigation (Fig. 3a). Higher amount of viral M gene mRNA
for H7N9 virus were detected in both brain cell types com-
pared to that of pdmH1N1 virus, while there is no differential
difference between H7N9 virus and pdmH1N1 virus in infect-
ed primary human monocyte-derived macrophages (Fig. 3a),
suggesting an intrinsic difference in viral gene transcription
efficiency between H7N9 virus and pdmH1NI1 virus in human
brain cells. In addition to M gene mRNA, we also detected the
replication of VRNA through cRNA synthesis. Similarly, both
H7N9 virus and pdmHINI virus can efficiently replicate
vRNA, with H7N9 virus replicates to a higher magnitude
compared with the two pdmHINI1 viruses (Fig. 3b).

To further determine the kinetics of infectious progeny vi-
rus production in multiple rounds of virus replication, super-
natants of cells infected by H7N9 virus and both pdmHI1N1
viruses at MOI of 0.001 were collected at different time points
and determined the viral titers using a TCIDs assay (Fig. 3c¢).
In human astrocytes, the viral titer of H7N9 virus was unde-
tectable. Interestingly, in infected neuronal cells, H7N9 virus
replicated effectively and produced infectious progeny viruses
with viral titer significantly increasing from 48 h onwards
after infection. No detectable progeny of the two pdmHINI1
viruses was detected from the infected astrocytic and neuronal
cells. For comparison, primary human monocyte-derived
macrophages produced infectious progeny virus efficiently
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Fig. 2 Cytopathic effects of avian influenza A H7N9 virus-infected hu-
man brain cells. Morphological examination of differentiated human
T98G and SH-SYSY cells after influenza A virus infection. Cells were
infected with two strains of influenza A pdmHINI viruses and avian

for all three viral strains, with significant increase in viral titer
from 24 to 72 h after infection. As astrocytes seemed not to
support the progeny viral production for all the three viral
strains examined, we have included an avian H5N1 influenza
virus (A/Vietnam/3212/2004) which reported previously to
produce infectious progeny virus in astrocytes (Ng et al.
2010) for comparison (Fig. 3¢). Significant increase in
H5N1 progeny viral titer was detectable from 48 h post-
infection onwards, suggesting T98G cells are in fact permis-
sive to influenza virus infection.

Pro-inflammatory cytokine expression in avian H7N9
virus-infected astrocytic and neuronal cells

During an influenza viral infection, signs of inflammation can
be observed in respiratory tissues (Chan et al., 2005). Here, we
determined the cytokine expression profiles in human brain
cells infected by H7N9 virus compared to that of pdmHIN1
virus infection. In both human astrocytes and neuronal cells,
pro-inflammatory cytokines including 7NF-«, IL-6, IL-8, and
CCL?2 as well as type I IFN, /FN-(3 were significantly upreg-
ulated at 24 h after infection by H7N9 virus, while both
pdmHINT virus strains induced only little to no cytokine ex-
pression (Fig. 4a, b). Of note, H7N9 virus induced /L-6, IL-8,
CCL2, and IFN-{3 expression was found to be more potent in
infected astrocytes compared to that in neuronal cells. TNF-&
and IL-6 have been reported to be associated with influenza
virus-related acute encephalitis/encephalopathy (Aiba et al.
2001; Ichiyama et al. 1998), and are commonly expressed
upon influenza virus infection (Cheung et al. 2002; Paquette
et al. 2012). Absence of induction of TNF-« and IL-6 in
pdmHINT virus-infected human astrocytic and neuronal cells

H11750/11

H1/415742/09 H7/SH2/13

H7N9 virus at a MOI of 2. Cytopathic effects such as cell rounding,
vacuolation and cell detachment were determined at 24 h after infection.
Scale bar, 20 pm

prompted us to investigate if this effect is cell-type specific.
Notwithstanding with the outcome observed in human astro-
cytes and neuronal cells, expression of TNF-«v in primary
human monocyte-derived macrophages (Fig. 4c) could be de-
tected as early as at 1 h post-infection and further increased at
3 h after infection by pdmH1N1-complicated virus (H1/1750/
11) and was significantly higher compared to that by
pdmHIN1 (H1/415742/09) virus. Similarly, expression of
IL-6 was significantly higher in pdmHIN1-complicated (H1/
1750/11) virus compared to pdmHIN1 (H1/415742/09) virus-
infected human macrophages. This data suggested that
pdmHINTI can in fact hyper-induced pro-inflammatory cyto-
kine expression in a cell-type and viral strain-specific manner.

Fig. 3 Replication kinetics of avian influenza A H7N9 virus in human P>
astrocytes, neuronal cells, and primary monocyte-derived macrophages. a
Differentiated human astrocytes (T98G), neuronal cells (SH-SYSY) cells,
and human primary monocyte-derived macrophages (M) were infected
by avian H7N9 virus and pdmH N1 viruses at MOI of 2. Mock-infected
cells served as controls. Total RNA was extracted from the infected cells
at the indicated times. Influenza A viral matrix mRNA expression was
measured by real-time PCR and normalized to that of (3-actin. b
DifferentiatedT98G and SH-SYSY cells were infected with influenza A
viruses at MOI of 2 for 24 h. Copy number of influenza M gene VRNA
was measured by real-time PCR and normalized per microgram of total
RNA. ¢ Kinetics of influenza progeny virus production. Differentiated
T98G, SH-SYSY cells or human M¢ were infected with different influ-
enza A viruses at MOI of 0.001. The culture supernatants were collected
at the indicated times, and the viral titers were determined by TCIDsq
assay. Viral titers of different strains at different time points were com-
pared to that at 3 h post-infection. Data are mean + standard deviation of
representative results from at least three independent experiments. *p <
0.05, *%p <0.005
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<« Fig. 4 Expression of pro-inflammatory cytokines and IFN in avian influ-
enza A H7N9 virus-infected human astrocytes and neuronal cells. a
Differentiated human astrocytes (T98G) and b neuronal cells (SH-
SY5Y) were infected with different influenza A viruses at MOI of 2.
Mock-infected cells served as controls. Total RNA was collected at the
indicated times. TNF-«, IL-6, IL-8, CCL2, and IFN-3 mRNA expression
was examined by real-time PCR. ¢ Human primary monocyte-derived-
macrophages (M) were infected with influenza A viruses at MOI of 2
and total RNA were isolated for quantification of TNF-«v and IL-6 expres-
sion at 1 and 3 h post-infection time by real-time PCR. The results are
expressed as the mean fold change + standard deviation from at least three
independent experiments versus that of corresponding mock controls
normalized to [-actin expression. *p <0.05, *¥*p <0.005

Discussion

The neurological and cognitive effects of influenza have
been recognized for a long time (Jelliffe 1918; Menninger
1994). During the 1918 Spanish flu pandemic, which was
the deadliest influenza outbreak, several patients who re-
covered from the disease subsequently developed psycho-
sis and encephalitic Parkinsonism (Dickman 2001).
Accordingly, encephalopathy is important complication
associated with influenza infection, described most fre-
quently in young children, particularly in Japan and East
Asia (Ekstrand 2012). There were human pdmHIN1 cases
reported to have neurological complications including
acute encephalopathy, altered mental status, and seizures.
Cerebral edema and brainstem lesions can be detected by
computed tomography scanning in some patients. Santini
et al. report the cases of three pdmHIN1 virus-infected
adult patients with viral RNA in cerebrospinal fluid
(Santini et al. 2012). In our study, pdmHIN1 viruses
could infect and transcribe their viral genome in astrocytic
and neuronal cells. However, these viruses failed to pro-
duce infectious progeny viruses and did not cause or just
exhibited minor cytopathic effects in the two brain resi-
dent cells. Although, there were no remarkable difference
between the two pdmHINI1 strains with respect to viral
replication kinetics and cytokine induction in human brain
cells, our data (Fig. 4c) here demonstrated that pdmHIN1
viruses isolated from neurologically complicated case
(H1/1750/11) induced much higher pro-inflammatory cy-
tokines, TNF-a and IL-6 in primary human macrophages
at early post-infection time. This suggests that pdmHI1N1-
associated neurological complications are more likely to
be a consequence of peripheral viral infection rather than
caused by direct invasion of the brain, while the detailed
mechanisms underlying the neurological symptoms de-
serves further investigation.

We previously demonstrated that the highly pathogenic
avian H5N1 influenza can infect human astrocytic and neu-
ronal cells, resulting in the induction of severe CPE and pro-
inflammatory cytokine cascades (Ng et al. 2010). In the
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present study, we extend our study to investigate the tropism
and replication competence of lately emerging avian H7N9
virus and found that H7N9 virus could also infect, replicate,
produce infectious progeny viruses, and cause CPE in hu-
man neuronal cells. More remarkably, H7N9 virus induced
potent cytokine expression in human brain cells, suggesting
that H7N9 virus infection may potentially cause profound
CNS injury. Of note, our present data suggested that neu-
rons could be a major source for H7N9 virus production in
human brain (Fig. 3¢), whereas astrocytes being the most
abundant glial cells in human brain (Guillamon-Vivancos et
al. 2015) could be an important producer in the brain infect-
ed with H7N9 virus. There was a more differential upregu-
lation of pro-inflammatory cytokine expression (/L-6, IL-8,
CCL2, and IFN-(3) in infected astrocytes (Fig. 4a) compared
to that in neuronal cells (Fig. 4b). In particular, the induction
level of IL-6 was remarkably elevated in astrocytes, which
normally secrete neurotrophic factors and cytokines to reg-
ulate immune responses in the brain (Jensen et al. 2013; van
Heteren et al. 2008). As a result, the dysregulated cytokine
profile of astrocytes could lead to CNS complications and
further trigger inflammatory cascade and cause damage in
the brain in addition to the direct CPE due to influenza
infection. Indeed, some studies report a significant associa-
tion between increased secretion of these pro-inflammatory
cytokines and the incidence of influenza virus-related acute
encephalitis/encephalopathy (Ichiyama et al. 1998; Ito et al.
1999). In addition, astrocytes and neuronal cells could cross
talk and interact in an autocrine/paracrine manner. The treat-
ment of differentiated astrocytes with TNF-o gradually in-
creases /L-6 expression in astrocytes for up to 3 days and
causes a substantial loss of cell adhesion (Ng et al. 2010; van
Kralingen et al. 2013). Astrocytes produce IL-8 in respond
to TNF-« stimulation (Aloisi et al. 1992). IL-8 secreted into
the cerebrospinal fluid has been suggested to correlate with
the dysfunction in the blood-brain barrier (BBB)
(Kossmann et al. 1997). As the BBB is important in control-
ling viral invasion into the central nervous system, hyper-
induction of IL-8 by astrocytes may lead to a detrimental
disease outcome during H7N9 infection via increasing the
BBB permeability to virus infection. Another cytokine,
CCL2 has also been reported to be induced upon TNF-x
stimulation (He et al. 2016). CCL2 produced from astro-
cytes and neurons activates microglials to M1 phenotype
(He et al. 2016) and recruits inflammatory monocytes to
the brain (Howe et al. 2017) which could lead to neurode-
generation (He et al. 2016; Howe et al. 2017). In the present
study, most cytokine induced by H7N9 infection in astro-
cytes was detected at a later infection stage, implying that
cytokine induction may not be a direct effect of virus infec-
tion but is more likely to be a result of cross talk with other
infected cells by autocrine/paracrine feedback in a pro-
inflammatory cascade. Furthermore, it has been
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demonstrated that upon viral infection, astrocytes are one of
the major resident IFN-producing cells in the CNS (Kallfass
et al. 2012); this is corroborated by the findings of the pres-
ent study as H7N9-infected astrocytes exhibited over a
1000-fold increase in IFN-(3 induction.

Intrinsic difference in the magnitude of viral mRNA tran-
scription was observed between H7N9 and pdmH1N1 virus
in astrocytes and neuronal cells but not in macrophages.
H7NO9 virus has a more pronounced viral mRNA transcrip-
tion in differentiated human brain cells compared to that of
HINT1 virus. In fact, both viral mRNA and vRNA can be
detected suggesting a productive transcription of viral
mRNA from vVRNA and replication of vRNA through
cRNA synthesis in H7N9 and pdmH1N1 virus-infected as-
trocytes and neuronal cells. Failure in infectious progeny
virus production in astrocytes may be due to many factors
such as inhibition in viral mRNA translation, aberrant post-
translation modifications, attenuation in viral assembly, or
budding during the replication cycle. For example, aberrant
post-translation modifications of viral proteins such as viral
HA N-glycosylation (Rossignol et al. 2009) has been re-
ported to affect influenza virus progeny production.
Failure in nuclear export of nascent viral ribonucleoprotein
complex as a result of expression of host restriction factors
(Qiao et al. 2018), perturbation in intracellular trafficking of
influenza viral protein due to disruption in intracellular traf-
ficking machineries (Ramos-Nascimento et al. 2017), or
attenuation in viral assembly or budding during the replica-
tion cycle. Of interest, astrocytes are believed to be a major
cholesterol producer in the brain (Ferris et al. 2017) and
cholesterol homeostasis has been suggested to play impor-
tant role in the production of progeny virus (Musiol et al.
2013), whether this could be part of an explanation for the
lack of progeny virus generated from H7N9 and pdmH1N1
virus-infected astrocytes remained to be investigated.

To our best knowledge, this is the first study to in-
vestigate the tropism, replication competence, and innate
immune response of avian H7N9 virus in differentiated
human astrocytes and neurons. The findings here pro-
vide important insights into the neuropathogenesis of
this virus. In summary, we demonstrated that avian
H7N9 virus effectively produce infectious progeny and
cause severe CPE in human neuronal cells. The
pdmHIN1 viruses cannot produce progeny viruses in
either cell type. In comparison to pdmHINI1 viruses,
the H7N9 virus exhibits a higher capacity to elicit
pro-inflammatory innate immune responses in human
brain cells. These phenotypic differences among viruses
may be relevant to the pathogenesis of neurological
complications occurring after H7N9 virus infection.
Observation for neurological problems due to H7N9 vi-
rus infection deserves further attention when managing
these patients.
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